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Linguistic Distance and the Language
Fluency of Immigrants

Abstract

We use a newly available measure of linguistic distance developed by the German Max
Planck Institute for Evolutionary Anthropology to explain heterogeneity in language
skills of immigrants. This measure is based on an automatical algorithm comparing
pronunciation and vocabulary of language pairs. Using data from the German Socio-
Economic Panel covering the period from 1997 to 2003, the linguistic distance measure
is applied within a human capital framework of language acquisition. It is shown
that linguistic distance is the most important determinant for host country language
acquisition and that it explains a large fraction of language skill heterogeneity between
immigrants. By lowering the efficiency and imposing higher costs of language learning,
the probability of reporting good language skills is decreasing by increasing linguistic
distance.
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1 Introduction

The diversity of languages imposes one of the highest hurdles for migration, international
trade and communication. Since the seminal work by Chiswick (1991) and Chiswick and
Miller (1995, 1999), the role of language skills for the integration process of immigrants
has obtained increasing attention by researchers in the field of migration. Language acts
as the medium of everyday and working life, and is therefore a productive trait in it-
self. Low proficiency may also act as a signal for foreignness, allowing for discrimination
and differentiation (Esser 2006). Effects of language fluency on economic outcomes have
been analyzed in a multitude of studies, using wages (Dustmann 1994, Chiswick and
Miller 2002), employment status (Dustmann and Fabbri 2003), occupational (Chiswick
and Miller 2007) and locational choice (Bauer, Epstein and Gang 2005) as outcome vari-
ables. All studies conclude that language fluency is a crucial determinant for host country
labor market success.

Chiswick and Miller (1995) offer a theoretical framework in which language skills are
seen as a typical example of human capital, costly in acquisition, inseparable from the in-
dividual, and productive. Language skills are determined by characteristics affecting the
efficiency in language acquisition, the exposure to the host country language, and indi-
vidual economic incentives to learn the host country language. Following this framework,
this study specifically focuses on the efficiency of language acquisition. Immigrants might
be heterogeneous in their experience of difficulties in learning a foreign host country lan-
guage, dependent on the similarity of their mother tongue to the host country language.
Due to difficulties in measurement, the importance of linguistic distance, hence the dis-
similarity between e.g. vocabularies, phonetic inventories, grammar, or script, on host
country language fluency has been analyzed only rarely for a small number of English-
speaking host countries. For the United States, Chiswick and Miller (1999) use data from
the 1990 U.S. Census and include a measure of linguistic distance based on test scores
of language classes. The same measure has been used for subsequent analyses using the
1991 Census of Canada (Chiswick and Miller 2001), and the 2000 U.S. Census (Chiswick
and Miller 2007), showing a strong negative impact of linguistic distance on the level of
language proficiency of immigrants, as it theoretically induces higher costs of learning.
So far, the measure developed by Chiswick and Miller (1999) is only applicable for the

analysis of the immigration to English speaking countries.

To being able to broaden this literature also to non-English-speaking countries, we
propose to use an alternative way of measuring linguistic distance, based on recent de-
velopments in linguistic research by the German Max Planck Institute for Evolutionary
Anthropology. The so-called Levenshtein distance (Bakker et al. 2009), which provides

an easily and transparently computed measure of phonetic dissimilarity, relies on less re-



strictive identification assumptions than previous attempts and can be computed for any

pair of host and home country language.

We use this measure in the setting of German language acquisition of immigrants.
Determinants of immigrant language skills in Germany have been previously analyzed only
by a few studies, starting with early work by Evans (1986). Dustmann (1999) analyzed
host country language fluency as a jointly determined outcome along with migration
duration, using data from the German Socio-Economic Panel (SOEP). He showed that
the investment in language acquisition increases with time of intended stay. Using the
same data, Dustmann and van Soest (2001) took into account potential misclassification in
self-reported language fluency. Most recently, Danzer and Yaman (2010) analyzed German
language fluency as a function of enclave density. However, the impact of country-of-origin
characteristics, such like linguistic distance, on the economic integration of immigrants
remains unclear and demands for further research (Esser 2006). Here, our new measure
may provide new insights, e.g. in explaining the relatively weak economic position of

Turks in Germany.

Our results suggest that linguistic distance to German is the strongest predictor of lan-
guage fluency heterogeneity between immigrants. A higher linguistic distance is strongly
related to lower levels of language fluency: Evaluated at the mean, a 1 percent higher
linguistic distance between the home country language to German is associated with a
decrease in the probability of reporting a “Very good” language fluency by 3.6 to 4.6 per-
cent. The effect is stronger in the later stages of language acquisition and is linear in

nature across the distribution of linguistic distance.

We briefly discuss our results against the background of current immigration policy
addressing the language fluency of immigrants. For the resident immigrant population,
the large heterogeneity in language acquisition efficiency, resulting from heterogeneity in
linguistic background, requires a further flexibilization of language acquisition support.
Points-based immigration schemes taking into account linguistic distance as an additional
selection criterion may improve the average efficiency of language acquisition of the im-

migrant population.

The study proceeds as follows: In section 2 we summarize the theoretical framework
by Chiswick and Miller (1995), which we use to analyze the determinants of language
fluency, and introduce the Levenshtein distance, a newly available measure of phonetic
distance between languages. Section 3 describes the data and the empirical model. In

section 4 the results are presented and discussed. Section 5 concludes.



2 Background

2.1 Language Skills as Human Capital

The ability of immigrants to understand, speak, and write the language of the receiving
country fulfills all requirements applied to human capital: it is productive as a determinant
for wages, it is costly to obtain, either in terms of direct or opportunity costs, and it is a
knowledge indivisibly embodied within a person (Chiswick and Miller 2007). Given these
characteristics, it may be analyzed in a standard human capital accumulation framework,
with some specific determinants, as proposed in Chiswick and Miller (1995). An optimal
level of language fluency is determined by the intersection of a demand curve for language
fluency (which represents the marginal returns to language acquisition in the labor market)
and a supply curve dependent on the direct or opportunity costs of language acquisition,
such as direct costs and forgone wages or earnings. Determinants of language fluency may
be grouped into three subgroups, labeled by Chiswick and Miller (1995) as the three “E’s™:
exposure, efficiency, and economic incentives. Such a rational choice framework is widely
accepted in analyzing language acquisition processes across disciplines, see for example
Esser (2006) for an adaption and extension of this model in sociological terms, dividing

determinants into motivation, ability, costs, and opportunities.

First, language skills are influenced by the time an immigrant is exposed to the host
country language. Immigrants may be exposed to the host country language prior to and
after immigration (Chiswick and Miller 1995). Before immigration this may happen if the
language of the destination country is a compulsory foreign language at school in the home
country of an immigrant. Post-immigration, exposure is determined by neighborhood
characteristics such as ethnic composition, family characteristics like number of children,

or the working environment.

Immigrants also differ in their economic incentives (Chiswick and Miller 1995) for
adapting a new language, determined by the expected labor market returns to language
fluency. These returns are influenced by other non-language-related human capital compo-
nents (e.g. occupation-specific knowledge or educational degrees) as well as the expected
length of stay in the host country. However, as Dustmann (1999) states, language fluency
acquisition and return migration may be jointly determined in a simultaneous decision
process.

Finally, Chiswick and Miller (1995) looks at the efficiency of language acquisition
which determines to what extent each unit of exposure may be transformed into language
fluency. Younger people have a higher ability to learn a new language (Newport 1990).
Therefore the age at entry in the host country crucially determines efficiency. Literacy

and education also affect the ability of adapting a new language.



Most important in the context of this study, the efficiency is influenced by the linguistic
distance between first language and acquired language. The further the linguistic distance
between two languages, the more difficult it is to learn the host country language, which

in turn imposes higher costs of learning.

2.2 Linguistic Distance

Proximity of languages is supposed to be a strong predictor of the decision to adapt a
foreign language, as it crucially determines the costs of language acquisition. In linguistics,
the distance between languages is a well known research issue. Using their historical
development, language trees are developed to order languages into different families. Most
prominently, the Ethnologue Project (see Lewis 2009) examines all known languages in the
world. Unfortunately, although comprehensive, this language tree approach relies on very
few increments between languages. As such this approach does not offer the possibility

of deriving a continuous measure of linguistic distance.

