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Appendix A: Institutional background

The German school system

In Germany education policy is regulated on the federal state level, but still
the school systems are almost identical across federal states [1]. After voluntary
pre-school children enter primary school at the age of six and attend it usually
for four years. Then they continue schooling in secondary schools. The German
secondary school system is tripartite and consists of basic track (Hauptschule),
intermediate track (Realschule) and academic track (Gymnasium) that are
taught at separate schools, differ by duration and curriculum and lead to differ-
ent leaving certificates. The basic track is the lowest level of secondary school
that provides general basic education and leads to a leaving certificate after
eight or nine years, respectively. Students in the intermediate track obtain
more extensive general education and graduate after ten years. After finishing
basic track or intermediate track school, students usually continue their edu-
cation starting an apprenticeship or a school-based vocational training. The
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academic track is the most demanding and academic-orientated track lead-
ing to an university-entrance diploma (Abitur) after grade 13.! A lower-level
qualification - the technical school degree (Fachhochschulreife) - which allows
students to attend a polytechnic (Fachhochschule) can be obtained after fin-
ishing grade 12 [3]. In addition, there is a fourth type of secondary school, the
so-called comprehensive school (Gesamtschule). This type of secondary school
combines all three secondary school tracks at one and the same school. All
secondary school leaving certificates can be obtained. However, comprehensive
schools do not exist in all states and are rather unimportant with only about
10 percent of all children in Germany attending it [4]. Since the first compre-
hensive schools were only introduced between 1973 and 1982 on a trial basis
[5], this type of school is also relatively new and therefore not relevant for our
study as we restrict our analysis to individuals born between 1930 and 1959,
who finished secondary school in the late 1970s at the latest.

The allocation to one of the secondary school tracks after primary school
depends to a great extent on the student’s grades in primary school and thus on
student’s ability. On that basis, the primary school - usually the class teacher
- gives a recommendation for the secondary school type he or she thinks the
child should attend after grade four. In ten out of 16 federal states this recom-
mendation is binding, in the remaining six states the final decision is taken by
the parents [4, 6]. Since Germany tracks students very early at the age of ten,
when information about the student’s learning potential is likely to be incom-
plete, there is a high risk of misallocating students to tracks. In general, there
are possibilities for correcting initial track decisions at a later point, when more
information about student’s ability is available. In principle, switching tracks
within secondary schooling is possible at any grade, but in practice this hap-
pens rarely. Dustmann et al. [6] show that only about 2 percent of students
switch between tracks throughout secondary school. As a consequence, after
allocating students into one of the secondary school tracks they generally stay
in the chosen track until they complete it. However, up and downgrading of
students between tracks at later stages of the educational career is very com-
mon. Dustmann et al. provide evidence that there is a substantial movement
from the basic and intermediate to the academic track after graduating from
the tracks. Moreover, there is a large amount of downgrading in the form of
not enrolling in university after graduation from the academic track. More-
over, the authors find that due to this possibility of up and downgrading the
assignment to a particular secondary school track at the end of the primary
school has only little effect on the highest degree and long-term labour market
outcomes.

LStarting in 2001, a school reform was introduced in most federal states that decreased the
length of academic track schooling from 13 to 12 years [2]. As we consider only individuals that
attended academic track schools in the 1940s to 1970s this reform is not relevant for our analysis.
Thus, we assume 13 years of schooling in the academic track when constructing the schooling
variable.
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Compulsory schooling reforms: Differences in introduction
dates

For some of the federal states our reform introduction dates differ from the
ones reported in other studies that use the same German compulsory schooling
reforms. Most of these studies refer to Pischke and van Wachter [3], who were
the first to exploit the German reforms in order to estimate returns to educa-
tion. For some federal states there is only a minor difference in the reported
dates, for others, e.g. for Saarland and Schleswig-Holstein, the difference is
quite large (see Table 1). For Saarland, Pischke and van Wachter [3] report
the introduction of the reform in 1964, while we state that it was already in
1958. According to them the compulsory ninth grade was introduced in 1956
in Schleswig-Holstein, but we report that it was already implemented in 1947.

