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ORIGINAL ARTICLE

Place of study, field of study 
and labour‑market region: What matters 
for wage differences among higher‑education 
graduates?
Silvia Kopecny* and Steffen Hillmert 

Abstract 

This paper focuses on the structure and extent of wage differences among graduates of different higher-education 
institutions in Germany. We ask how large these differences are and how they relate to fields of study and regional 
labour markets. The results from our application of cross-classified random-effects models to a cohort of the DZHW 
Graduate Panel show that there is a considerable amount of wage variation depending on the graduates’ alma mater. 
However, this variation can be fully explained by structural characteristics: Selection based on individual characteris-
tics is of only minor importance, while regional labour markets do matter. Most of all, however, the differences relate 
to fields of study.
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1  Introduction
In contemporary societies, the relevance of education 
for individual life chances is well-known, especially its 
importance for working careers. Education determines 
the chances of getting a job, avoiding unemployment 
and attaining higher occupational positions and wage 
levels. In these regards, higher-education graduates 
tend to excel as compared to other educational levels. 
Therefore, it is not surprising that governments seek to 
increase the proportion of higher educated people in the 
population or that a large proportion of students aim at 
achieving such qualifications. However, especially in the 
course of the current educational expansion and the fol-
lowing discussion about a possible “inflation” of post-
secondary degrees, questions about returns to higher 
education have gained attention. Empirical studies have 
also revealed remarkable differences in labour-market 

outcomes within the group of highly qualified candi-
dates. Part of these heterogeneities can be associated 
with graduates’ performance during their course of study 
(Kittelsen Røberg and Helland 2017) as well as ascriptive 
characteristics such as gender (Leuze and Strauß 2009). 
There are also structural aspects of the higher-education 
system that add to differences in labour-market out-
comes.1 Aside from the vertical differentiation in a two-
tier degree structure (Noelke et al. 2012), two important 
horizontal dimensions of the higher-education system 
can be distinguished (Charles and Bradley 2002; Triventi 
2013): the institution of higher education attended and 
the field of study.

Empirical results suggest that remarkable wage vari-
ations occur between graduates of different places of 
study (Britton et al. 2016; Cunha and Miller 2014; Kirke-
boen et  al. 2016). Higher returns have been associated 
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1  Against the background of educational expansion, one prominent approach 
that emphasises the relevance of qualitative dimensions of education within 
the same level is Effectively Maintained Inequality, proposed by Lucas (2001). 
According to this approach, such dimensions are used by advantaged groups 
for maintaining social stratification in education.
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with institutional characteristics, such as selectivity, pres-
tige, and quality (Anelli 2020; Black et  al. 2005; Borgen 
2015; Brewer et al. 1999; Chevalier 2014; Dale and Krue-
ger 2002; Hoekstra 2009; Monks 2000). So far, however, 
it has remained inconclusive whether the results actually 
represent a causal explanation for this wage variation 
through institutional characteristics or, rather, are the 
consequences of selection in higher-education institu-
tions on the basis of ability (an issue which also applies 
for field-of-study-specific effects). Depending on the 
specific method of accounting for this selection, quality 
effects tend to decrease or even diminish, which indicates 
the relevance of this methodological problem.

With regard to the field of study, its major importance 
for labour-market returns has been emphasised in many 
countries (Grave and Goerlitz 2012; Iannelli et  al. 2018; 
Reimer et  al. 2008). The field-of-study-specific quantity 
of different kinds of human capital (van de Werfhorst 
and Kraaykamp 2001) and the extent of occupational 
specificity have been examined as explanations (Klein 
2011). In addition to ability-based sorting, the different 
composition with respect to the fields of study offered 
at particular higher-education institutions might also be 
responsible for varying wages among institutions. The 
few studies that have simultaneously taken both dimen-
sions into account have revealed wage variations along 
both dimensions, but the academic subject tends to be 
more relevant than the place of study (Belfield et al. 2018; 
Borgen and Mastekaasa 2018).

However, as wage formation processes do not take 
place within the higher-education system but on the 
labour market, individual wage levels may also depend on 
characteristics of the regional labour market (Maretzke 
2013). Depending on their study location, if gradu-
ates are systematically selected into high- or low-paying 
labour-market regions, wage variation among graduates 
of different institutions can be, at least partly, a result 
of regional wage differences.2 Only a few studies have 
explicitly tackled this issue in the Scandinavian context. 
They have come to different conclusions, leaving room 
for further research (Borgen and Mastekaasa 2018; Hol-
mlund 2009; Suhonen 2013).

