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Ingo E. Isphording and Sebastian Otten1

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 effi  ciency and imposing higher costs of language learning, 
the probability of reporting good language skills is decreasing by increasing linguistic 
distance.

JEL Classifi cation: F22, J15, J24, J40
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��� � ���
�� 	
��
�����

���� ���� ���� ����

��	
��
�� ���� ��	
��
�� ���� ��	
��
�� ���� ��	
��
�� ����

�	���	 −0.025
�����

−0.059
�����

−0.008
�����

−0.018
�����

(0.059) (0.062) (0.060) (0.055)
�����	� −0.058

�����
−0.099

�����
−0.105

�����
−0.066

�����
(0.090) (0.067) (0.065) (0.049)

�������� �� 	�� 

� �
���� ��
��	 � ��� −0.086

�����
−0.109

�����
−0.039

�����
−0.126∗∗

�����
(0.055) (0.082) (0.096) (0.039)

!"� � ����	� −0.119
�����

−0.146∗
�����

−0.096
�����

−0.104
�����

(0.074) (0.073) (0.105) (0.084)

! �		 �� ���	 � ����	� −0.120†
�����

−0.122
�����

−0.118
�����

−0.277∗∗∗
�����

(0.069) (0.099) (0.095) (0.078)
#	��$ $��%	 ��&��
��� 0.058∗∗∗

�����
0.059∗∗

�����
0.042∗∗

�����
0.044∗∗

�����
(0.014) (0.018) (0.014) (0.014)

#	��$ $��%	 ��&��
���2/100 −0.100∗
�����

−0.099∗
�����

−0.083∗
�����

−0.091∗
�����

(0.037) (0.039) (0.038) (0.035)

'	�& (����& ��)�
�* 0.055
�����

0.172
�����

0.228†
�����

0.269∗
�����

(0.168) (0.158) (0.114) (0.122)
�����* �(���� −0.066

�����
−0.155∗∗

�����
−0.190∗

�����
−0.032

�����
(0.061) (0.056) (0.086) (0.048)

+	$��	� �
�* ,*	��$- 0.014∗∗
�����

0.018∗∗∗
�����

0.003
�����

−0.006†
�����

(0.004) (0.003) (0.004) (0.003)
+�$
��%	 ����
��$ ,��� .�- 0.006∗

�����
0.007∗∗

�����
0.006∗∗

�����
0.005∗∗

�����
(0.003) (0.003) (0.002) (0.002)

/&	 �
 ��
�* 0.003
�����

0.011†
�����

−0.003
�����

−0.020∗∗
�����

(0.008) (0.006) (0.005) (0.006)

#	��$ �
 ��)%�
��� 0.115†
�����

0.187∗∗
�����

0.220∗∗∗
�����

0.158∗
�����

(0.066) (0.060) (0.053) (0.074)

#	��$ �
 ��)%�
���2/100 −0.137
�����

−0.476†
�����

−0.529∗
�����

−0.172
�����

(0.325) (0.265) (0.207) (0.307)
�% ��� �

	��	� �� 0	����* 0.470∗∗∗

�����
0.579∗∗∗

�����
0.301∗∗

�����
0.350∗

�����
(0.098) (0.114) (0.102) (0.144)

1��2%�	�%* 3��	 4��&)�&	 0.253∗∗
�����

0.324∗∗
�����

0.193
�����

0.137
�����

(0.084) (0.095) (0.138) (0.095)
4��&)�$
�% +�$
��%	 −0.016∗∗∗

������
−0.014∗∗∗

�����
−0.013∗∗∗

������
−0.011∗∗∗

������
(0.003) (0.004) (0.002) (0.002)

���$
��
 1.335∗ 0.519 1.184∗ 1.883∗∗
(0.520) (0.459) (0.493) (0.611)

5	&��� +)���	$ *	$ *	$ *	$ *	$

/�6)$
	� 52 ����� ����� ����� �����
� �
�
�$
�% ������∗∗∗ ������∗∗∗ �����∗∗∗ ������∗∗∗
�($	�7�
���$ ���� ���� ���� ����

��	��� � ���������	 �	� ∗∗∗���� ������ ∗∗�� ������ ∗ � ������ †��� ������ � ��!�	��"��#!�	 �	������ ������ ��� ��$��	�� �� $����	������
� %�� ��$�����	 �����#�� �� ������ �� � ����� �� � 	� & �!�� 	��	 ������ ���!�� ������	� � ������ ����� �� ���� $��������'� � %�� �($����"
	��' $�)�� �� ���� �����#�� �� ��*$!	�� �� 	�� �+!���� ��*�$��	��� �������	���� %�� ���!�� ��$�����	 	�� �����#���, �($������ $��$��	���
�� 	�� 	�	�� ���������

