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Technical Appendix to

THE TRANSMISSION OF INEQUALITY ACROSS MULTIPLE
GENERATIONS: TESTING RECENT THEORIES WITH

EVIDENCE FROM GERMANY

Sebastian Till Braun and Jan Stuhler

Appendix C. Theory

C.1. The Grandparent Coefficient Under Non stationarity

PROPOSITION. In a multivariate regression of child outcome yt on parent outcome yt�1 and grandparent
outcome yt�2, the coefficient on the latter is positive if and only if the iteration of parent child coefficients
understates the observed persistence across three generations.

Without assuming stationarity, the grandparent coefficient equals (Frisch Waugh Lovell
theorem):

bgp ¼
Covðyt ; ~yt�2Þ
Varð~yt�2Þ ; (C.1)

where ~yt�2 is the residual from regressing yt�2 on yt�1. As such, we have:

~yt�2 ¼ yt�2
Covðyt�1; yt�2Þ

Varðyt�1Þ yt�1;

and we can write:

bgp ¼
Covðyt ; yt�2Þ
Varðyt�2Þ

Covðyt�1; yt�2Þ
Varðyt�1Þ

Covðyt ; yt�1Þ
Varðyt�2Þ

� �
Varðyt�2Þ
Varð~yt�2Þ ¼ ðb�2 bgp!p

�1 bp!c
�1 ÞVarðyt�2Þ

Varð~yt�2Þ ; (C.2)

where bgp!p
�1 and bp!c

�1 are the two generational slope coefficient in a regression of parent on
grandparent, or child on parent outcome respectively. We have bgp [ 0 if and only if
b�2 [ bgp!p

�1 bp!c
�1 .

C.2. The Grandparent Coefficient in a Latent Factor Model with Multiple Status Measures
Assume that multiple distinct outcomes fyi1;t�1; yi2;t�1; . . .g of offspring in family i in generation
t are determined by:

yij ;t ¼ qei;t þ uij ;t 8j ; (C.3)

ei;t ¼ kei;t�1 þ vi;t ; (C.4)

where the noise terms are uncorrelated with each other and past values. The variances of the
outcomes and the latent variable ei;t are normalised to one. Suppressing the i subscript, the
grandparent coefficient bgp in the multivariate child parent grandparent regression:
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yt ¼ bpy1;t�1 þ bgpyt�2 þ et ;

is bgp ¼ Covðyt ; ~yt�2Þ=Varð~yt�2Þ; where ~yt�2 is the residual from regressing yt�2 on y1;t�1 . The
slope coefficient in this auxiliary regression is b ¼ q2k, such that substituting for
~yt�2 ¼ yt�2 by1;t�1 yields:

bgp ¼
Covðyt ; yt�2Þ bCovðyt ; y1;t�1Þ

Varðyt�2 by1;t�1Þ ¼ q2k2 q4k2

1 q4k2
:

Similarly, the grandparent coefficient bgp in the regression:

yt ¼ b1;py1;t�1 þ b2;py2;t�1 þ b0gpy1;t�2 þ et ;

is b0gp ¼ Covðyt ; ~y0t�2Þ=Varð~y0t�2Þ; where ~y0t�2 is the residual from regressing yt�2 on y1;t�1 and y2;t�1.
From (C.3), the two slope coefficients in this auxiliary regression are identical and given by
~b ¼ q2k=ð1 þ q2Þ. Substituting for ~y0t�2 ¼ yt�2

~bðy1;t�1 þ y2;t�1Þ, we thus have:

b0gp ¼
Covðyt ; yt�2Þ ~bCovðyt ; y1;t�1 þ y2;t�1Þ

Varðyt�2Þ þ ~b2Varðy1;t�1 þ y2;t�1Þ 2~bCovðyt�2; y1;t�1 þ y2;t�1Þ
¼ q2k2 q4k2

1 q4k2 þ q2ð1 q2k2Þ ;

and b0gp \bgp if 0 < q < 1, i.e. if observed status is an imperfect measure of the underlying latent
factor.