In Germany, the relevance of the field of study and 
labour-market region for individual wages is clearly 
acknowledged, but the differences between specific insti-
tutions of higher education have gained less attention. A 
reasonable explanation is that they have been assumed to 

be qualitatively equivalent—a fact explicitly postulated by 
politics. An important distinction criterion in the higher-
education system in Germany has instead been the type 
of institution. The two major types, universities and uni-
versities of applied sciences, differ with regard to their 
official educational mission (research vs. practical orien-
tation) and structural aspects such as the fields of study 
offered.3 Despite the political postulate of “equivalence”, 
graduates of the two types of institutions typically show 
differences in their earnings. For some fields of study, a 
degree from a university is advantageous, whereas for 
others, it is one from a university of applied sciences 
(Glocker and Storck 2012). Therefore, the type of higher-
education institution should not necessarily be seen as an 
indicator of quality but rather as a structural distinction. 
Moreover, this institutional differentiation has declined 
in relevance with the introduction of bachelor’s and mas-
ter’s degrees as a new dimension of vertical stratifica-
tion. As a consequence, different types of universities in 
Germany have become more similar and there has been 
an overall convergence of the higher-education system 
towards the ones in Anglo-Saxon countries, which also 
represent the predominant cases in the corresponding 
state of research.

Nevertheless, there are remaining differences that 
might limit the transferability of international results 
regarding wage variation by place of study (see, for exam-
ple, Allmendinger 1989; Hillmert 2001; Triventi 2013). 
Allocation processes and related specificities of both the 
higher-education systems and the labour markets differ 
internationally. In the case of Germany, the student pop-
ulation across higher-education institutions of the same 
type is comparatively homogeneous. This is a conse-
quence of the fact that access is typically based on stand-
ardised entrance certificates instead of university-specific 
selection tests, as well as high rates of selection at earlier 
stages of education. Also, in the institutional landscape, 
there are less pronounced differences between particu-
lar institutions with regard to prestige or quality and no 
clearly outstanding universities, such as Oxford/Cam-
bridge or Harvard. Finally, the German labour market is 
characterised by an especially high relevance of occupa-
tional specificity, which emphasises the importance of 
the field of study with employers.

At the same time, there are good reasons to raise the 
question of wage variation among graduates of different 
higher-education institutions in the German context. 
Empirical results have indicated that there are institu-
tional differences in study quality (Grotheer and Kerst 2  In analogy, the question where to work can also relate to organisational or 

occupational dimensions: if the attended institution promotes working in a 
specific high- or low-paying firm, or if the same field of study, depending on 
the institution of higher education, leads to high- or low-paying occupations, 
firms and occupation can be relevant dimensions, too. However, this would 
exceed the scope of this paper, where we concentrate on regional differences 
for now.

3  For detailed information on both types, see, for example, Wissenschaftsrat 
(2010).
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2011) and grading standards (Grözinger 2017). Moreover, 
with the government-funded Excellence Initiative/Strat-
egy active since 2005, there has been a new differentiation 
between ‘elite’ and ‘non-elite’ universities, which makes 
differences at the institutional level at least visible—if not 
actively promotes them.

In this paper, we want to examine whether and to 
what extent there are wage differences among graduates 
of different higher-education institutions in Germany. 
Special emphases will be put on how these differences 
relate to the well-known wage variation by field of study 
and what role regional labour-market differences might 
play. Insights into the determinants of graduates’ wages 
in Germany may contribute to the international state 
of research in a twofold way. First, they will add to the 
limited number of studies thus far that have considered 
wage differences by field of study and higher-education 
institution simultaneously and with a multi-level design. 
Second, the even scarcer but still relevant emphasis on 
regional labour-market differences will be extended.

In the next section, the empirical background of our 
study is discussed in greater detail, followed by the 
development of the theoretical framework, which draws 
on both economic and sociological approaches. Sub-
sequently, information about the data and the applied 
methods, as well as our analytical strategy are provided. 
The consequent empirical results include descriptive 
evidence for each theoretical argument and multivariate 
estimation results. Finally, we discuss the findings and 
the limitations of our analysis and conclude with some 
remarks on the further relevance of this research.

2 � Empirical background
The main empirical approach to investigating the rel-
evance of the higher-education institution for gradu-
ates’ earnings has been to focus on the effects of specific 
institutional characteristics. Research has suggested that 
studying at a selective, prestigious or otherwise “high-
quality” institution entails a higher wage on the labour 
market (for the United States, see Brewer et al. 1999; Dale 
and Krueger 2002; Hoekstra 2009; Monks 2000; Black 
et al. 2005; for the UK, see Chevalier 2014; for Italy, see 
Anelli 2020; and for Norway, see Borgen 2015). However, 
the aim of this study is to generally tackle the magnitude 
of wage variation between higher-education institutions 
without specifically focusing on institutional quality.

