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ABSTRACT

Are There No Wage Returns to
Compulsory Schooling in Germany?
A Reassessment’

This study replicates and challenges the finding of zero wage returns to compulsory
schooling in Germany by Pischke and von Wachter (Review of Economics and Statistics,
90(3) 2008, 592-598), which is unusual in the literature yet widely cited and until now
uncontradicted. | document that this finding is sensitive to minor changes in sample
restrictions and model specification. Further results suggest that their estimates are
potentially confounded by previously unconsidered institutional details. These findings
render the conclusion that compulsory schooling in Germany yields no wage returns at a
minimum controversial.
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1 Introduction

The existence and the magnitude of wage returns to compulsory schooling is a much-disputed
topic in economics. From a theoretical perspective, additional schooling is a human capital
investment (Mincer, 1974), which is expected to pay off in terms of higher earnings. This
prediction has been confirmed by extensive empirical research using quasi-experimental designs
that aim at establishing causality (e.g., Card, 1999; Meghir and Palme, 2005; Brunello et al.,
2009; Oreopoulos, 2006; Devereux and Hart, 2010; Bhuller et al., 2017). There are only a few
exceptions in the literature presenting zero effects (Pischke and von Wachter, 2008; Grenet,
2013; Stephens and Yang, 2014).

One of the first studies that obtained zero returns to compulsory schooling was Pischke and
von Wachter (2008) (henceforth PvW) for Germany. They exploit a staggered extension of
compulsory schooling duration from eight to nine years (C'9) across West German states after
World War II. The unusual finding of zero wage returns in Germany has received considerable
attention and has been widely cited by subsequent research. It has also been confirmed by
Kamhofer and Schmitz (2016) on different data.! Indeed, PvW document mostly statistically
insignificant instrumental variable (IV) estimates; many of them are also economically small
and some even negative. Is widely accepted to conservatively interpret such results as zero.
However, in several specifications, they also obtain economically not-trivial effects, which is

puzzling and argues for a reassessment.”

They use a small cross-sectional sample from the German Socio-economic Panel (SOEP), and also find no effect
on cognitive skills. Due to data limitations, their sample restrictions and model specification slightly deviate from
PvW’s setting; e.g., they exclude city-states Bremen and Hamburg and do not control for state-specific trends. A
detailed discussion of the differences is beyond the scope of this paper. Nevertheless, the later study suffers from
similar problems as those I argue to beset PvW’s study.

2The lack of wage returns from the German schooling extensions is also surprising in light of evidence for signif-
icant non-pecuniary effects of this reform on health (Kemptner et al., 2011), fertility (Cygan-Rehm and Maeder,



This paper returns to the original data and results by PvW. Using the programs kindly pro-
vided by Steve Pischke, I can nearly exactly replicate their estimates. Going beyond a pure
replication, I then probe their findings in a wide range of robustness tests. This analysis high-
lights that PvW’s main estimate is very sensitive to minor changes in sample restrictions and
model specification. I also show that several data choices made by PvW are both debatable
and of consequence for their finding of zero returns. This casts doubts on whether the conclu-
sion of zero wage returns to compulsory schooling in Germany holds. Further results suggest
that PvW’s estimates might be confounded by other schooling reforms such as the parallel im-
plementation of short school years (SSY’) in several states (see Pischke, 2007) and temporary
schooling extensions preceding the actual passage of the final C'9 laws.

More generally, this paper illustrates that public policies do not necessarily occur in iso-
lation, which complicates their evaluation. My reassessment involved extensive background
research and collecting additional data to uncover important institutional details (e.g., on the
temporary extensions). This adds to the growing literature emphasizing that re-examinations
of earlier research are important but may require more than merely replicating existing results

(e.g., Ho et al., 2019).

2 Results

I start with a replication of PvW’s main results using the Qualification and Career Survey

(QaC).> A brief description of the data and empirical strategy is available in Online Appendix

2013), intergenerational transmission of education (Piopiunik, 2014), and even natives’ attitudes towards immi-
grants, which persist beyond the treated generation (Margaryan et al., 2019). Related research for Germany also
indicates positive wage returns to education beyond compulsory schooling (Kamhdéfer et al., 2019).

3PvW also present an auxiliary evidence from the Micro Census (MC), which allows only for reduced-form anal-
ysis due to the lack of an appropriate educational measure. Thus, I focus on the main results from the QaC.



A. I show the original estimates in the top row of Table 1 and my replication directly below.* In
all columns, the regression coefficients and standard errors are nearly identical. The remaining
differences are in the third decimal place, and there is a small difference in sample size.’