To rely on such a continuous measure, Chiswick and Miller (1999) use the difficulty of
learning languages in standardized language courses (see also Chiswick and Miller 2001,
2005), measured as the average exam score after 24 weeks of receiving lessons in one
language. This score-based approach has the advantage of offering a measure of linguistic
distance with more parameter values and variation, and of encompassing all dimensions
of language differences. However, it might be biased by incentives and motivations to
learn a foreign language. Dornyei and Schmidt (2001) summarizes extrinsic and intrinsic
motivations of learning a second language. Extrinsic motivation includes expected utility
from being able to communicate in the language. Intrinsic motivation is derived from
the fact of learning the language itself, e.g. by boosting the own reputation among
friends and peers. These motivations are likely to differ across potential second languages
(e.g. it might yield higher economic returns to learn one language instead of another).
Although affecting average test scores, these intrinsic and extrinsic incentives do not tell
anything about actual linguistic distance. Additionally, as Chiswick and Miller (2001)
note, this measure relies on a symmetry assumption, as the fact of learning difficulty for
U.S. Americans is assumed to represent the difficulties faced by immigrants in learning
English.

The measure of linguistic distance proposed in this study has the advantage of offering
a continuous variable that can be used in empirical analyses for any host country language.
The measure is based on the Automatic Similarity Judgement Program (ASJP) by the
German Max Planck Institute for Evolutionary Anthropology.! The project aims at

developing an automatic procedure to evaluate the phonetic similarity between all of the

!Further information can be found at http://www.eva.mpg.de.



world’s languages (so far, most languages relevant for migration research are covered).

The project relies on a “lexicostatistical” approach, which uses a core set of vocabulary
for each language describing common things and environments, called the Swadesh list.
Following Bakker et al. (2009), a minimized list of the 40 most stable words, which are
shown in Table 1, is used in computing the measure. These words are then expressed in a
special phonetic transcription called ASJP code, which uses all available characters on a

standard QWERTY keyboard to represent all common sounds in human communication.

The words from this 40-word list are automatically judged concerning their similarity
leading to a scalar of linguistic distance, the so-called Levenshtein distance. The measure
is basically computed as follows: For each word pair, it is evaluated how many additions
or subtractions are necessary to transform one word in one language into the same word
in another language. For example, the English word mountain, expressed in the ASJP
code as maunt3n, has to be transferred into the German word Berg (bErk). This value
is then normalized by the potential maximum distance between both words. The sum of
these distances is divided by the number of words that exist in both compared lists and
is again normalized by the similarity of phoneme inventories of the language pair. For a

more detailed description of the computation, see Bakker et al. (2009).

This measure offers some advantages compared to previous measures of linguistic dis-
tance. Isphording and Otten (2011) compare the new measure with Chiswick’s approach
using data from the U.S. census and find a qualitatively stronger effect of the Levenshtein
distance in explaining immigrant’s language skills. There are several reasons why the new
measure might lead to more precise and efficient results. It is independent of the used
data source and is not likely to be biased by economic incentives like the measure used by
Chiswick and Miller (1999). Compared to the latter, it offers a much higher variation as it
is not restricted to certain parameter values. It is comprehensive (all relevant languages
are covered by the ASJP database) and can therefore even be used for rather “exotic”
immigrants with few observations that are otherwise typically excluded from the analysis.
Also, it can be used for any host country language included in the ASJP database, e.g. for
important immigration countries such as the United States, United Kingdom, Canada,
Germany, and France.? However, because of the comprehensiveness of the database, it
may also be used for analyses concerning south-south migration including rather seldom

analyzed languages. Maybe most important, the measure is easily and transparently com-

2As the SOEP dataset does not offer information on language of birth, we assign languages by country
of birth. In multi-lingual countries, languages were assigned as the most prevalent native language (ex-
cluding lingua francas, i.e. commonly known foreign languages used for trade and communication across
different mother tongues), which was identified using a multitude of sources, including factbooks, ency-
clopedias and Internet resources. A comprehensive index of assigned languages with further explanations
is available upon request. This assumption might lead to an attenuation bias of the coefficients of the
linguistic distance measure by introducing a measurement error in our linguistic distance measure.



puted. Due to its purely descriptive nature, it is not biased by individual incentives to
learn foreign languages.

The computation for all languages included in our dataset for the specific case of
Germany results in a right-skewed distribution. The closest languages to German are the
Benelux languages (Luxembourgish, 42.12; Dutch, 51.50; Westvlaams, 57.86), and the
Scandinavian languages (Norwegian, 64.92; Swedish, 66.56). The furthest languages are
Korean (104.30), Arabic (103.72), and Yoruba (spoken in Nigeria, 103.58).

The Levenshtein distance is not without its shortcomings. As Chiswick and Miller
(2005) state, languages “differ in vocabulary, grammar, written form, syntax and myriad
other characteristics”. Clearly, the Levenshtein distance only covers the first of these
dimensions. However, it has been shown that the Levenshtein distance is a very good
predictor for e.g. genetic distance of languages (Bakker et al. 2009). Correlations in
vocabulary result from close historical and evolutionary relationships of languages, and
therefore are related to further similarities in additional dimensions.? For simplicity, we

refer to the Levenshtein distance as linguistic distance throughout our analysis.

3 Data and Empirical Model

3.1 Data

The data used in this study is taken from the German Socio-Economic Panel (SOEP)*
covering the period between 1997 and 2003. Questions concerning the language fluency of
immigrants are included in every second wave. The sample is restricted to individuals who
were at least 17 when migrating to Germany and who are not older than 65 at the time
of the survey. Therefore, we explicitly exclude individuals who learned German already
during their childhood or early adolescence in Germany. After excluding observations
containing missing values we use four subsequent cross-sectional samples ranging in size
from 1102 observations in 1999, to 1430 observations in 2001.

The sample consists of immigrants from 89 countries. The largest fraction of immi-
grants has been immigrated from Turkey (24.2 percent in 1997), followed by Ttaly, Serbia

(and Croatia), and Poland. Over time, the sample becomes more diverse in terms of

3We focus in this study on the effect of linguistic distance on speaking fluency. Nonetheless, regression
results not reported here confirm a similar influence of the linguistic distance on written proficiency.

4The SOEP is a panel survey conducted since 1984 and covering roughly 20.000 individuals per wave.
For more information see Haisken-DeNew and Frick (2005). The data used in this thesis was extracted
using the Add-On package PanelWhiz for Stata. PanelWhiz (http://www.PanelWhiz.eu) was written by
John P. Haisken-DeNew (john@PanelWhiz.eu). See Haisken-DeNew and Hahn (2006) for details. The
PanelWhiz generated DO file to retrieve the data used here is available upon request. Any data or
computational errors in this thesis are the authors’.



country of origin, i.e., the above mentioned sending countries contribute 80.4 percent of

the overall sample in 1997, but only 67.2 percent in 2003.

Language proficiency is assessed as an ordered discrete self-reported measure of oral
and written German language proficiency ranging from 1 (“Not at all”) to 5 (“Very good”).
The self-assessed ability to speak German “Good” is the most frequent answer; only 1.5
percent report not speaking German at all. To avoid estimation problems caused by
empty cells, the categories “Not at all” and “Fairly bad” are joined into one category,
leading to the four categories “Bad”, “Not bad”, “Good”, and “Very good” used in the
empirical analysis. The distribution of language skills changes over time. The relative
frequency of reporting “very good” language fluency nearly doubles from 10.7 percent in
1997 to 20.5 percent in 2003 (Table 2). German language fluency is negatively correlated

to the linguistic distance measure by r = —0.3.

The explanatory variables are chosen to represent the slope and shift parameters of
the human capital accumulation model discussed in section 2.1, which are the efficiency,
exposure, and economic incentives influencing language skill acquisition. Appendix-Table
A1 shows descriptive statistics of the variables used in the empirical analysis.® The major
variable of interest is the linguistic distance between home and host country language as
measured by the Levenshtein distance. Years of education is a generated variable taking
into account the minimum amount of years needed to reach a certain school degree.
Following Dustmann (1994), a dummy is included, coded as one for those who report a
“Good” or “Very good” level of written home country language proficiency to control for the
individual level of literacy. We control for whether an immigrant visited a German school
after immigration. As the sample is restricted to those who migrated to Germany at age
17 or older, this variable should mostly indicate vocational training schools. Together with
a low language distance, entering Germany at a younger age, having higher education,
visiting a school in Germany and having a high level of literacy are expected to increase

the efficiency of acquiring a new language.

Exposure is expected to be influenced by the time of residence and family character-
istics. These are controlled for by the years since migration, dummies for gender, being
married and the number of children in the household. The family situation may change
the degree of social inclusion and thereby the exposure to the host country language. A
priori, it is difficult to hypothesize the sign of this variable. A dummy for neighboring
countries of Germany proxies the probability of learning German at school and living in

an area with frequent meetings with Germans.

Economic incentives are represented by the self-reported desired time to stay in Ger-

many measured in years. We censor the length of planned duration of stay at age 65

5Table A2 in the Appendix provides the detailed description of the variable definitions.
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to account only for desired length of stay during the economically active period of life. %
Further, a dummy for having family abroad controls for return plans that might alter

economic incentives.

