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ABSTRACT

Early Gender Gaps among University
Graduates®

We use data from six cohorts of university graduates in Germany to assess the extent of
gender gaps in college and labor market performance twelve to eighteen months after
graduation. Men and women enter college in roughly equal numbers, but more women
than men complete their degrees. Women enter college with slightly better high school
grades, but women leave university with slightly lower marks. Immediately following
university completion, male and female full-timers work very similar number of hours per
week, but men earn more than women across the pay distribution, with an unadjusted
gender gap in full-time monthly earnings of about 20 log points on average. Including
a large set of controls reduces the gap to 5-10 log points. The single most important
proximate factor that explains the gap is field of study at university.
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1. Introduction

Since the influential survey by Altonji and Blank (1999), the economic literature has
offered a variety of new explanations about gender gaps. Bertrand (2010) provides an
insightful review of recent contributions, drawing on advances in the psychology and
experimental literatures. Her review emphasizes the importance of gender differences
in risk preferences, attitudes toward competition and negotiation, and the strength of
other-regarding preferences as well as the importance of social norms that may induce
differential sorting of men and women across occupationsﬂ In another recent survey
looking at a large sample of high-income countries, Olivetti and Petrongolo (2016) stress
the role played by changes in the industry structure with the shift from manufacturing to
services, which might have increased female employment and reduced (but not eliminated)
the gender wage gap.

In this paper we revisit one of the main factors discussed by Altonji and Blank as a
source of gender differentials, that is, differences in human capital accumulation.ﬂ We
follow this approach to study gender gaps in Germany, which provides an extremely in-
teresting case for this analysis. Germany is the fourth largest economy in the world, with
a highly educated population and one of the most skilled workforces (OECD 2015). Ger-
many also has a longstanding body of anti-discrimination laWS.E| In terms of the economy,
Germany has significantly increased its competiveness over recent years (Dustmann et al.
2014), At the same time, the gender pay gap remains high in international comparison.
For example, OECD (2012, Figure 13.1) shows that among OECD countries, Germany
is among the countries with the highest pay gap among full-time employees (data for
2009-10).

We make use of a unique data source which allows us to analyze a representative
survey of six cohorts of university graduates between 1989 and 2009 from all fields of

study and across the range of Higher Education institutions in Germany, soon after they

'For a further review of the literature on existing field experiments regarding discrimination, its
prevalence and consequences, see Bertrand and Duflo (2017).

2Although conventional human capital variables seem to explain little of the recent gender wage gap
in the United States, Blau and Kahn (2016) conclude that many of the traditional explanations (driven
by human capital considerations) continue to have salience.

3This includes the constitution (Basic Law of the Federal Republic of Germany) which states that
“No person shall be favoured or disfavoured because of sex [...]” (Article 3(3), see Deutscher Bundestag
(2017)), as well as the General Equal Treatment Act from 2006 (AGG). The AGG offers protection
including in relation to employment, training, occupation, and wages on the grounds of protected char-
acteristics, one of which is gender (Federal Anti-Discrimination Agency 2010). See also Maier (2007).



complete their college education. The survey also follows the same individuals five to six
years into their careers. In this paper we focus only on the first snapshot after graduation.
The reason is that career opportunities within the firm (which may involve firm-specific
investment, or ability to negotiate with employers, or internal promotions) as well as
other crucial family-related decisions (such as starting a family and committing resource
allocations within the household) are likely to be less relevant than later on in lifeﬁ

Our results indicate that 12 to 18 months after graduation, the raw (unadjusted)
gender gap in full-time monthly earnings is about 20 log points on average, even though
male and female full-timers work relatively similar hours. Including a large set of controls
reduces (but does not eliminate) the gap to 5-10 log points, with the lion share in the
reduction being accounted for by field of study. In light of this, assessing the extent of
gender gaps and deepening our understanding of their nature within a human capital
paradigm seem important steps, before looking for alternative explanations related, for
example, to psychological cues, attitudes, social norms, and biomarkers.

Our analysis provides new evidence for Germany on a variety of facets of gender gaps.
We consider two broad sets of outcomes. The first refers to the educational performance of
men and women while they are at university and explores gender differentials in enrolment
rates, marks at university entry (i.e., secondary school grades), graduation rates and
graduation marks. The second set refers to early labor market performance and focuses
on gender differences in the probability of having a full-time job and in pay within 12 to
18 months after graduation.

Existing analyses of gender gaps in Germany focus on wage differentials among all
workers and not just university graduates, while gender differences in university attain-
ments have not yet been fully exploredﬂ Using social security data, Fitzenberger and
Wunderlich (2002) document large and persistent gaps between 1975 and 1995: they es-
timate that West German full-time female employees earned about 35% less than their

male counterparts at the beginning of that period, and the gap went only slightly down

4See, among others, Lazear and Rosen (1990), Booth, Francesconi, and Frank (2003), Niederle and
Vesterlund (2011). Of course, if men and women are forward-looking, consideration of such aspects is
always important as these same aspects might shape earlier (including pre-university) decisions, beliefs,
and expectations. Similarly, employers might be willing to pay male graduates more than comparable
female graduates, if they anticipate that women are more likely to interrupt their careers due to family
reasons (Gayle and Golan 2012).

SLeuze and Straufl (2009) investigate gender wage differences among German university graduates in
the 1997 cohort of the DZHW, which is part of the data we analyze. However, they measure earnings
differences at a later point in time in the graduates’ career, and do not examine changes across cohorts.



to about 25% at the end. These figures refer to all workers and may not apply to the
most educated workforce, where censoring in the administrative data occurs frequently.
In a more recent assessment with data from the 1996 Labor Force Survey, Machin and
Puhani (2003) find that the (raw) gender wage difference among university graduates in
Germany is about 28 log points, and about 40% of the explained gap can be accounted
for by field of study. By looking at graduates across all ages, however, these differences
will in part reflect choices and constraints that emerge well after graduation.

Using data from the European Community Household Panel over the 1995-2001 period,
Arulampalam, Booth, and Bryan (2007) observe an unconditional average wage gap of
20%. Conditional on covariates, they find an increasing profile of the gap along the wage
distribution ranging from 6 to 17% among public sector workers and from 14 to 20%
among workers in the private sector. Analyzing administrative data, Huffman, King, and
Reichelt (2017) confirm the large gaps found in the earlier studies and show that roughly
half of the 29% raw gap in 2008 is accounted for by observables, including age, schooling,
establishment size, collective bargaining status, and industry dummiesﬁ

A number of institutional features specific to Germany may potentially not be gender
neutral and may thus influence our outcomes of interestm One of such features is that
Germany tracks student into different schools based on ability as early as the end of
elementary school (ages 10-12). There is evidence that early tracking has no lasting
effect on later wages, employment, and occupational choice (Dustmann, Puhani, and
Schénberg, 2017). However tracking may give differential penalties or advantages by
gender (e.g., Pekkarinen (2008) for Finland). For example, if girls mature earlier than
boys during secondary school years, they could perform better in school irrespective of the
track chosen, and this in turn could affect their relative performance later on, at university
and in the labor market. Alternatively, more competitive boys might disproportionately
attend the top school tracks, and this might in turn affect performance at university or

in better-paid jobs. Our analysis will assess the extent of differential performance in

SWith data covering the 1985-1993 period, Blau and Kahn (2003) find evidence of a fairly sizable raw
gender pay gap in Germany, which goes down by about one-third when it is evaluated at U.S. values of
male and female human capital characteristics. Looking at low- and medium-educated workers, Black
and Spitz-Oener (2010) emphasize the role played by changes in occupational skill requirements and, in
particular, the increase in the nonroutine component of work as a key factor of rising female wages: they
estimate that the unconditional gender wage gap declined by about 9.3 percentage points between 1979
and 1999 and about half of the convergence can be explained by the changing structure of tasks.

"For a comprehensive review of the recent evolution of the German economy over the period relevant
to our work, see Dustmann et al. (2014).



secondary school among university graduates and consider whether this in turn has an
impact on outcomes.

Another feature is that, since the late 1970s, Germany has also developed (and pro-
vided working mothers with) generous maternity leave coverage, whereby mothers are
currently eligible for three years of partially paid leave. Analyzing the impact of five ma-
jor expansions in maternity leave coverage occurred between 1979 and 1993, Schonberg
and Ludsteck (2014) find that the impact of such expansions on overall maternal employ-
ment, employer continuity, and labor market income 3-6 years after childbirth is small.
The small magnitude of the impact could be the result of pre-labor market selections,
either into school track or field of study and occupation. In our work, we focus on the role
of decisions and human capital accumulation inside the university and education system,
such as field of study.