Of major importance is the IV coefficient in column 1, which translates to wage returns of
5.8% per additional year of compulsory schooling, but is insignificant at conventional levels.
Columns 2 and 3 show relevant details from the corresponding first-stage and reduced-form
regressions.® PvW re-run the regressions on a subsample of basic track graduates, who were
mostly affected by the reform. These estimates support their conclusion of zero returns. I show
my replication results for this subsample in Tables C.1 and C.2 in Online Appendix C.

In Panel B of Table 1, I test whether PvW’s main estimates are robust to plausible changes in
sample restrictions and model specification. First, I assess to what extent the results are driven
by a specific selection of the included birth cohorts. PvW limit their sample to individuals born
between 1930 and 1960. Row S1 shows that starting with cohort 1931 increases the magnitude
of the IV estimate and yields a statistically significant return of 6.7%. That the conclusions
change after excluding one particular cohort is an extreme example but might simply be by
chance. Thus, in S2, I further limit the sample to cohorts 1945-1960. Again, I obtain a signif-

icant and even larger return. While not displayed in the table, I also find significant returns in

I was also able to accurately replicate PvW’s results from other model specifications and their summary statistics
reported in (Pischke and von Wachter, 2005), and this seems to be as close as a complete replication (see Table
C.3 in Online Appendix C). The only striking difference is the percentage of self-employed in the sample, which
is presumably due to a typo because PvW’s code reveals that self-employed are included throughout.

>This presumably reflects minor revisions in the QaC data, which I received at least 12 years after PvW. Their
version is no longer available, but the BIBB generously sent me the very first data files. The original data,
however, do not fit the STATA code provided by Steve Pischke with respect to variable names and the coding
of missing values. The initial sample sizes in the original files and the current version are identical. However,
by comparing some key variables, I found minor disparities in the number of observations with missing values.
Thus, it seems that over time, the BIBB reclassified some potentially implausible responses into missing values,
which might explain the slightly smaller sample compared to PvW.

®PvW report a reduced-form estimate of -0.010, but the negative sign is a typo because the first-stage and the IV
effects are both positive. Earlier, Pischke and von Wachter (2005) show a positive reduced-form effect of 0.010.



other cohort restrictions (e.g., 1934-1960, 1935-1960, 1936-1960 etc.).

For various reasons, data limited to more recent cohorts might produce different results.
PvW’s sample covers a long and unstable period of Germany’s history and includes individuals
born and attending school during World War II. Wartime experiences might have long-lasting
consequences for educational careers (e.g. Kesternich et al., 2014). Any war-related shocks
(e.g., interruptions in schooling) could confound PvW’s estimates if the war affected various
states differently, which seems likely. Unfortunately, it is difficult to directly test this hypothesis.

Another issue is that some cohorts in PvW’s sample were exposed to temporary extensions
of compulsory schooling in the early 1950s, which intended to address a high youth unemploy-
ment in the post-war period (see Appendix B for details). These statewide laws were gradually
suspended as the labor market situation improved; in most affected states, at least seven years
before the final C'9 reform. PvW’s instrument assigns individuals exposed to the temporary ex-
tensions to the control group, which is inappropriate because they potentially experienced more
than eight years of compulsory schooling. Admittedly, these laws are difficult to parameterize
because in many cases, municipalities could decide on the law’s enforcement at a local level
and the QaC data do not provide municipality identifiers. Nevertheless, by using the variation
across states and over time, I code a crude indicator for exposure to the temporary extensions.
I include it as an additional instrument in S3.” Alternatively, in S4, I use one combined instru-
ment, which indicates the exposure to any extension (temporary or final). Technically, this is a
sum of the two instruments used in S3. Both specifications yield non-zero wage returns.

Obviously, to some extent, the diverging results across various cohort selections might also

"The first-stage effect of the additional instrument on schooling is 0.073 and significant (standard error of 0.034).
Given that the model is over-identified, I can also directly test the exogeneity assumption. The Sargan-Hansen
tests for over-identifying restrictions yields a p-value of 0.203, which supports the validity of the instruments.



reflect a changed age composition in the data. Given that PvW use data collected between 1979
and 1999, by construction, they start to observe the early cohorts by the end of their forties and
the more recent cohorts at the beginning of their occupational careers (see Table A.1 in Online
Appendix A). Thus, excluding the early cohorts shifts the focus toward prime-age and younger
workers. This might affect the estimates if wage returns to schooling vary over the life course
(Bhuller et al., 2017) or if labor force participation at older ages is selective.