Table 1 Reform introduction dates compared to Pischke and van Wachter [3] and
Cygan-Rehm [31]

Our paper Pischke and (2008) Cygan-Rehm (2018)
von Wachter
Hamburg April 1946 1949 1946
Schleswig-Holstein April 1947 1956 1947
Saarland April 1958 1964 1958
Bremen April 1959 1958 1959
Lower Saxony April 1962 1962 1962
Hesse April 1966 1967 1967
North Rhine-Westphalia April 1966 1967 1967
Rhineland-Palatinate April 1967 1967 1967
Baden-Wuerttemberg April 1967 1967 1967
Bavaria August 1969 1969 1969

Notes: The table shows the reform implementation dates used in this paper compared to the dates
reported in Pischke and van Wachter [3] and Cygan-Rehm [31] exploiting the same compulsory
schooling reforms in West Germany.

One reason for these differences may be that in some federal states it was
possible for municipalities to have a voluntary ninth grade before the overall
implementation was stipulated by law. Our implementation dates refer to the
date when the compulsory ninth grade was implemented in the whole state.
Pischke and van Wachter [3] do not provide information, which references
they use. We took the information from contemporaneous literature on the
German school system by Leschinsky and Roeder [7] and Backhaus [8] and
from respective federal state laws [9-16]. Moreover, we reviewed data from the
Federal Statistical Office of Germany on the ninth grade attendance in the
basic track between 1957 and 1973 [17-30]. Taken together, these references
suggest that the implementation dates reported by Pischke and van Wachter
[3] are sometimes incorrect. Recent work by Cygan-Rehm [31, 32] questions
the reform dates in Pischke and van Wachter [3] as well. Cygan-Rehm also
refers to Leschinsky and Roeder [7] and data from the Federal Statistical Office
of Germany and reports reform dates that match ours (see Table 1). Two
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exceptions are Hesse and North Rhine-Westphalia with a difference of one year
each.

Based on data of the Federal Statistical Office of Germany, we plot the
number of basic track students in the ninth grade in the school year t as a
fraction of the number of basic track students attending the eighth grade in the
previous school year t-1 (see Figure 1). Looking at Saarland, for example, we
observe that the reform became effective in 1958 as the ninth grade attendance
jumps from 0 percent in 1957 to 99 percent in 1958. This matches exactly the
timing reported by Leschinsky and Roeder [7] and Backhaus [8] and clearly
contradicts the date reported by Pischke and van Wachter [3]. Unfortunately,
we do not have early enough data for Schleswig-Holstein to be sure that our
reported date is correct. According to Leschinsky and Roeder and Backhaus,
the reform introduction was already in 1947, but data is only available from
1957 onwards. However, we are quite confident that the date that was reported
by Pischke and van Wachter has to be wrong because the compulsory ninth
grade was already stipulated in the state law of Schleswig-Holstein in 1947 [33].
For the remaining federal states our reported reform implementation dates
also seem to fit with the data as there are jumps in the ninth grade attendance
exactly when the additional school year was fully implemented.
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Fig. 1 Number of basic track ninth grade students as a fraction of the number of basic
track eighth grade students in the previous school year
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Notes: The figure plots the number of basic track students in the ninth grade in the school year t as
a fraction of the number of basic track students attending the eighth grade in the previous school
year t-1 for each West German federal state. The vertical line denotes the year of implementation of
the reforms. Calculations are based on absolute numbers of basic track students in the eighth and
ninth grade from 1956 to 1973. Sources: Federal Statistical Office (1964) and respective volumes
of the following years [17-30].
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Appendix B: Further analyses using SOEP

Since the KBV claims data do not contain information on years of schooling
we are not able to estimate the first stage effect of the compulsory schooling
reforms on years of schooling with this data set. However, we complemented
our analysis by using the Socio-Economic Panel (SOEP)? to estimate a first
stage and to test whether measurement error in the treatment indicator due to
regional mobility is a potential source of bias for the estimates of the reduced
form effect.