Our work is related to a number of existing studies which focus on highly skilled
individuals, primarily in the United States. Bertrand, Goldin, and Katz (2010) study
the careers of men and women who gained a masters degree in business administration
(MBA) from a top US business school between 1990 and 2006. They find that, 10 to 16
years after MBA completion, the male (unadjusted) earnings advantage is nearly 60 log
points. Differences in business school courses and grades, differences in career interrup-
tions and differences in weekly hours worked are identified as the three most important
explanations for the large and rising gender gap. Interestingly, important differences are
observed also at the outset of men and womens careers. One year after MBA completion,
men earn approximately 15% more than women. Although the gap goes down to about
6% after controlling for a large set of characteristics (e.g., pre-MBA characteristics, MBA
performance, labor market experience, and weekly hours), it remains statistically signif-
icant. Looking at pharmacists, Goldin and Katz (2016) find that conditioning on hours
of work reduces the gender earnings gap from about 28% to 4-7%. Among those without
children, female pharmacists earn only 1% less than comparable male pharmacists, and
this difference is not statistically significant. It is unlikely, however, that this pattern is
observed across the range of other professional occupations, and it is part of our objectives

to explore this for Germany[f]

8Using data from different cohorts of Harvard graduates who graduated in the early 1970s, early 1980s,
and early 1990s, Goldin and Katz (2008) find a staggering raw gender gap in earnings of more than 80
log points. This goes down to 30 log points after a host of characteristics are controlled for, including
weeks and hours worked, major and graduate degrees, nonwork, and occupational dummies. The large
gap could reflect the fact that earnings are measured in 2005, implying a minimum of 13 (32) years



Two recent studies look at the experience of countries other than the United States.
Building on the previous work by Albrecht, Bjoérklund, and Vroman (2003), the first study
is by Albrecht et al. (2017). They analyze Swedish matched employer-employee data on
men and women born in the 1960s who completed their university education in business
and economics and are followed for 20 years after graduationf] At the start of their
careers, at age of 2526 years, men and women have virtually the same monthly full-time
equivalent wages, but by age 45 there is a sizeable gender wage gap of about 25 log points.
Albrecht et al. (2017) argue that, over and above the differences in firm characteristics
and firm-to-firm mobility by gender, the main driver of the gap appears to be the greater
wage gains experienced by men as opposed to women.

The second study by Biitikofer, Jensen, and Salvanes (2017) looks at Norway. Using
detailed register data, they focus on the effect of parenthood on the careers of men and
women with MBA, law, medical, and STEM degreesm They show that, among top
earners, the share of women holding a degree in all subjects, except medics, has increased
substantially since the mid 1980s. Interestingly, when focusing on men and women at the
start of their careers, the average earnings prior to childbirth are identical in levels for men
and women. As illustrated by Bertrand, Goldin, and Katz (2010) for American MBAs,
also in Norway differences in career interruptions that are associated with childbirth lead
to substantial pay gaps by gender, which do not decline even ten years after childbirthE
Comparing to our findings, our results indicate that the differentials faced by young
German male and female college graduates are somewhere in between those faced by
their American and Scandinavian counterparts.

Section 2 describes our main data source. Section 3 presents the main results related

have elapsed since graduation for the youngest (oldest) cohort. We do not know the extent of the gap
soon after graduation. With data from the Young Physician’s Survey that follows a sample of physicians
from two to nine years after residency, Sasser (2005) finds that female physicians who are unmarried and
without children earn about 20% less than men on an annual basis and about 10% less in terms of hourly
pay. But again, during the nine years after residency, many decisions could be taken to affect earnings
profiles and labor market performance differently between women and men. For a sample of law school
graduates from the University of Michigan, Wood, Corcoran, and Courant (1993) report that women earn
93% as much as men in the first year after graduation and that this gap widens over time, with women
earning about 60% of their male counterparts 15 years after graduation.

90me of the striking results emphasized by Albrecht, Bjorklund, and Vroman (2003) is that gender
(log) wage gap in Sweden increases throughout the wage distribution and accelerates in the upper tail,
above the seventy-fifth or eightieth percentile in the wage distribution.

10OSTEM stands for Science, Technology, Engineering, and Mathematics subjects.

HFitzenberger, Sommerfeld and Steffes (2013) investigate the long-run effect of child birth on gender
differences in employment in Germany in a dynamic treatment framework. Adda, Dustmann and Stevens
(2017) study the interaction between fertility and occupational choice in a dynamic life-cycle model.



to gender gaps at entry into, and exit from, university. Section 4 discusses the estimates
found in relation to gender gaps in the labor market. Finally, Section 5 summarizes our
main findings, contrasts them with the existing literature, and puts forward a number of

areas for future work.

2. Data

We analyze the trajectories of college graduates using survey data collected by the Ger-
man Centre for Higher Education Research and Science Studies (DZHW). These data
come from nationally representative longitudinal surveys of individuals who complete
their university education across all fields of studies and the full range of Higher Educa-
tion institutions in Germany/?]

The DZHW sampled university graduates from the graduation cohorts 1988-89, 1992
93, 1996-97, 2000-01, 2004-05, and 200&09@ This gives us a large sample of high-skilled
individuals spanning a 20-year period. For each graduation cohort, individuals are first
interviewed about 12-18 months after graduation. The same individuals also participate
in a second, follow-up survey about five years after graduation (see Appendix Figure A.1).
In our analysis we focus only on the first survey: As we have explained above, this allows
us to abstract from crucial decisions other than those related to early careers (e.g., family
formation and fertility choices) and from later career opportunities (which involve internal
promotions and negotiation with employers).

Each survey contains detailed information on graduates’ personal characteristics, fam-
ily background, study history, and labor market experience. For each graduate, we ob-
serve the university attended and the field of study completed["] We complement this
information with administrative data published by the German Federal Statistical Office.

Although the DZHW data have been gathered systematically across cohorts, there are
some differences in the information available across the cohorts. For instance, information
on marks from the exams (known as Abitur) taken at the end of the academically oriented

secondary school track (Gymnasium) are not available for the 1989 cohort. We therefore

12For further details see Grotheer et al. (2012). See also Parey and Waldinger (2011) and Parey et al.
(2017) for further details on the data.

13We refer to the cohorts by the second year, i.e. 1989 for the 1988-89 cohort.

For our analysis, degree subjects are classified at the 2-digit level, with around 60 distinct fields of
study. Due to data availability, ‘university attended’ in our analysis refers to the institution where the
individual first enrolled. For a subset of the data we also observe the institution where the degree was
completed, and we obtain very similar results between the two specifications for these cohorts.



present two sets of estimates, either excluding the 1989 cohort or dropping the secondary
school mark variable from the analysis.

Table 1 reports the summary statistics of key variables from the DZHW data. High
school marks are scored on an approximately continuous scale from 1 to 4, where 1 is
the top score and 4 is the lowest passing mark. On average, across all cohorts, female
graduates enter university with a slightly better mark, showing a gap of 0.065 points
which is statistically significantly different from zero at conventional levels and represents
about 10% of a standard deviation. University final score is measured on the same scale,
with 1 and 4 meaning top and lowest passing marks, respectively. At the end of their
university career, women also graduate with slightly better marks than men across all
cohorts (again statistically significant). However, as we document in our subsequent
analysis, these aggregate average statistics conceal heterogeneity across cohorts.

About 87% of females and 88% of males have ever been in any kind of employment
since graduation and up to the survey. Between 12 to 18 months since graduation, about
71% of women are in paid full-time employment (relative to part-time employment), as
opposed to 81% of men. The large 10 percentage point difference is statistically significant.
Among full-timers, the mean number of hours worked per week is around 40, with no
significant difference between men and women. Average full-time monthly log earnings
(excluding additional bonuses or variable pay) are 7.587 (corresponding to just below
2,000 Euros, measured in 2001 prices) for all workers across all graduation cohorts, with
men earning 28.3 log points (or nearly one-third) more than WOHIGHE This difference
is statistically significant. In terms of median earnings (not reported in the table), the
members of the 2009 DZHW cohort have median monthly earnings of 1,747 Euros for
women and 2,329 Euros for men (including full-time and part-time workers). Among full-
time workers, median earnings in the 2009 cohort are 2,183 and 2,620 Euros for women
and men, respectively (in 2001 prices).

At the time of interview, men are older, suggesting that women tend to obtain their

degrees earlier than menH It is worth noticing that male and female graduates are

15This statistic is for the sample of all graduates in full-time employment; graduates who are in a
further training are not excluded as long as they hold a full-time employment contract.

16With graduation occurring up to 18 months before the interview, individuals complete their university
studies at about 26—27 years of age on average. This is high in comparison to the experience of British
and American students, among others. In part, this relates to the traditionally different degree structure
in Germany (Diplom and Staatsexamen). After the introduction of Bachelor and Master degrees in
Germany, the survey includes graduates from both Bachelor and Master programs and we pool these
two groups. The gender difference in age represents in part the effect of compulsory military service (or



also different along a number of other observable, predetermined characteristics. For
instance, almost one-third of men have completed an apprenticeship before starting their
degree, as opposed to only one-quarter of women. Moreover, compared to their male
counterparts, female graduates have parents (both mothers and fathers) with substantially
higher education, greater labor market involvement, and in higher-level occupations. For
example, female graduates’ mothers have on average almost 0.9 more years of education,
compared to their male counterparts (which partly reflects time trends in share of females

and parental education).