C.3. The Grandparent Coefficient in a Latent Factor Model with Assortative Mating
Assume that endowments are determined by the average of father’s and mother’s endowment:

yi;t ¼ qei;t þ ui;t ; (C.5)

ei;t ¼ ~kei;t�1 þ vi;t ; (C.6)

with ei;t�1 ¼ ðemi;t�1 þ e
p
i;t�1Þ=2, and where the m and p superscripts denote maternal and paternal

variables. Moreover, assume that parents match based on their latent factors:

emi;t�1 ¼ me
p
i;t�1 þ wi;t�1; (C.7)

with m ¼ Covðemi;t�1; e
p
i;t�1Þ.

C.3.1. Own lineage
The grandparent coefficient in a regression of offspring status on parent and grandparent status
from the same lineage (i.e. father and paternal grandparent, ormother andmaternal grandparent):

yt ¼ bpy
x
t�1 þ bgpy

x;y
t�2 þ et for x ¼ fm; pg; y ¼ fm; pg; (C.8)

is bgp ¼ Covðyt ; ~yt�2Þ=Varð~yt�2Þ; where ~yt�2 is the residual from regressing y
x;y
t�2 on yxt�1. The slope

coefficient in this auxiliary regression equals b ¼ q2k (see subsection 1.2), where k is given by
(9), and therefore:

bgp ¼
q2k2 q4k2

1 q4k2
: (C.9)

C.3.2. Different lineages
The grandparent coefficient in a regression of offspring status on parent and grandparent status
fromdifferent lineages (i.e. father andmaternal grandparent, ormother andpaternal grandparent):

yt ¼ b0py
x
t�1 þ b0gpy

y;z
t�2 þ et for x ¼ fm; pg; y 6¼ x; and z ¼ fm; pg; (C.10)
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is b0gp ¼ Covðyt ; ~yy;zt�2Þ=Varð~yy;zt�2Þ; where ~y
y;z
t�2 is the residual from regressing y

y;z
t�2 on yxt�1. The slope

coefficient in this auxiliary regression equals b ¼ mq2k (see subsection 1.2), such that:

b0gp ¼
q2k2 mq4k2

1 m2q4k2
: (C.11)

We have that b0gp [ bgp if status is imperfectly correlated with underlying endowments
(0 < q < 1), assortative mating is imperfect (0 ≤ m < 1), and intergenerational transmission is
non zero (0 < k ≤ 1).

C.3.3. Both parents
The grandparent coefficient in a regression on the status of grandparent and both parents:

yt ¼ bxy
x
t�1 þ byy

y
t�1 þ b00gpy

x;z
t�2 þ et for x ¼ fm; pg; y ¼ fm; pg; x 6¼ y and z ¼ fm; pg; (C.12)

is b00gp ¼ Covðyt ; ~yx;zt�2Þ=Varð~yx;zt�2Þ;where ~yx;zt�2 is the residual from regressing yx;zt�2 on yxt�1 and y
y
t�1. The

slope coefficient in this auxiliary regression can be shown to equal ðq2k m2q4kÞ=ð1 m2q4Þ on
yxt�1 and ðmq2k mq4kÞ=ð1 m2q4Þ on y

y
t�1. After simplification, we have:

b00gp ¼
q2k2ðq2 1Þðmq2 1Þ

1 m2q4 þ q4k2½m2ð2q2 1Þ 1� ; (C.13)

where b00gp \ b0gp if 0 < q < 1, 0 ≤ m ≤ 1, and 0 < k ≤ 1.

Appendix D. Data

D.1. Educational Attainment
The data sets generally provide the highest school degree and the highest vocational training
degrees that an individual has obtained (if any). From this information, we calculate years of
schooling as the minimum lengths of time required to earn a given school degree. So as to
obtain our measure of total years of education, we further add the minimum years required to
complete a given vocational training degree to the years spent in school. Table D1 shows the

Table D1

Minimum Lengths of Time Required to Earn a Given Degree

Degree
Minimum time

length

School degree
No completed school degree 8 years
Sonderschulabschluss (special needs school) 8 years
Volks/Hauptschulabschluss (low school track) 8 years
Mittlere Reife (medium school track) 10 years
Fachhochschulreife (high school track) 12 years
Abitur (high school track) 13 years

Vocational training degree
No vocational degree 0 years
Agricultural or household apprenticeship 2 years
Industrial apprenticeship 2 years
Vocational school degree 2 years
Commercial apprenticeship 3 years
Master craftsman 4 years
University of applied sciences degree 4 years
University degree 5 years
Other vocational training degree 2 years

© 2016 Royal Economic Society.
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minimum time lengths that we use to calculate our education measures (taken mainly from
M€uller, 1979). In our analysis of the NEPS, we directly use the variable on years of education
provided in the data set. This variable is again based on an individual’s highest school and
vocational training degrees. We adjust the NEPS education variable to our mapping in Table D1
by recoding the minimum years of education from nine to eight years and, hence, abstract from
the introduction of a compulsory 9th grade after World War II. Our results in Sections 3 and 4
remain nearly identical if we do not adjust the NEPS education variable.