There have already been a few studies that took a simi-
lar broader perspective by examining the wage variation 
among higher-education institutions as whole units. 
These have found, for example, significant differences in 
Texas, Norway and the United Kingdom (Britton et  al. 
2016; Cunha and Miller 2014; Kirkeboen et  al. 2016). 
Regardless of the approach, when selection is considered, 

there are fewer differences between higher-education 
institutions. This indicates that a wage premium partly 
results from a selection of students with a high-earning 
potential into specific institutions. Despite these insights, 
there are some caveats. In certain studies, the effects of 
institutions are likely to be overestimated due to the lack 
of selection controls (Britton et  al. 2016). In others, the 
authors note that generalisation to a wider population 
might be problematic, as the applied “admission cut-off” 
approach includes only a very select sample (Kirkeboen 
et  al. 2016). Cunha and Miller (2014)—as well as most 
of the studies examining institutional characteristics—
do not take field of study into account, although there 
are prominent wage differences by field of study (Ian-
nelli et  al. 2018; Reimer et  al. 2008; van de Werfhorst 
and Kraaykamp 2001), and institutions vary in the fields 
of study that they offer. In the context of the US higher-
education system, neglecting field of study can be justi-
fied because many students enrol in general programmes 
first and do not choose a major until later. In most OECD 
countries, however, students enrol in a specific field of 
study from the beginning, so it is a crucial dimension. 
Empirical studies examining field of study and higher-
education institutions have found wage variations in both 
dimensions and greater relevance of field of study than 
the choice of institution for explaining wage variations 
among graduates (Belfield et  al. 2018; Borgen and Mas-
tekaasa 2018).

However, in all studies, a further explanation for wage 
variation among graduates of different higher-education 
institutions has received only minor attention: If gradu-
ates from different institutions enter the labour market 
systematically in high- or low-paying regions, their wage 
variations can be partially a consequence of regional 
wage differences. While Belfield et  al. (2018) discussed 
the point theoretically, they drew no conclusions for 
the empirical analysis. Other authors included the loca-
tion where the student grew up as well as an indicator of 
whether the region of work is similar to the location of 
the higher-education institution in their analyses (Borgen 
and Mastekaasa 2018). As the results were stable, they 
concluded that wage variation was not due to regional 
wage differences. However, the indicators in use are 
only proxies for labour-market regions rather than the 
regional labour market where graduates actually work. 
Studies using the latter indicate that regional wage dif-
ferences or the location of the higher-education institu-
tion in combination with the work region are relevant for 
wage variation (Holmlund 2009; Suhonen 2013).

Therefore, we would like to improve our common 
understanding of the relevance of regional wage differ-
ences for the wage variations related to higher-education 
institution and fields of study.
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3 � Theoretical considerations
From an economic perspective, wages are the result of 
an exchange process in the labour market between work-
ers, who supply their manpower, and employers, who 
demand it. According to economic market models, these 
processes of supply and demand determine the levels 
of payment. In contrast, in sociological theory, it is not 
only market processes that play a crucial role in the level 
of payment but also institutional and social power rela-
tions (Hinz and Abraham 2008). From both perspectives, 
however, the importance of education is acknowledged, 
although mainly in the form of education levels. Regard-
ing the level of formal education, higher-education 
graduates represent a homogeneous group, but there 
are several possibilities of internal differentiation. Indi-
vidual features, such as performance criteria, as well as 
ascriptive characteristics, such as gender or social origin, 
vary among higher-education graduates. Moreover, the 
decision to study entails two associated decisions that 
also depend on the higher-education system: the choice 
of what to study and where to do so. For Germany, we 
can assume that the decision for a field of study comes 
first and is followed by the choice of location/institu-
tion. Vocationalism is traditionally a central principle of 
working life, and there is a strong link between fields of 
study and the actual occupation rewarded in the German 
labour market. For some fields of study, eligible higher-
education institutions are limited to universities. For 
example, more traditional fields of study, such as medi-
cine or law, are only offered at universities and not at uni-
versities of applied sciences. From a rational choice point 
of view, prospective students choose the field of study 
and the higher-education institutions that are expected 
to yield the highest utility, given cost and benefits calcu-
lations (Becker et al. 2010; Esser 1999). Regarding higher-
education institutions in Germany, it is only known that 
there are different returns by type of higher-education 
institution, but not whether some are more beneficial 
than others among the same type.

Given a field of study, how can the choice of a higher-
education institution be associated with wage variation? 
There are four primary arguments proposed in the lit-
erature (Gerber and Cheung 2008). The first follows the 
human capital approach (Becker 1994) in assuming that 
higher-education institutions vary in their quality and 
therefore impart different amounts of skills and knowl-
edge—human capital—to their students. Consequently, 
graduates’ productivity in the labour market differs, 
and so do their wages. Second, the higher-education 
institution where someone graduated can be used by 
an employer as a signal of the graduate’s productiv-
ity (Spence 1973). A relevant precondition here is that 
employers know differences in institutional reputation. 