3. Gender Gaps in University Education

To see if there are compositional differences in university education we first analyze en-
rolment rates by sex. We then look at potential gender differences in “quality” at entry
into college, which we proxy with the Abitur grades obtained before starting a university
program. Next, we consider the possibility of differential graduation rates by sex, since
those who complete their program of study should be more likely to be in graduate em-
ployment than those who do not complete. Finally, we look at gender gaps in graduation
marks, which are taken as a indicator of quality of the university qualification attained
and could be a relevant proxy (for ability or productivity) which is easily observed by

employers.

A. Gaps in the Quantity at Entry: Enrolment Numbers

There might be a “quantity” imbalance at entry, that is, differential female-male enroll-
ment into university courses. To explore this possibility, we investigate enrollment counts
by gender, using aggregate administrative data on university enrollment.m

Figure 1 shows the trends from 1947 to 2015. From the beginning of the period to
1989, the data refer to the former West Germany only, while from 1990 onwards the
data has coverage of the whole of Germany, including the former German Democratic
Republic. From the post-WWII period to the early 1990s, substantially more men than

women entered a college program, with a female-to-male student ratio of 0.4-0.6. By 1995

alternative community service).

ITHere we focus on first enrollment in higher education. These data include enrollment into tradi-
tional universities as well as universities of applied science (Fachhochschulen), comprehensive universities
(Gesamthochschulen), theological higher education institutions (Kirchliche Hochschulen), and higher ed-
ucation institutions for public administration ( Verwaltungsfachhochschulen).



and up to the most recent data point, however, the numbers have become very similarF_g]
The share of females enrolled has therefore steadily increased since 1995, from a ratio of

0.91 per male student, and reaching parity in 2015, when we observe a ratio of 1.002.

B. Gaps in the Quality at Entry: High School Grades

New male entrants into post-secondary education institutions may have greater high
school marks than their female counterparts. We assess this possibility by looking at gen-
der differences in Abitur grades, conditional on having obtained a degree. Grades range
between 1 (top) and 4 (lowest passing grade) on an approximately continuous scale. The
pooled mean of 2.23 and standard deviation of 0.63 have remained fairly constant across
cohorts and the cohort-specific distributions are also relatively similar.

Panel A in Table 2 reports the female coefficient from a series of regressions. In
the first row, we only control for cohort dummies; while in the second we also include
apprenticeship status, and family background variables (all predetermined characteristics
at the time of university enrollment) as well as age, and in the third we further control
for subject and university fixed effects. Notice that a negative sign means that women
have a better mark than men, because values are on a reverse scale.

Across all graduation cohorts, women enter university with slightly better high school
marks (row (i)). The size of the uncorrected gap is 0.069 (or about 0.11 of a standard
deviation in high school score). Correcting for predetermined characteristics reduces the
gap to 0.015 (or 0.02 of a standard deviation, row (ii)). In fact, men in the earlier cohorts
(1993 and 1997) have better marks, corresponding to a period when also more of them
enrolled (see Figure 1): in such cases, the size of the gender gap is about 0.05 (0.07-
0.08 of a standard deviation). But from 2005 onwards, women have substantially higher
entry marks, of the order of 0.12-0.13 of a standard deviation. This ‘overtaking’ is a
phenomenon also highlighted by Fortin, Oreopoulos, and Phipps (2015) for the United
States, although in our case we consider only individuals who actually enroll at university
and complete their university studies, and not all secondary school students.

Controlling for field of study and institution fixed effects leads to a gap of about 0.07
of a standard deviation across all subjects (row (iii)). Panel B of Table 2 shows there is

heterogeneity across specific degree areas, although the broad pattern emerges within each

BThere are two exceptions in which we observe a slightly greater number of men enrolled, i.e., 2003
and 2011. In 2011, military conscription for males was suspended.



field. Among those who enroll in medical sciences and economics/business, women tend
to have better secondary school marks. This is not the case among those who enroll in
STEM (which are typically male dominated) and humanities subjects (which are typically
female dominated).

In summary, our starting point is to assess whether there are gender differences when
men and women start their university careers, over the period that pertains the DZHW
data. There is a greater fraction of men enrolling at university up to the mid 1990s, when
men also had a small advantage in terms of quality at entry. In the most recent data,
however, women and men enter college in equal numbers and female graduates begin their

university careers with slightly better high school marks.

C. Gaps in the Quantity at Exit: Graduation Numbers

We now move to the end of the university process and focus on two graduation outcomes.
We first consider whether there are differences in the quantity of female graduates as
opposed to male graduates.

To describe the time trends in the numbers of male and female graduates, we use
administrative data on the number of graduates by field of study. Figure 2 reports the
raw numbers, while Figure 3 shows the corresponding female/male ratios. From the early
1990s to the mid 2010s, the total number of graduates has gone up from 181,000 in 1993
to 339,000 in 2015 (see panel (a) in Figure 2), implying an increase of about 87% over
the period (an average increase of nearly 4% every year). The share of all graduates
represented by women has also increased from about 40% in 1993 to approximately 52%
in 2015, or equivalently from a female/male ratio of 0.66 to a ratio of 1.09 (see Figure 3).

Some fields of study, such as fine art, art history, and humanities (including foreign
languages), have been traditionally female dominated, with 60-70% of graduates in the
mid 1990s being women. Over time, they have become even more female dominated, with
65-75% of graduates being women in 2015 (see panels (c) and (f) in Figure 2). Conversely,
other fields — such as science, technology, engineering, and mathematics (STEM) —
were male dominated in the 1990s and continue to be so in the 2010s, although the
share of all graduates represented by women has increased from about 15% to almost
25% in engineering and computing and from around 35% to 40% in all hard sciences and
mathematics (see panels (d) and (g) in Figure 2).

Clear increases for women in graduation rates can be observed in health sciences

10



(including medicine and pharmacy), social sciences (including law, business studies, eco-
nomics and psychology), and agricultural studies (including nutrition science). In the first
two areas of study, in particular, the growth in the number of female graduates has been
quite remarkable (see panels (e) and (h) respectively in Figure 2, as well as Figure 3):
up by about 12 points in the case of social sciences (from 44% to 56% of all graduates)
and up by nearly one quarter in the case of health sciences (from 45% to almost 70%).
Notice that both the time trend over our sample period and the actual fraction of female
graduates in all health science programs in Germany are very similar to those shown by
Goldin and Katz (2016) for pharmacists in the United States.

D. Gaps in the Quality at Exit: Graduation Grades

A second outcome at exit is degree quality, which is measured by the final graduation
mark. To assess whether there are gender gaps in grade performance, we use data from

across the six DZHW cohorts and perform three different exercises.
Means

In the first exercise we estimate five different specifications of a final grade equation, keep-
ing in mind that marks range from 1.0 (best) to 4.0 (worst passing mark), and thus a posi-
tive sign indicates lower marks for female graduates. Using data pooled across five cohorts
(excluding 1989) and with a regression that controls for survey wave dummies, we find
a small (but statistically significant) gender gap at 0.022 points (s.e.=0.006) that favors
men (see column (a) of Table 3). This difference corresponds to just 0.032 of the sample
grade standard deviation. The addition of demographic and socioeconomic controls to
the regression increases the gender gap to 0.04 points (column (b)), suggesting that the
lower marks obtained by women are unlikely to reflect differences in socio-demographic
and family background variables.

Adding high school marks, field of study fixed effects, and university fixed effects
(columns (c)—(e)) leads to gradually higher gender gaps 0.063 points (column (e)), which
corresponds to 0.09 of a standard deviation. These estimates demonstrate that condi-
tioning on covariates to control for differences in individual characteristics and family
background, high school results, subject of study, and university attended does not elim-
inate the small grade gender gap that favors men over women. In fact, if anything, such

differences magnify the grade gender gap, although this remains arguably modest. These

11



patterns are in line with the descriptives presented in Table 1 above.

When such estimates are disaggregated by graduation cohort (see Table 4, panel A,
line (i)), we find a strong time gradient, whereby the gap is about twice as large at the
beginning of the 1990s as it is in 2009. The estimates in panel B, where we do not control
for high school marks (and therefore the 1989 cohort also contributes to the analysis) show
an even stronger gradient. Although the gap at the start of the sample period is almost
0.1 points in favor of men, in 2009 this is 70% smaller. Comparing the results in panels A
and B suggests that accounting for high school marks accentuates the gender difference
in terms of graduation marks from 2001 onwards. This is in line with the significant
differences in terms of high school marks seen in Table 2 (iii) for these cohorts, and the

strong link between high school grades and graduation marks.
High Marks

By looking at linear mean regressions we cannot detect nonlinearities. With the second
exercise, therefore, we examine whether there are gender differences at the top of the final
grade distribution. This allows us to see if there are different effects of gender among
high achievers. Using the same specifications employed for the mean graduation marks
regressions before, we estimate linear probability models in which the dependent variable
takes value one if an individual obtains a graduation marks of 1.5 or better (i.e., a mark
between 1 and 1.5), and zero otherwise.