D.2. Occupational Status
Our indicator for occupational status is the maximum occupational prestige score of an
individual that we observe in the data. The data sets record the prestige score for the different
groups of family members at multiple but different points of their life cycles, as shown in
Table D2 for the LVS 1 and BASE data.

D.3. Linking Spouses and Children
The data sets generally records information on the current spouse or partner of the index
person and on all previous spouses (but not on previous partners with whom the index person
was not married). Information include the birth year, educational attainment, occupational
status and period of marriage or partnership.1 However, the data sets do not identify a specific
spouse as the parent of a specific child of the index person. We link spouses to children
according to the following set of rules (which we apply one after the other):

(i) If an index person has only one spouse, we identify this spouse as the parent of all
children of the index person.

(ii) If an index hasmore than one spouse, we identify that spouse (partner) as the parent of a
child with which the index person was married (in a partnership) at the time of birth.

(iii) If an index has two (three) spouses, we identify the first spouse as the parent of a child
if the child was born before the first marriage. We identify the second (third) spouse as
the parent of a child if the child was born after the index person broke up with the first
(second) spouse but before she or he broke up with the second (third) spouse.

Table D2

Points of the Life Cycle at Which Occupational Status is Recorded

Generation
Relation to
index person LVS 1 BASE

First Father Occupation learned; occupation when
index person was 15 years old; last
occupation before retirement or death

Occupation when index person
was 15 years old

Mother Occupation learned; main occupation
until index person was 16 years old

Occupation learned

Second Index person Entire occupation history Entire occupation history
Spouse Occupation learned; occupation before

marriage; occupation during marriage;
current occupation
(entire occupation history)*

Occupation learned; occupation
before marriage; occupation
during marriage; current
occupation (entire occupation
history)

Third Children Main occupation Main occupation

Note. *The LVS 1 contains data on the entire occupation history of the spouses of those 407 index persons
who were surveyed using face to face interviews.

1 The LVS 1 does not contain information on the educational attainment or occupational status of
previous spouses.
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We cannot link spouses and children if:

(i) the index person has more than one spouse and
(ii) the birth year of a child is missing.

D.4. Lineages

Table D3

Variation in Educational Attainment and Mobility with Family Size

No. of children

None One Multiple

Schooling /w vocational
Mean parents 8.66 8.47 8.36

(0.125) (0.069) (0.040)
Mean respondents 9.21 8.71 8.70

(0.133) (0.069) (0.052)
Intergenerational coefficient 0.44 0.46 0.68

(0.088) (0.072) (0.062)

No. observations 145 336 772

Notes. The Table reports, separately for respondents in the LVS 1 with no, one or multiple children, the mean
years of schooling (with university and vocational training) of the respondents, the mean schooling of their
parents, and the intergenerational coefficient from a regression of the former on the latter.

Generation 1

Generation 2

Generation 3

Generation 4

PIn

C1 C2 C3

GC1 GC2 GC3

S

C1P C2P

P1 P2

Fig. D1. A Hypothetical Family Tree Across Four Generations
Notes. The Figure depicts a hypothetical family tree across four generations: Parents (‘Px’), Index
(‘In’) and their partner (‘P’) and siblings (‘S’), children (‘Cx’) and their partners (‘CxP’), and
grandchildren (‘GCx’). Direct ancestors of the first generation are depicted by squares, their
partners by circles. Educational status of members with dashed lines are unobserved in our
samples. Complete four generational lineages in bold.
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Appendix E. Matrilineal and Patrilineal Lineages