Third, graduates can be provided with social capital dif-
ferently, depending on their alma mater. Therefore, it 
might not be (assumed) differences in productivity but, 
rather, social relationships that may be responsible for 
wage differences, given that higher-education-based net-
works can be used to get high-paying jobs. These causal 
mechanisms are not only difficult to separate empiri-
cally, but the role of the higher-education institution as 
an underlying cause is also questioned in more recent 
studies supporting the fourth argument of selection pro-
cesses. As already mentioned, holders of a university 
entrance certificate with high earnings potential may 
self-select or be selected into specific higher-education 
institutions. Consequently, the wages of students who 
graduate from such institutions are higher on average, 
but the relation is not a causal one.

While this selection problem is, in different methodo-
logical ways, addressed in nearly every study of institu-
tional effects, two other explanations have gained less 
attention. Wage variations among higher-education 
institutions can also result from the field-of-study com-
position of their graduates. There are well-known wage 
differences by field of study, and among institutions 
of higher education, both the offered fields of study 
and their number of graduates vary. Therefore, field of 
study should be included in the analysis of wage varia-
tions in association with higher-education institutions. 
Moreover, wage levels in the German labour market are 
not homogeneous; instead, they vary regionally (Fuchs 
et  al. 2014; Ragnitz 2012). If graduates of specific insti-
tutions enter the labour market in particularly high- or 
low-paying regions, the mean wage gained by graduates 
of the higher-education institutions is associated with 
the regional wage level. The most evident case to think 
of is that high proportions of graduates enter the labour 
market in the region where they graduate (or the region 
of residence before studying if they were mobile when 
taking up studies). This could already be shown for the 
mobility behaviour of German graduates (Haußen and 
Übelmesser 2015; Krabel and Flöther 2014). Universities 
and universities of applied sciences differ regarding their 
regional locations. While universities are mostly found 
in larger cities and traditional university towns, universi-
ties of applied sciences are located not only in larger cit-
ies but also in smaller cities in more rural regions. Due 
to the connection between higher-education institutions 
and graduates’ labour market regions with differing wage 
levels, the two issues should be examined simultaneously 
in order to get a better understanding of their relevance 
to wage differences among higher-education graduates.

The main focus of this study is, therefore, not to prove 
possible causal mechanisms based on characteristics 
of higher-education institutions such as quality, but 
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to investigate whether there is wage variation among 
academic institutions as whole units, how it relates to 
variation by field of study and whether parts of this het-
erogeneity are mediated by regional labour-market wage 
differences.

4 � Data, methods and analytical strategy
We drew on data from the Graduate Panel of the Ger-
man Centre for Higher Education Research and Science 
Studies (DZHW), which conducts a regular survey of 
higher-education graduates in Germany (Brandt et  al. 
2018). Graduates of the cohort of 2009 (winter term 
2008/2009 and summer term 2009) were surveyed 1.5 
and 5 years after graduation and interviewed about their 
higher-education experiences, transition to the labour 
market and labour-market success. The dataset includes 
information on 10,494 graduates from 179 higher-educa-
tion institutions (including universities, specific colleges 
such as teacher training or art colleges, which also belong 
to the group of universities in the binary federal classi-
fication, and universities of applied sciences) that cover 
58 fields of study.4 Although the time of labour-market 
entry of this cohort fell directly into the aftermath of the 
economic crisis of 2008/2009, graduates’ transition pro-
cesses do not seem to have been more difficult compared 
to previous cohorts (Rehn et  al. 2011). We restricted 
the sample to graduates who entered the labour mar-
ket with their first degree to have a clear assignment to 
the higher-education institution (approximately 76% of 
all graduates). Because there is at labour-market entry 
a greater relevance of education for labour-market out-
comes as compared to other well-known influences, such 
as work experience, we focussed on the job the respond-
ents referred to as their first one after graduation in the 
questionnaire. Moreover, we included only graduates age 
35 or younger (only 3.4% of all graduates exceed this age 
limit).

To select the first significant job, we also did not con-
sider workers who had marginal employment (monthly 
wage below €450 or weekly working time below 15 h) in 
order to get an even more homogeneous sample focussed 
on the core of the labour market. Also excluded from our 
analysis were those who were self-employed and gradu-
ates who were in further training while working. The 
major reason for this decision is that wage formation 
processes in these types of employment differ signifi-
cantly in the extent to which they follow market prin-
ciples. This means that we concentrated on employees 

and civil servants. It is noteworthy that the latter group 
is very small in our sample due to the early point in the 
graduates’ careers targeted in the first wave of the sur-
vey. In particular, prospective teachers and law gradu-
ates were still in their special transition processes and 
were therefore not represented in the sample. With these 
parameters, approximately 60% of the respondents who 
had provided information regarding their first job were 
covered.5

