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Abstract: Using a Mincer-type wage function, we estimate cohort effects in the
returns to education for West German workers born between 1925 and 1974. The
main problem to be tackled in the specification is to separately identify cohort, ex-
perience, and possibly also age effects in the returns. For women, we find a large
and robust decline in schooling premia: in the private sector, the returns to a further
year of post-compulsory education fell from twelve per cent for the 1945-49 cohort
to about seven per cent for those born in the early 1970s. Cohort effects in men’s
returns to education are less obvious, but we do find evidence that they, too, have
declined. We conclude by identifying possible reasons for the decline.
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1 Introduction

In contrast to the experience in the United States, estimated rates of return for
human capital have shown to be relatively constant over time in West Germany
(Fitzenberger and Franz, 1998; Lauer and Steiner, 2000; Steiner and Wagner,
1998a). However, the relative stability of educational premia over time could dis-
guise a much larger change over cohorts. While the first studies which quantified
cohort effects in educational premia in the U.S. appeared some twenty years ago, to
date there haﬂ been only little research on cohort effects in the returns to education
in Germany, = although there are strong a priori reasons why they might be present.
First, the number of births changed dramatically over the post-war period, with a
peak of the baby-boom around 1965 and a steep subsequent decline in fertility.
Second, enrolment in higher education rose to levels previously unknown during
the decades after 1945. Third, female labour force participation increased widely.
For example, among women in their thirties it almost doubled between 1970 and
1995 to about 75 per cent. A factor that could limit the extent of cohort effects on
wages, however, could be the relatively centralised German system of wage deter-
mination. If wages are not allowed to vary over age groups, cohort effects should
mainly show up in unemployment figures.

In this paper, we concentrate on the question whether cohort effects in the re-
turns to education can be observed. Our answer is that there are, indeed, significant
changes over cohorts, but they are much more marked for women than for men. In
the private sector, women born in the 1960s suffer a decline in the returns of three
percentage points compared to women born in the 1940s. This development is part
of a secular decline affecting all cohorts which we observe, i.e. individuals born
between 1925 and 1975. For men, we observe a weak but significant decline be-
tween individuals born in the early 1950s and the mid-1960s.

In the following section, we give a brief account of the literature. We distin-
guish several reasons for cohort effects. We also discuss the empirical evidence
available thus far. The third section introduces the dataset and discusses problems
of estimation. The results are discussed in section four. Section five concludes.

Some indirect evidence is contained in Fitzenberger et al. (1995). Lauer and Steiner
(2000) present results similar to those discussed in this paper.
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2 Cohort effects in educational premia: theory and empirical evi-
dence

Put very broadly, there will be cohort effects if older and younger workers are
imperfect substitutes in production. In that case, the relative scarcity within each
birth cohort will result in different wage levels. If the relative scarcity varies not
only between birth cohorts but also across educational groups within each cohort,
there will be differences not only in wage levels but also in the wage premia paid
for post-compulsory education.

Why should the relative scarcity of workers with different education change
over cohorts? A first reason may be that there are exogenous shifts in educational
attainment between cohorts. If more workers receive higher education, the relative
scarcity of college- or university-educated workers falls, and so should the wage
premium paid to them.

Apart from the proportions of workers choosing certain educational levels, the
overall number of workers may matter, too. Thus an exogenous decline in the num-
ber of workers — due to changes in fertility, wars or epidemics — may lead to a
change in the relative rewards of different skill groups. There are two reasons for
this. First, the own-price elasticities of demand may differ across skill groups. One
would assume that they are lower for high-skilled workers because these workers
can less easily be substituted against capital; indeed, empirical findings for Ger-
many support this hypothesis (Falk and Koebel, 1998; Steiner and Wagner, 1998b).
If a smaller cohort enters the labour market (and substitution between educational
groups is limited), wages will be driven up in the market for qualified workers
more than in other labour market segments. Second, the elasticity of substitution
between younger and older workers may differ across qualification levels. If it is
higher at low education levels, the effect of a demographic change will be subdued
for these workers and more pronounced among highly skilled workers. Indeed, sub-
stitution elasticities typically show this pattern in empirical studies (Stapleton and
Young, 1988, section II).

How large these effects are depends on the precise form of the production
function. Consider the effect of technological change. Following the adoption of
new technology, firms may depend on the services of young workers who have re-
ceived their education (e.g., computer literacy skills) relatively recently. Thus la-
bour demand for young, well-educated workers becomes very inelastic with respect
to their relative wages, while demand elasticities for young workers with little edu-



cation are unaffected (or even decline if the technological change also entails easier
substitution of unskilled labour by capital). The faster technological change is, the
lower is the substitution elasticity among younger and older skilled workers and the
larger are changes in the returns to education over cohorts.

Still another source of cohort effects may be downward rigidity of incum-
bents® wages, caused, for instance, by ,,social norms®. If young workers with high
levels of education enter the labour market in large numbers, one would expect
wages of older highly skilled workers to decline. However, older workers will have
become accustomed to a certain wage level, and a reduction below the previous
level may, by an efficiency wages argument, lead to less effort by these workers. In
that case, employers may be unwilling to adjust incutﬂbents‘ wages, thus concen-
trating the effect of the supply change on new entrants.