����� �� ����������
� � ���
��������
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� �� ���������� �������
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��� � ���
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� ����� 	
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���
������� ���	
 ������� ���	
 ����	
�� ����
� � ���

��� ��
 ��� ���� ���� ���� ��� ��
 ��� ���� ���� ����

���� −0.626∗∗∗ 4.019∗∗∗ 1.410∗∗∗ −2.257∗∗∗ −4.351∗∗∗
 ! "#  ! "$ − ! �" − ! $�

(0.115) (0.918) (0.427) (0.443) (0.936)
���� −0.543∗∗∗ 4.545∗∗ 2.039∗∗ −2.095∗∗∗ −4.615∗∗

 ! #�  ! "� − ! %# − ! $�
(0.139) (1.469) (0.737) (0.607) (1.443)

$  � −0.462∗∗∗ 3.974∗∗∗ 1.969∗∗∗ −1.394∗∗∗ −3.797∗∗∗
 ! $&  ! && − ! #" − ! ##

(0.073) (0.691) (0.407) (0.223) (0.620)
$  # −0.396∗∗∗ 3.901∗∗∗ 2.237∗∗∗ −1.092∗∗∗ −3.621∗∗∗

 ! $  ! "& − ! #� − ! #%
(0.071) (0.777) (0.481) (0.234) (0.698)

������ � �	
�	�
��� ��� ∗∗∗���� ������ ∗∗�� ������ ∗�� ������ †��� ������ � �������������� �������� ������ ���
�������� 	� ������������ � �����	
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 �	����
�� � ���� � (��� ���% ��� &������
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	��� �!�
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���� ���� ���� ����
��	
��
�� ��	
��
�� ��	
��
�� ��	
��
��

������ �����		�
�

�����	 ��� ����
��	 −0.020∗∗∗ −0.016∗∗ −0.011∗∗∗ −0.011∗∗∗
(0.004) (0.005) (0.002) (0.002)

�����	 ��� ����
��	 −0.019∗∗∗ −0.015∗∗ −0.010∗∗ −0.011∗∗
(0.005) (0.005) (0.003) (0.003)

�����	 ��� ����
��	 −0.018∗∗∗ −0.015∗∗∗ −0.012∗∗∗ −0.011∗∗∗
(0.004) (0.004) (0.002) (0.002)

�����	 ��� ����
��	 −0.018∗∗∗ −0.015∗∗ −0.012∗∗ −0.011∗∗∗
(0.004) (0.005) (0.003) (0.003)

������� �
��
 �����		�
�

�����	 ��� ����
��	 −0.088∗∗ −0.073∗ −0.052∗∗∗ −0.051∗∗∗
(0.030) (0.032) (0.010) (0.012)

�����	 ��� ����
��	 −0.082∗∗ −0.071∗ −0.047∗∗∗ −0.050∗∗∗
(0.029) (0.031) (0.012) (0.012)

�����	 ��� ����
��	 −0.078∗∗ −0.068∗ −0.050∗∗∗ −0.049∗∗∗
(0.026) (0.028) (0.009) (0.010)

�����	 ��� ����
��	 −0.078∗∗ −0.071∗ −0.049∗∗∗ −0.048∗∗∗
(0.027) (0.029) (0.012) (0.011)

�������� ����
	 ������� �
��
 �����		�
� ����
�� ����
�� ����
�� ����
��

���
�����	 ��� ����
��	 0.011∗∗ 0.006∗ 0.005∗∗∗ 0.003∗∗∗

(0.004) (0.003) (0.001) (0.001)
�����	 ��� ����
��	 0.010∗∗ 0.006∗ 0.004∗∗∗ 0.003∗∗∗

(0.003) (0.003) (0.001) (0.001)
�����	 ��� ����
��	 0.010∗∗ 0.006∗ 0.004∗∗∗ 0.003∗∗∗

(0.003) (0.002) (0.001) (0.001)
�����	 ��� ����
��	 0.010∗∗ 0.006∗ 0.004∗∗∗ 0.003∗∗∗