To match the individual information with regional 
labour-market indicators at the level of the workplace’s 
administrative region, only employees who work in Ger-
many could be included. This could theoretically lead 
to sample bias if a large number of particularly high-
potential graduates from specific higher-education 
institutions take up employment abroad. However, only 
2.3% of all graduates take a job outside of Germany, and 
there is no indication of bias. The share of graduates tak-
ing up employment abroad varies between 0 and 29% 
across institutions, but its correlation with the mean 
wages across higher-education institutions is minimal 
(Pearson’s r = 0.1, p < 0.001). Our final analysis sample 
consisted of 2175 observations with complete informa-
tion. They were distributed across 147 higher-education 
institutions, 53 fields of study and all 38 administrative 
regions in Germany [Regierungsbezirke]. Hence, approxi-
mately 1/3 of all higher-education institutions in Ger-
many are covered in our sample, and the distribution of 
the various types of institutions sufficiently matches the 
population. In our sample, the breakdown was 47% uni-
versities and 53% universities of applied sciences, com-
pared to 43% universities and 57% universities of applied 
sciences in the population.

It should be mentioned that universities in our sample 
comprised mostly traditional institutions, while specific 
types of universities (theological colleges, arts colleges) 
are underrepresented. However, this selection can be 
expected to strengthen the validity of our results for tra-
ditional universities and universities of applied sciences, 
which are the most important types of higher-educa-
tion institutions in Germany. Moreover, our sample can 
address nearly all fields of study, and it covers all regions 
of Germany.

As the dependent variable, we used the logarithm of 
the gross hourly wage, which was calculated from the 

4  However, not every field of study was observed at each higher-education 
institution due to either non-availability or sampling design (see Baillet et al. 
2017 for more details), and the cluster sizes vary. Therefore, we have a rather 
unbalanced data structure (Table 4 in Appendix).

5  Additional analyses of an identical sample of higher-education institutions 
that used data from the whole working population indicate greater variations 
attributable to the institution once the field of study and labour-market region 
are considered. Hence, the employment patterns also seem to vary by institu-
tion. They might be an interesting further explanation for wage differences, 
but they are not the focus of this study. For the reported results using the 
restricted sample, this means that the estimates are rather conservative.
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gross monthly wage, including bonus payments, divided 
by contractual working hours.6 The independent dimen-
sions of interest were primarily in line with the classifica-
tions of the Federal Statistical Office. For the purposes of 
data protection, higher-education institution is a categor-
ical variable in the form of an anonymised identifier pro-
vided by the Data Research Centre of the DZHW. Field of 
study is categorised in 58 units following the second level 
of the field-of-study classification of 2008/2009 (Statis-
tisches Bundesamt n.d.). We chose two different ways to 
represent regional labour markets. On the one hand, the 
location information for the first job in the survey was 
used as a categorical variable on the level of administra-
tive regions (N = 38) corresponding to NUTS-2 units for 
international classification (see, for example, Europäische 
Kommission 2015).7 On the other hand, for each admin-
istrative region of workplaces, we added regional earn-
ings data from the online database INKAR, managed by 
the Federal Institute for Research on Building, Urban 
Affairs and Spatial Development (BBSR; BBSR Bonn 
2019). We drew from external data because we suspect 
endogeneity problems if the wage levels by institution 
and by region are derived from the same sample. To have 
a control independent of academically educated workers, 
we used data on the earnings of full-time workers who 
hold a vocational degree8 and whose jobs are subject to 
social insurance contributions. Earnings information by 
educational level is available in the form of the median 
gross monthly wage as of the year 2014, and we used this 
information in units of €100.

Finally, we used a set of individual-level characteris-
tics to account for selection, applying a selection-on-
observables approach. We included gender, age, grade of 
the higher-education entrance certificate (1.0 being the 
best and 4.0 the worst grade in Germany, but reversely 
coded in estimations for easier interpretation as a posi-
tive indicator of performance) and social origin (at least 
one parent obtained a higher-education degree) because 
these characteristics influence the choice of a specific 

institution as well as earned wages. Moreover, type of 
degree and type of higher-education institution were con-
trolled to address differing wage levels (Rehn et al. 2011). 
The cohort at hand studied before the institutional imple-
mentation of the new degree structure was completed. 
Therefore, a first degree at this point covers bachelor’s 
and traditional degrees (diploma and, partly, Magister) 
along with the still existing state examinations. As the 
proportions of degrees varied across types of institutions, 
we used a combined indicator. See Table  1 for an over-
view of all of the study’s variables.