The geographic distance is included as distance in units of 100 km between Berlin as
the capital of Germany and the capital of the country of origin.” While controlling for
linguistic distance, geographic distance is mostly a proxy for migration costs. Only those
immigrants who expect to recover these higher costs by higher labor market incomes
will decide to migrate. Potentially, these immigrants are positively selected, e.g. in
terms of unobservable motivation. This should lead to a positive coefficient of geographic
distance, that could be interpreted as direct evidence for the self-selection of immigrants,
as discussed by Borjas (1987). To further control for heterogeneity in country-of-origin

characteristics, we include a set of regional dummies.®

3.2 Empirical Model

The time-constant nature of our linguistic distance measure as major variable of interest
makes it unfeasible to rely on panel data methods. The analysis therefore focuses on
the application of standard Ordered Logit models for repeated cross-sections to estimate
the determinants of oral language proficiency in Germany.? The analysis starts with the
linear probability model, assuming cardinality of the dependent variable. This model is
also used to compute the contributions in explanatory power of single variables, and acts

as a robustness check and benchmark for the following Ordered Logit model.

Both models, the linear probability and the Ordered Logit model, use the fourfold
self-reported measure of language proficiency as dependent variable, which is explained by
the control variables described in section 3. To account for potential nonlinearities in the
effect of linguistic distance on language acquisition, the measure enters the specification
in two different ways. In a first set of estimations, absolute values, directly computed as

described above, are used.!® Secondly, a set of four splines constructed as the product

We repeated our estimations without and with lagged values of desire to stay to test for potential
endogeneity. The results remained stable.

"The geographic distance data are compiled by researchers at Centre
d’Etudes  Prospectives et  d’Informations  Internationales (CEPII) and  available at
http://www.cepii.fr/anglaisgraph /bdd/distances.htm.

8We also tried different definitions of regions and specifications including variables for genetic differ-
ences. The results regarding linguistic distance remained stable in sign and magnitude.

9We also estimated the same specification on a pooled sample including all four waves. The results
differed only marginally. Furthermore, all specifications have been estimated by the Generalized Ordered
Logit model. The results remain stable. We describe the method and the results in the supplementary
Appendix.

10The distribution of the measure of linguistic distance is right-skewed, with a majority of languages at
the right end of the distribution. To take distributional issues into account, we repeated our estimations
with a variable containing percentiles of this distribution instead of absolute values, leading to similar,
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of quartile dummies and the absolute values enter the estimation equation to control
for a non-linear relationship between linguistic distance and language acquisition. In all

specifications the standard errors are allowed to cluster by the home language.

4 Results

Table 3 reports the results of the OLS benchmark estimations for all four waves. ! Due
to the non-cardinal character of the dependent variable, the coefficients can only reason-
ably be interpreted in sign and compared in magnitude, although the magnitude has no
inherent meaning. Therefore, we also report marginal effects of the Ordered Logit model,
summarized in Appendix-Tables A3.1 and A3.2, to allow for an interpretation in prob-
abilities of chosing a category.'> We use the OLS results to determine the contribution
of single variables to the explained variance in language skills, expressed by the squared
semi-partial correlations following Cohen et al. (2003). Note that these semi-partial cor-
relation constitute a conservative measure. The values do not sum up to the complete R2.

However, they allow for a comparison of explanatory power between different regressors.

The control variables in the OLS specification support the theoretical considerations
by Chiswick and Miller (1995). Exposure to the host country language is related to higher
reported language skills, indicated by the positively significant coefficients (in 2001 and
2003) of being originated in a neighboring country (pre-immigration exposure), and by
the positive coefficients of years since migration (post-immigration exposure). The effect
of years since migration diminishes over time. Having a family abroad is negatively corre-
lated to the reported skills, the number of years of desired stay in Germany is positively
correlated to the reported language skills, indicating the influence of economic incentives

on the language acquisition process.

The results for the control variables in the Ordered Logit model are in line with the
OLS results and again indicate an increase of language skills with years since migration
(with a decreasing rate). Children are negatively related to the language skills, this
relation is stronger than in the OLS results. Having visited a German school is positively
related with higher German language skills.

The measure for linguistic distance has a stable and significantly negative effect in the
OLS results. Moving up the distribution of linguistic distance decreases the probability of

reporting higher categories of language fluency. Contrarily, the geographic distance has a

but less significant results, most likely due to the lower variation in the percentile measure.

Al estimation output tables were generated using the Stata routine estout by Ben Jann, see Jann
(2007).

12The underlying coefficients are comparable in sign and significance with those of the OLS regressions
and are reported in Table A4 in the supplementary Appendix.
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positive effect on language fluency when controlling for linguistic distance, in line with the
argument of self-selection discussed in section 3. In terms of explanatory power (measured
as squared semi-partial correlations), linguistic distance is the strongest predictor of the
specification, apart from the Eastern Europe region dummy. Linguistic distance alone

accounts for 10 to 19 percent of the explained variation of the model.

The Ordered Logit results allow for an interpretation in magnitude and reveal a strong
negative relationship between linguistic distance and the reported language skills. Increas-
ing the linguistic distance by one unit decreases the probability of reporting the highest
category of language skills by 0.3 to 0.6 percentage points. Again, positive marginal effects
of geographic distance on the probability to report higher categories of language fluency
might indicate a pre-migration self-selection process. For an easier interpretation of the
effect of linguistic distance, due to the lack of a natural unit, elasticities and marginal
effects multiplied by the interquartile ranges of linguistic distance are reported in Table
4. Increasing linguistic distance by one percent decreases the probability of reporting the
highest category by 3.6 to 4.6 percent. Moving up the distribution of linguistic distance
from the lower to the upper quartile decreases the probability of reporting “Very Good”
language skills by 2.7 to 3.6 percentage points. This interpretation is only meaningful if
the effect of linguistic distance is linear across the distribution, which is supported by the
inclusion of partially defined splines (as a product of absolute values of linguistic distance
and quartile dummies). The respective coefficients and marginal effects are summarized
in Table 5. The results indicate no significant or systematic differences of effects across
quartiles. This result is stable across categories, models and waves, indicating linearity in

the negative effect across the range of linguistic distance.

To demonstrate the importance of our results in a more direct manner, we use the
estimates of the Ordered Logit model to predict counterfactual distributions of predicted
probabilities to report category “Very good” in 2003, changing linguistic distance, but
keeping all other covariates constant. The kernel density estimates of these counterfac-
tual distributions are shown in Figure 1.'* For different counterfactual distributions, the
linguistic distance is set to the values of 0 as a benchmark, to German-Dutch (51.50),
German-English (72.21), and German-Turkish (99.91). Additionally, the observed distri-
bution without changing the linguistic distance is reported.

Changing the distribution from the observed to the counterfactual “German” distribu-
tion moves the probability mass from the left to the right end. About 78 percent of the
sample have probabilities of more than 0.8 to report “Very good” language fluency. In the
observed non-counterfactual distribution, only 4 percent have probabilities of more than

0.8. This result is quite intuitive, as people should most likely report “Very good” language

13The kernel density estimates of the counterfactual distributions for the years 1997-2001 are presented
in Figures A1-A3 in the supplementary Appendix.
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fluency when they have no linguistic distance at all to bridge. This result illustrates the

importance of linguistic distance as a determinant for language fluency.

5 Conclusion

Linguistic distance, the dissimilarity of languages, supposes to be major determinant of
host country language acquisition of immigrants. In this study, we introduced a new mea-
sure of linguistic distance to explain differences in speaking fluency among immigrants in
Germany. Based on routines developed by the German Max Planck Institute for Evolu-
tionary Anthropology, the measure is computed as a normalized and averaged measure of

phonetic similarity between words of different languages.

This measure is easily computed as a continuous variable for any potential language
pair and allows for a comprehensive analysis of distance effects in host country language
acquisition. Compared to previous attempts to measure linguistic distance, this measure
offers advantages in terms of transparency of computation and the necessity of identifica-
tion assumptions. Due to the comprehensiveness of covered languages, it offers a broad

range of applications in economic research.

We applied this measure in the human capital framework introduced by Chiswick and
Miller (1995) as a determinant for language acquisition of first generation immigrants
in Germany, using data from the German Socio-Economic Panel (SOEP). The linguis-
tic distance captures the effect of higher acquisition costs for those with more distant
mother languages. Our main findings can be summarized as follows: (i) robust across
all specifications, higher linguistic distance decreases the probability of higher fluency in
host country language; (ii) the impact of linguistic distance is more important in later
stages of language acquisition; (iii) the negative effect is linear throughout the range of
linguistic distance. In our preferred specification, a 1 percent increase in linguistic dis-
tance decreases the probability of reporting “Very good” language fluency by 3.6 to 4.6
percent. Moving up the distribution of linguistic distance from the lower to the upper
quartile decreases the probability of reporting “Very good” language skills by 2.7 to 3.6
percentage points. Spline regressions indicate linearity of this effect across the range of
linguistic distance.