(0.003) (0.003) (0.001) (0.001)
�

 ���
�����	 ��� ����
��	 0.011∗∗ 0.012∗ 0.008∗∗∗ 0.009∗∗∗

(0.004) (0.005) (0.002) (0.002)
�����	 ��� ����
��	 0.010∗∗ 0.012∗ 0.007∗∗∗ 0.009∗∗∗

(0.004) (0.005) (0.002) (0.002)
�����	 ��� ����
��	 0.010∗∗ 0.011∗ 0.008∗∗∗ 0.009∗∗∗

(0.004) (0.005) (0.001) (0.002)
�����	 ��� ����
��	 0.010∗∗ 0.012∗ 0.008∗∗∗ 0.008∗∗∗

(0.004) (0.005) (0.002) (0.002)
�

�
�����	 ��� ����
��	 −0.016∗∗ −0.013∗ −0.007∗∗∗ −0.006∗∗∗

(0.005) (0.006) (0.001) (0.002)
�����	 ��� ����
��	 −0.015∗∗ −0.012∗ −0.006∗∗∗ −0.006∗∗∗

(0.005) (0.005) (0.001) (0.002)
�����	 ��� ����
��	 −0.014∗∗ −0.012∗ −0.006∗∗∗ −0.006∗∗∗

(0.005) (0.005) (0.001) (0.001)
�����	 ��� ����
��	 −0.014∗∗ −0.012∗ −0.006∗∗∗ −0.006∗∗∗

(0.005) (0.005) (0.001) (0.001)
���� �

�
�����	 ��� ����
��	 −0.006∗ −0.005∗ −0.006∗∗∗ −0.006∗∗∗

(0.003) (0.003) (0.001) (0.002)
�����	 ��� ����
��	 −0.006∗ −0.005∗ −0.006∗∗ −0.006∗∗∗

(0.002) (0.003) (0.002) (0.002)
�����	 ��� ����
��	 −0.005∗ −0.005∗ −0.006∗∗∗ −0.006∗∗∗

(0.002) (0.002) (0.001) (0.001)
�����	 ��� ����
��	 −0.005∗ −0.005∗ −0.006∗∗∗ −0.006∗∗∗

(0.002) (0.002) (0.002) (0.002)
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���� ���� ���� ����
��	
��
�� ��	
��
�� ��	
��
�� ��	
��
��

��	� �������
�� ����	
 2.371 2.479 2.569 2.634
(0.908) (0.893) (0.949) (0.951)

���	�� 0.494 0.496 0.515 0.535
(0.500) (0.500) (0.500) (0.499)

�	����� 0.869 0.872 0.853 0.849
(0.338) (0.334) (0.354) (0.359)

�������� �� 	�� 

�

�� �������
 0.475 0.516 0.488 0.530
(0.500) (0.500) (0.500) (0.499)

�
� ����� 0.225 0.218 0.224 0.219
(0.418) (0.413) (0.417) (0.414)

� � �������
 0.195 0.172 0.179 0.151
(0.397) (0.378) (0.384) (0.359)

����� �� ���� �������
 0.105 0.093 0.108 0.100
(0.306) (0.291) (0.311) (0.300)

!�	�" "�
�� ��#�	
��
 18.609 19.757 17.615 20.589
(10.554) (10.753) (10.762) (10.816)

���#�$���
# ��%

�� 0.124 0.124 0.150 0.166
(0.330) (0.330) (0.357) (0.372)

�	���� 	$��	� 0.131 0.175 0.316 0.331
(0.338) (0.380) (0.465) (0.471)

��"���� �
	� &��	�"' 16.789 16.717 18.616 16.841
(11.740) (11.765) (11.788) (11.074)

��"
	
�� �	(�
	�" &��� )�' 17.360 17.793 20.022 19.758
(13.608) (13.761) (17.213) (18.639)

*#� 	
 +

�� 27.775 27.662 28.192 27.355
(8.614) (8.871) (8.932) (8.238)

!�	�" �, +�%�	
��
 10.022 10.049 10.475 10.750
(2.430) (2.427) (2.400) (2.596)

������ 	

�
��� �
 ����	
� 0.034 0.039 0.041 0.048
(0.180) (0.194) (0.199) (0.213)

�������
�� -��� .	
#%	#� 0.842 0.857 0.882 0.867
(0.365) (0.351) (0.323) (0.340)

.�
#%�"
�� ��"
	
�� 93.562 93.643 92.075 90.934
(10.378) (9.573) (14.242) (16.994)
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���� ����

��� ��	 
�� ���� �
�� ���� ��� ��	 
�� ���� �
�� ����
����	�� ����	�� ����	�� ����	�� ����	�� ����	�� ����	�� ����	��

�
���
 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)

�����
� 0.016 0.017 −0.023 −0.009 0.021† 0.045 −0.044† −0.022
(0.025) (0.029) (0.038) (0.017) (0.013) (0.029) (0.026) (0.015)

�������� �� 	�� 

� �
���� ��
��
 ����� 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)

��� ������
� 0.036 0.031 −0.049 −0.018 0.037 0.059† −0.070† −0.026†
(0.028) (0.020) (0.034) (0.013) (0.025) (0.032) (0.042) (0.015)

���

 �� ���
 ������
� 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)

�
��  ��!
 �����	��� −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)

�
��  ��!
 �����	���2/100 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)

�
���
����� ��"�	�� −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)

������ �
���� 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)

#
 ��
� �	�� $�
�� % −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)

#� 	��!
 ��&�	�� $�'' (�% −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)

)�
 �	 ��	�� −0.001 −0.001 0.002 0.001 −0.003∗ −0.005† 0.005∗ 0.002†
(0.002) (0.003) (0.004) (0.001) (0.001) (0.002) (0.002) (0.001)

�
�� �* ��"!�	��� −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)

�
�� �* ��"!�	���2/100 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)

�!���� �		
��
� �� �
����� −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)

+��,!�
�!� -��
 .���"��
 −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)

.���"� 	�! #� 	��!
 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)
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� %������� �&��	� ��� ��$��	�� �	 	�� '��� �� 	�� �������	�� ���	���
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�
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���� ����

��� �	
 ��� �		� 
��� �		� ��� �	
 ��� �		� 
��� �		�
����
�� ����
�� ����
�� ����
�� ����
�� ����
�� ����
�� ����
��

������ 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)

������� 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)

�������� �� 	�� 

� �
���� ��
��� ����� 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)
��	 �������� 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)
����� 	� �	�� �������� 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)
 ���! !��"� �����
�	� −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)

 ���! !��"� �����
�	�2/100 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)

������	���� �	#�
�� −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)

������ ���	�� 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)

$�!���� �
�� %����!& −0.001 −0.002 0.001 0.001 0.001† 0.003† −0.002† −0.002†
(0.001) (0.002) (0.001) (0.001) (0.001) (0.001) (0.001) (0.001)

$�!
��"� ��'�
��! %��� (�& −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)

)�� �
 ��
�� 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)

 ���! 	* ��#"�
�	� −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)

 ���! 	* ��#"�
�	�2/100 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)

�"�		� �

����� �� ������� −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)

+�	,"���"� -	�� .���#��� −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)

.���#�!
�" $�!
��"� 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)

/���	� $#����! ��! ��! ��! ��! ��! ��! ��! ��!

��	��� � ���������	 �	� ∗∗∗���� ������ ∗∗�� ������ ∗ � ������ †��� ������ � ��!�	��"��#!�	 �	������ ������ ��� ��$��	�� �� $����	������
� %������� �&��	� ��� ��$��	�� �	 	�� '��� �� 	�� �������	�� ���	���
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����� ��� ���������� 	
����� 
��� �������
 ���
���

� 
��
�
� ����� 	
��
�����

���� ���� ���� ����
��	
��
�� ��	
��
�� ��	
��
�� ��	
��
��

�	���	 −0.085 −0.158 −0.056 −0.088
(0.144) (0.168) (0.155) (0.151)

�����	� −0.130 −0.265 −0.229 −0.188
(0.220) (0.165) (0.155) (0.126)

�������� �� 	�� 

� �
���� ��
��	 ����� −0.203 −0.260 −0.128 −0.347∗∗∗

(0.140) (0.241) (0.211) (0.091)
��� ������	� −0.276 −0.387† −0.263 −0.216

(0.194) (0.227) (0.241) (0.193)
���		 �� ���	 ������	� −0.231 −0.241 −0.320 −0.714∗∗∗

(0.155) (0.249) (0.225) (0.193)
�	��� ����	 �����
��� 0.142∗∗∗ 0.154∗∗ 0.104∗∗ 0.112∗∗∗

(0.034) (0.049) (0.034) (0.034)
�	��� ����	 �����
���2/100 −0.236∗∗ −0.256∗ −0.200∗ −0.239∗∗