In all our arguments so far, we have assumed that the number of workers in
each age-education category is determined by exogenous factors (such as demogra-
phy). In reality, individuals make choices on education and labour force participa-
tion, a problem which will be discussed below.

There are a number of empirical studies on cohort effects in educational pre-
mia, starting with Welch’s (1979) investigation into the wage implications of the
US baby boom of the 1950s. Welch concentrated on cohort size as a determinant of
wages. His estimations of separate wage functions by educational levels imply that
wages of college graduates suffered more than others from the expansion of supply
caused by the baby boom’s entry into the labour market. Freeman (1979) decom-
posed weekly earnings into age and education components. He found that between
1969 and 1976, the difference between wages of younger and older workers grew
significantly (implying a steeper wage-age profile), and that this increase was par-
ticularly significant for higher education groups. Freeman attributes this change to
the baby boom. From this finding, however, an unambiguous conclusion to the re-
turns to education cannot be drawn, since wages might have gone up for college
graduates at all ages during this period.

Of course, the pay differential between old and young workers would imply that older
workers are paid above their productivity, while younger workers are paid below. Em-
ployers would then try to sack older and hire younger workers, creating unemploy-
ment among the first. This may explain why, in the empirical results reported by
Zimmermann (1991), an increase in the size of young cohorts has a stronger impact on
unemployment among older than among younger workers. At the same time, however,
older workers are usually better protected against redundancy than younger workers.
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Recent analyses of education, age and cohort effects on wages have mostly
used Mincer’s (1974) approach. This procedure yields coefficients for on-the-job
experience and the number of years spent in education, with the latter having (un-
der certain assumptions) a structural interpretation as the implied rates of return for
an additional year of schooling. Several authors have included cohort variables into
the Mincer equation. For instance, Berger (1985) and recently Macunovich (1999)
have entered cohort size as an additional explanatory variable. The latter study also
tries to separately identify demand and supply effects of demographic change.

In contrast to studies which use cohort size as an independent variable, our fo-
cus is not exclusively on demographics because this is certainly not the only co-
hort-specific impact on wages. Other characteristics pertaining to particular co-
horts, such as skills in particular technologies, may also be of importance. Using
only size as a cohort-specific explanatory variable may lead to biased estimates if
the variables left out from the estimation are correlated with cohort size. Therefore,
we estimate Mincer equations with cohorts (consisting of adjacent birth years) en-
tering as dummy variables, both directly on wages as well as in interaction with
education.

This approach has been taken in a number of other studies. For German data,
Fitzenberger et al. (1995) investigate whether the same age-earnings profiles can be
observed across cohorts once macroeconomic time effects are accounted for. In one
of their estimations, they look at wages as a function of age, distinguishing between
(a) two different birth groups (being five years apart from each other), and (b) four
educational categories. Their finding is that there has been, between 1978 and
1983, a reduction in the entry-level wages for workers with completed apprentice-
ship and/or Abitur (A-levels), while there is no such effect for workers without
these qualifications. This points to a decline in educational premia. They do not
find a similar effect for university-educated workers, but this may be due to their
data source: since they use data from social security files, in which income is re-
corded only up to an upper threshold, their results for highly educated workers suf-
fer from a severe problem of right-censoring.

Apart from the identification of cohort effects, there is an abundance of em-
pirical studies using the Mincer equation approach which are geared towards other
problems. A large strand of the literature concentrates on the potential endogeneity
of schooling, as well as on measurement error in this variable. Little consensus
seems to have emerged regarding the best way to proceed. For example, family
background variables (in particular, parents‘ education) are often used to instru-
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ment schooling.” However, this may even further bias upwards the estimated re-
turns (Card, 1999).

From an institutional point of view, the distinction between returns to educa-
tion in private and in public employment is also very interesting. In many countries,
wage structures in the public sector appear to be more compressed, thus diminish-
ing the returns which can be achieved. This may, of course, lead to systematic se-
lection of individuals into the two sectors. Dustmann and van Soest (1998) provide
a systematic empirical treatment of this kind of endogeneity, as well as endogeneity
in schooling, hours worked and years of work experience.

In our paper, we do differentiate between sectors but neglect the endogeneity
problem. The results should thus be seen as a first empirical assessment of cohort
effects, while leaving the endogeneity issue to further research. There seems to be
no a priori expectation, however, in which direction our estimates for the cohort
effects should be biased in the presence of endogeneity problems.

3 Methodology and Data

Our basic specification is

K K
2
ll’lWl't :OCO +0‘1Xit +0‘2Xit +OC3SZ'+ BkDik+ YlekSl +"'+8it’ (1)
k=2 k=2
i=1,...n
t=1984,...,1997

where w stands for wages, X is work experience in years, S is years spent in
education, and D is a dummy variable which takes the value one if the individual
observed is a member of birth cohort £ (defined on a number of years) and zero
otherwise. As the subscripts indicate, equation (1) is estimated on an unbalanced
panel of individuals i observed over a number of years .