To simultaneously model the association between 
wage variation and higher-education institutions as well 
as fields of study, we applied a crossed random-effects 
model (Rabe-Hesketh and Skrondal 2012, p.  433), also 
referred to as the cross-classified model (Hox et al. 2010, 
p.  171), to a continuous variable. In contrast to a hier-
archical random-effects model, where units of the indi-
vidual level are nested in one cluster of each hierarchical 
level, crossed models account for data structures where 
units belong to cross-classified and therefore non-hierar-
chical higher-level clusters. In our case, the assumption 
was that graduates’ wages vary according to the specific 
institution attended and field of study, given that a field of 
study can be offered at different institutions.

The model is specified as

where yijk is the outcome variable log(wage) for gradu-
ate i of higher-education institution j in the field of study 
k; β1 is the intercept; Xijk represent the individual-level 
control variables and Wj is the type of degree and higher-
education institution. The random intercepts for the 
institution and the field of study are indicated by ζ1j and 
ζ2k , respectively. Our main interest lies in their estimated 
standard deviations that indicate the variability of wages 
among institutions within a field of study, and vice versa. 
Finally, ǫijk is the residual error term. Depending on the 
operationalisation of regional labour markets, this model 
is extended by either the external regional wage level as 
an individual-level fixed effect9 or the categorical identi-
fier of administrative regions as a third crossed random 
factor (Eq. (2)).10

(1)yijk = β1 + βXijk + βWj + ζ1j + ζ2k + ǫijk

8  Analyses including the wage levels of academically trained workers 
instead of the wage levels of vocationally trained workers show similar 
results. The endogeneity problem might already be addressed by the fact 
that the external wage indicator includes the full-time employed and aca-
demically trained across all ages and career phases, while our sample con-
sists only of labour-market entrants not older than 35 in full- and part-time 
employment.

9  The model assumption that individual-level variables need to be independ-
ent of not only the individual error term but also the higher-level error term 
(i.e., the random effects) should be considered. We tested this random-effects 
assumption by additionally estimating a model that also includes the cluster-
mean of regional wage and compared the models using a likelihood-ratio test, 
following Antonakis et al. (2019). There is no indication of level-2 endogene-
ity regarding the indicator of regional wage because the likelihood-ratio test 
is not significant at any conventional significance level (Table 5 in Appendix).
10  In crossed random-effects models, the variances of the random inter-
cepts for the dimensions are assumed to be additive. This means that the 
variation across higher-education institutions is the same for all fields of 

6  There is minimal heterogeneity regarding the time graduates enter the 
labour market. Therefore, we did not adjust the wage for inflation.
7  Current territorial structures in Germany consist of fewer administrative 
regions because they were dissolved in some federal states. However, the 
aggregation of three-digit postal codes in the survey data follows the inter-
national NUTS-2 classification, where they are still included for reasons of 
comparability.
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Both models show the relevance of regional wage dif-
ferences at the level of administrative regions to wage 
variation across institutions and fields of study in the 
change of the respective variance components. Thereby, 
the strength of the first specification lies in the use of 
external wage data, while the advantage of the model 
given in Eq. (2) is the possibility of estimating the amount 
of variance in graduates’ wages attributable to the level of 
regional labour markets.

We begin by estimating a two-level null model with-
out covariates, where just the intercept and the variance 
component of higher-education institutions are esti-
mated in order to get the raw wage variation that can 
be associated with that level. Then, the set of individual-
level characteristics is added to consider selection, and 
the type of degree and higher-education institution is 

(2)yijkl = β1 + βXijkl + βWj + ζ1j + ζ2k + ζ3l + ǫijkl included to address corresponding wage differences. In 
the next model specification, the higher level is extended 
by introducing the field of study as a crossed random fac-
tor. Finally, regional labour markets are considered by 
adding either the external wage level or the third crossed 
random factor, as described above. To estimate the mod-
els, the command mixed in Stata (Version 16) software 
was used.11

5 � Empirical results
Before the estimation results of the random-effects mod-
els are presented, some descriptive analyses may illus-
trate the theoretical arguments. In our sample, graduates 
earn an average hourly wage of €16.14 in their first job 
after graduation (Table 2). The average wage level across 
higher-education institutions (mean of the mean wages 
earned by graduates of the higher-education institutions) 
is €15.85, and the average wage of graduates’ wage aggre-
gation by field of study is €14.53. The coefficient of varia-
tion, also called the relative standard deviation, confirms 
that the dispersion of the respective wage is greatest at 
the individual level with 0.36. At the level of higher-edu-
cation institutions and fields of study, there are relatively 
similar results, with values of 0.22 and 0.19, respectively. 
In Fig. 1, the mean wages across higher-education insti-
tutions and the respective confidence intervals (at the 