(0.087) (0.104) (0.087) (0.081)
 	���!����� ��"�
�# 0.151 0.467 0.558∗ 0.694∗

(0.392) (0.385) (0.259) (0.323)
�����# �!���� −0.154 −0.452∗∗ −0.433∗ −0.097

(0.147) (0.137) (0.205) (0.127)
$	���	� �
�# %#	���& 0.035∗∗∗ 0.045∗∗∗ 0.010 −0.016†

(0.010) (0.009) (0.010) (0.008)
$��
���	 ��'�
��� %��� (�& 0.015† 0.020∗∗ 0.016∗∗ 0.013∗∗

(0.008) (0.007) (0.006) (0.004)
)�	 �
 ��
�# 0.010 0.029∗ −0.005 −0.051∗∗

(0.020) (0.014) (0.012) (0.017)
�	��� �
 ��"��
��� 0.229 0.428∗∗ 0.472∗∗∗ 0.297

(0.170) (0.157) (0.113) (0.191)
�	��� �
 ��"��
���2/100 −0.100 −1.008 −1.126∗ 0.009

(0.862) (0.716) (0.466) (0.845)
������ �

	��	� �� *	����# 1.105∗∗∗ 1.524∗∗∗ 0.726∗∗ 0.912∗

(0.260) (0.312) (0.251) (0.379)
+��,��	��# -��	 .���"��	 0.626∗∗ 0.879∗∗ 0.468 0.355

(0.210) (0.280) (0.357) (0.255)
.���"��
�� $��
���	 −0.050∗∗∗ −0.054∗∗ −0.048∗∗∗ −0.046∗∗∗

(0.011) (0.017) (0.008) (0.009)
/	���� $"���	� #	� #	� #	� #	�

���	����� � −0.596 0.921 −0.827 −3.001†
(1.302) (1.660) (1.480) (1.805)

���	����� � 1.395 3.160† 1.207 −0.827
(1.293) (1.666) (1.496) (1.795)

���	����� � 3.688∗∗ 5.584∗∗ 3.216∗ 1.435
(1.347) (1.698) (1.493) (1.811)

+�	"��0/2 0.109 0.143 0.123 0.183
1��� χ2 4327.18∗∗∗ 4286.64∗∗∗ 1871.85∗∗∗ 847.92∗∗∗
.��0��(	������ 0�2�34�� 0���546� 0�526436 0��3�4��
7���
 χ2 308.81∗∗∗ 119.74∗∗∗ 138.69∗∗∗ 50.81∗∗∗
�!�	�8�
���� ���� ���� �3�� ��3�

��	��� � ���������	 �	� ∗∗∗���� ������ ∗∗�� ������ ∗ � ������ †��� ������ � ��!�	��"��#!�	
�	������ ������ ��� ��$��	�� �� $����	������ � %�� ��$�����	 �����#�� �� ������ �� � �����
�� � 	� & �!�� 	��	 ������ ���!�� ������	� � ������ ����� �� ���� $��������'�

	



0
.2

.4
.6

.8
1

D
en

si
ty

0 .2 .4 .6 .8 1
Predicted Probability

German (Counterfactual)
Dutch (Counterfactual)
English (Counterfactual)
Turkish (Counterfactual)
Actual Distribution

������ ��	 ������ �����	
 ��	��
	�� �� ��	�
� 
�� ����	���
�	�
�

���	����	���� �� ������	�� ����
����	��� 	� �����	

�
	����
 ����
 ����� �� ����

0
.2

.4
.6

.8
D

en
si

ty

0 .2 .4 .6 .8 1
Predicted Probability

German (Counterfactual)
Dutch (Counterfactual)
English (Counterfactual)
Turkish (Counterfactual)
Actual Distribution

������ �
	 ������ �����	
 ��	��
	�� �� ��	�
� 
�� ����	���
�	�
�

���	����	���� �� ������	�� ����
����	��� 	� �����	

�
	����
 ����
 ����� �� ����

��



0
.2

.4
.6

.8
1

D
en

si
ty

0 .2 .4 .6 .8 1
Predicted Probability

German (Counterfactual)
Dutch (Counterfactual)
English (Counterfactual)
Turkish (Counterfactual)
Actual Distribution