Our data also shows some indirect evidence for self-selection. Controlling for linguistic
distance, geographic distance as a proxy for migration costs has a positive influence on
language fluency. Only those individuals chose to migrate who expect to recover migration
costs by higher expected wages, and therefore represent a self-selected group in terms of

motivation or unobserved skills.

Our results shed light on a major source of heterogeneity in language acquisition
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efficiency, and as such, on the organization and implementation of language acquisition
support. Given that increasing language skills among migrants is a commonly accepted
political aim, this additional source of heterogeneity has to be taken into account in
designing language course systems for the resident migrant population. This is in line
with recent claims for further flexibilization of the German integration course system
(Bundesministerium des Innern 2006).

Political measures addressing the resident population have to take the distribution of
linguistic distance as exogenously given. However, using political measures prior immigra-
tion might be able to alter this distribution. The ongoing discussion on the introduction
of a points-based immigration scheme, similar to the ones of Australia, Canada, or more
recently also in the UK, would allow to take linguistic distance as a proxy for host coun-
try language learning efficiency into account, lowering the expected average costs for later

language support.
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Tables

Table 1: 40-ITEMS SWADESH WORD LiIST

1 You We One

Two Person Fish Dog
Louse Tree Leaf Skin
Blood Bone Horn Ear

Eye Nose Tooth  Tongue
Knee Hand  Breast Liver
Drink See Hear Die
Come Sun Star Water
Stone  Fire Path Mountain
Night  Full New Name

Source: Bakker et al. (2009).

Table 2: DISTRIBUTION OF LANGUAGE SKILLS ACROSS YEARS

Yes
Proficiency car Total

1997 1999 2001 2003

247 164 206 163 780
18.84 14.88 14.41 1312 15.34

Bad

470 383 466 382 1701

Notbad o s 2175 3259 3076 3345

454 418 496 443 1811

Good 34.63 37.93 34.69 35.67 35.61

140 137 262 254 793
10.68 12.43 18.32 20.45 15.59

Total 1311 1102 1430 1242

Very good

Notes: — Cells include absolute counts and relative
frequencies.
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Table 3: ESTIMATION RESULTS ORAL LANGUAGE FLUENCY LINEAR REGRESSION

1097 1999 2001 2003
Coef/StdR Expl Coef/StdE Fxpl Coef/StdE Expl Coef/StdE Expl

ST em el e 0% o oo oom
it R TR T ST
Children in the HH. (Ref.— 0)

ET T ¢ TR 1 N

s e E T R R

R 7 YU . ST 1 S R
Yone o Mignion F ST - ol VS . ol R TP
Years since Migration? /100 ?g:égg; 1724 zg:ggg; 3804 7(8:82?;)* 1.490 7(8:82; 5.008
F A TC R (- SR VU L SR Y
U ewme QE me OB e 0B o
pesrt oy s QU emr ST 000 o 000 g
e Copale (U0WT) BOO gy OMTC g 0000 g M
i s QU ame OO aee 0IM w000
Ve o Pt F T S D - TN S
VersofBaet/00OHT i 000 08w 01T o
School attended in Germany (gjégg;‘** 5050 (g:?ﬁ;** 038 (8:?8;;* 5815 (8:?22; 2610
ooy Home Lot 00 gy 0B g 000 e O e
Linguistic Distance ?g:gég;* 18.333 *(3:8(1)2;** 9.725 ’(g:gég;** 19.045 7(8:8(1);;* 16.937
Constant 1.335* 0.519 1.184* 1.883%*

(0.520) (0.459) (0.493) (0.611)

Region Dummies yes ves yes yes
Adjusted R? 0.227 0.280 0.257 0.361
F Statistic 315.28%** 196.83%** 86.52%** 124.54%%*
Observations 1311 1102 1430 1242
Notes: — Significant at: ***0.1% level; ** 1% level; *5% level; 110% level. - Cluster-robust standard errors are reported in parentheses.

— The dependent variable is defined on a scale of 1 to 4 such that higher values indicate a higher level of oral proficiency. — The explana-
tory power of each variable is computed as the squared semipartial correlation. The values represent the variables’ ezplained proportion
of the total variance.

Table 4: ELASTICITIES & INTERQUARTILE RANGES OF LINGUISTIC DISTANCE ON
ORAL LANGUAGE FLUENCY LINEAR & ORDERED LOGIT REGRESSION

Ordered Logit Ordered Logit Marginal Effects * IQR

OLS
Bad Not bad Good Very good Bad Not bad Good Very good
1997 —0.626***  4.019%**  1.410%**  —2257**  _4.351%*%*
(0.115) (0.918) (0.427) (0.443) (0.936) 0.053 0.02 —0.075 —0.029
1999 —0.543***  4.545%* 2.039%*  —2.095%**  —4.615**
(0.139) (1.469) (0.737) (0.607) (1.443) 0.031 0059 —0.063 —0.027
2001 —0.462°*  3.974%%F  1.969***  —1.394***  _3.797***
0.073)  (0.691)  (0.407) (0.223) (0.620) 0% 0-044 0035 —0.033
2003 —0.396™**  3.901%**  2.237*F*  _1.092%**  —3.621***
(0.071) (0.777) (0.481) (0.234) (0.698) 0.020 0.054 —0.037 —0.036

Notes: - Significant at: ***0.1% level; ** 1% level; *5% level; T10% level. - Cluster-robust standard errors are
reported in parentheses. — Elasticities and marginal effects are reported at the mean of the covariates vector. — Col-
umn 2-6 show the OLS and the Ordered Logit elasticities of linguistic distance. Column 7-10 show the Ordered
Logit marginal effects multiplied by the interquartile ranges of linguistic distance.
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Table 5: ESTIMATION RESULTS SPLINES ORAL LANGUAGE FLUENCY
LINEAR & ORDERED LOGIT REGRESSION

1997 1999 2001 2003
Coef/StdE  Coef/StdE  Coef/StdE  Coef/StdE

Linear Regression

Spline 15¢ Quartile —0.020%** —0.016** —0.011*** —0.011***
(0.004) (0.005) (0.002) (0.002)
Spline 2" Quartile —0.019*** —0.015** —0.010** —0.011**
(0.005) (0.005) (0.003) (0.003)
Spline 3"4 Quartile —0.018***  —0.015***  —0.012***  —0.011***
(0.004) (0.004) (0.002) (0.002)
Spline 4t Quartile —0.018***  —0.015"*  —0.012**  —0.011%**
(0.004) (0.005) (0.003) (0.003)
Ordered Logit Regression
Spline 1% Quartile —0.088** —0.073* —0.052***  —0.051***
(0.030) (0.032) (0.010) (0.012)
Spline 2" Quartile —0.082** —0.071* —0.047***  —0.050***
(0.029) (0.031) (0.012) (0.012)
Spline 3°¢ Quartile —0.078** —0.068* —0.050***  —0.049"**
(0.026) (0.028) (0.009) (0.010)
Spline 4*® Quartile —0.078** —0.071* —0.049***  —0.048***
(0.027) (0.029) (0.012) (0.011)

Marginal Effects Ordered Logit Regression ~ ME/StdE ME/StdE ME/StdE ME/StdE

Bad
Spline 15¢ Quartile 0.011** 0.006* 0.005*** 0.003***
(0.004) (0.003) (0.001) (0.001)
Spline gnd Quartile 0.010** 0.006* 0.004*** 0.003***
(0.003) (0.003) (0.001) (0.001)
Spline 3"4 Quartile 0.010** 0.006* 0.004*** 0.003***
(0.003) (0.002) (0.001) (0.001)
Spline 4" Quartile 0.010%* 0.006* 0.004*** 0.003***
(0.003) (0.003) (0.001) (0.001)
Not bad
Spline 15t Quartile 0.011** 0.012* 0.008*** 0.009***
(0.004) (0.005) (0.002) (0.002)
Spline 274 Quartile 0.010%* 0.012* 0.007*** 0.009***
(0.004) (0.005) (0.002) (0.002)
Spline 3'4 Quartile 0.010** 0.011* 0.008*** 0.009***
(0.004) (0.005) (0.001) (0.002)
Spline 4" Quartile 0.010** 0.012* 0.008*** 0.008***
(0.004) (0.005) (0.002) (0.002)
Good
Spline 15¢ Quartile —0.016** —0.013* —0.007*** —0.006***
(0.005) (0.006) (0.001) (0.002)
Spline gnd Quartile —0.015** —0.012* —0.006*** —0.006***
(0.005) (0.005) (0.001) (0.002)
Spline 3'4 Quartile —0.014** —0.012* —0.006*** —0.006***
(0.005) (0.005) (0.001) (0.001)
Spline 42 Quartile —0.014** —0.012* —0.006*** —0.006***
(0.005) (0.005) (0.001) (0.001)
Very good
Spline 15t Quartile —0.006* —0.005* —0.006*** —0.006***
(0.003) (0.003) (0.001) (0.002)
Spline 229 Quartile —0.006* —0.005* —0.006** —0.006***
(0.002) (0.003) (0.002) (0.002)
Spline 3'4 Quartile —0.005* —0.005* —0.006*** —0.006***
(0.002) (0.002) (0.001) (0.001)
Spline 4" Quartile —0.005* —0.005* —0.006*** —0.006***
(0.002) (0.002) (0.002) (0.002)
Notes:  Significant at: ***0.1% level; ** 1% level; * 5% level; T10% level.  Cluster-robust standard
errors are reported in parentheses. The dependent variable is defined on a scale of 1 to j such

that higher values indicate a higher level of oral proficiency. — The four splines are constructed as
the product of a quartile dummy and the absolute values of Linguistic Distance. — Marginal effects
are reported at the mean of the covariates vector.
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DISTRIBUTIONS OF PREDICTED PROBABILITIES TO REPORT
CATEGORY “VERY GOOD” IN 2003
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Appendix