The results from this analysis are reported in panels C and D of Table 4, where, besides
the full set of controls, we investigate the role of secondary school marks as additional
control. Irrespective of this inclusion, we find that, across all graduation cohorts, women
are 3.5-4 percentage points less likely than men to graduate with top marks, a nontrivial
effect that corresponds to about 14-16% of the sample average probability of obtaining a
mark at 1.5 or better.

An important question, therefore, is to understand what happens during the college
career of male and female students, given that women start university with an indicator of
higher quality (i.e., better secondary school grades). In part, this might be due to a higher
dropout rate among men (since equal numbers of men and women enroll and more women
graduate), something however we cannot test directly with our data. Dropout rates are
substantial: For students starting 2006/07, Heublein et al. (2012) estimate dropout rates
for Bachelor students in Germany at 35% at universities, and 19% at universities of applied

sciences. Comparing across genders, males are found to have a 6-10 percentage points
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higher dropout rate (at universities, 38% for males versus 32% for females; at universities
of applied sciences, 23% for males versus 13% for females). If academically weaker men
abandon their university studies (and do so more than women), each cohort of graduates
could be composed of academically stronger men. This in turn may be reflected in their
performance in the labor market, which we will analyze in the next section. Of course,
there could be other explanations, for instance, universities might have academic curricula
that fit men’s abilities better than women’s, or build men’s skills more efficiently than

women’s. These questions are an interesting issue for future work.
Heterogeneity by Field of Study

In the last exercise, we look at differences in graduation marks in the four subject cate-
gories we already analyzed above (economics/business, STEM, humanities, and medical
sciences). These have different gender compositions (e.g., humanities are female domi-
nated and STEM subjects are male dominated) and have gone through major changes in
terms of gender representation in the last two decades, as shown in Figures 2 and 3.

Table 5 reports the gender gap estimates by cohort, using the same specification as
that shown in panel A of Table 4, i.e., including secondary school marks in all regressions.

There is large effect heterogeneity across degree subjects. Male graduates in STEM
subjects and humanities have better marks at graduation than women. The difference over
all cohorts is 0.13-0.18 of a standard deviation in graduation marks and is statistically
significant at conventional levels. In the humanities, the gap has become smaller (and
statistically insignificant) for the most recent graduation cohort, while in STEM subjects
the gap has remained fairly constant over time.

In economics/business, where the fraction of male and female graduates is more similar,
the gender differential is substantially smaller, and we cannot detect any significant gap.
As documented earlier, medical studies have witnessed a rapid and considerable increase
in female graduates. In this field, the gap (favoring men) has grown among graduates
in the most recent cohorts, when fewer men obtain medical related degrees. This might
indicate an increasing positive selection of men into medical subjects.

We close this section with a summary of its main results. We emphasize six find-
ings. First, since the mid 1990s, roughly equal numbers of men and women enroll in
Higher Education programs in Germany. Second, conditional on having completed col-

lege, women enter university with better secondary school marks. Third, at the end of
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their university career, more women than men obtain a degree. Fourth, there is some
persistent educational specialization by gender, with substantially more men in STEM
subjects and more women in arts and humanities, although this segregation has lessened
in recent years. Fifth, female graduates do not outperform male graduates in terms of
final exit marks. The difference reveals a better performance among male graduates. This
is clearer when we look at the top of the final university grade distribution, whereby men
are 3.5 percentage point more likely to obtain top grades than women over the whole
sample period. Sixth, gender gaps in graduation marks differ by field of study. When we
pool graduation cohorts, we detect larger differentials among graduates in the humanities
and STEM subjects. The reversal of relative performance at the end as opposed to the

start of the university career is interesting and, to our knowledge, new.

4. Gender Gaps in the Labor Market

To assess the extent of gender differentials in the labor market we begin with an analysis
of the earnings gap among full-time workers observed 12-18 months after graduation.
We will start by looking at differences at the mean, but then also analyze effects across
the earnings distribution. We then consider the gender difference in the probability of
being in full-time employment and the number of hours worked. Finally, we perform a
decomposition analysis of the earnings gap so that we can better gauge the role played by
different sets of predictors, especially those that are not normally observed in nationally

representative datasets, such as university attended and fields of study.

A. Earnings

At the Mean

Table 6 reports estimates of the gender gap obtained from different sample selections and
with or without the inclusion of different sets of correlates. To avoid issues related to
choices or constraints which we do not model here, we focus on full-time workers only.
The gender gap in full-time earnings over the whole period is 28.7 log points, including
only graduation cohort and state dummies (row (i)). This is remarkably close to the
figures reported in Machin and Puhani (2003), although those refer to all graduates, and
not just recent graduates. The temporal pattern of the gap is only slightly negative,
going down from 34 log points in 1989 to only 24 in 2009. This gap may in part reflect a

differential propensity by gender to enter into different types of paid professional training
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(e.g., lawyers, medical doctors, and teachers) or to start a salaried doctoral program of
study. Although paid, both training programs and PhD studies are likely to be paid below
market wages. Excluding individuals in training or PhD programs leads to the estimates
shown in the second row (row (ii)). About 30 per cent of the sample are dropped, and
the gender gap becomes one-third smaller, but without a clear time trend. Selecting the
sample further (i.e., requiring the availability of secondary school marks data, and thus
dropping the 1989 cohort) leads to virtually identical gender gap estimates (row (iii)).

The inclusion of a large set of controls (i.e., personal characteristics, family background
variables, graduation university score, university fixed effects, and field of study fixed
effects) reduces, but does not eliminate, the gender pay gap. When all individuals are
included (row (iv)), this goes down to 7.8 log points for all cohorts pooled together, a
reduction of more than 70% in comparison to the estimates shown in the first row. We
also see a more pronounced reduction over time, with the gap almost halving from 10.1 log
points in 1989 to 5.6 log points in 2009. The inclusion of controls in the sample in which
men and women in professional training or doctoral programs are excluded (row (v)) leads
also to a smaller gender gap than in the case without controls in row (ii). The reduction
is about 55-60%), with a resulting gender gap of 8.4 log points (across all cohorts). Once
we account for covariates therefore we obtain similar estimates of the gap irrespective of
whether we exclude or include the subpopulation of individuals in professional training
or PhD programs.

Controlling for secondary school (Abitur) marks does not affect the estimated gap
regardless of the selection on training (rows (vi) and (vii)), nor does the inclusion of
weekly hours worked (row (viii)), although this last addition can only be assessed for the
2009 cohort (because detailed information on hours of work among full-time workers was
collected only for the 2009 cohort).

Previous research has emphasized the importance of the relationship between pay
and hours, with nonlinearities indicating a higher career cost of family (Goldin and Katz
2016). If there is linearity, a worker who works, say, 80 hours a week will be paid twice
as much as another worker who works 40 hours. Female full-timers may earn less than
their male counterparts, but this might be entirely driven by the fewer hours they work;
and women might deliberately choose to work fewer hours because they wish to have
greater flexibility and balance job and family responsibilities. The results in Table 6

suggest that hours differences do not play a major role in driving gender earnings gaps

15



in our context, since including hours worked in the analysis does not eliminate the pay
differential between men and women [

The estimates in Table 6 are remarkably close to those reported by Bertrand, Katz,
and Goldin (2010) for the Chicago MBAs at 1 to 3 years since MBA receipt. There
are two striking features in this similarity. The first is that our estimates refer to a
different country, with a different school system, and different labor market institutions,
employment protection laws, and maternity leave regulations. The second is that they
emerge across all university graduates in Germany, not just those in the corporate and
financial sectors in which MBA holders are typically employed and where it is known that
women are not getting ahead fast enough (e.g., Bertrand and Hallock 2001; Wolfers 2006;
Philippon and Reshef 2012).

A formal decomposition of the earnings gap using gender differences in means of the
explanatory variables and the coefficients from the specification in line (v) of Table 6 shows
that the single most important contribution to the mean level of the gender earnings gap
across all graduation cohorts is given by field of study (see Table 7). This proximate
factor alone can account for 9.4 log points of the explained difference between male and
female earnings (or 83% of the 11.3 log point explained average gap). The same occurs
when we examine each graduation cohort separately. Similar results also emerge when
we analyze the larger sample that does not exclude graduates in professional training and
PhD programs (see Appendix Table A.1). Leuze and Strau8 find that descriptively those
subjects with high share of females tend to be associated with lower labor market returns.
These findings are consistent with the evidence put forward by Machin and Puhani (2003)
for Germany and the UK, even though their study focuses on all graduates and not just
those who are observed one year to 18 months since graduation. They are also consistent
with recent evidence that shows that different fields of study have substantially different
labor market payoffs, even after accounting for individuals characteristics and awarding

institution (e.g., Kirkeboen, Leuven, and Mogstad, 2016).
At Different Quantiles

One well established result for Sweden is that, although male and female wages are close
to equal at the bottom of the wage distribution, they become extremely unequal at the top

of the distribution (Albrecht, Bjérklund, and Vroman 2003), where presumably there is a

19See subsection 4.B for estimates of gender differences in hours worked.
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greater concentration of college graduates. Similar evidence of greater gender differences
at the top is also found among recent cohorts of full-time American workers (Blau and
Kahn 2016) and English graduates (see Britton et al. 2016). For Germany, Gallego-
Granados and Geyer (2015) find that the gender wage gap decreases for higher quantiles,
while Antonczyk et al. (2010) find a U-shaped gender wage gap.@ In what follows, we
explore the gender earnings gap at different percentiles of the distribution for university
graduates.