PvW study individuals between 19 and 65 years old. In S5, I drop the oldest workers aged
above 60. In the German context, it might be desirable to even further restrict the sample due to
early retirement programs. Thus, the sample in S6 comprises only individuals aged up to 55. In
S7, I exclude the youngest workers, below age 25, which is the typical approach in the literature
to mitigate the risk of endogenous sample selection.® PvW’s conclusions do not hold in these
other plausible age restrictions. This might suggest important heterogeneities. Figure C.1 in
Online Appendix C shows further checks across 77 different age groups. The vast majority of
the IV estimates are larger than PvW’s and significant at the 10% level (86% of the cases and
almost 50% of them at the 5% level).

In S8, I test to what extent the results are driven by outliers by excluding the 0.5% of the bot-
tom and top wages each year. The extremely low and high values likely reflect a measurement
error due to misreporting. Again, the IV estimate rises in magnitude and becomes significant.

Another relevant question is whether PvW’s model was misspecified, meaning that the C'9
indicator could be capturing other changes across states. A natural candidate for a potential

confounder is the parallel implementation of the SSY's, which also affected schooling dura-

8For example, Oreopoulos (2006) includes the age group 25-64 in his U.S. and Canadian samples and 32-64 in the
British data. Similar restrictions for various European countries apply Devereux and Hart (2010), Brunello et al.
(2009), and Grenet (2013). Recently, for the U.S., Stephens and Yang (2014) focus on ages 25-54.



tion but in the opposite direction. Thus, in S9, I control for potential exposure to the SSY's.”
In S10, I add squared state-specific trends to more flexibly capture all remaining factors that
disproportionately affected states over time. Again, PvW’s conclusions do not hold up.!°

PvW argue that selective labor force participation could bias the results but it should be less
of an issue among men than among women. In a footnote, they mention that they find significant
returns when they restrict their MC sample to men but attribute this finding to sample variability.
In S11, I re-examine this issue with the QaC data and find a similar pattern, though the results
need caution due to a weak first stage.

I discovered other issues with PvW’s sample in their code. Specifically, the estimation sam-
ple is conditional on educational outcomes, which is not innocuous. For example, they exclude
observations with missing values on an alternative educational measure that they actually don’t
use in the final analysis. After including these observations in S12, the IV coefficient turns
larger and significant, which suggests a non-randomness in the missings. A related problem
is how PvW deal with implausible values in the main schooling measure, which is calculated
as graduation year minus year of birth minus six. This first gives values between -57 and 62
and yields a weak first stage. PvW clean the lowest and highest values by comparisons with an
alternative schooling measure that uses the instrument to determine schooling duration. Even-
tually, they exclude observations for whom the difference between the two variables is beyond
the range from -2 to 4 years, which seems ambiguous and substantially reduces the sample. In
S13, I apply an alternative data-cleaning procedure by dropping only the observations below the

first and above the 99th percentile of the main schooling measure. This leaves individuals with

9For details, see Pischke (2007) and Online Appendix B. For simplicity, my S.SY s indicator does not distinguish
between one or two years of exposure because the results hardly change. Table 1 does not report the results for
the S.SY s variable but its effects on wages and schooling duration are negative as we might expect.

10This seems to be true also in the MC data as documented in Pischke and von Wachter (2005).
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six to 21 years of schooling in the sample. This approach reduces the sample more sparingly
and does not use the instrument for sample selection. It also generates significant wage returns
of 8.4%. This result is not driven by the relatively low first stage because various alternative
procedures yield similar IV estimates despite a stronger first stage.!!

Overall, the results in Table 1 render the conclusion that compulsory schooling in Germany
yields no wage returns at a minimum controversial. I also repeated the analysis for a subsample
of individuals who eventually obtained at most the basic school degree. Similar to PvW, I found
smaller and mostly insignificant IV estimates. However, PvW emphasize that this subsample
yields unbiased estimates only if the reform did not affect completed track itself. Indeed, they
find an insignificant effect on the probability of completing the basic track. I probe this finding
in Table C.4 in Online Appendix C. Many of these reduced-form estimates suggest that the
C9 reform increased the fraction of students who completed the middle track. This seems
to be driven by a shift away from the basic track. This is not surprising given that extended
compulsory schooling reduced the extra time in school needed to obtain the middle degree
from two to one year.'? Given the endogenous changes in educational careers, conditioning the

sample on the eventually obtained school degree would lead to bias.