Our data base is the German Socio-Economic Panel (GSOEP). We use all 14
waves (from 1984 to 1997) currently available but confine ourselves to men and

Using the same data source as in this paper, Lauer and Steiner (2000) instrument years
of schooling by variables such as father’s education, parents‘ employment status, etc.
This procedure has only minor effects on the estimated returns to schooling.
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women living in West Germany. In order to have cohorts with a sufficient number
of observations, our estimations are restricted to individuals born between 1925 and
1974. Several groups of people are excluded from the dataset: this concerns stu-
dents, military personnel, pensioners, and civil servants (,,Beamte*). In some of the
estimations, we exclude all public employees from the sample. We estimate sepa-
rate wage equations for men and women. Only employees with German nationality
are represented in the sample used here.

The dependent variable is net nominal earnings per hour worked. The hours
measure includes paid overtime. Among the independent variables, we use two dif-
ferent concepts to measure education. The first is the number of years spent in edu-
cation. The other is the highest degree reached in education. We distinguish seven
broad education/qualification categories: (1) secondary schooling without appren-
ticeship, (2) secondary schooling and completed apprenticeship, (3) master crafts-
man, (4) Abitur (A-levels), (5) Abitur and completed apprenticeship, (6) polytech-
nic degree, (7) university degree.

Experience is a crucial variable in our estimations. Rather than using potential
experience, which is typically defined as age minus years of schooling minus six
years, we construct a variable for actual labour market experience from retrospec-
tive data contained in the GSOEP. Individuals are asked about past spells in full-
time or part-time employment since the age of 15. The durations of these spells can
then be added to obtain measures for total length of experience. The decisive as-
sumption that we make is that spells out of employment (e.g., due to child raising
or unemployment) do not contribute towards the accumulation of human capital
rewarded by the labour market, and hence to higher wages. In the German case, this
assumption is more problematic for the public than for the private sector because
public employees* salaries rise automatically with age.

We also differentiate between full-time and part-time experience because
these may affect productivity and wages differently. However, since the number of
men in part-time employment is very small, we use variables measuring part-time
experience only in the estimations for women.

The experience variable is important because the identification of year, cohort
and experience effects hinges on it. Suppose we measured experience as potential
experience, e.g. the number of years beyond age 15 minus the years of post-
compulsory education. If, in addition, we included dummy variables for each birth
year and the current year in our estimations, there would be a linear dependency
because birth year plus 15 years plus years of post-compulsory schooling plus years
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of potential experience always equals the current year.” By contrast, our experience
coefficients are identified (a) because actual experience differs from potential expe-
rience, and (b) because our cohort measures are dummy variables for a number of
birth years (five or ten), such that there is variation in the length of experience
within each cohort thus defined.

The Mincer equation implicitly assumes that the returns to education are con-
stant throughout the working life. One may object to this assumption because it
takes time to realise the full impact of education on productivity (and thus on
wages). Put loosely, education and experience may be complements. Moreover, in
the presence of seniority wages a young worker is not compensated according to
the full productivity effect of his or her education; instead, wages are held back un-
til later ages. Hence, the returns to education may increase with experience. On the
other hand, the effect of initial education on productivity will typically decline at
long levels of experience because knowledge depreciates. These effects may bias
our estimations of cohort effects because the younger cohorts are observed at ear-
lier ages when they do not reap the full benefits from their educational attainment.
Similarly, an observed increase in wages for men over the pre-war cohorts could be
due to the greater impact of schooling on productivity for the middle-aged than for
older workers.

To correct for this possible distortion, we estimate an alternative specification
to equation (1) which includes an interaction between (full time-) experience and
education:

. 2
nw, =0, +0, X, +0,X;+0;S, . .
2 ¢
+o, X, S, +os XS+ BiDy+ v DyS; + (1)
k=2 k=2

The interaction is allowed to be non-monotonic to take into account both sen-
iority wages and knowledge depreciation. While educational premia are now al-
lowed to vary parametrically both over cohorts and over the life cycle, we are im-
plicitly assuming that the shape of the interaction stays constant over cohorts. A
drawback of using interactions is that the schooling coefficient does not any longer

For a discussion of the identification problem, see Heckman and Robb (1985) who
also address identification of interaction and higher order terms.
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have a structﬁral interpretation as the returns to education, as in the original Mincer
equation (1).

Apart from schooling and experience, there are two other variables that con-
trol for human capital accumulation on the job. The first is tenure, the number of
years an individual stayed with his or her current employer. The other is the num-
ber of months spent in full-time or part-time employment during the current year to
control for the continuity of employment during the observation period. We also
control for a number of other factors, like the region (German Laender, 1.e. federal
states), regional unemployment rates, industry, and firm size. Year dummies are
also included to control for macroeconomic effects on individual wages.

4 Results

Estimation results for specification (1) are displayed in the left columns of ta-
bles 1(a) and 1(b). The coefficients for the cohort dummies are given in the upper
part of the table, followed by the number of years spent in education and cohort-
education interactions (Schooling 30-34, etc.). The birth years 1925 to 1929 form
the base category for the cohort variables. Employment status is the number of
months spent in full-time or part-time employment during the current year, as just
defined.