Table Al: DESCRIPTIVE SAMPLE STATISTICS

1997 1999 2001 2003
Mean/StdD ~ Mean/StdD ~ Mean/StdD ~ Mean/StdD
Oral Proficiency German 2.371 2.479 2.569 2.634
(0.908) (0.893) (0.949) (0.951)
Female 0.494 0.496 0.515 0.535
(0.500) (0.500) (0.500) (0.499)
Married 0.869 0.872 0.853 0.849
(0.338) (0.334) (0.354) (0.359)
Children in the HH.

No Children 0.475 0.516 0.488 0.530
(0.500) (0.500) (0.500) (0.499)

One Child 0.225 0.218 0.224 0.219
(0.418) (0.413) (0.417) (0.414)

Two Children 0.195 0.172 0.179 0.151
(0.397) (0.378) (0.384) (0.359)

Three or more Children 0.105 0.093 0.108 0.100
(0.306) (0.291) (0.311) (0.300)

Years since Migration 18.609 19.757 17.615 20.589
(10.554) (10.753) (10.762) (10.816)

Neighboring Country 0.124 0.124 0.150 0.166
(0.330) (0.330) (0.357) (0.372)

Family abroad 0.131 0.175 0.316 0.331
(0.338) (0.380) (0.465) (0.471)

Desired Stay (years) 16.789 16.717 18.616 16.841
(11.740) (11.765) (11.788) (11.074)

Distance Capitals (100 km) 17.360 17.793 20.022 19.758
(13.608) (13.761) (17.213) (18.639)

Age at Entry 27.775 27.662 28.192 27.355
(8.614) (8.871) (8.932) (8.238)

Years of Education 10.022 10.049 10.475 10.750
(2.430) (2.427) (2.400) (2.596)

School attended in Germany 0.034 0.039 0.041 0.048
(0.180) (0.194) (0.199) (0.213)

Proficiency Home Language 0.842 0.857 0.882 0.867
(0.365) (0.351) (0.323) (0.340)

Linguistic Distance 93.562 93.643 92.075 90.934
(10.378) (9.573) (14.242) (16.994)

Observations 1311 1102 1430 1242

Notes: — Oral Proficiency is measured on a scale of 1 to 4, corresponding to the classi-
fications “Bad”, “Not bad”, “Good”, “Very good”.

23



Table A2: VARIABLES DESCRIPTION

Variable

Description

Oral Proficiency German
Female
Married
Children in the HH.

No Children

One Child

Two Children

Three or more Children
Years since Migration
Neighboring Country
Family abroad
Desired Stay (years)

Distance Capitals (100 km)

Age at Entry
Years of Education

School attended in Germany
Proficiency Home Language

Linguistic Distance
Region Dummies

Western Democracies/Japan
Eastern Europe/Soviet Union

Other

Self-reported spoken German proficiency
Dummy — 1 if female
Dummy — 1 if married

Dummy = 1 if no children in household

Dummy = 1 if one child in household

Dummy = 1 if two children in household

Dummy = 1 if three or more children in household

Years since migration to Germany

Dummy = 1 if country of origin is a neighboring country of Germany
Dummy = 1 if family lives abroad

Years desired to stay in Germany

Geodesic distance between capitals in 100 km

Age at entry to Germany

Years of education

Dummy = 1 if school attended in Germany

Dummy = 1 if written proficiency in home language is good or very good
Levenshtein distance normalized divided

Dummy = 1 if country of origin is a western democracy or Japan
Dummy = 1 if country of origin is eastern Europe or the former Soviet Union
Dummy = 1 if country of origin is any other world region

Notes: — Geodesic distances are calculated following the great circle formula, which uses the geographic coordi-
nates of the capital cities for calculating the distance to the capital of Germany. Distance Capitals reports the

calculated distance divided by 100.
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Table A3.1: MARGINAL EFFECTS ORAL LANGUAGE FLUENCY 1997 & 1999
— ORDERED LOGIT REGRESSION

1997 1999
Bad Not bad Good Very good Bad Not bad Good Very good
ME/StdE  ME/StdE  ME/StdE  ME/StdE ~ ME/StdE  ME/StdE  ME/StdE  ME/StdE
Female 0.011 0.010 —0.015 —0.006 0.014 0.026 —0.028 —0.012
(0.018) (0.018) (0.026) (0.010) (0.015) (0.027) (0.030) (0.012)
Married 0.016 0.017 —0.023 —0.009 0.0217 0.045 —0.0441 —0.022
(0.025) (0.029) (0.038) (0.017) (0.013) (0.029) (0.026) (0.015)
Children in the HH. (Ref.= 0)
One Child 0.026 0.024 —0.036 —0.013 0.024 0.041 —0.046 —0.018
(0.018) (0.016) (0.024) (0.010) (0.024) (0.036) (0.044) (0.016)
Two Children 0.036 0.031 —0.049 —0.018 0.037 0.0591 —0.070" —0.026"
(0.028) (0.020) (0.034) (0.013) (0.025) (0.032) (0.042) (0.015)
Three or more Children 0.031 0.026 —0.042 —0.015 0.023 0.037 ~0.043 —0.017
(0.022) (0.016) (0.027) (0.011) (0.026) (0.036) (0.045) (0.017)
Years since Migration —0.018"**  —0.017*** 0.025%** 0.010"**  —0.013"* —0.025"* 0.027* 0.012**
(0.004) (0.005) (0.006) (0.003) (0.004) (0.008) (0.009) (0.004)
Years since Migration? /100 0.029** 0.029% —0.042** —0.016* 0.022* 0.042* —0.045* —0.019*
(0.011) (0.012) (0.015) (0.007) (0.009) (0.018) (0.018) (0.009)
Neighboring Country —~0.018 —0.020 0.027 0.011 —~0.035 —0.080 0.075 0.041
(0.046) (0.052) (0.069) (0.029) (0.027) (0.066) (0.056) (0.038)
Family abroad 0.020 0.018 —0.028 —0.010 0.044%** 0.068** —0.082"* —0.030***
(0.019) (0.017) (0.027) (0.009) (0.013) (0.022) (0.027) (0.008)
Desired Stay (years) —0.004***  —0.004** 0.006"** 0.002** —0.004™**  —0.007"** 0.008*** 0.003***
(0.001) (0.001) (0.002) (0.001) (0.001) (0.002) (0.002) (0.001)
Distance Capitals (100 km) —0.002" —0.002* 0.003" 0.001* —0.002* —0.003** 0.003* 0.002**
(0.001) (0.001) (0.001) (0.000) (0.001) (0.001) (0.001) (0.000)
Age at Entry —0.001 —0.001 0.002 0.001 —0.003* —0.005" 0.005* 0.002F
(0.002) (0.003) (0.004) (0.001) (0.001) (0.002) (0.002) (0.001)
Years of Education —0.028 —0.028 0.041 0.016 —0.037** —~0.070* 0.075"* 0.032*
(0.021) (0.022) (0.030) (0.013) (0.012) (0.028) (0.026) (0.014)
Years of Education®/100 0.012 0.012 —0.018 —0.007 0.087 0.165 —0.176 —0.076
(0.107) (0.106) (0.153) (0.060) (0.058) (0.123) (0.123) (0.058)
School attended in Germany —0.095"**  —0.169™** 0.146*** 0.118"* —0.077"**  —0.249"** 0.126%** 0.201%*
(0.019) (0.040) (0.029) (0.038) (0.015) (0.039) (0.031) (0.061)
Proficiency Home Language —0.090* —0.058"** 0.112** 0.036"* —0.098* —0.113%** 0.160"* 0.052%**
(0.036) (0.016) (0.038) (0.011) (0.040) (0.028) (0.052) (0.014)
Linguistic Distance 0.006*** 0.006™**  —0.009"**  —0.003"* 0.005"** 0.009** —0.009***  —0.004*
(0.001) (0.002) (0.002) (0.001) (0.001) (0.003) (0.003) (0.002)
Region Dummies yes yes yes ves yes yes yes ves
Notes: — Significant at: ***0.1% level; ** 1% level; *5% level; 110% level. — Cluster-robust standard errors are reported in parentheses.