3 Concluding remarks

One of a few studies that obtain zero wage returns to compulsory schooling is Pischke and von

Wachter (2008) for Germany. The authors argue that German students acquire labor market-

1 Alternatively, I cut the sample at the 2nd and 98th percentiles, which corresponds to 7 and 19 years of schooling.
I also obtain similar IV estimates from samples restricted to 6-20, 7-20, 6-19, 6-18 years of schooling.

12To mitigate the concern that my results are driven by the generally increasing trends in education, I additionally
estimated specifications that control for the number of middle and academic schools using aggregate data from
Kambhofer and Schmitz (2016). The results remained nearly identical.



relevant skills much earlier than students in other countries. The zero effect on wages has
been confirmed on different data by Kamhofer and Schmitz (2016), who also find no effect on
cognitive skills using a similar empirical approach.

This paper returns to the original estimates by Pischke and von Wachter (2008) and re-
examines them. Specifically, I show that their estimates are sensitive to minor modifications
in sample restrictions and model specifications. A further reassessment suggests that PvW’s
findings might suffer from previously unconsidered institutional details. Generally, my results
cast doubts on the conclusion of zero wage returns to compulsory schooling in Germany.

Unfortunately, I cannot test the argument of no value added in terms of skills on my data.
I find, nevertheless, that the reform under study might have increased the probability of com-
pleting the middle school track as opposed to the lowest track. In Germany, secondary school
credentials essentially determine future occupational careers. Thus, signaling seems a plausible,
though not necessarily exclusive, mechanism behind the potentially non-zero returns. Indeed,
most recently, Hampf (2019) finds improved numeracy skills among the treated individuals.

While most of my estimates are in line with other studies on European data'?, this paper
does not provide an uncontested prove for positive wage returns to compulsory schooling in
Germany. This would require a careful development of an improved specification that addresses
several problems, which complicated inference in the original study. I leave this challenging
task for future research. Nevertheless, this paper yields implications for other studies examining
non-pecuniary effects of the same reform because potential income gains might be an important

channel through which compulsory schooling affects various outcomes.

13To give some specific examples; Brunello et al. (2009) obtain estimates between 0.035 and 0.095 depending
on the quantile of ability and income. The IV estimates in Bhuller et al. (2017) vary between 0.045 and 0.115
depending on sample restrictions and earnings definition. Monetary returns to extensions within tracking systems
seem to be rather at the lower end of this range albeit significant (e.g., Chib and Jacobi, 2016; Fischer et al., 2019).



Table 1: PvW’s main estimates: replication and sensitivity tests

(1) (2) 3) 4) ()
IV coeft. on First stage Red. form Observations
years in school 9 F-stat. 9
Panel A: Pischke and von Wachter (2008)
Original results 0.058 0.190 *** 23,732 0.010 54,126
(0.038) (0.039) (0.008)
Replication 0.059 0.191 *** 2311 0.011 54,096
(0.038) (0.040) (0.008)
Panel B: Sensitivity tests
S1: Birth cohorts 1931-1960 0.067 * 0.187*** 21.73  0.013 53,230
(0.039) (0.040) (0.008)
S2: Birth cohorts 1945-1960 0.096 **  0.239*** 18.76  0.023** 32,647
(0.040) (0.055) (0.010)
S3: Temporary extensions as 0.080 ** 0.187 *** 21.97 0.010 54,096
additional instrument (0.036) (0.040) (0.008)
S4: Instrument comprises both 0.103 ** 0.127 *** 22,61 0.013 ** 54,096
temp. and final extensions (0.042) (0.027) (0.005)
S5: Age 19-60 0.065 * 0.187 *** 22.02  0.012 53,381
(0.039) (0.040) (0.008)
S6: Age 19-55 0.087**  0.183*** 19.99  0.016** 50,293
(0.041) (0.041) (0.008)
S7: Age 25-65 0.088 **  0.187*** 20.23  0.016** 50,680
(0.041) (0.041) (0.008)
S8: Excl. bottom and top 0.075**  0.192*** 2318  0.014** 53,818
earners (0.5% each year) (0.034) (0.040) (0.007)
S9: Control for SSY s 0.069 **  (0.248 *** 32.91 0.017** 54,096
(0.033) (0.043) (0.008)
S10: Control for squared trends 0.110**  0.181 *** 14.08  0.020** 54,096
(0.046) (0.048) (0.008)
S11: Men only 0.132* 0.121 *** 6.73  0.016* 34,562
(0.075) (0.047) (0.009)
S12: Incl. missings on yrs of 0.070 * 0.195 *** 2592  0.014 * 56,895
education (0.037) (0.038) (0.008)
S13: Yrs in school from 6 to 21 0.084 * 0.144 *** 980  0.012%* 59,702
(0.047) (0.046) (0.007)