Since there are interactions, the cohort effects on wages and the returns to
education cannot be inferred fiqm a single coefficient alone but must be calculated
from the estimated parameters.” Figure 1 presents the returns to education by birth
cohorts for both men and women. We observe a decline over cohorts in women’s
returns to education which is monotonic apart from a spike for the 1940-44 cohort.

Another decomposition of the education coefficient in a Mincer equation could be
made by using quantile regression techniques as in Hartog et a. (1999).

The same is true for the standard errors. In the graphs, standard errors are calculated
using the delta method. Suppose the total effect of education on wages is
h(oy,0,) =0, +0, X , where the a are parameters and X is some independent variable.
The variance of the total effect is Var() = 4V' 4, with A a matrix of partial derivatives
[0h/d0., Oh/oa,] and V the covariance matrix of the estimated parameters o and o .
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Table 1: Returns to years spent in education

a) Men

(1) (1)
Variable Coeff. t—stat. Coeff. t—stat.
Cohort 1930-34 -0.078 —-1.031 —0.064 -0.837
Cohort 1935-39 -0.119 —1.845 -0.112 -1.632
Cohort 1940-44 -0.137 -2.084 -0.166 -2.245
Cohort 1945-49 -0.123 -1.813 -0.210 -2.644
Cohort 1950-54 —0.088 -1.332 —-0.240 -3.012
Cohort 1955-59 —-0.030 —0.466 -0.234 -2.897
Cohort 1960-64 0.060 0.890 -0.212 -2.540
Cohort 1965-69 0.230 3.296 -0.073 -0.844
Cohort 1970-74 0.317 3.201 -0.026 -0.230
Schooling 0.078 15.138 0.044 6.155
Schooling X Experience 0.002 6.777
Schooling X Experience? -0.003 -3.734
Schooling x 30-34 0.006 0.950 0.005 0.752
Schooling x 35-39 0.007 1.157 0.006 1.018
Schooling x 40-44 0.009 1.571 0.012 1.858
Schooling x 45-49 0.005 0.880 0.013 1.936
Schooling x 50-54 -0.001 -0.179 0.013 1.896
Schooling x 55-59 —-0.009 -1.578 0.010 1.379
Schooling x 60-64 -0.016 -2.941 0.007 1.009
Schooling X 65-69 -0.034 -5.798 -0.008 -1.036
Schooling x 70-74 -0.047 -5.498 -0.018 —1.884
Tenure 0.002 3.292 0.002 3.002
Tenure?/100 0.005 2.642 0.005 2.832
Employment status 0.019 19.018 0.018 18.314
Experience 0.022 21.178 —-0.005 -1.284
Experience?*/100 -0.050 -22.002 -0.009 -0.899
Unemployment rate —-0.007 -1.278 —0.007 -1.328
Unemployment rate*/100 0.070 1.112 0.066 1.049
Year Dummies YES YES
Industry Dummies YES YES
Laender Dummies YES YES
Firm size dummies YES YES
Number of observations 19,004 19,004
R? 0.500 0.502
adjusted R? 0.499 0.501

F—test of specification 1¢ against 1: F( 2, 18937)= 37.32



b) Women

(1)
t—stat. Coeff. t—stat.

(1)
Variable Coeff.
Cohort 1930-34 0.139
Cohort 1935-39 0.368
Cohort 1940-44 0.368
Cohort 1945-49 0.478
Cohort 1950-54 0.560
Cohort 1955-59 0.613
Cohort 1960-64 0.645
Cohort 1965-69 0.862
Cohort 1970-74 0.941
Schooling 0.115

Schooling x Experience
Schooling X Experience?

1.194 0.095 0.791
3.319 0.437 3.919
3.300 0.387 3.408
4.383 0.566 5.035
5.407 0.604 5.572
6.057 0.635 5.960
6.326 0.631 5.839
8.238 0.820 7.387
7.582 0.881 6.789
13.020 0.103 10.504
0.003 6.681

—0.009 —6.101

—-1.294 —0.009 —0.797
-3.525 —0.043 —4.128
—2.861 —0.031 —2.944
-3.747 —0.046 —4.410
—4.606 —0.048 —4.789
-5.399 —0.052 —5.288
—5.782 —0.052 -5.289
—7.692 —0.069 —6.817
—7.687 —0.080 —6.823
7.169 0.007 6.931
—4.034 —0.012 -3.695
14.696 0.019 14.404
15.659 —0.017 -3.269
—9.381 0.071 4.415
6.043 0.054 5.893
7.176 0.010 7.034
1.806 0.003 2.092
2.233 0.011 1.781
1.989 0.014 2.067
—2.061 —0.162 -2.104
—1.485 —0.008 —1.244

Schooling x30-34 -0.014
Schooling x35-39 —-0.036
Schooling x 40-44 -0.029
Schooling x45-49 —-0.037
Schooling x 50-54 —0.044
Schooling x 55-59 —0.050
Schooling x 60-64 —0.053
Schooling X 65-69 —-0.073
Schooling x 70-74 —0.086
Tenure 0.007
Tenure?/100 —0.014
Employment status: FT 0.019
Full-time Experience 0.017