Table E1

Status Correlation Between First and Third Generation

Matrilineal lineages Patrilineal lineages

Actual Predicted N Actual Predicted N

Panel (a): schooling
LVS 1 0.155 0.124 2,271 0.223 0.221 2,182

(0.032) (0.019) (0.030) (0.021)
LVS 2 0.225 0.236 1,400 0.292 0.161 1,365

(0.035) (0.030) (0.033) (0.029)
BASE 0.258 0.196 541

(0.047) (0.052)
NEPS 1 0.208 0.159 2,600 0.223 0.153 2,357

(0.019) (0.013) (0.022) (0.015)
NEPS 2 0.202 0.154 3,039 0.256 0.159 2,792

(0.017) (0.013) (0.020) (0.013)

Panel (b): schooling w/ vocational
LVS 1 0.177 0.130 1,841 0.272 0.221 1,692

(0.033) (0.019) (0.034) (0.021)
NEPS 1 0.207 0.130 2,620 0.189 0.161 2,376

(0.022) (0.013) (0.026) (0.015)

Panel (c): occupational prestige
LVS 1 0.082 0.054 1,088 0.250 0.146 2,261

(0.037) (0.017) (0.030) (0.016)
BASE 0.257 0.180 542

(0.049) (0.041)

Notes. Estimates of the Pearson correlation coefficient between G1 and G3. Balanced sample, using complete
lineages in which the respective outcome is observed for individuals in all three generations. Bootstrapped
standard errors clustered on family level in parentheses.
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Appendix F. Additional Evidence on the Grandparent Coefficient

Reference
Muller, W. (1979). ‘Schulbildung und Weiterbildung als soziologische Hintergrundsvariablen’, in (F.U.

Pappi, ed.), Sozialstrukturanalysen mit Umfragedaten, pp. 169 206, Konigstein: Athenaum Verlag.

Table F1

Variation in the Grandparent Coefficient by Grandparent Survival, Extended Sample

Panel (a): schooling child (G3)

(1) (2) (3) (4) (5)

Indicator grandfather death
Conditional on absence/death
during WWII?

Samples

At birth
No

LVS 1/ 2/ 3

B/w 1939 45
No

LVS 1/ 2/ 3

B/w 1939 45
Yes

LVS 2/ 3

War death
Yes

LVS 2/ 3

War death
Yes

LVS 2/ 3

Schooling
Grandfather 0.172*** 0.166*** 0.174*** 0.171*** 0.146***

(0.037) (0.032) (0.057) (0.057) (0.036)
9 Grandfather death 0.012 0.029 0.001 0.038 0.071

(0.063) (0.098) (0.139) (0.156) (0.122)
Father 0.479*** 0.480*** 0.438*** 0.425*** 0.389***

(0.029) (0.026) (0.059) (0.060) (0.060)
9 Grandfather death 0.006 0.019 0.093 0.080 0.057

(0.048) (0.072) (0.103) (0.133) (0.163)
Grandfather death 0.251 0.035 0.999 0.567 1.406

(0.492) (0.728) (1.052) (1.427) (1.258)

Panel (b): schooling grandfather (G1)
(1) (2) (3) (4) (5)

Indicator grandfather death
At birth 0.221***

(0.067)
B/w 1939 45 0.128 0.089

(0.087) (0.139)
War death 0.041 0.225

(0.173) (0.326)
No. of observations 4,269 4,279 1,113 989 956

Notes. Panel (a) reports estimates from a regression of child schooling on father and grandfather schooling.
All regressions in panel (a) include a dummy for grandfather death, interaction terms between grandfather
death and father/grandfather schooling, a quadratic polynomial in the (hypothetical) age of the grandfather
in 1988, and dummies for the index cohort considered (LVS 1, LVS 2, LVS 3). Panel (b) reports estimates
from a regression of grandfather schooling on an indicator of grandfather death and a quadratic polynomial
in the (hypothetical) age of the grandfather in 1988, and dummies for the index cohort considered (LVS 1,
LVS 2, LVS 3). As an indicator for grandfather death, model (1) uses a dummy indicating whether the
grandfather was already dead when his grandchild was born, regressions (2) and (3) a dummy indicating
whether the grandfather died between 1939 and 1945, and regressions in (4) and (5) a dummy indicating
whether the grandfather was killed during World War II or was missing in action since then. Regressions (3)
(5) restrict the sample to observations from G3 whose grandfather was absent because of World War II or
died in the war. Regression (5) uses schooling with vocational training instead of just schooling as the
education variable of the grandfather. Standard errors clustered on family level in parentheses, *** p < 0.01.
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