The SOEP data

The SOEP is a large representative longitudinal survey of private households in
Germany that is conducted annually since 1984 and interviews around 30,000
respondents in nearly 11,000 households every year [34]. For our analysis we
pool the waves 1992 to 2018 to obtain a sufficiently large sample. To avoid that
some individuals enter the sample more the once, we use for each individual
only the observation from 2009 or the observation closest to 2009. Taking
observations from 2009 ensures the comparability between the SOEP data and
the KBV claims data. Furthermore, we impose the same sample restrictions
as on the KBV data. In particular, we consider only German inhabitants of
the birth cohorts 1930 to 1959 who are statutorily insured and live in the
ten West German federal states excluding Berlin. Furthermore, we exclude
individuals that graduated in former East German states or abroad. Moreover,
we restrict our sample to individuals with valid information on the federal state
of residence, federal state of last school attendance and self-reported health
status®. For further analyses we consider cohorts born five years before and
after each compulsory schooling change.

The SOEP contains only information on the highest secondary school
degree. Following Pischke and van Wachter [3], we combine information on
an individual’s highest secondary school degree and the school years usually
required for this degree to construct the schooling variable. Consequently, 13
years are assigned to academic track graduates, if they have university entrance
certificate (Abitur) and twelve years, if they have an advanced technical college
certificate (Fachhochschulreife). For intermediate track graduates the standard
duration of ten years of schooling is taken. For individuals with basic track
degree and drop-outs with no school leaving certificate information on the fed-
eral state of residence, month and year of birth and the timing of the reform
is used to determine whether an individual should have graduated after eight
or nine years from the basic track.

Table 2 shows descriptive statistics for the final SOEP sample. The sample
consists of 45 percent men, which mirrors almost exactly the share of men in

2Socio-Economic Panel (SOEP), data for years 1984-2018, version 35, doi:10.5684/soep-
core.v35.

3Since 1992 SOEP contains information on self-reported health. We recode the original five-
category variable into a dichotomous variable, which is equal to one if individuals report to be in
bad or poor health and zero otherwise.
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the KVB sample. On average, individuals have a mean age of 57 (compared
to 58 in the KBV claims data).* Individuals have on average 9.7 years of
schooling with women having 0.3 years less than men. The mean probability
of self-rated poor or bad health is about the same size for men and women: 23
percent of men and 21 percent of women report to be in poor or bad health.
The probability of having an academic school degree is almost twice as large
for men. Contrarily, much more women than men have an intermediate school
degree. The share of basic school graduates is the same size for men and women:
53 percent of women report to have a basic school degree.’

Table 2 Descriptive statistics (SOEP sample)

(1) (2) 3)

Full sample Men ‘Women
Demographics
Age 56.5 (5.0) 56.5 (4.9) 56.5 (5.1)
Year of birth 1,950.6 (5.2) 1950.6 (4.9) 1950.6 (5.4)
Male (%) 46.2
Health status
Self-reported poor or bad health (%)  21.7 23.0 20.7
Education
Years of schooling 9.7 (1.7) 9.9 (1.8) 9.6 (1.5)
Basic track (%) 53.4 53.4 53.4
Intermediate track (%) 26.7 20.4 32.1
Academic track (%) 19.9 26.2 14.6
Survey information
Survey year 2007.7 (2.3) 2007.5 (2.4) 2007.8 (2.2)
N 1,274 588 686

Notes: The table reports mean values of all variables as well as standard deviations of all continuous
variables in parentheses for the pooled sample of men and women (column 1) and for the sub-
sample of men (column 2) and women (column 3). Source: German Socio-Economic Panel (SOEP).

Potential measurement error in the treatment indicator?

In the KBV claims data only the federal state of residence in 2009 is available,
although we would need information on the federal state of last school atten-
dance to ensure a precise assignment of the treatment. By using the state of
residence as a proxy, we implicitly assume that individuals attended school in
the federal state where they lived in 2009 and thus, the treatment might be

4 As already mentioned above, we pool several waves of the SOEP and keep the observation from
2009 or closest to 2009 to make the sample comparable to the KBV sample. The survey year in
our final SOEP sample is 2008, on average, and thus explains the difference in mean age between
the SOEP and KBV samples of about one year.

5The probability of having a basic school degree as well as the average number of school years
are almost unchanged when we consider the federal state of school attendance instead of the
federal state of residence.
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imprecisely assigned if cross-state mobility in Germany exists. This measure-
ment error in the treatment indicator would then downward bias our estimates
of the treatment effect.