FT Experience?/100 —0.027
Part-time dummy 0.055
Employment status: PT 0.010
Part-time Experience 0.003

PT Experience?*/100 0.013
Unemployment rate 0.014
Unemployment rate?/100 —0.159
Married —0.010
Year dummies YES
Industry dummies YES
Laender dummies YES
Firm size dummies YES
Number of observations 13,492
R? 0.428
adjusted R? 0.425

YES
YES
YES
YES
13,492
0.430
0.427

Note: F—test of specification 1°¢ against 1:

F( 2,18937)= 37.32
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Figure 1: Cohort-specific returns to education
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By contrast, the returns to education for men increase slightly up to the 1940-
44 cohort and decline afterwards. Among the cohorts born after the Second World
War, there is no difference in the returns to education between men and women.
Overall, the decrease in the returns for later cohorts appears to be quite dramatic.

Our first robustness check concerns the size of the education premium over
the life cycle. Results from the estimation of (1°) are given in the second column of
table 1 and in figure 2. In order to obtain a similar cohort average over the returns
to education as in figure 1, we fix experience at 15 years of full-time employment.
In interpreting the graph, it has to be kept in mind that this inevitably produces out-
of sample predictions. For example, since the last year of the observation period is
1997, there are no individuals with 15 years of work experience in the 1970-74 co-
hort. Hence, the absolute magnitudes of the returns to education should not be in-
terpreted for cohorts which have, on average, much more or much less labour mar-
ket experience in the observation period. The purpose of the figure is to show the
difference in the returns to education across cohorts, not their level.

We observe that allowing the educational premia to vary over the working life
takes out some of the decline found in the results for specification (1). In particular,
the difference in schooling premia between the youngest cohort (1970-74) and the
cohort born 20 years earlier now amounts to roughly three per cent for men, as
compared to the five per cent found earlier. A similar change can be observed for
women. Overall, there is still a clear negative trend over birth years in the returns to
education for women. Concerning men, however, the decline is confined to the two
youngest birth cohorts. Using an F-test, we find that the interaction between
schooling and experience is statistically significant, and we will therefore continue
to work with specification (1°) instead of (1).

The results from (1°) can also be displayed with respect to the cohort effects in
wage levels. Figure 3 shows cohort wage differentials (the differences in log
wages) for different durations spent in education (nine years for a worker without
apprenticeship; twelve years for a person who has finished apprenticeship; and 18
years for a university graduate). To a certain extent, this picture is just another way
of showing the results seen from the previous graph. On average, wages for
younger cohorts are lower than for older cohorts. For women, this decline is the
larger the longer an individual stayed in education. Indeed, at a very low level of
education, female individuals from younger cohorts actually earn more than women
born earlier. For men, the three curves are not that clearly ordered. Up to the 1960-
64 cohort, the negative cohort effects are greater for individuals with shorter pe-
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Figure 2: Returns to education, accounting for schooling-experience
interaction
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Figure 3: Cohort effects on wage levels
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periods of education; only for the youngest two cohorts is the pattern similar to the
cohort effects for women.

In specification (1), we have accounted for experience effects in the returns
to education, but we clearly could not account for age effects because of the linear
dependency between cohorts, calendar year and age. If, apart from the experience
effect, there is also an effect of age on educational premia, this effect is entirely
interpreted as a cohort effect in our results. This seems to be a problem mainly in
the public sector. In Germany, the salaries of public employees are raised according
to age every two years, independently of the work history of the individual. For the
public sector, therefore, pure cohort effects are not properly identified. One would
also believe that pure cohort effects are more pronounced in the private than in the
public sector because wage determination in the public sector is more rigid. Since
there are fixed pay scales, the only remaining instrument to adjust wages in the
public sector is to grade individuals of different cohorts into different pay catego-
ries.

We account for these problems by estimating specification (1°) on the basis of
a subsample of private employees only. The results, displayed in table 2 and figure
4, show that there remains a significant decline in educational returns for women.
However, the youngest cohort now still earns returns to education of about seven
percent, compared to the five percent found earlier. This means that the decline in
the returns ceases to be significant at the five per cent level for men, but it is still
very marked for women.

Another way, apart from using interaction terms between years of schooling
and labour market experience, of checking whether the estimated cohort effects in
the returns to education are due to misspecification of the experience (or age) part
of the equation is to estimate the returns to education for different cohorts observed
at the same age. We thus compare wages of an early cohort observed at an early
year to those of a subsequent cohort observed a corresponding number of years
later. In order to obtain a larger set of observations, we slightly change the defini-
tion of birth cohorts to include individuals born within an interval of seven years.
Since there are, by construction, no age effects in the differences between the two
cohorts, we do not have to distinguish between public and private sector wages.