������ ��	 ������ �����	
 ��	��
	�� �� ��	�
� 
�� ����	���
�	�
�

���	����	���� �� ������	�� ����
����	��� 	� �����	

�
	����
 ����
 ����� �� ����

���



����������	 
�	���	 ��
�� ��	��

�� ���� �����	� 
� ���
��� ��� ������
���� ������� �	��� �	��
 � � ������
���� ��������	�
����	� �	� 	�����
 ��������� ������
�� � ��� �������� ��� ��������� ����
�� �� �	�� �����
�
�����

� ��� ����
�� 	� ��� ������
���� ������� �	��� �	��
 ��� ����
�� ��� �	������
�
�	 ��� ������� �	��� ����
�� ��������� ���	��� ������	�� 
� �	��� �� 	�� ���
���� 	� ���
�	�� �	��	� ������� �	��� �	��
�

�������� ������� �	��� �	��
� ���	�� �	�� ���	�� ��������	��� 
���� ��� 
� �
�
�	 �� ��	
���� �� ��� ���� 	� ��
�!���	���� �������	��� "����� ����
	������ 	� 	�����

��	��� �	��
� �

	
 �	� � �	�� ����	������ �	��
��� 	� ��� �	������� ��	������ �����
����
��� ����	��� ������	� 	� ��
�!���	���� 	�����
 ���
��� �������� ������� �	��� �	��
�
���� �	 ������ ����

�
��� 	� ��������	� 
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������� ���� ��� �#��� 	� ������������ �� ��� ���� �	� ��� ���� ���
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)��� ��������	�� ��&����� �	� ������*����	� 	� ��� �������� ������� �	��� �	��
� ������
���� ��� �
	�� ���������� 	� ��� 
����� ������
� ��������	� ��� ��� ���� 
����� ����
�����	��� ����� β1 = β2 = . . . βJ = β� �� �� ��
� �
� ���� ��� (���

�
 ����� ��������	�
�	
�� �� ��� ������� 	� 
������� ��&������	� ������������� +	� �����
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�����
�� ���
���� 	� ��� �#���� 	� ������������ 	� 
������� ��&������	��

������� 	� ���������� 	�� �	�0����� ����	� β� J − 1 �	�0����� ����	�� ��� ����������

���� ��� �� ����������� �� ��� �#���� 	� �	�������� 	� ��� ��	����
��� 	� ��		���� �� 
����
�����	�� j + 1 ������� 	� ��� 
	
�� �����	��� )���� ��� ��	����
��� 	� ���	����� �� 
����
�����	�� j �� ����� ��

P (yi > j|xi) = F (κj + x′
iβj) =

exp(κj + x′
iβj)

1 + exp(κj + x′
iβj)

, j = 1, 2, . . . , J − 1. %1'

$����� ��� ��	����
��� 	� ���	����� �����	�� j ��

P (yi = 1|xi) = 1− F (κ1 + x′
iβ1) %-'

P (yi = j|xi) = F (κj−1 + x′
iβj−1)− F (κj + x′

iβj), j = 2, . . . , J − 1 %2'

P (yi = J |xi) = F (κJ−1 + x′
iβJ−1) %3'
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����� �� ���
�	���� �� � ���	�� �� �	���� ���	��	� �������	���� ���� ���
���
���� �������	�� � �� j − 1 �	�� �������	�� j �� J � ��� �������� ������� ���	������
	� ������ 	� ��� �������	��� ������� ���	� �� ��� ���� �� β1 = β2 = . . . = βJ �

��� ����� ���� ������ �  !" ������ �� ���� 	� � �����	� ������� ���	� ����� #	������ ���
$������� �	��� ���%�
�	���� ��� ���� ����	��	�� ��� ��
����� 	� ��� ������� ���	� ���%���
��� ��� ���	����� ������� ���	� ������ ��� ������ 
��	�	#��� �� #	����� ��� $������� �	���
���%�
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���

���� ����

��� ��	 
�� ���� �
�� ���� ��� ��	 
�� ���� �
�� ����
����	�� ����	�� ����	�� ����	�� ����	�� ����	�� ����	�� ����	��

�
���
 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)

�����
� 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)

�������� �� 	�� 

� �
���� ��
��
 ����� 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)
��� ������
� −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)

���

 �� ���
 ������
� 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)

�
��  ��!
 �����	��� −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)

�
��  ��!
 �����	���2/100 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)

�
���
����� ��"�	�� −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)

������ �
���� 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)

#
 ��
� �	�� $�
�� % −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)

#� 	��!
 ��&�	�� $�'' (�% −0.002† −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)