Notes: Initial sample restricted to (West-)German citizens born 1930-1960 and aged 19-65. The dependent

variable is log hourly wage. C'9 and S'SY s are indicators for exposure to a ninth compulsory school year and the
short school years, respectively. All regressions include a constant, indicators for state, year of birth, survey year,
gender, and control for age (quartic), and state-specific linear trends in year of birth. Robust standard errors
clustered at state x year of birth cells in parentheses. ***, ** and * indicate statistical significance at the 1%, 5%
and 10% level. *Pischke and von Wachter (2008) do not report the F-statistic directly but it can be approximately
calculated using their first-stage estimation results as (0.190/0.039)2.

Source: QaC 1979-1998/9, own calculations.
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A Data and empirical strategy

The Qualification and Career Survey (QaC) is a repeated cross-section of the German labor
force, and Pischke and von Wachter (2008) (henceforth PvW) use the first four survey waves
collected in 1979, 1985/6, 1991/2, and 1998/9 (BIBB and IAB, various years).! They include
individuals born between 1930 and 1960 who were between 19 and 65 years old when in-
terviewed. Table A.1 shows the age structure in the data. Furthermore, they focus on German
citizens living in the West German states (except for Berlin). They also exclude individuals with
specific school degrees that could have been obtained only in socialist East Germany (GDR).
In the empirical approach, PvW exploit the regional variation in the timing of the compul-
sory schooling extensions from eight to nine years within an IV framework. While formally not

presented in the original paper, the main outcome equation is

Vist = aEducist + Xs + 515 + Xz{stﬁ + €ist) (1)

where y corresponds to the log hourly wages of individual 7 from state s in year ¢. The outcome
variable is calculated from the gross monthly earnings (in DM) and the actual number of hours
worked per week. Fduc represents an individual’s years of schooling. German data do not
typically report the number of years of schooling because the educational system is structured
by tracks rather than by highest attended grade. Thus, PvW impute the years spent in primary
and secondary school by using the information on the year of graduation from secondary school,
the year of birth, and the typical age of school enrollment (six). y and J are vectors of state and
year-of-birth fixed effects (FE), respectively. X comprises a quartic in age, an indicator for

gender, and three indicators for the survey year. The corresponding first-stage equation is

Educist - 7TC9st + /\s + 6)t + Xz{st¢ + Vst (2)

where A captures state FE and 6 year-of-birth FE. C9 represents a binary instrumental vari-

'More recently, the survey was collected in the years 2005/6 and 2011/2.



able that indicates whether an individual was required to attend nine instead of eight years of
compulsory schooling. PvW construct this variable by using the information on an individual’s
year of birth, the current state of residence, and the timing of the reform in each state (as shown
column 1 in Table B.1 in Online Appendix B). Given that geographical information is limited
to the current state of residence, the instrument suffers from a measurement error due to re-
gional mobility after schooling completion. PvW argue that this measurement error would be
problematic only if it is systematically correlated with the reform and wages, which is rather
unlikely.?

Generally, the instrument varies over time and across states. To mitigate the concern that
other factors disproportionately affected states over time, PvW control for state-specific linear
trends in year of birth, which are included in X throughout. These trends and the year-of-birth
FE should also flexibly capture the generally increasing trend in educational attainment (see
Figure B.1 in Online Appendix B), which might potentially introduce changes in the share of
compliers over time. Finally, the standard errors are clustered to for potential correlation among
individuals from the same state and birth cohort.

Panel A of Table C.1 in Online Appendix C simply reprints PvW’s first-stage results ob-
tained by estimating equation 2. Panel A of Table C.2 reprints PvW’s main estimates for the
wage regressions. They begin by estimating equation 1 using standard OLS regressions. The
main IV estimate is in column 4. Panels B of these tables show my exact replication of PvW’s

results.