In a first step, we compare individuals born in the years 1962 to 1968 with the
cohort born 13 years earlier, i.e. the 1949-55 cohort. The distance in time between
the two cohorts is chosen because the first and the last obtainable waves of the
GSOEP are just 13 years apart. The earlier cohort is observed in 1984, the second
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Table 2: Estimation results for equation (1°¢), private sector employees only

Men Women

Variable Coeff. t—stat. Coeff. t—stat.
Cohort 1930-34 —0.034 —0.388 0.546 2.404
Cohort 1935-39 —0.058 —0.706 0.704 3.010
Cohort 1940-44 —-0.187 —2.087 0.816 3.562
Cohort 1945-49 -0.213 —-2.180 0.730 3.127
Cohort 1950-54 -0.271 -2.783 0.937 4.112
Cohort 1955-59 —0.300 -3.035 1.085 4.833
Cohort 1960-64 —0.264 —2.598 1.047 4.629
Cohort 1965-69 —-0.223 -2.113 1.118 4.906
Cohort 1970-74 -0.207 —-1.595 1.199 4.945
Schooling 0.031 3.582 0.129 5.852
Schooling X Experience 0.003 8.238 0.005 6.924
Schooling x Experience? —0.004 —4.276 —0.011 —4.625
Schooling x 30-34 0.003 0.344 —0.052 -2.360
Schooling x35-39 0.002 0.249 —0.068 —2.933
Schooling x 40-44 0.014 1.747 —0.072 -3.189
Schooling x45-49 0.013 1.500 —0.059 -2.597
Schooling x 50-54 0.016 1.848 —0.078 -3.508
Schooling x 55-59 0.015 1.754 —0.092 —4.188
Schooling x 60-64 0.011 1.284 —0.090 —4.081
Schooling X 65-69 0.006 0.662 —0.096 —4.298
Schooling x 70-74 —0.001 —0.088 —0.108 —4.587
Tenure 0.002 2.580 0.008 6.197
Tenure?/100 0.004 2.116 —-0.020 —4.346
Employment status:FT 0.019 16.768 0.019 11.883
Full-time Experience —-0.015 -3.373 —0.036 —4.614
FT Experience?/100 0.004 0.317 0.091 3.743
Part-time dummy 0.040 3.570
Employment status:PT 0.009 5.464
Part-time Experience 0.005 2.614
PT Experience*/100 0.004 0.477
Unemployment rate —-0.007 —1.149 0.020 2.447
Unemployment rate?/100 0.082 1.169 —0.251 —2.770
Married —0.028 —3.433
Year dummies YES YES

Industry dummies YES YES

Laender dummies YES YES

Firm size dummies YES YES

Number of observations 15661 9344

R? 0.513 0.425

adjusted R? 0.510 0.421
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Figure 4: Cohort-specific returns to education, private sector only
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cohort in 1997. This means that in both cohorts, the individuals included in the
sample are between 29 and 35 years of age, i.e. they are individuals a couple of
years into their careers. We make a similar comparison for cohorts born 20 years
earlier, 1.e. between individuals in the 1942-48 and the 1929-35 cohorts who are
between 49 and 55 years of age in 1984 and 1997, respectively.

There does remain an untestable identifying assumption in these estimations.
We attribute all of the difference in the returns to education between the two sub-
samples to the cohort effects, while they may also be produced by year effects,
since both sub-groups are observed at different calendar years. This identifying as-
sumption does not strike us as overly restrictive, however, because macroeconomic
conditions did not differ much between the two years.

Estimation results in table 3 confirm our findings for the 29 to 35 year olds:
the cohort-schooling interaction is significant at the one percent level for men, al-
though it is only significant at the ten percent level for women. For men, the esti-
mated returns are 8.25 per cent for the 1949-55 cohort, and 5.88 per cent for the
1962-68 period; for women, the estimations yield rates of return of 6.68 and 4.29,
respectively. This order of magnitude is in-between of the one estimated on the
whole sample in specifications (1) and (1°).

Concerning older workers we do not find significant changes in educational
premia across cohorts. This was to be expected for men (cf. figure 2), but not for
women. The insignificance of the decline for earlier periods probably stems from
the fact that the number of women with long post-compulsory education spells is
very low in the sample.

Comparing the returns of particular birth cohorts is open to the criticism that
the start and end years of the cohorts are chosen arbitrarily. To give a more com-
plete picture, we performed separate estimations for particular cohorts at a particu-
lar age for different cohort definitions. As can be seen from figure 4 (a), the decline
in the returns for men is significant at the five per cent level for four cohorts, the
oldest of which consists of individuals born 1960 to 1966 and the youngest of
which contains individuals born from 1963 to 1969. When we turn to female work-
ers, the picture is different in that returns do not recover for cohorts younger than
the 1963-69 birth group. However, for only two cohorts are the estimated returns
for women outside the 95 percent confidence interval for men. While at first glance
the cohort effects appear to be smaller than in other graphs, it has to be stressed that
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Table 3: Comparison of different cohorts observed at the same age