)�
 �	 ��	�� −0.001 −0.001 0.001 0.001 −0.002† −0.004 0.004† 0.002
(0.003) (0.002) (0.004) (0.001) (0.001) (0.003) (0.002) (0.001)

�
�� �* ��"!�	��� −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)

�
�� �* ��"!�	���2/100 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)

�!���� �		
��
� �� �
����� −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)

+��,!�
�!� -��
 .���"��
 −0.171∗∗∗ 0.077∗ 0.065 0.029 −0.084∗ −0.131∗∗∗ 0.162∗∗ 0.053∗∗∗
(0.045) (0.038) (0.040) (0.019) (0.034) (0.036) (0.057) (0.012)

.���"� 	�! #� 	��!
 −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)

/
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��	��� � ���������	 �	� ∗∗∗���� ������ ∗∗�� ������ ∗ � ������ †��� ������ � ��!�	��"��#!�	 �	������ ������ ��� ��$��	�� �� $����	������
� %������� �&��	� ��� ��$��	�� �	 	�� '��� �� 	�� �������	�� ���	���

���
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���

���� ����

��� �	
 ��� �		� 
��� �		� ��� �	
 ��� �		� 
��� �		�
����
�� ����
�� ����
�� ����
�� ����
�� ����
�� ����
�� ����
��

������ 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)

������� 0.022 0.035 −0.029 −0.028 0.011† 0.036 −0.022† −0.025
(0.014) (0.023) (0.018) (0.019) (0.007) (0.023) (0.013) (0.017)

�������� �� 	�� 

� �
���� ��
��� ����� −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)
��	 �������� −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)
����� 	� �	�� �������� 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)
 ���! !��"� �����
�	� −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)

 ���! !��"� �����
�	�2/100 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)

������	���� �	#�
�� −0.048∗ −0.086∗ 0.061∗ 0.073∗ −0.063∗∗∗ −0.091† 0.063∗ 0.091†
(0.020) (0.040) (0.026) (0.035) (0.012) (0.055) (0.031) (0.054)

������ ���	�� 0.045† 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)

$�!���� �
�� %����!& −0.001 −0.001 0.001 0.001 0.001† 0.003† −0.002† −0.002†
(0.001) (0.002) (0.001) (0.001) (0.001) (0.001) (0.001) (0.001)

$�!
��"� ��'�
��! %��� (�& −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)

)�� �
 ��
�� 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)

 ���! 	* ��#"�
�	� −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)

 ���! 	* ��#"�
�	�2/100 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)

�"�		� �

����� �� ������� −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)

+�	,"���"� -	�� .���#��� −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)

.���#�!
�" $�!
��"� −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)

/���	� $#����! ��! ��! ��! ��! ��! ��! ��! ��!

��	��� � ���������	 �	� ∗∗∗���� ������ ∗∗�� ������ ∗ � ������ †��� ������ � ��!�	��"��#!�	 �	������ ������ ��� ��$��	�� �� $����	������
� %������� �&��	� ��� ��$��	�� �	 	�� '��� �� 	�� �������	�� ���	���
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���� ���� ���� ����
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�� ��	
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�� ��	
��
�� ��	
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��

����������	 
�	���	 ��
�� ��
�������

��	

�����	 ��� ����
��	 −0.039 −0.065∗∗ 0.024 0.003
(0.131) (0.023) (0.019) (0.030)

�����	 ��� ����
��	 −0.025 −0.054∗ 0.032† 0.005
(0.127) (0.023) (0.018) (0.026)

�����	 ��� ����
��	 −0.029 −0.053∗∗ 0.020 −0.003
(0.119) (0.020) (0.017) (0.024)

�����	 ��� ����
��	 −0.022 −0.054∗∗ 0.022 0.003
(0.117) (0.021) (0.018) (0.024)

��� ��	

�����	 ��� ����
��	 −0.167∗∗∗ −0.056∗ −0.047∗∗ −0.056∗∗∗
(0.041) (0.023) (0.017) (0.016)

�����	 ��� ����
��	 −0.158∗∗∗ −0.054∗ −0.040∗ −0.052∗∗
(0.040) (0.023) (0.017) (0.017)

�����	 ��� ����
��	 −0.151∗∗∗ −0.053∗∗ −0.045∗∗ −0.050∗∗∗
(0.037) (0.020) (0.015) (0.014)