’Iinvestigated this issue using the QaC survey collected in 2005/6, which reports both the current state of residence
and the actual state of school attendance. On average, for approximately 18% of respondents born between 1930
and 1960, the state of schooling differed from the state of residence at the time of the interview. Nevertheless, I
did not find any evidence that regional mobility is significantly correlated with the reform indicator. Moreover,
extending PvW’s original sample by the 2005/6 data and using the available information on state of schooling
does not appreciably change the IV estimates of wage returns to schooling. This is in line with PvW’s argument
that measurement error due to regional mobility should not lead to bias.
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Table A.1: Age structure in the data by birth cohort and survey year

Birth cohort ‘ QaC 1979 QaC 1985/6  QaC 199172  QaC 1998/9

1930 49 56 62

1931 48 55 61

1932 47 54 60

1933 46 53 59

1934 45 52 58 65
1935 44 51 57 64
1936 43 50 56 63
1937 42 49 55 62
1938 41 48 54 61
1939 40 47 53 60
1940 39 46 52 59
1941 38 45 51 58
1942 37 44 50 57
1943 36 43 49 56
1944 35 42 48 55
1945 34 41 47 54
1946 33 40 46 53
1947 32 39 45 52
1948 31 38 44 51
1949 30 37 43 50
1950 29 36 42 49
1951 28 35 41 48
1952 27 34 40 47
1953 26 33 39 46
1954 25 32 38 45
1955 24 31 37 44
1956 23 30 36 43
1957 22 29 35 42
1958 21 28 34 41
1959 20 27 33 40
1960 19 26 32 39

Source: Own illustration.



B Institutional background

Given the existing description by PvW, this section outlines only the most relevant details and
additional background work, which motivates some of my robustness tests in Table 1 in the
paper.

While the responsibility for educational policies lies with the federal states, the states nego-
tiate and establish framework agreements to ensure the comparability of school systems. The
duration of compulsory schooling was a much-disputed and controversial topic in the (West-)
German educational debate after World War II (e.g., Leschinsky and Roeder, 1980). The Nazi
regime centralized the education system and required at least eight years of schooling. After the
war, Hamburg and Schleswig-Holstein were the first states that introduced a compulsory ninth
grade (C9), which had already been mandated there before the war. The final implementation
in the remaining states was staggered. Column 1 of Table B.1 re-prints the information on first
birth cohorts affected by the reform from Pischke and von Wachter (2005).

In the postwar period, a weak labor market, high youth unemployment, and a shortage of
apprenticeship positions for school graduates became leading arguments for a nationwide ex-
tension of compulsory schooling (Petzold, 1981). Indeed, during the early 1950s, several states
issued laws that allowed the authorities at local level to temporary prolong school attendance
to 8.5 or nine years. The exact content of these laws differed across states. Most of them were
limited to specific birth cohorts (see column 2 of Table B.1). Several of the laws were explic-
itly conditional on an insufficient number of apprenticeships relative to school graduates at the
end of particular school years. In this case, each municipality could individually decide on the
law’s enforcement depending on the local labor market situation. The original legislation texts
suggest that for students, the temporarily extensions were mandatory if their municipality ac-
tually made use of the law. Most of the laws also explicitly regulated at the state-level that the
extensions should deepen general education and improve students’ career choices.

Unfortunately, there is no systematic information on the actual implementation and enforce-

ment of the temporary extensions at a local level. Nevertheless, official statistics on the ninth



grade attendance in basic track at the state level might shed some light on this issue. I sum-
marize the available data Table B.1 below. The data are available starting from the school year
1952/53, so that they might only capture a potential exposure to temporary extensions for chil-
dren born 1939 and later. Note that in some states, the temporary extensions already affected
children born 1933 (see column 2). Nevertheless, using the available data, I computed a ra-
tio of the number of students in their ninth year compared to the number of students in their
eighth year but in previous school year (i.e., from the same birth cohort). The numbers are
presented in column 3, and suggest that the temporary laws were hardly ever implemented in
Bavaria. However, especially, in Rhineland-Palatinate and Baden-Wuerttemberg the temporary
extensions were a notable phenomenon. For example, in Rhineland-Palatinate, up to 93% of
basic track students from cohorts 1938-1942 attended a ninth school year due to the local tem-
porary extensions. Note that the first birth cohort affected by the universal introduction of the
compulsory ninth year in this state was 1953.

Due to the recovering labor market in the mid-1950s, the demand for apprentices increased,
which virtually suspended the temporary schooling extensions. In the 1950s, the political dis-
cussion focused mostly on educational arguments such as improving students’ physical and
psychological readiness for the labor market and the quality and maturity of their occupational
choices.