men women
29-37 yrs old 49-57 yrs old 29-37 yrs old 49-57 yrs old

Variable Coeff. t—stat. Coeff. t—stat. Coeff. t—stat. Coeff. t—stat.
Second cohort / 1997 0.497 4.930 0.258 1.768 0.458 2.787 0.410 1.564
Schooling 0.082 11.543 0.087 9.577 0.067 5.445 0.097 6.104
Schooling x 2" cohort —0.024 2.924 —-0.004 0.317 —0.025 1.769 —-0.021 0.871
Tenure 0.643 0.856 1.359 3.101 0.010 0.964 0.006 0.862
Tenure?/100 —0.230 0.059 2.192 2.011 —0.028 0.482 —0.004 0.198
Employment status: FT 0.631 0.942 4.129 2.468 0.019 1.952 0.014 0.660
FT Experience 0.043 3.519 0.005 0.628 0.020 1.561 0.006 0.800
FT Experience?/100 -0.151 2.668 0.018 1.042 —0.080 1.085 —0.009 0.454
Parttime Dummy 0.011 0.147 —0.023 0.214
Employment status: PT 0.013 1.450 0.000 0.009
PT experience —0.028 1.443 0.003 0.300
PT experience? 0.235 1.386 0.010 0.238
Unemployment rate —0.013 1.221 0.042 1.794 —0.030 2.258 —-0.021 0.441
Married —0.009 0.244 —-0.033 0.560
Industry dummies YES YES YES YES
Laender dummies YES YES YES YES
Firm size dummies YES YES YES YES
Number of observations 668 404 452 267
R? 0.394 0.560 0.451 0.539
adjusted R? 0.361 0.521 0.401 0.465
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Figure 5:Differences in the returns to education for specific cohorts observed

at the same age
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we are looking at an interval of 13 years only, while figures 1 and 3 show the dif-
ferences for a much larger set of cohorts.

Finally, we turn to the estimations using educational levels rather than dura-
tions. It may be argued that in Germany, due to institutional reasons such as entry
requirements to particular occupations, degrees reached are more important for in-
dividuals® earnings than years of schooling spent to achieve a given degree. In or-
der to retain reasonable sample sizes at each educational level, we define cohorts as
ten-year intervals rather than five-year intervals as before. Again, we allow for the
interaction between the highest educational degree, on one hand, and labour market
experience and its square, on the other. Table 4 gives the estimated coefficients
while figure 6 displays the effects of education on wages for the most relevant of
the edlﬁational categories. As in figure 2, experience is fixed at 15 years in the
graphs.” For the same reason as before, the level of the returns to education should
not be interpreted for cohorts observed at ages where 15 years of labour market ex-
erience are uncommon.

In absolute terms, the steepest decline in educational premia between the
1945-54 and the 1965-74 cohorts is in the group of workers with university educa-
tion. For men, the premium falls from 115 percent to 80 percent between these co-
horts, while the decline for women is from 100 percent to 60 percent. In relative
terms, we also find a marked decline in the premium for apprenticeship. For both
men and women, the premium halved between the 1945-54 and the 1965-74 co-
horts. By contrast, there is a positive cohort effect for male graduates from poly-
technics. The university premium for the oldest female cohort appears to be ex-
tremely high (about 250 per cent), which is clearly due to the very small number of
older university-educated women in the sample. The relative decline in the appren-
ticeship premium is particularly visible if we calculate the implied rates of return
on human capital investment (table 5), taking account of the fact that a higher edu-
cation level means less time in employment and, therefore, lower lifetime earnings.

Figures are percentage differences to the lowest category (no apprenticeship, no higher
education). They are calculated as:

* * —
exP(Blevel +Blevel*coh0rt +Blevel*experience 15+Blevel*experien662 225)-1.
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Table 4: Returns to education levels, men and women

Men Women
Variable Coeff. t—stat. Coeff. t—stat.
Cohort 1935-44 —0.048 —2.288 0.049 2.777
Cohort 1945-54 —0.099 -3.220 0.100 4.718
Cohort 1955-65 —0.116 -3.195 0.157 7.162
Cohort 1965-74 —0.092 —2.204 0.181 6.994
Apprenticeship 0.096 1.975 0.211 7.247
Master 0.382 5.759 0.443 7.074
Abitur 0.747 3.385 —0.424 —1.757
Abitur+Apprenticeship 0.240 2.613 0.361 4.212
Polytechnic 0.254 3.671 0.386 4.326
University 0.598 8.843 1.146 9.794
Apprenticeship X 35-44 0.016 0.684 —0.038 —1.483
Apprenticeship X 45-54 0.044 1.310 —0.031 —-1.105
Apprenticeship X 55-64 0.013 0.324 —0.109 —-3.843
Apprenticeship X 65-74 —0.056 -1.270 —0.154 -5.022
Master x 35-44 —0.044 —1.448 -0.175 -3.026
Master x 45-54 —0.054 —-1.297 —0.122 -2.077
Master X 55-64 —0.076 —1.527 —-0.207 -3.449
Master x 65-74 —0.118 —2.008 —0.269 —4.283
Abitur X 35-44 -0.261 —1.248
Abitur X 45-54 —0.820 -3.700 0.568 2.480
Abitur X 55-64 —0.656 —2.863 0.266 1.128
Abitur X 65-74 —0.749 -3.273 0.308 1.283
Abitur+Appr. X 35-44 0.184 2912 -0.215 -2.239
Abitur+Appr. X 45-54 0.113 1.446 0.007 0.09
Abitur+Appr. X 55-64 —0.008 —0.088 —0.102 —-1.201
Abitur+Appr. X 65-74 —0.176 —-1.928 —0.189 -2.143
Polytechnic x 35-44 0.115 2.801 —0.165 —1.946
Polytechnic x 45-54 0.116 2.192 —0.302 -3.715
Polytechnic x 55-64 0.175 2.980 —0.037 —0.443
Polytechnic x 65-74 0.173 2.505 —0.155 —-1.554
University X 35-44 —0.045 -0.971 -0.611 -5.195
University X 45-54 —0.056 -1.014 —0.564 —4.667
University X 55-64 —0.112 —1.867 —0.632 -5.274
University X 65-74 —0.223 -3.264 —0.793 —6.381
Apprent. X Experience 0.003 1.118 0.004 1.619
Master X Experience 0.000 0.103 0.001 0.246
Abitur X Experience 0.047 4.220 0.067 5.904
Abit.+App. X Experience 0.009 1.954 —0.001 -0.129
Polytech. x Experience 0.017 3.632 0.029 3.663
Univ. X Experience 0.028 7.031 0.017 291
Apprent. X Experience? —-0.008 —-1.397 —0.012 —-1.949
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Table 4 (continued)