SOEP started collecting information on the federal state of last school
attendance in 2001. Using this data, we find that using the state of current
residence as a proxy for the school attendance state is unlikely to be problem-
atic. The cross table of the treatment indicators based on the federal state of
residence and school attendance in Table 3 shows that cross-state mobility in
Germany is quite low, leading only to small differences in the treatment indi-
cator. The table demonstrates that about 95 percent of the people that are
coded as treated when the federal state of last school attendance instrument
is used are also coded as treated when the instrument is based on the federal
state of residence. Moreover, about 96 percent of the non-treated in case of
the school attendance instrument are also not treated when the instrument is
based on the state of residence.

Table 3 Testing for measurement error in the treatment indicator

Federal state of residence

Federal state of last school treat=0 treat=1
attendance

treat=0 95.9% 4.1%
treat=1 5.1% 94.9%

Notes: The cross-table shows the treatment assignment probability based on the federal state
of last school attendance compared to the assignment probability when the the federal state of
residence is used to construct the treatment indicator. The table demonstrates that cross-state
mobility in Germany is quite low, leading only to small differences in the treatment indicator.
Source: German Socio-Economic Panel (SOEP).

We also test whether measurement error in the treatment indicator attenu-
ates IV estimates of the effect of eduction on self-reported health (see Table 4).
Therefore, we first estimate the first stage using the instrument based on the
federal state of residence and find that the reforms led to an average increase
of about 0.56-0.58 years in school (Panel A). The first stage regression results
in Panel B show that the assignment of the instrument based on the federal
state of school attendance generates slightly smaller first stage coefficients of
about 0.52-0.54. Note that the F statistic for the excluded instrument is rather
small in both Panels compared to other studies (e.g. Pischke and van Wachter
[3] and Kemptner et al. [35]), which can be explained by small sample sizes.
Moreover, we find almost unchanged reduced form coefficients when using the
federal state of last school attendance instead of the federal state of residence
to construct the instrument. Overall, this leads to a very small upward bias
in the IV estimates that are based on information on the state of residence.
Since the reduced form and IV point estimates are almost identical, we are
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quite confident that it is not a major problem to proxy the state of school
attendance with the state of residence.

Table 4 IV estimates of the effect of years of schooling on self-reported health

(1) (2)

Local linear Global linear
Panel A: Federal state of residence
IV parameter —0.095 —0.090
(0.088) (0.085)
First stage parameter 0.559*** 0.576%**
(0.186) (0.184)
Reduced form parameter —0.053 —0.052
(0.051) (0.051)
Observations 1,274 1,274
F-statistic 9.028 9.797
Panel B: Federal state of last school attendance
IV parameter —0.098 —0.102
(0.094) (0.091)
First stage parameter 0.519*** 0.544***
(0.178) (0.179)
Reduced form parameter —0.051 —0.056
(0.048) (0.048)
Observations 1,274 1,274
F-statistic 8.463 9.262

Notes: The table shows the results from IV regressions of self-reported poor or bad health on
years of schooling, based on local linear regressions in column (1) and global linear regressions
in column (2), as well as the corresponding reduced form and first stage coefficients. Panel A
refers to the instrument based on the federal state of residence, while Panel B relates to the
instrument based on the federal state of last school attendance. All regressions are based on the
pooled sample of men and women, use a bandwidth of five cohorts around the cut-off point and
include fixed effects for year of birth, month of birth and federal state of residence as well as linear
state-specific cohort trends, gender and a quadratic age term. Standard errors are clustered on the
cohort Xstate level and presented in parentheses. *p<0.1; **p<0.05; ***p<0.01. Source: German
Socio-Economic Panel (SOEP).
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Appendix C: “Retirement effect”

Fig. 2 Effect of the reforms on depression, musculoskeletal diseases and back pain
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Notes: The figure plots morbidity rates in percent by month-year of birth for five cohorts before
and after the first birth cohort affected for the pooled sample of men and women. All data points in
the figure present averages by month-year of birth. The vertical line denotes the first birth cohort

affected by the law changes. Source: KVB claims data.
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