Figure 4 shows the results. Regarding the raw gender difference, we observe a larger
gender pay gap among lower paid graduates than among their better paid counterparts.
To investigate what share of the raw gap can be explained by the covariates, we use
the decomposition method described in Chernozhukov, Fernandez-Val, and Melly (2013).
The results are reported in Appendix Table A.2. It is striking that once our rich set of
covariates is controlled for, the gender wage gap is very similar across the quantiles, at
around 7 per cent (see Table A.2). As a result, the variables we use in our models can
explain substantially more at the bottom of the distribution than at the top. We find that
our covariates explain 65-75% of the gap in the bottom three deciles, but only 30-40% in
the top two deciles. Interestingly, further results (not shown for space constraints) show
that this is pattern is essentially driven by the role of major choice, this is in line with

the results in Table 7.

B. Full-Time Employment and Hours

Previous research has emphasized that a major reason gender differences in earnings
are observed is due to differences in job experience and hours, and a large part of such
differences comes from job interruptions, with most job interruptions being due to children
(Wood, Corcoran, and Courant 1993; Sasser 2005; Bertrand, Goldin, and Katz 2010;
Angelov, Johannson, and Lindahl 2016; Goldin and Katz 2016; Goldin and Mitchell
2017; Juhn and McCue 2017; Biitikofer, Jensen, and Salvanes 2017). By looking at gaps
occurring 1 to 1.5 years out since graduation, we are likely to mitigate most of these
channels which possibly emerge only after a longer time span. Here we explore the role
played by the differential selection into full-time employment and by differences in weekly
hours of work.

Table 8 shows the results of this analysis. In the first two columns we report the

20International comparisons can be found in Arulampalam et al. (2007) and Christofides et al. (2013).
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estimates from linear probability models in which the dependent variable equals 1 if
individuals are in full-time employment, and 0 part-time. Even soon after graduation,
female graduates show a significantly lower propensity to be employed in a full-time job.
When we consider all cohorts together, the (raw) employment gap is 9 percentage points
(column (a), where we only control for cohort dummies). This gap has varied between 7
and 13 percentage points between 1989 and 2005, while only among graduates from the
2009 cohort do we observe a substantial reduction in the gap to less than 6 percentage
points.

When we include the whole set of (individual, family background, pre-university and
university) controls, the gender employment differential becomes considerably smaller,
less than 2.5 percentage points among graduates across all cohorts, but still statistically
significant (column (b)). For the most recent cohort, however, we find a reversal in the
gap, with female graduates experiencing a greater likelihood of being employed full time by
1.1 percentage points than their male counterparts, although this gap is not statistically
significantly different from zero. Standard decomposition analysis shows that field of
study plays again a major role in explaining the gap by gender (not reported for the sake
of brevity).

In columns (c¢) and (d) we take advantage of additional detailed information on forms
of employment other than full- and part-time jobs, such as employment in temporary jobs
and freelance work. This information is only available from the 2001 cohort onwards. The
results show that, in the most recent cohort, women are 3-4 percentage points more likely
to be ever employed than their male counterparts.

The last two columns of Table 8 (columns (e) and (f)) display the estimates on the
gender differences in hours worked. These refer to the 2009 cohort only because, as
mentioned before, information on hours of work for full-time employees was collected in
the 2009 round but not in the earlier waves. Every week women work about 0.2 fewer
hours than men. When all controls are included, the gap grows to about 0.39 hours a
week. This difference of around 25 minutes of work per week is statistically significant and
accounts for about 12 per cent of a standard deviation in hours worked. The difference
cannot account for more than 15% of the 6 log point difference between male and female
pay found for the 2009 cohort (see Table 6, row (viii)). Thus, hours of work are important
in this context, but are unlikely to be the whole story among full-timers.

In sum, 12-18 months out of university, gender gaps on the intensive margin are

18



quantitatively small and appear to play only a minor role in explaining the observed
gender pay gap. Gender gaps on the extensive margin instead are more pronounced, and
field of study turns out to be a key proximate factor in determining such differentials. To
understand more about the role played by degree categories, we next analyze the extent

of full-time gender earnings gaps across different fields of study.

C. Heterogeneity by Field of Study

We look again at the four different degree subjects we have already analyzed before (Table
9). Panel A shows the estimates obtained on the sample that excludes individuals in
training and PhD programs, whereas panel B includes such individuals. In interpreting the
estimates one needs to keep in mind that different subject fields have different propensities
for further training, as seen from the difference in sample sizes between panels A and B
in Table 9.

The gap between male and female economics/business graduates is insensitive to sam-
ple selection and type of specification. Just controlling for cohort and regional dummies
results in a gender gap of about 10 log points (column (a)). After all controls are ac-
counted for (specification (e)), the gap remains essentially unchanged and always highly
statistically significant.

More variation is instead observed for the other fields. For example, when we only
condition on time and regional dummies (specification (a)), the full-time gender earnings
gap is 30 log points among STEM graduates if we include individuals involved in train-
ing/PhD programs (panel B), but it reduces to 13 log points if we exclude them (panel
A).

In the case of medical studies, we find a significant pay gap of about 9 log points in
panel A. Including individuals in training and internship programs leads a much larger
sample (panel B), in which however we cannot detect any significant pay differential by
gender. Similar patterns emerge in the case of humanities, albeit with different values of
the estimated gender gaps.

Overall, in Panel A the point estimates are quite similar across subjects (column
(e)), even though the estimate for humanities is not statistically significant. In Panel B,
however, there is a striking difference between Economics/Business and STEM on the one
hand, with significant gender gaps close to 12 log points, and Humanities and Medical

studies on the other hand, with an insignificant gender gap of around 2 log points. Given a
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large fraction of graduates in the latter fields are involved in some sort of further training,
the next step it to see what happens to their labor incomes after its completion. This is

another area to be explored by future research.

D. Public versus Private Sector

Recent work by Mas and Pallais (2017) and Wiswall and Zafar (2017) suggests that there
are significant differences in male versus female valuation of non-wage benefits, and job
stability and work flexibility in particular. We investigate this point by comparing the
gender-specific probability of entering the public sector. Clearly there are many potential
differences between public and private sector jobs. Nonetheless, the additional job security
and the flexibility in terms of work-time (including the ability to adjust between full-time
and part-time as family circumstances change) is a potentially important aspect in this
context. Table A.3 shows the results, where indeed we find a striking difference between
gender. Across all subjects, females are 4 percentage points more likely to enter the public
sector than males, which is a substantial difference given the baseline rate of about 13
per cent. In particular, when we look at STEM subjects, females are 8 percentage points
more likely to work in the public sector, compared to an overall mean of less than 10
per cent. In our data, monthly earnings of public sector workers are significantly lower
(controlling for field of study).Ef] This suggests that these tradeoffs maybe very relevant in
the population we are studying. Occupational and sectoral choice are therefore important

areas for future research.

5. Discussion and Conclusions

We have examined gender differences in university performance and labor market out-
comes among German college graduates. A key aspect of our labor market analysis is
that we have focused on the short run, looking at gender gaps soon after graduation, thus
limiting the role played by marriage, children, career interruptions, negotiations with em-
ployers, and promotions which many have found to put greater constraints on women’s
careers than men’s.

Before 1995, more men entered college than women; but in the following 20 years, the

numbers have become roughly equal. More women than men, however, complete their

21Results not shown for space constraints. Of course, it is important to keep in mind that other
differences such as differences in pensions are not reflected in this estimate.
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degrees. This is consistent with differential dropout rate by gender which might have
consequences on the cohorts of male and female graduates entering the labor market. In
terms of quality, female graduates enter college with slightly better high school marksF_ZI
but leave university with slightly lower grade levels. This again might reflect a greater
dropout rate among men. But it might also reflect other factors (such as men achieving
maturity and catching up with women in terms of academic skills, or universities offering
programs that are better suited to men’s than to women’s abilities), which deserve more
research in the future.

Immediately following university completion, full-time men earn more than full-time
women, even though they have very similar weekly hours of work. Between 12 and 18
months after leaving college, the gender gap in full-time monthly earnings is nearly 20
log points across all graduation cohorts, if individuals in professional training or PhD
programs, who are likely to be paid below market wages, are excluded. The single most
important proximate factor that explains the sizeable, early gender gap in pay is the field of
study at university. There is heterogeneity in the magnitude of the gender pay gap by field
of study, with the largest differentials emerging among graduates from economics/business
and STEM subjects. Once the full set of controls is taken into account, the remaining
wage gap is about 8 log points when we estimate across all available cohorts.