Men Women

Variable Coeff. t—stat. Coeff. t—stat.
Polytech. X Experience? —-0.029 -2.493 —0.085 —4.201
Univ. X Experience? —0.086 —7.847 —0.064 —2.855
Tenure 0.002 3.593 0.008 7.312
Tenure?/100 0.005 2.468 -0.014 -3.986
Employment status: FT 0.017 16.354 0.019 14.285
FT Experience 0.015 5.921 0.013 6.671
FT Experience?/100 —0.036 —6.707 -0.014 -2.916
Part-time dummy 0.053 5.734
Employment status: PT 0.010 7.074
PT Experience 0.002 1.577
PT Experience?/100 0.010 1.595
Unemployment rate —0.009 —1.685 0.014 1.989
Unemployment rate?/100 0.073 1.167 —-0.156 —2.003
Married —0.023 -3.479
Year dummies YES YES

Industry dummies YES YES

Laender dummies YES YES

Firm size dummies YES YES

Number of observations 19004 13492

R? 0.505 0.415
adjusted R? 0.503 0.411
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Figure 6: Premia for education levels
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Table 5: Calculated rates of return of different educational levels

a) men
Rates of return
Education levels compared Cohort 1945-54 Cohort 1965-74
secondary education |apprenticeship 515 1.71
only (3 yrs) : ‘
secondary education |university degree 924 6.99
only (+8 yrs) . '
b) women
Rates of return
Education levels compared Cohort 1945-54 Cohort 1965-74
secondary education |apprenticeship 6.23 1.96
only (+3 yrs) . '
secondary education |university degree 8.00 4.95
only (+8 yrs) . '

Note: Results are based on table 4. Implied rates of return are calculated for 15 years of potential

working experience:

1
eXp{E_ (B ikt Blevel*EXP *15+ Blevel"‘EXP2 *225
J

+BEXP*(15_Ej)_BEXP2 *(15_Ej)2_BEXP *15+BEXP2 *225) L

where E; are the years typically spent in education in order to reach a certain educational

level.
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5 Conclusion

We have found evidence for a decline in the returns to education in West
Germany for cohorts born after the Second World War. The decline appears to be
much stronger and affects a larger number of cohorts for women than for men. It
seems to have taken place at high as well as low educational levels. Our findings
also appear to be reasonably robust against different specifications of the experi-
ence part of the equation. In particular, we have relaxed the assumption that the
returns of education are independent of labour market experience, allowing for
years of schooling and years of labour market experience and it square to interact.
We also used sub-samples of workers observed at the same age to get rid of possi-
ble age or work experience effects in the cohort-specific returns to education.

A question which we have not tackled in this paper is how these cohort effects
can be explained. It appears that there are several main candidates for an explana-
tion. First, there was a strong increase in female labour force participation. Second,
educational attainment increased over the post-war cohorts, and third, West Ger-
many experienced a baby boom which peaked in the mid-1960s. The expansion of
female labour supply is certainly the prime source of the gender differences found
in our estimations, although shifts in the demand for specific qualifications proba-
bly have mattered, too. The increase in educational attainment which enhanced the
supply of qualified relative to unskilled workers could also have led to a reduction
in educational premia. However, this explanation does not sit well with the fact that
the decline is not limited to higher education but is also visible in the apprentice-
ship premia. This suggests that the development of educational premia, insofar as
they affect both men and women, may have more to do with demography.

An objection to this explanation could be that, if it were correct, we should
observe an increase in educational premia for individuals born after 1968 because
cohort size declined hugely after that year. According to our estimations, however,
returns to education continued to shrink. We do not find this objection compelling
because it is still too early for a precise estimate of the educational premium for
these cohorts, many of its members not having entered the labour market by the
time they were observed. However, the question of what caused the drop in educa-
tional premia clearly needs to be addressed more carefully in future research.
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