�����	 ��� ����
��	 −0.150∗∗∗ −0.054∗∗ −0.045∗∗ −0.051∗∗∗
(0.037) (0.021) (0.017) (0.015)

���	

�����	 ��� ����
��	 −0.070∗∗∗ −0.048∗ −0.057∗∗∗ −0.047∗∗∗
(0.019) (0.023) (0.011) (0.011)

�����	 ��� ����
��	 −0.075∗∗∗ −0.054∗ −0.059∗∗∗ −0.050∗∗∗
(0.019) (0.023) (0.011) (0.012)

�����	 ��� ����
��	 −0.067∗∗∗ −0.053∗∗ −0.055∗∗∗ −0.048∗∗∗
(0.016) (0.020) (0.009) (0.010)

�����	 ��� ����
��	 −0.068∗∗ −0.054∗∗ −0.059∗∗∗ −0.048∗∗∗
(0.021) (0.021) (0.012) (0.010)

���
���� ������ ����������	 
�	���	 ��
�� ��
������� ����
�� ����
�� ����
�� ����
��

��	

�����	 ��� ����
��	 0.005 0.005∗∗ −0.002 −0.000
(0.016) (0.002) (0.002) (0.002)

�����	 ��� ����
��	 0.003 0.004∗ −0.003† −0.000
(0.015) (0.002) (0.002) (0.002)

�����	 ��� ����
��	 0.004 0.004∗∗ −0.002 0.000
(0.014) (0.001) (0.002) (0.002)

�����	 ��� ����
��	 0.003 0.004∗ −0.002 −0.000
(0.014) (0.001) (0.002) (0.002)

��� ��	

�����	 ��� ����
��	 0.037∗ 0.009∗ 0.014∗∗∗ 0.014∗∗∗
(0.015) (0.004) (0.003) (0.003)

�����	 ��� ����
��	 0.036∗ 0.010∗ 0.013∗∗∗ 0.013∗∗∗
(0.015) (0.004) (0.003) (0.003)

�����	 ��� ����
��	 0.034∗ 0.010∗∗ 0.013∗∗∗ 0.012∗∗∗
(0.014) (0.004) (0.003) (0.002)

�����	 ��� ����
��	 0.035∗ 0.010∗ 0.013∗∗∗ 0.012∗∗∗
(0.014) (0.004) (0.003) (0.003)

���	

�����	 ��� ����
��	 −0.037∗∗∗ −0.011∗ −0.005 −0.008∗
(0.010) (0.004) (0.004) (0.004)

�����	 ��� ����
��	 −0.034∗∗∗ −0.010∗ −0.003 −0.007†
(0.009) (0.004) (0.004) (0.003)

�����	 ��� ����
��	 −0.033∗∗∗ −0.010∗∗ −0.005 −0.006∗
(0.009) (0.004) (0.004) (0.003)

�����	 ��� ����
��	 −0.033∗∗∗ −0.010∗ −0.004 −0.007∗
(0.009) (0.004) (0.004) (0.003)

���� 
��	

�����	 ��� ����
��	 −0.005∗∗ −0.003∗ −0.007∗∗∗ −0.005∗∗∗
(0.001) (0.002) (0.001) (0.001)

�����	 ��� ����
��	 −0.005∗∗ −0.004∗ −0.007∗∗∗ −0.006∗∗∗
(0.002) (0.002) (0.002) (0.002)

�����	 ��� ����
��	 −0.004∗∗∗ −0.004∗ −0.006∗∗∗ −0.006∗∗∗
(0.001) (0.001) (0.001) (0.001)

�����	 ��� ����
��	 −0.004∗∗ −0.004∗ −0.007∗∗∗ −0.006∗∗∗
(0.002) (0.001) (0.002) (0.001)

������ � ��
������� ��� ∗∗∗�� ! ��"��# ∗∗ ! ��"��# ∗$! ��"��# † �! ��"��� � %�&����'���&�� ����	��	 ������
��� ��(����	 �� (�����)����� � *)� 	�(��	��� "������� �� 	����	 �� � ����� �+  �� , �&�) �)�� )�
)�� "��'
&�� ��	����� � )�
)�� ��"�� �+ ���� (���������� � *)� +�&� �(����� ��� ������&���	 �� �)� (��	&�� �+ � -&������
	&..� ��	 �)� �����&�� "��&�� �+ ���
&����� /�������� � ���
���� ������ ��� ��(����	 �� �)� .��� �+ �)�
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