Several channels may be at work here. One could be related to human capital con-
siderations. The importance of field of study in our results indicates the relevance of
pre-market choices. These also interact with subsequent market decisions (such as oc-
cupational choice) at the very beginning of professional careers (e.g., Liu 2016; Canon
and Golan 2017). In turn, such choices could be partly driven by gender differences in
preferences (e.g., risk aversion), self-confidence, competitiveness, earnings expectations,
and valuation of non-wage benefits (e.g., Fortin 2008; Buser, Niederle, and Oosterbeek
2014; Wiswall and Zafar 2015; Mas and Pallais 2017; Reuben, Wiswall, and Zafar 2017).
Joining some (if not all) of these drivers into one coherent analysis would be another
important area for future work. Another possible channel is related to statistical dis-
crimination against women, based on employers’ difficulty in distinguishing more from
less career oriented women (e.g., Gayle and Golan 2012; Reuben, Sapienza, and Zingales

2014; Thomas 2018). Also this mechanism deserves more attention in future research.

22This result is found conditional on college completion. If it is the case that academically weaker
men do not complete their university studies, then the difference in marks between men and women at
university entry could be even larger than what we find.
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Table 1: Summary Statistics

All Female Male t-test
Mean Mean Mean p-value
(st. dev.) (st. dev.) (st. dev.)
Female 0.483 1 0
Log monthly earnings® 7.587 7.429 7.711 0.000
(0.501) (0.509) (0.457)
Hours worked per week® 40.068 40.003 40.162 0.129
(3.260) (2.956) (3.657)
Full-time employment® 0.763 0.712 0.809 0.000
Ever employed since graduation? 0.874 0.872 0.878 0.000
Final secondary school grade® 2.233 2.201 2.266 0.000
(Abitur) (0.630) (0.615) (0.643)
Final university grade 2.019 2.002 2.035 0.000
(0.677) (0.670) (0.682)
High graduation mark/ 0.255 0.264 0.247 0.000
Age at survey 28.018 27.687 28.327 0.000
(3.170) (3.541) (2.743)
Apprenticeship 0.292 0.254 0.328 0.000
Mothers education (years) 12.699 13.147 12.28 0.000
(3.361) (3.337) (3.328)
Fathers education (years) 13.976 14.354 13.623 0.000
(3.545) (3.429) (3.615)
Mother self-employed 0.099 0.107 0.091 0.000
Mother salaried employee 0.526 0.57 0.484 0.000
Mother civil servant 0.083 0.094 0.073 0.000
Mother blue-collar worker 0.098 0.082 0.114 0.000
Mother did not work 0.194 0.147 0.238 0.000
Father self-employed 0.209 0.224 0.196 0.000
Father salaried employee 0.424 0.436 0.413 0.000
Father civil servant 0.192 0.192 0.192 0.999
Father blue-collar worker 0.134 0.122 0.145 0.000
Father did not work 0.040 0.025 0.054 0.000
N 54,108 26,153 27,955

Note: Table displays means and standard deviations of selected variables (N denotes number of graduates). (a): conditional
on full-time employment in Germany. N (all)=28,125, N(female)= 12,576, N(male)= 15,549. (b): For full-time workers;
this hours measure is only available in 2009. N (all)=3,793, N(female)= 2,234, N (male)= 1,559. (c): Full-time employment
here is an indicator, taking the value 1 for individuals in full-time employment, and 0 for part-time. N(all)=44,289,
N (female)=21,011, N(male)=23,278. (d): Cohorts 2001, 2005, 2009, N (all)=25,321, N (female)=14,957, N (male)= 10,364.
(e): N(all)=42,309, N (female)= 21,725, N(male)= 20,584. (f): ‘High graduation mark’ refers to a mark of 1.5 or less (note
reverse scale, lower marks mean better performance). Own calculations based on DZHW data. See text for details.
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Table 2: Entrants’ Quality: Gender Differences in High School Marks, by Cohort

Field of Controls \ Year All 1993 1997 2001 2005 2009
study
A. All subjects
(i) All cohort FE -0.069 -0.024 -0.019 -0.070 -0.116 -0.112
(0.006)**  (0.014)*  (0.014)  (0.015)*** (0.012)*** (0.014)%**
(i1) All cohort FE, family -0.015 0.053 0.046 -0.009 -0.074 -0.080
background (0.006)** (0.013)***  (0.014)** (0.015)  (0.012)*** (0.014)***
(iii) All cohort FE, family -0.045 0.003 -0.004 -0.055 -0.075 -0.088
background, (0.006) %+ (0.014) (0.015)  (0.016)*** (0.013)*** (0.015)***
subject FE, uni FE
N 42651 9494 8114 7048 9963 8032
Share female 0.515 0.385 0.433 0.592 0.577 0.604
B. By selected subject groups
(iv) cohort FE, family -0.108 -0.005 -0.120 -0.130 -0.103 -0.125
Economics background, (0.016)*** (0.039)  (0.034)***  (0.044)**  (0.033)**  (0.031)***
/ Business  subject FE, uni FE 5615 1014 1163 743 1310 1385
cohort FE, family 0.019 0.059 0.070 -0.003 0.004 -0.009
(v) STEM background, (0.013) (0.0200%*  (0.032)**  (0.030)  (0.030)  (0.035)
subject FE, uni FE 11826 3209 2562 2167 2232 1656
(vi) cohort FE, family 0.039 0.137 -0.027 -0.030 0.155 -0.073
Humanities background, -0.029 (0.068)** (0.067) (0.072) (0.062)** (0.069)
subject FE, uni FE 3003 548 565 495 806 589
(vii) cohort FE, family -0.050 -0.034 0.070 -0.037 -0.074 -0.154
Medical background, (0.022)** (0.041) (0.056) (0.057) (0.046) (0.052)**
studies subject FE, uni FE 2563 751 442 416 576 378

Note: Grades are in reverse scale, so that negative coefficient means women have a better high-school mark than their
male counterparts. Marks are on a scale from 1.0 (best mark) to 4.0 (worst passing mark). In 1989, information on high-
school marks was not collected. Numbers reported are regression coefficient on ‘Female’ dummy, with additional controls
as indicated. Degree subject groups: the group called ‘Humanities’ includes literature, language, and philosophy, while
‘Medical studies’ includes medicine, dentistry, and pharmacy. Numbers reported in each cell (from top to bottom) are

coefficient, standard error, number of observations, and (in italics) share of females among graduates (in panel B).
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Table 3: Gender Differences in University Graduation Marks, by Specification

(a) (b) (©) (d) ()

Female 0.022 0.041 0.044 0.058 0.063

(0.006)***  (0.007)*** (0.006)*** (0.006)*** (0.006)***
N 42651 42651 42651 42651 42651
Cohort FE YES YES YES YES YES
Age, family background NO YES YES YES YES
Final secondary school grade NO NO YES YES YES
Field of study FE NO NO NO YES YES
University FE NO NO NO NO YES

Note: Dependent variable is final university grade. Grades are in reverse scale, so that a negative
coefficient means women have a better final university mark than their male counterparts. Marks are on

a scale from 1.0 (best mark) to 4.0 (worst passing mark). Same sample as in Table 2| Panel A. In 1989,
information on high-school marks was not collected.
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Table 4: Gender Differences in University Graduation Marks, by Cohort and Different
Subsamples

All 1989 1993 1997 2001 2005 2009

A. Graduation Mark, controlling for final secondary school grade

emale . . . . . .
Femal 0.063 0.106 0.043 0.089 0.057 0.055
(0.006) %+ (0.013)%%  (0.014)%F  (0.014)%%* (0.012)%** (0.014)%**
42651 9494 8114 7048 9963 8032

B. Graduation Mark (as in A, but not controlling for final secondary school grade)

Female  0.055 0.094 0.104 0.043 0.065 0.030 0.031
(0.006)¥*%  (0.014)%%F  (0.014)**  (0.014)**  (0.015)***  (0.012)**  (0.015)**
54108 10767 9734 8283 7150 10078 8096

C. Probability of High Graduation Mark, controlling for final secondary school grade

Female  -0.040 -0.052 -0.041 -0.043 -0.037 -0.040
(0.005)*** (0.009)%%*  (0.010)¥** (0.012)%** (0.010)*** (0.012)***
42651 9494 8114 7048 9963 8032

D. Probability of High Graduation Mark (as C, but not controlling for
final secondary school grade)

Female  -0.035 -0.044 -0.051 -0.040 -0.029 -0.019 -0.026
(0.004)%%%  (0.008)¥* (0.009)%** (0.011)*** (0.012)**  (0.010)*  (0.012)**
54108 10767 9734 8283 7150 10078 8096

Note: Dependent variable is final university grade. Grades are in reverse scale, so that negative coefficient
means women have a better final university mark than their male counterparts. Marks are on a scale
from 1.0 (best mark) to 4.0 (worst passing mark). ‘High graduation mark’ refers to a mark of 1.5 or less.
Controls in panels A and C are as indicated in column (e) in the Table|3] Controls in panel B and D
exclude high school mark but are otherwise identical. In 1989, information on high-school marks was not
collected.
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Table 5: Gender Differences in University Graduation Marks, by Field of Study Subgroups