Finally, in 1964, the prime ministers of all states agreed that compulsory schooling should
last nine years nationwide (Hamburg Accord). North Rhine-Westphalia, Hesse, Rhineland-
Palatinate, and Baden-Wurttemberg eventually implemented the C'9 reform in 1967, simulta-
neously with a shift in the starting date of the school year from spring to fall. The change in
schedule was completed within two short school years (SSY s) that actually jointly lasted only
16 months (for details, see Pischke, 2007). Thus, individuals affected by both the C'9 reform
and SSY s had to remain in school longer than pre-reform but not as long as students exposed
solely to the C'9 reform. Save Hamburg, Lower Saxony, and Bavaria, all school children attend-
ing school in April 1966 experienced compressed school years. Although the SSY s shortened

the instructional time in the attended grade, they did not affect the curriculum. Bavaria post-



poned the implementation of the grade C'9 until 1969. Generally, the timing of the reform varied
not only across states but also more locally, mainly because of challenges related to additional
demand for teachers and classrooms (Leschinsky and Roeder, 1980).

Generally, the C'9 reform directly affected the duration of schooling among students who
otherwise would have left school after eight years, which applies directly to the lowest sec-
ondary school track (basic track). However, the reform might also have obliged the potential
dropouts from the other two tracks (middle and academic track) to remain in school longer be-
cause of extended compulsory schooling requirements. Figure B.1 shows the shares of students

in each secondary school track across birth cohorts.

Table B.1: Final introduction of the ninth grade and earlier temporary extensions

ey 2) 3)

First cohort Birth cohorts affected Percentage of a cohort

with nine years by laws enabling actually affected by

(final reform) temporary extensions temporary extensions
Schleswig-Holstein 1941
Hamburg 1934
Lower Saxony 1947 1935-1940 up to 15%
Bremen 1943
North Rhine-Westphalia 1953 1935-1939 up to 20%
Hesse 1953 1933, 1936-1941 less than 5%
Rhineland-Palatinate 1953 1938-1942 up to 93%
Baden-Wuerttemberg 1953 1938-1941 up to 45%
Bavaria 1955 1938-1943 less than 1%
Saarland 1949

Source: Column 1 from Pischke and von Wachter (2005). Column 2 based on original legislation from the state
laws (further details available on request). Column 3 based on absolute numbers of basic track students in their
eighth and ninth school year in school years 1952/53-1959/60 from Statistisches Jahrbuch fiir die Bundesrepublik
Deutschland (various years). The digital version of the statistical yearbooks is available online at
http://resolver.sub.uni-goettingen.de/purl 7PPN514402342 [Last accessed: 25.09.2020]; own calculations.

3This might explain why I found some inconsistencies regarding the timing of the reform across various sources.
However, this issue affects a limited number of cohorts from relatively small states and does not decisively drive
PvW’s findings. Thus, for comparability, I stick to their dates throughout.
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Figure B.1: Shares of students by completed school track over time

Academic track

2 Middle track
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1930 1935 1940 1945 1950 1955 1960
Year of birth

Notes: This figure replicates Figure 1 from Pischke and von Wachter (2005) for birth cohorts 1930-1960.
Source: QaC 1979-1998/9, own calculations.



C Additional results

Table C.1: Replication: First-stage effect of the compulsory schooling reform on years in school

Dependent Variable
Years in school Attended
(primary and secondary) basic track
Full sample Basic track only Full sample
6] 2) 3)
Panel A: Pischke and von Wachter (2008)
9 0.190 0.285 -0.012
(0.039) (0.033) (0.011)
Observations 54,126 32,970 54,126
Panel B: Replication
9 0.191 0.286 -0.012
(0.040) (0.033) (0.011)
Observations 54,096 32,954 54,096

Notes: Sample restricted to (West-)German citizens born 1930-1960 and aged 19-65. Years in school are
calculated as graduation year minus year of birth minus six. C'9 is an indicator for exposure to a ninth compulsory
school year. All regressions include a constant, indicators for state, year of birth, survey year, gender, and control
for age (quartic). Robust standard errors clustered at state x year of birth cells in parentheses.

Sources: Panel A re-prints the top panel of Table 1 from Pischke and von Wachter (2008). Panel B based on own
calculations using the QaC surveys 1979-1998/9.



Table C.2: Replication: Wage returns to schooling

Full sample Basic track only
OLS OLS Red. form v Red. form v
(1 (2) (3) “4) 5 (6)
Panel A: Pischke and von Wachter (2008)
Years of education 0.061 - - - - -
(0.001)
Years in school - 0.066 - 0.058 -0.005
(0.002) (0.038) (0.034)
9 - - 0.010 -0.001
(0.008) (0.010)
Observations 54,126 54,126 54,126 54,126 32,970 32,970
Panel B: Replication
Years of education 0.062 - - - - -
(0.001)
Years in school - 0.066 - 0.059 -0.005
(0.002) (0.038) (0.034)
9 - - 0.011 -0.002
(0.008) (0.010)
Observations 54,096 54,096 54,096 54,096 32,954 32,954

Notes: Sample restricted to (West-)German citizens born 1930-1960 and aged 19-65. The subsample of basic
track students includes school dropouts. The dependent variable is log hourly wage. Years in school are
calculated as graduation year minus year of birth minus six. Years of education (incl. postsecondary education
and training) are constructed as the usual number of years spent in a particular educational route. C'9 is an
indicator for exposure to a ninth compulsory school year. All regressions include a constant, indicators for state,
year of birth, survey year, gender, and control for age (quartic). Robust standard errors clustered at state x year of
birth cells in parentheses.