— Marginal effects are reported at the mean of the covariates vector.

25



Table A3.2: MARGINAL EFFECTS ORAL LANGUAGE FLUENCY 2001 & 2003
— ORDERED LOGIT REGRESSION

2001 2003
Bad Not bad Good Very good Bad Not bad Good Very good
ME/StdE ~ ME/StdE ~ ME/StdE ~ ME/StdE  ME/StdE ~ ME/StdE  ME/StdE  ME/StdE
Female 0.005 0.009 —0.007 —0.007 0.006 0.015 —0.011 —0.010
(0.014) (0.025) (0.020) (0.018) (0.010) (0.027) (0.019) (0.018)
Married 0.019 0.037 —0.027 —0.029 0.012 0.033 —0.021 —0.023
(0.012) (0.026) (0.018) (0.020) (0.007) (0.022) (0.013) (0.017)
Children in the HH. (Ref.— 0)
One Child 0.012 0.020 —0.017 —0.015 0.024%** 0.060**  —0.046"**  —0.038***
(0.019) (0.033) (0.029) (0.024) (0.007) (0.016) (0.013) (0.011)
Two Children 0.025 0.041 —0.036 —0.030 0.015 0.038 —0.028 —0.024
(0.024) (0.036) (0.034) (0.026) (0.015) (0.032) (0.025) (0.022)
Three or more Children 0.031 0.048 —0.045 —0.035 0.059** 0.116***  —0.108"**  —0.068***
(0.023) (0.033) (0.033) (0.023) (0.022) (0.027) (0.032) (0.018)
Years since Migration —0.009***  —0.017** 0.013** 0.012** —0.007***  —0.020** 0.014** 0.013**
(0.003) (0.006) (0.004) (0.004) (0.002) (0.006) (0.004) (0.004)
Years since Migration? /100 0.018** 0.032* —0.026* —0.024* 0.015** 0.042** —0.029** —0.028"*
(0.007) (0.015) (0.011) (0.011) (0.005) (0.014) (0.010) (0.010)
Neighboring Country —0.042* —0.091* 0.057* 0.077* —0.037* —0.118* 0.059** 0.097"
(0.018) (0.043) (0.025) (0.037) (0.015) (0.054) (0.022) (0.050)
Pamily abroad 0.041* 0.066* —0.059" —0.049* 0.006 0.017 —0.012 —0.011
(0.021) (0.030) (0.030) (0.022) (0.009) (0.022) (0.016) (0.015)
Desired Stay (years) —0.001 —0.002 0.001 0.001 0.0017 0.003" —0.002t —0.002f
(0.001) (0.002) (0.001) (0.001) (0.001) (0.001) (0.001) (0.001)
Distance Capitals (100 km) —0.001** —0.003** 0.002* 0.002** —0.001** —0.002** 0.002* 0.002***
(0.001) (0.001) (0.001) (0.001) (0.000) (0.001) (0.001) (0.000)
Age at Entry 0.000 0.001 —0.001 —0.001 0.003** 0.009** —0.006* —0.006™**
(0.001) (0.002) (0.001) (0.001) (0.001) (0.003) (0.003) (0.002)
Years of Education —0.042%**  —0.075"** 0.061%** 0.056***  —0.019 —0.052 0.036" 0.035
(0.011) (0.018) (0.014) (0.016) (0.013) (0.032) (0.022) (0.024)
Years of Education?/100 0.100* 0.179* —0.145* —0.134* —0.001 —0.002 0.001 0.001
(0.042) (0.075) (0.058) (0.060) (0.055) (0.148) (0.103) (0.100)
School attended in Germany —0.049**  —0.119** 0.060"** 0.109* —0.042***  —0.149" 0.049** 0.142*
(0.010) (0.042) (0.012) (0.048) (0.010) (0.058) (0.017) (0.069)
Proficiency Home Language —0.048 —0.069 0.067 0.049 —0.026 —0.061 0.049 0.038"
(0.043) (0.046) (0.057) (0.031) (0.020) (0.044) (0.043) (0.022)
Linguistic Distance 0.004%** 0.008***  —0.006™**  —0.006*** 0.003"** 0.008***  —0.006™**  —0.005***
(0.001) (0.001) (0.001) (0.001) (0.001) (0.002) (0.001) (0.001)
Region Dummies yes yes yes yes yes yes yes yes
Notes: — Significant at: ***0.1% level; ** 1% level; *5% level; 110% level. — Cluster-robust standard errors are reported in parentheses.

— Marginal effects are reported at the mean of the covariates vector.
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Supplementary Appendix

Table A4: ESTIMATION RESULTS ORAL LANGUAGE FLUENCY
ORDERED LOGIT REGRESSION

1997 1999 2001 2003
Coef/StdE Coef/StdE Coef/StdE Coef/StdE
Female —0.085 —0.158 —0.056 —0.088
(0.144) (0.168) (0.155) (0.151)
Married —0.130 —0.265 —0.229 —0.188
(0.220) (0.165) (0.155) (0.126)
Children in the HH. (Ref.= 0)
One Child —0.203 —0.260 —0.128 —0.347**
(0.140) (0.241) (0.211) (0.091)
Two Children —0.276 —0.3871 —0.263 —0.216
(0.194) (0.227) (0.241) (0.193)
Three or more Children —0.231 —0.241 —0.320 —0.714***
(0.155) (0.249) (0.225) (0.193)
Years since Migration 0.142%** 0.154** 0.104** 0.112%*%*
(0.034) (0.049) (0.034) (0.034)
Years since Migration?/100 —0.236** —0.256* —0.200* —0.239**
(0.087) (0.104) (0.087) (0.081)
Neighboring Country 0.151 0.467 0.558* 0.694*
(0.392) (0.385) (0.259) (0.323)
Family abroad —0.154 —0.452** —0.433* —0.097
(0.147) (0.137) (0.205) (0.127)
Desired Stay (years) 0.035%** 0.045%** 0.010 —0.0161
(0.010) (0.009) (0.010) (0.008)
Distance Capitals (100 km) 0.015" 0.020** 0.016** 0.013**
(0.008) (0.007) (0.006) (0.004)
Age at Entry 0.010 0.029* —0.005 —0.051**
(0.020) (0.014) (0.012) (0.017)
Years of Education 0.229 0.428** 0.472%** 0.297
(0.170) (0.157) (0.113) (0.191)
Years of Education?/100 —0.100 —1.008 —1.126* 0.009
(0.862) (0.716) (0.466) (0.845)
School attended in Germany 1.105%** 1.524*** 0.726** 0.912*
(0.260) (0.312) (0.251) (0.379)
Proficiency Home Language 0.626** 0.879** 0.468 0.355
(0.210) (0.280) (0.357) (0.255)
Linguistic Distance —0.050*** —0.054** —0.048*** —0.046***
(0.011) (0.017) (0.008) (0.009)
Region Dummies yes ves yes yes
Threshold 1 —0.596 0.921 —0.827 —3.001f
(1.302) (1.660) (1.480) (1.805)
Threshold 2 1.395 3.1601 1.207 —0.827
(1.293) (1.666) (1.496) (1.795)
Threshold 3 3.688** 5.584** 3.216* 1.435
(1.347) (1.698) (1.493) (1.811)
Pseudo-R? 0.109 0.143 0.123 0.183
Wald x2 4327.18%** 4286.64*** 1871.85%** 847.92+**
Log-likelihood -1504.30 -1206.81 -1658.48 -1340.21
Brant x? 308.81%** 119.74%** 138.69*** 50.81%%*
Observations 1311 1102 1430 1242

Notes: — Significant at: ***0.1% level; ** 1% level; *5% level; 110% level. — Cluster-robust
standard errors are reported in parentheses.  The dependent variable is defined on a scale
of 1 to 4 such that higher values indicate a higher level of oral proficiency.
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DISTRIBUTIONS OF PREDICTED PROBABILITIES TO REPORT
CATEGORY “VERY GOOD” IN 1999
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Generalized Ordered Logit Model

In this section we explain the Generalized Ordered Logit model a generalized estimation
method for ordinal dependent variables and describe the estimated results in some detail.
Overall, the results of the Generalized Ordered Logit model are similar and comparable
to the Ordered Logit results discussed before, therefore we focus in our analysis on the
more common Ordered Logit model.