All 1993 1997 2001 2005 2009
0.063 0.106 0.043 0.089 0.057 0.055
(i) Al (0.006)¥*  (0.013) (0.014)** (0.014)%* (0.012)%** (0.014)%***
42651 9494 8114 7048 9963 8032
(i) 0.022 0.041 -0.033 0.049 0.021 0.041
Economics  (0.014) (0.036)  (0.032)  (0.039)  (0.029)  (0.028)
/ Business 5615 1014 1163 743 1310 1385
0.093 0.126 0.066 0.103 0.096 0.093
(i) STEM  (0.012)%%*  (0.020)*** (0.030)%* (0.027)*** (0.026)%**  (0.032)**
11826 3209 2562 2167 2232 1656
(iv) 0.142 0.085 0.159 0.234 0.186 0.080
Humanities (0.026)*** (0.070)  (0.059)** (0.065)*** (0.050)***  (0.068)
3003 548 565 495 806 589
(v) Medical 0.053 0.003 0.062 -0.007 0.131 0.120
studies  (0.023)%* (0.042)  (0.058)  (0.061)  (0.054)%*  (0.067)*
2563 751 442 416 576 378

Note: Dependent variable is final university grade. Grades are in reverse scale, so that negative coefficient
means women have a better final university mark than their male counterparts. Marks are on a scale
from 1.0 (best mark) to 4.0 (worst passing mark). Baseline specification (i) is the same as Table [4] panel
A. In 1989, information on high-school marks was not collected. Degree subject groups: the group called
‘Humanities’ includes literature, language, and philosophy, while ‘Medical studies’ includes medicine,
dentistry, and pharmacy.
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Table 6: Gender Earnings Gap, by Cohort and Different Subsamples

Sample All cohorts 1989 1993 1997 2001 2005 2009
A. Raw gap
All full-time workers (including -0.287 -0.340 -0.249 -0.294 -0.260 -0.311 -0.239
(i) graduates in practical training or (0.006)*** (0.015)***  (0.012)*** (0.012)*** (0.015)*** (0.014)*** (0.015)***
enrolled for PhD) 28286 4973 5260 5038 4529 5065 3421
Excluding graduates in practical -0.191 -0.248 -0.157 -0.172 -0.180 -0.223 -0.158
(i) training or enrolled for PhD (0.005)%FF  (0.012)%%*F (0.011)%%* (0.012)%%* (0.013)*¥** (0.014)%** (0.014)%**
19418 3164 3468 3469 3180 3692 2445
As (ii), requiring presence of final -0.183 -0.159 -0.174 -0.180 -0.224 -0.160
(iii) secondary school mark (0.006)*** (0.011)***  (0.012)***  (0.013)*** (0.014)*** (0.015)***
15982 3351 3402 3158 3648 2423
B. Controlling for family background, field of study FE, university FE
All full-time workers (including -0.078 -0.101 -0.077 -0.070 -0.061 -0.093 -0.056
(iv)  graduates in practical training or (0.005)*** (0.013)***  (0.010)*** (0.011)*** (0.014)*** (0.013)*** (0.014)***
enrolled for PhD) 28286 4973 5260 5038 4529 5065 3421
Excluding graduates in practical -0.084 -0.100 -0.095 -0.083 -0.078 -0.091 -0.050
() training or enrolled for PhD (0.006)*** (0.013)*F*  (0.013)**F*  (0.013)*** (0.015)*** (0.015)***  (0.016)**
19418 3164 3468 3469 3180 3692 2445
C. Also controlling for final secondary school mark (excludes 1989)
Excl. grad. in practical training or -0.083 -0.098 -0.085 -0.078 -0.097 -0.056
(vi) enrolled for PhD, excluding 1989  (0.006)*** (0.013)***  (0.013)*** (0.015)*** (0.015)*** (0.016)***
15982 3351 3402 3158 3648 2423
All full-time workers (including -0.074 -0.078 -0.071 -0.060 -0.097 -0.061
(vii)  graduates in practical training or (0.006)*** (0.011)*F*  (0.012)***  (0.014)*** (0.013)*** (0.014)***
enrolled for PhD), excluding 1989 22981 5121 4956 4495 5015 3394
D. Also controlling for hours worked (only 2009)
Excl. grad. in practical training or -0.055 -0.055
(viii) enrolled for PhD, 2009 only (0.016)*** (0.016)***
2423 2423

Notes: Dependent variable if log monthly earnings, measured in 2001 Euro. Sample restricted to full-time
workers. Table reports coefficient on female, and standard errors in parentheses. (N denotes the number
of individuals.) Panel A controls for cohort FE and region FE. Panel B additionally controls for family
background, field of study FE, and university FE. Panel C additionally controls for final secondary school
grade (not collected in 1989). Panel D additionally controls for the number of hours worked (among the
full-time workers), restricted to the 2009 cohort. Rows (i), (ii), (iii) differ in the sample definition. Row
(i) includes all graduates in full-time employment (including those in practical training following their
degree (e.g. teachers or lawyers), or those enrolled for a PhD. Rows (ii) and (iii) exclude these individuals
(similarly (v) and (vi)). See text for details.

32



Table 7: Decomposition of the Gender Earnings Gap, by Cohort

All 1989 1993 1997 2001 2005 2009

Observed gender wage gap 0.197 0.245 0.151 0.186 0.195 0.235 0.164

Explained 0.113 0.145 0.056 0.103 0.117 0.143 0.114
Part explained by:

- Cohort FE -0.001

- Region FE 0.009 -0.001 -0.004 0.011 0.012 0.009 0.001
- Personal characteristics 0.012 0.012 0.009 0.007 0.008 0.008 0.013
- Family background -0.003 -0.003 -0.006 -0.003 0.001 -0.001 0.001
- Graduation mark -0.004 -0.001 -0.002 0.000 -0.002 -0.001 -0.001
- Field of study 0.094 0.147 0.061 0.080 0.094 0.115 0.108
- University FE 0.006 -0.008 -0.003 0.007 0.004 0.013 -0.007
Unexplained 0.084 0.100 0.095 0.083 0.078 0.091 0.050
N 19418 3164 3468 3469 3180 3692 2445

Notes: Table reports decomposition results, the dependent variable is log monthly earnings for full-time
workers. The sample is as in Table |§|7 panel A, row (ii). See text for details.
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Table 8: Full-Time Employment and Hours, by Cohort and Specification

Full-time Ever employed Hours
employment since graduation
(Cohorts 89, 93, 97, (Cohorts 2001, 2005, (Cohort 2009)
01, 05, 09) 2009)
(a) (b) () (d) () (f)
Cohort FE 4+ age, family Cohort FE 4+ age, family Cohort FE, + age, family
background, background, region FE background,
final grade, final grade, final grade,
field FE, uni field FE, uni field of
FE. FE. study FE,
university
FE
All -0.090 -0.024 -0.005 0.017 -0.21 -0.386
(0.004)***  (0.004)*** -0.004 (0.005)*** (0.106)** (0.128)**
44544 44544 25321 25321 3673 3673
1989 -0.106 -0.032
(0.008)***  (0.009)***
9200 9200
1993 -0.065 -0.025
(0.010)*** (0.011)**
7911 7911
1997 -0.102 -0.032
(0.010)*** (0.011)**
7080 7080
2001 -0.066 -0.034 -0.015 -0.012
(0.010)*** (0.011)** (0.005)** (0.006)**
6414 6414 7150 7150
2005 -0.127 -0.054 -0.022 0.009
(0.010)***  (0.011)*** (0.007)** -0.008
8035 8035 10075 10075
2009 -0.058 0.011 0.025 0.041 -0.21 -0.386
(0.013)%** -0.014 (0.009)** (0.010)*** (0.106)** (0.128)**
5904 5904 8096 8096 3673 3673

Note: Columns (a) and (b):
employment, and 0 for part-time work. Columns (c) and (d):
graduation (including temporary jobs, teacher training positions, employment as PhD student, freelance work). Panels
(e)-(f): dependent variable is hours worked per week, among full-time workers (only available in 2009 cohort). Controls are

indicated at the top of the table. See text for details.
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Table 9: Gender Earnings Gap, by Field of Study and Specification

Cohort and + age, family + final + field of -+ university
region FE  background secondary  study FE FE
school grade

(a) (b) (c) (d) (e)