Table 1  Description of model variables

Data source: DZHW Graduate Panel 2009; BBSR Bonn 2019, authors’ calculations

SD Standard deviation

N Mean Median SD Min Max

Gross hourly wage in € 2175 16.14 16.09 5.73 2.76 74.20

NUTS-2 monthly earnings in €100 2175 28.62 29.75 4.11 19.54 33.27

Grade of entrance certificate 2175 2.26 2.30 0.62 1.00 3.90

Gender (female) 2175 0.56 1.00 0.50 0.00 1.00

Age (years) 2175 28.62 28.00 2.25 23.00 35.00

Parents with higher education 2175 0.54 1.00 0.50 0.00 1.00

Type of degree and institution

 Diploma—University of applied sciences 2175 0.22 0.00 0.41 0.00 1.00

 Diploma/Magister—University 2175 0.36 0.00 0.48 0.00 1.00

 Bachelor—University of applied sciences 2175 0.19 0.00 0.39 0.00 1.00

 Bachelor—University 2175 0.10 0.00 0.30 0.00 1.00

 State Examination—University 2175 0.13 0.00 0.34 0.00 1.00

Dummies of

 Higher-education institutions (147 units) 2175

 Fields of study (53 units) 2175

 Administrative regions (NUTS-2) (38 units) 2175

11  See, for example, Marchenko (2006) for an implementation of various ran-
dom-effects models in Stata.

study (and regional labour markets), and vice versa. To relax this assump-
tion, an interaction term of the random factors can be included as an 
additional level. However, most combinations of higher-education institu-
tions and fields of study are represented by only one type of degree in the 
data, especially when the labour-market region is controlled for. As type of 
degree is included in the estimated models, the variance proportion associ-
ated with the interaction term is already covered, and an additional control 
would lead to an overspecification. Therefore, only additive crossed ran-
dom-effects models are used.

Footnote 10 (continued)
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90% level) are presented. The anonymised higher-edu-
cation institutions are sorted in ascending order of the 
mean wage of their graduates. The figure shows consid-
erable variation, ranging from approximately €10 for the 
university whose graduates earn the average lowest wages 
to €23 for a university of applied sciences whose gradu-
ates have, on average, earned the highest wages. For some 
values, the confidence intervals are rather large due to 
small cluster sizes. However, as these cases are unsys-
tematically spread across the distribution, this does not 
change the overall pattern. Against the background of the 
two types of higher-education institutions in Germany, it 
is noteworthy that the differing wage levels do not simply 
represent institutional differences between universities 
and universities of applied sciences; in fact, the distribu-
tions of the two types are rather similar (see also Fig. 6 in 
Appendix).

There is also considerable wage variation depending 
on the field of study, as can be seen in the distribution 

of fields of study sorted by the mean wage of graduates 
(Fig.  2). On average, English and American studies pay 
the least, and human medicine pays the most.12 These 
results are consistent with the state of research that grad-
uates of fields of study with high occupational specificity 
earn higher wages in the labour market than graduates of 
fields of study with low occupational specificity. Again, 
the dispersion reaches from approximately €10 at the 
bottom up to about €23 at the top, but the differences 
are more striking because there are fewer distinct fields 
of study. In summary, there are notable wage variations 
along both dimensions. Additional analyses showed that 
the standard deviation of the individual wage attributable 
to differences between higher-education institutions is 
much smaller than the standard deviation attributable to 
differences within them. This also holds true for wage dif-
ferences by field of study, indicating once again a similar 

Table 2  Description of wage and earnings variables (in €)

Data source: DZHW Graduate Panel 2009; BBSR Bonn 2019, authors’ calculations

SD standard deviation, CV coefficient of variation

N Mean Median SD Min Max CV

Gross hourly wage 2175 16.14 16.09 5.73 2.76 74.20 0.36

Mean wage across higher-education institutions 147 15.85 15.75 3.40 6.13 28.00 0.22

Mean wage across fields of study 53 14.53 13.80 2.77 8.91 22.39 0.19

Mean monthly earnings across NUTS-2 38 2810.63 2901.75 390.81 1954.00 3327.00 0.14

Fig. 1  Mean wages across higher-education institutions. Only units with at least five observations are displayed; horizontal line: (unweighted) mean 
of institution-specific wages, 90% confidence interval. Data source: DZHW Graduate Panel 2009, authors’ calculations

12  See Table 6 in Appendix for an overview of all fields of study and their cor-
responding mean wages.
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relevance of higher-education institutions and fields of 
study in wage differences among graduates.