Standard Ordered Logit models impose some strong assumptions, which are likely
to be violated in the case of self-reported indicators. Recent developments of ordinal
choice models allow for a more appropriate modeling of the cognitive processes underlying
the response behavior on self-reported ordinal scales. Standard Ordered Logit models
have to assume parallelism of regression lines across the different categories. Hence, it is
assumed that the effect of determinants is the same for the step between lower categories
(in the beginning of the language acquisition) as it is for latter stages of the language
acquisition. Heterogeneous effects would likely violate this Parallel Lines assumption. !
This assumption, required for identification of the standard Ordered Logit model, states
that the slope parameters of the latent variable regression are the same within each
category, hence g1 = By = ... [3; = (. It is unlikely that the Parallel Lines assumption
holds in the setting of language acquisition determinants. For example, it is unlikely that
units of exposure to the host country language have the same impact in early stages of
language acquisition as in later stages, as we should expect decreasing marginal returns.

To take these potentially differing effects into account and to avoid the Parallel Lines
assumption, we estimate a Generalized Ordered Logit model as discussed by Williams
(2006).% Tt allows for different coefficient vectors across categories, similar to the idea of
quantile regressions with differences in coefficients across the distribution of the dependent
variable. Thus, apart from imposing less restrictive assumptions, it allows for a more
detailed analysis of the effects of determinants of language acquisition.

Instead of estimating one coefficient vector 3, J — 1 coefficient vectors are estimated,
which can be interpreted as the effects of covariates on the probability of choosing at least
category j + 1 instead of any lower category. Then, the probability of reporting at least
category j is given by

, exp(k; + xi53;) )
P(yi>]‘Ii):F(5j+xéﬁj):1+el‘pzﬁ‘+xfﬁ.)y i=12,...,J-1 (1)
J ]

Hence, the probability of reporting category j is

Ply; = 1z;) = 1= F(k1+ z;5) (2)
P(y; = jlw:) Fkj1+xi8i0) = F(ej +238), j=2,...,J—1
P(y; = Jl|z:) F(kj1+xiB51)

—~
= W
~— =

with category-specific 3;-vectors. The coefficients are identified in sign and significance

I The Parallel Lines assumption is also sometimes called the Proportional Odds or Parallel Regressions
assumption.

2The Generalized Ordered Logit model was originally developed by Peterson and Harrell (1990). The
models presented here were estimated by using the gologit2-routine described in Williams (2006).
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and are to be interpreted as coefficients of a series of binary logistic regressions. Each one
compares categories 1 to j — 1 with categories j to J. The standard Ordered Logit-case
is nested in the Generalized Ordered Logit as the case of f; = s = ... = ;.

The Brant test (Brant 1990) allows to test if a certain Ordered Logit model violates the
Parallel Lines assumption.? The test statistics are reported in the Ordered Logit results
and all estimated Ordered Logit models are tested positively to violate the Parallel Lines
assumption. The Generalized Ordered Logit does not need each coefficient in 3 to differ
across the categories. To rely on a specification as parsimonious as possible, only those
coefficients are allowed to differ that are tested to have a categorical-specific influence.

Tables A5, A6.1, and A6.2 show the coefficients and marginal effects obtained by
estimating a Generalized Ordered Logit model.* The marginal effects are interpreted as
effects on the probability of being in exactly one of the four categories. Unlike in the
standard Ordered Logit model, due to the category-specific coefficients, marginal effects
are allowed to change their signs more than once in the sequence from 1 to J (Greene and
Hensher 2010). Again, the inclusion of partially defined splines gives insights in potential
non-linear effects of linguistic distance. The according coefficients and marginal effects are
summarized in Table A7. The results indicate no systematic differences of effects across
quartiles.

3The Brant test was generated using the Stata routine SPost by Scott Long and Jeremy Freese, see
Long and Freese (2006).

4The coefficients may be interpreted as coefficients of a series of Logit regressions which analyze the
probability of being in a higher than the current category.
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Table A6.1: MARGINAL EFFECTS ORAL LANGUAGE FLUENCY 1997 & 1999
— (GENERALIZED ORDERED LOGIT REGRESSION

1997 1999
Bad Not bad Good Very good Bad Not bad Good Very good
ME/StdE  ME/StdE  ME/StdE  ME/StdE ~ ME/StdE  ME/StdE  ME/StdE  ME/StdE
Female 0.012 0.010 —0.016 —0.006 0.011 0.028 —0.027 —0.012
(0.020) (0.017) (0.026) (0.010) (0.013) (0.030) (0.031) (0.012)
Married 0.012 0.010 —0.016 —0.006 0.012 0.033 —0.031 —0.015
(0.028) (0.026) (0.039) (0.016) (0.010) (0.030) (0.027) (0.014)
Children in the HH. (Ref.— 0)
One Child 0.029 0.022 —0.038 —0.013 —0.024 0.115***  —0.039 —0.052**
(0.020) (0.016) (0.026) (0.010) (0.018) (0.029) (0.040) (0.018)
Two Children —0.008 0.106™* —0.058 —0.041%* —0.024 0.169°**  —0.096" —0.049™**
(0.019) (0.040) (0.042) (0.014) (0.017) (0.047) (0.045) (0.011)
Three or more Children 0.036" 0.025" —0.045" —0.015" —0.020 0.090" —0.029 —0.042*
(0.021) (0.013) (0.024) (0.009) (0.017) (0.053) (0.065) (0.016)
Years since Migration —0.031%** 0.002 0.025"* 0.004 —0.013***  —0.020** 0.024*** 0.008**
(0.004) (0.009) (0.008) (0.004) (0.003) (0.007) (0.007) (0.003)
Years since Migration? /100 0.057***  —0.015 —0.032 —0.010 0.016** 0.039* —0.038* —0.017*
(0.010) (0.021) (0.020) (0.011) (0.005) (0.017) (0.016) (0.007)
Neighboring Country —0.003 —0.003 0.004 0.002 —0.087"** 0.014 0.050 0.023
(0.045) (0.039) (0.061) (0.023) (0.019) (0.057) (0.040) (0.049)
Pamily abroad 0.015 0.012 —0.020 —0.007 0.038%** 0.078***  —0.084"**  —0.032***
(0.019) (0.015) (0.025) (0.009) (0.011) (0.023) (0.025) (0.009)
Desired Stay (years) —0.005***  —0.004** 0.006™** 0.002** —0.003"**  —0.008"** 0.008™** 0.003***
(0.001) (0.001) (0.002) (0.001) (0.001) (0.001) (0.001) (0.001)
Distance Capitals (100 km) —o0.002f —0.001* 0.002" 0.001* —0.001* —0.003** 0.003* 0.001**
(0.001) (0.001) (0.001) (0.000) (0.000) (0.001) (0.001) (0.000)
Age at Entry —0.001 —0.001 0.001 0.001 —0.0021 —0.004 0.004" 0.002
(0.003) (0.002) (0.004) (0.001) (0.001) (0.003) (0.002) (0.001)
Years of Education —0.045 —0.067" 0.130** ~0.019 —0.030** —0.076** 0.074** 0.033*
(0.037) (0.034) (0.050) (0.016) (0.010) (0.029) (0.024) (0.014)
Years of Education®/100 0.095 0.177 —0.407" 0.135* 0.072 0.181 —0.175 —0.077
(0.174) (0.152) (0.244) (0.063) (0.045) (0.124) (0.113) (0.057)
School attended in Germany —0.099%**  —0.149"** 0.143%** 0.105** —0.062***  —0.258"** 0.123%** 0.197***
(0.020) (0.038) (0.026) (0.035) (0.010) (0.045) (0.025) (0.055)
Proficiency Home Language —0.171** 0.077* 0.065 0.029 —0.084* —0.1317** 0.162"* 0.053%**
(0.045) (0.038) (0.040) (0.019) (0.034) (0.036) (0.057) (0.012)
Linguistic Distance —0.010** 0.023***  —0.009** —0.004** —~0.002 0.014***  —0.008** —0.004*
(0.004) (0.005) (0.003) (0.001) (0.002) (0.003) (0.003) (0.002)
Region Dummies yes yes yes yes yes yes yes yes

Notes: — Significant at: ***0.1% level; ** 1% level; *59% level; 110% level. - Cluster-robust standard errors are reported in parentheses.
Marginal effects are reported at the mean of the covariates vector.
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Table A6.2: MARGINAL EFFECTS ORAL LANGUAGE FLUENCY 2001 & 2003
— (GENERALIZED ORDERED LOGIT REGRESSION