A. Excluding graduates in training and PhD studies (full-time employed only)

-0.191 -0.185 -0.185 -0.086 -0.084
(i) All (0.005)*** (0.005)*** (0.005)***  (0.006)*** (0.006)***
19418 19418 19418 19418 19418
(ii) -0.103 -0.100 -0.108 -0.108 -0.101
Economics (0.010)*** (0.010)*** (0.010)***  (0.010)*** (0.010)***
/ Business 3835 3835 3835 3835 3835
-0.134 -0.125 -0.123 -0.095 -0.092
(iii) STEM (0.009)*x* (0.009)*** (0.009)***  (0.009)*** (0.009)***
6825 6825 6825 6825 6825
(iv) -0.132 -0.097 -0.099 -0.095 -0.097
Humanities (0.059)** (0.061) (0.061) (0.062) (0.065)
609 609 609 609 609
(v) -0.093 -0.074 -0.074 -0.081 -0.080
Medical (0.027)%** (0.028)** (0.028)** (0.028)** (0.028)**
studies 518 518 518 518 518

B. Including graduates in training and PhD studies (full-time employed only)

-0.287 -0.266 -0.261 -0.081 -0.078
(i) All (0.006)¥**  (0.006)***  (0.006)***  (0.005)*** (0.005)%*
28286 28286 28286 28286 28286
(i) -0.112 -0.116 -0.122 -0.122 -0.119
Economics  (0.011)%¥  (0.011)¥*  (0.011)%**  (0.011)*** (0.011)%**
/ Business 4144 4144 4144 4144 4144
-0.300 -0.270 -0.267 -0.128 -0.116
(iii) STEM  (0.010)¥**  (0.010)***  (0.010)¥**  (0.010)*** (0.010)%**
8392 8392 8392 8392 8392
(iv) -0.081 -0.012 -0.007 -0.009 -0.018
Humanities (0.028)** (0.028) (0.029) (0.028) (0.028)
1581 1581 1581 1581 1581
(v) 0.014 -0.014 -0.016 -0.021 -0.024
Medical (0.016) (0.017) (0.017) (0.016) (0.016)
studies 2576 2576 2576 2576 2576

Note: Dependent variable is log monthly earnings for full-time workers. Table reports coefficient (and
standard deviation) of the female indicator, as well as number of observations. Additional controls are
shown at the top of the table. Panel A: Sample as in Table [6] Panel A(ii). Panel B: Sample as in Table
@ Panel A, row (i). Degree subject groups: the group called ‘Humanities’ includes literature, language,
and philosophy, while ‘Medical studies’ includes medicine, dentistry, and pharmacy. See text for details.
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Figure 1: Enrolment count

300

—=e—— Male (West Germany) ——=e&—— Male (Germany)

——o—— Female (West Germany) —o—— Female (Germany)

250

200

100

Beginning students (in '000)
50 150
| T SR TR (NN T SN TN N N TN SN S TN [N TR S T S (N SN T TR N T S N S |

1950 1960 1970 1980 1990 2000 2010
Year of first enrolment

Source: Destatis (2017). Note: Shows number of students enrolling for the first time in Higher Education. Year refers to
academic year (e.g., 1998 includes winter term 1998/99 and subsequent summer term).
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Figure 3: Gender Ratio among Graduates, by Field of Study

Ratio female-male, graduates first degree

T
2005

Year of graduation
+ All ——+—— Agriculture, forestry, nutrition studies
——A—— An, art science ———— Engineering
——@®—— Medicine, health science —%—— Language, cultural studies
———8&——— Math, natural sciences Law, economics, social science

Source: BMBF (2017), link: http:

//www.datenportal.bmbf.de/portal/de/K2.html.
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Figure 4: Gender Difference in Log Full-time Monthly Earnings across the Distribution
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Quantile

Note: Figure shows coefficients and confidence intervals for the female indicator variable obtained from
quantile regression models for quantiles 0.1, 0.2, ..., 0.9 (shown with black dots and dark grey), as well
as benchmark OLS estimates (shown without dots in light grey). Sample excludes the 1989 cohort. (In
1989, earnings are surveyed in brackets, and the 1989 wave of data does not contain final secondary school
grades.) Sample and specification as in Table@, panel C, row (vi). N (number of individuals) = 15,982.
See text for details.
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A Appendix

Figure A.1: Design of DZHW Graduate Panels
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Note: The figure shows the timing of the baseline as well as the five-year follow-up surveys of the DZHW

graduate panels.
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Table A.1: Decomposition of the Gender Earnings Gap, by Cohort

All 1989 1993 1997 2001 2005 2009

Difference 0.281 0.342 0.251 0.305 0.279 0.320 0.248
Explained 0.203 0.241 0.174 0.236 0.218 0.227 0.192

Part explained by:

- Cohort FE -0.009

- Region FE 0.006 -0.003 -0.001 0.008 0.012 0.005 0.001
- Personal characteristics 0.022 0.022 0.020 0.018 0.022 0.013 0.018
- Family background -0.002 -0.001 -0.004 -0.001 0.002 0.000 0.001
- Graduation mark -0.002 -0.002 0.000 0.001 0.000 0.003 0.001
- Field of study 0.167 0.195 0.140 0.179 0.158 0.176 0.138
- University FE 0.021  0.029 0.019 0.031 0.025 0.030 0.033
Unexplained 0.078 0.101 0.077 0.070 0.061 0.093 0.056
N 28286 4973 5260 5038 4529 5065 3421

Note: Table reports decomposition results, the dependent variable is log monthly earnings for full-time workers. The sample
is as in Table 6, panel A, row (i). See text for details.
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Table A.2: Quantile Decomposition of the Gender Earnings Gap, by Cohort

Quantile Quantile Effect of Effect of
difference characteristics coefficients

All 0.1 0.317 0.240 0.078
(N=19,418) 0.2 0.249 0.177 0.073
0.3 0.218 0.143 0.075

0.4 0.191 0.118 0.073

0.5 0.167 0.094 0.074

0.6 0.141 0.069 0.071

0.7 0.117 0.052 0.065

0.8 0.100 0.040 0.060

0.9 0.098 0.029 0.069

1989 0.1 0.414 0.301 0.113
(N=3,164) 0.2 0.351 0.237 0.114
0.3 0.306 0.160 0.145

0.4 0.276 0.135 0.142

0.5 0.251 0.115 0.137

0.6 0.169 0.057 0.112

0.7 0.145 0.052 0.093

0.8 0.114 0.052 0.061

0.9 0.095 0.036 0.059

1993 0.1 0.181 0.130 0.051
(N=3,468) 0.2 0.171 0.091 0.080
0.3 0.164 0.064 0.100

0.4 0.158 0.065 0.094

0.5 0.152 0.063 0.089

0.6 0.143 0.055 0.088

0.7 0.126 0.042 0.084

0.8 0.118 0.036 0.082

0.9 0.112 0.024 0.088

1997 0.1 0.352 0.174 0.178
(N=3,469) 0.2 0.269 0.123 0.146
0.3 0.225 0.101 0.124

0.4 0.189 0.086 0.103

0.5 0.153 0.065 0.088

0.6 0.126 0.049 0.077

0.7 0.107 0.045 0.062

0.8 0.092 0.035 0.057

0.9 0.077 0.008 0.069

2001 0.1 0.272 0.277 -0.005
(N=3,180) 0.2 0.240 0.185 0.055
0.3 0.219 0.145 0.073

0.4 0.206 0.120 0.085

0.5 0.186 0.092 0.094

0.6 0.171 0.070 0.101

0.7 0.151 0.045 0.105

0.8 0.136 0.023 0.113

0.9 0.133 -0.009 0.142

2005 0.1 0.434 0.289 0.145
(N=3,692) 0.2 0.305 0.187 0.119
0.3 0.266 0.162 0.103

0.4 0.234 0.143 0.090

0.5 0.211 0.123 0.087

0.6 0.181 0.092 0.090

0.7 0.151 0.069 0.082

0.8 0.123 0.047 0.076

0.9 0.117 0.018 0.099

2009 0.1 0.206 0.228 -0.022
(N=2,445) 0.2 0.191 0.194 -0.003
0.3 0.183 0.178 0.006

0.4 0.182 0.166 0.016

0.5 0.180 0.149 0.031

0.6 0.164 0.112 0.052

0.7 0.144 0.074 0.071

0.8 0.124 0.051 0.073

0.9 0.115 0.018 0.097

Note: Table presents quantile decomposition results based on the procedure developed by Chernozhukov,
Fernandez-Val, and Melly (2008). Reference group is male. Sample corresponds to Table @, panel A, row

(ii).
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Table A.3: Probability of Being Employed in a Public Sector Job

(i) All (ii) Economics (iii) STEM (iv) (v) Medical

/ Business Humanities studies

Female 0.042 0.020 0.080 -0.002 0.004

(0.005)*** (0.009)** (0.010)*** (0.051) (0.023)
State FE, cohort FE Yes Yes Yes Yes Yes
Age, family background Yes Yes Yes Yes Yes
Final second. school grade Yes Yes Yes Yes Yes
Field of study FE Yes Yes Yes Yes Yes
University FE Yes Yes Yes Yes Yes
N 20253 4024 7123 622 542

Mean dependent variable 0.127 0.069 0.097 0.241 0.057

Notes: Dependent variable takes value 1 if individual is employed in a public sector job, and 0 otherwise.
Sample of full-time workers, excluding individuals who are in further training or in PhD programs. See
text for details.
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