Sources: Panel A re-prints the top panel of Table 2 from Pischke and von Wachter (2008). Panel B based on own
calculations using the QaC surveys 1979-1998/9.



Table C.3: Replication: Sample means

(1 (2)
Pischke and von ~ Replication
Wachter (2005)
Survey year 1986.9 1986.9
(7.0) (7.0)
Year of birth 1947.1 1947.1
(8.5) (8.5)
Age 40.1 40.1
(10.0) (10.0)
Female 0.36 0.36
Years of schooling (imputed from completed 94 94
school track) (1.7) (1.7)
Length of schooling (= year of graduation - 10.0 10.0
year of birth - 6) (2.0) 2.0)
Years of post-secondary training (imputed 2.3 2.2
from completed vocational degree) (1.5) (1.4)
Years of education (sum of imputed years of 11.7 11.6
schooling and post-secondary training) (2.8) 2.7
Basic track: 8" grade 0.40 0.40
Basic track: 9" grade 0.21 0.21
Middle track: 10" grade 0.23 0.23
Academic track: 12" grade 0.03 0.03
Academic track: 13" grade 0.13 0.13
Employed 1.00 1.00
Self-employed - 0.07
Number of observations 54,126 54,096

Notes: Sample restricted to (West-)German citizens born 1930-1960 aged 19-65. Track refers to completed
school degree. Basic track includes school dropouts. Standard deviations in parentheses.

Source: Column 1 re-prints summary statistics from Appendix Table 1 in Pischke and von Wachter (2005).
Column 2 based on own calculations using the QaC surveys 1979-1998/9.
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Table C.4: PvW’s reduced-form estimate of the effect of the ninth compulsory school year on
completed school track: replication and sensitivity tests

(1) (2) (3) 4)
Basic track Middle Academic Observations
(at most) track track
Panel A: Pischke and von Wachter (2008)
Original results -0.012 n.a. n.a. 54,126
(0.011)
Replication -0.012 0.014 -0.002 54,096
(0.011) (0.009) (0.008)
Panel B: Sensitivity tests
S1: Birth cohorts 1931-1960 -0.013 0.015 * -0.002 53,230
(0.011) (0.009) (0.008)
S2: Birth cohorts 1945-1960 -0.029 * 0.026 * 0.004 32,647
(0.015) (0.013) (0.010)
S3: Temporary extensions as -0.011 0.014 -0.003 54,096
additional instrument (0.011) (0.009) (0.008)
S4: Instrument comprises both -0.015 ** 0.012 ** 0.002 54,096
temp. and final extensions (0.007) (0.006) (0.004)
S5: Age 19-60 -0.012 0.015 -0.003 53,381
(0.011) (0.009) (0.008)
S6: Age 19-55 -0.013 0.016 * -0.003 50,293
(0.011) (0.009) (0.008)
S7: Age 25-65 -0.009 0.011 -0.002 50,680
(0.012 (0.010) (0.008)
S8: Excl. bottom and top -0.012 0.015 * -0.003 53,818
earners (0.5% each year) (0.011) (0.009) (0.008)
S9: Control for SSY's -0.008 0.011 -0.003 54,096
(0.011) (0.010) (0.008)
S10: Control for squared trends -0.021 0.020 * 0.001 54,096
(0.013) (0.011) (0.009)
S11: Men only -0.007 0.018 * -0.011 34,562
(0.012) (0.011) (0.010)
S12: Incl. missings on years -0.014 0.016 * -0.002 56,895
of education (0.010) (0.009) (0.007)
S13: Years in school from 6 to 21 -0.010 0.016 * -0.005 59,702
(0.011) (0.009) (0.007)

Notes: See Table 1 in the paper. The three outcome variables (in columns) correspond to indicators for mutually
exclusive school tracks. Following Pischke and von Wachter (2008), basic track includes school dropouts.
Source: QaC 1979-1998/9, own calculations.
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