2001 2003
Bad Not bad Good Very good Bad Not bad Good Very good
ME/StdE  ME/StdE  ME/StdE  ME/StdE ~ ME/StdE  ME/StdE  ME/StdE  ME/StdE
Female 0.006 0.010 —0.009 —0.007 0.005 0.017 —0.011 —0.011
(0.016) (0.024) (0.022) (0.018) (0.009) (0.027) (0.018) (0.017)
Married 0.022 0.035 —0.029 —0.028 0.0117 0.036 —0.022" —0.025
(0.014) (0.023) (0.018) (0.019) (0.007) (0.023) (0.013) (0.017)
Children in the HH. (Ref.= 0)
One Child —0.015 0.062* —0.026 —0.021 0.022%** 0.062***  —0.045"**  —0.038***
(0.024) (0.032) (0.037) (0.024) (0.006) (0.015) (0.012) (0.010)
Two Children —0.025 0.122* —0.050 —0.047" 0.013 0.037 —0.027 —0.023
(0.016) (0.060) (0.051) (0.023) (0.013) (0.034) (0.025) (0.022)
Three or more Children 0.033 0.042 —0.043 —0.031 0.057** 0.127°%%  —0.112%**  —0.071%**
(0.026) (0.029) (0.033) (0.022) (0.020) (0.029) (0.033) (0.018)
Years since Migration —0.011***  —0.016** 0.015** 0.013** —0.006***  —0.020** 0.013** 0.013**
(0.003) (0.005) (0.005) (0.004) (0.002) (0.006) (0.004) (0.004)
Years since Migration? /100 0.021* 0.031* —0.028* —0.024* 0.014** 0.042** —0.028** —0.028**
(0.008) (0.013) (0.011) (0.011) (0.004) (0.015) (0.010) (0.010)
Neighboring Country —0.048* —0.086* 0.061* 0.073* —0.063***  —0.091" 0.063* 0.001"
(0.020) (0.040) (0.026) (0.035) (0.012) (0.055) (0.031) (0.054)
Family abroad 0.0451 0.060* —0.059" —0.046* 0.005 0.015 —0.010 —0.010
(0.024) (0.029) (0.031) (0.022) (0.007) (0.022) (0.015) (0.015)
Desired Stay (years) —0.001 —0.001 0.001 0.001 0.0017 0.003" —0.002" —0.002F
(0.001) (0.002) (0.001) (0.001) (0.001) (0.001) (0.001) (0.001)
Distance Capitals (100 km) —0.002** —0.003** 0.002* 0.002***  —0.001** —0.002** 0.002* 0.002***
(0.001) (0.001) (0.001) (0.001) (0.000) (0.001) (0.001) (0.000)
Age at Entry 0.000 0.001 —0.001 —0.001 0.004*** 0.006 —0.006 —0.005"
(0.001) (0.002) (0.002) (0.001) (0.001) (0.004) (0.004) (0.002)
Years of Education —0.048***  —0.071*** 0.064"** 0.055**  —0.016 —0.051 0.034 0.033
(0.010) (0.018) (0.015) (0.015) (0.011) (0.035) (0.022) (0.024)
Years of Education®/100 0.113** 0.167* —0.151* —0.129* —0.004 —0.012 0.008 0.008
(0.044) (0.073) (0.061) (0.058) (0.050) (0.154) (0.103) (0.101)
School attended in Germany —0.057***  —0.115** 0.065** 0.107* —0.018 —0.262%** 0.176*** 0.103"
(0.014) (0.039) (0.012) (0.048) (0.031) (0.039) (0.053) (0.054)
Proficiency Home Language —0.053 —0.062 0.068 0.047 —0.022 —0.061 0.046 0.037"
(0.050) (0.040) (0.059) (0.031) (0.018) (0.044) (0.041) (0.022)
Linguistic Distance —0.001 0.010"**  —0.002 —0.006™** 0.003"** 0.008***  —0.006™**  —0.006***
(0.001) (0.002) (0.002) (0.001) (0.001) (0.002) (0.001) (0.001)
Region Dummies yes yes yes yes yes yes yes yes
Notes: — Significant at: ***0.1% level; **1% level; *5% level; 110% level. — Cluster-robust standard errors are reported in parentheses.

— Marginal effects are reported at the mean of the covariates vector.
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Table A7: ESTIMATION RESULTS SPLINES ORAL LANGUAGE FLUENCY
— (GENERALIZED ORDERED LOGIT REGRESSION

1997 1999 2001 2003
Coef/StdE  Coef/StdE  Coef/StdE  Coef/StdE
Generalized Ordered Logit Regression
Bad
Spline 1** Quartile ~0.039 —0.065"* 0.024 0.003
(0.131) (0.023) (0.019) (0.030)
Spline 2"9 Quartile —0.025 —0.054* 0.0327 0.005
(0.127) (0.023) (0.018) (0.026)
Spline 3" Quartile —0.029 —0.053"* 0.020 —0.003
(0.119) (0.020) (0.017) (0.024)
Spline 4'" Quartile —0.022 —0.054"* 0.022 0.003
(0.117) (0.021) (0.018) (0.024)
Not bad
Spline 15 Quartile —0.167***  —0.056* —0.047** —0.056***
(0.041) (0.023) (0.017) (0.016)
Spline 2™ Quartile —0.158***  —0.054* —0.040* —0.052**
(0.040) (0.023) (0.017) (0.017)
Spline 3™ Quartile —0.151"**  —0.053"* —0.045** —0.050***
(0.037) (0.020) (0.015) (0.014)
Spline 4" Quartile —0.150"**  —0.054"* —0.045"* —0.051%**
(0.037) (0.021) (0.017) (0.015)
Good
Spline 15¢ Quartile —0.070***  —0.048* —0.057**  —0.047***
(0.019) (0.023) (0.011) (0.011)
Spline 279 Quartile —0.075"**  —0.054* —0.059**  —0.050***
(0.019) (0.023) (0.011) (0.012)
Spline 3™ Quartile —0.067"**  —0.053** —0.055"**  —0.048"***
(0.016) (0.020) (0.009) (0.010)
Spline 4" Quartile —0.068** —0.054** —0.059%**  —0.048***
(0.021) (0.021) (0.012) (0.010)
Marginal Effects Generalized Ordered Logit Regression — ME/StdE  ME/StdE  ME/StdE  ME/StdE
Bad
Spline 15¢ Quartile 0.005 0.005** —0.002 —0.000
(0.016) (0.002) (0.002) (0.002)
Spline 279 Quartile 0.003 0.004* —0.003" —0.000
(0.015) (0.002) (0.002) (0.002)
Spline 3" Quartile 0.004 0.004** ~0.002 0.000
(0.014) (0.001) (0.002) (0.002)
Spline 4'" Quartile 0.003 0.004* —0.002 —0.000
(0.014) (0.001) (0.002) (0.002)
Not bad
Spline 1°¢ Quartile 0.037* 0.009* 0.014%** 0.014%**
(0.015) (0.004) (0.003) (0.003)
Spline 2" Quartile 0.036* 0.010* 0.013*** 0.013***
(0.015) (0.004) (0.003) (0.003)
Spline 3" Quartile 0.034* 0.010** 0.013*** 0.012%**
(0.014) (0.004) (0.003) (0.002)
Spline 4'" Quartile 0.035" 0.010* 0.013*** 0.012%**
(0.014) (0.004) (0.003) (0.003)
Good
Spline 1*" Quartile —0.037°**  —0.011* ~0.005 —0.008*
(0.010) (0.004) (0.004) (0.004)
Spline 2" Quartile —0.034***  —0.010* —0.003 —0.007"
(0.009) (0.004) (0.004) (0.003)
Spline 3" Quartile —0.033***  —0.010%* —0.005 —0.006*
(0.009) (0.004) (0.004) (0.003)
Spline 4t" Quartile —0.033"**  —0.010% —0.004 —0.007*
(0.009) (0.004) (0.004) (0.003)
Very good
Spline 1°% Quartile —0.005** —0.003* —0.007***  —0.005***
(0.001) (0.002) (0.001) (0.001)
Spline 2™ Quartile —0.005"* —0.004* —0.007***  —0.006***
(0.002) (0.002) (0.002) (0.002)
Spline 3™ Quartile —0.004"**  —0.004* —0.006™**  —0.006***
(0.001) (0.001) (0.001) (0.001)
Spline 4" Quartile —0.004** —0.004* —0.007***  —0.006"**
(0.002) (0.001) (0.002) (0.001)
Notes:  Significant at: ***0.1% level; ** 1% level; *5% level; 110% level.  Cluster-robust standard errors
are reported in parentheses. — The dependent variable is defined on a scale of 1 to 4 such that higher val-
ues indicate a higher level of oral proficiency. — The four splines are constructed as the product of a quartile

dummy and the absolute values of Linguistic Distance.
covariates vector.
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Marginal effects are reported at the mean of the