However, higher-education institutions differ in the 
study programmes they offer and in the size of their grad-
uation cohorts per field of study. Consequently, fields of 
study differ in the higher-education institutions where 
they are available. Therefore, the question arises of how 
the two dimensions are related and whether the compo-
sition of fields of study accounts for the wage variation 
among higher-education institutions. Figure  3 shows 
the dispersion in the form of coefficients of variation for 
field-of-study-specific mean wages related to the differ-
ent higher-education institutions. Here, the extent of dif-
ferences across fields of study can be seen when looking 
at specific higher-education institutions. The institutions 
are sorted according to their specific value of this varia-
tion. Only higher-education institutions with at least two 
fields of study are presented, and again, only the mean 
wages of fields of study with at least five observations 
are calculated. This explains the considerable reduc-
tion in the number of higher-education institutions in 
this figure. For the presented institutions, three impor-
tant aspects can be noted. First, and not surprisingly, the 
strong differences across fields of study are present even 
within higher-education institutions. Second, the wage 
dispersion across fields of study is not the same for each 
institution. This might be explained by the number and 
kinds of fields of study offered at each institution (or rep-
resented in our data). Third, there is again no clear pat-
tern of differences between universities and universities 
of applied sciences.

In Fig. 4, the two analytical dimensions are switched so 
that the wage dispersion within fields of study and across 
higher-education institutions is shown, again represented 
by coefficients of variation. And again, the variation 
across higher-education institutions is not at all homo-
geneous across fields of study. While it is almost zero 
for the field of study with the smallest dispersion, it lies 
above 20% for the field of study with the highest disper-
sion. In general, the results indicate that even if the field 
of study is held constant, there are still wage differences 
among graduates of different higher-education institu-
tions. Comparing both figures, differences by field of 
study within institutions seems to be more relevant than 
differences by higher-education institutions within fields 
of study. This is in line with our expectations because 
subject-oriented vocationalism is a well-known charac-
teristic of the German labour market.

So far, two horizontal dimensions of the higher-edu-
cation system have been the focus. However, wage-gen-
eration processes take place in the labour market, which 
is itself heterogeneous. Figure  5, left-hand panel, and 
Table 2 show the varying earnings of academically trained 
workers across administrative regions, with values from 
approximately €1954 to €3327 per month. This result 
emphasises regional wage differences not only between 
East and West but also on a less aggregated level. There-
fore, it is not only important where students study and 
which subject, but also where they work as graduates. In 
this respect, mobility behaviour in the labour market has 
already gained considerable attention (see Ganesch et al. 
2019 or Kratz and Brüderl 2013 for all education levels; 
Faggian et  al. 2007 for international graduates; Haußen 

Fig. 2  Mean wages across fields of study. Only units with at least five observations are displayed; horizontal line: (unweighted) mean of 
field-of-study-specific wages, 90% confidence intervals. Data source: DZHW Graduate Panel 2009, authors’ calculations
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and Übelmesser 2015 and Krabel and Flöther 2014 for 
German graduates; and Falk and Kratz 2009 for Bavar-
ian graduates). For the question at hand, it is crucial 
whether graduates’ mobility behaviour and the wage lev-
els at their destination workplaces are connected to the 
respective higher-education institution. Such an expecta-
tion is confirmed by a relatively high correlation between 
the higher-education institution and the administrative 
region of the workplace (Cramer’s V = 0.60). Consistent 

with previous research, the majority of graduates in the 
sample (69%) enter the labour market in the federal state 
where their alma mater is located. In large part, they are 
graduates who never left the federal state where they 
achieved their higher-education entrance certificate and, 
to a lesser extent, graduates who moved to begin their 
studies and stayed. However, higher-education institu-
tions differ in their graduates’ mobility behaviour. Fig-
ure 5, right-hand panel, shows the varying proportion of 

Fig. 3  Coefficient of variation of mean wages across fields of study, by higher-education institutions. Only fields of study with at least five 
observations are used for calculating the mean, and only institutions with more than two fields of study are displayed. Data source: DZHW Graduate 
Panel 2009, authors’ calculations

Fig. 4  Coefficient of variation of mean wages across higher-education institutions, by field of study. Only institutions with at least five observations 
are used for calculating the mean, and only fields of study at more than two institutions are displayed. Data source: DZHW Graduate Panel 2009, 
authors’ calculations
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graduates entering the labour market in the federal state 
where they graduated, ranging from 28 to 84%. These dif-
ferences in mobility behaviour can be explained partly by 
regional labour-market conditions. For example, a higher 
mean wage in the federal state is slightly associated with 
a higher share of graduates staying for their first job 
(Pearson’s r = 0.07, p < 0.01).13 Hence, graduates’ respec-
tive mobility behaviour varies across higher-education 
institutions and is also related with regional labour-mar-
ket conditions. Therefore, it may also be related to the 
mean wage of graduates from specific higher-education 
institutions. This possibility is not covered by controlling 
for the place of study or mobility, but only by considering 
the workplace in any form. Of course, these analyses of 

mobility patterns are not sufficient to make causal claims. 
However, they support the argument of the relevance of 
regional labour markets in wage variations among gradu-
ates of different higher-education institutions.14

The descriptive results indicate that there is consider-
able wage variation by higher-education institution as 
well as variation by field of study. However, when study-
ing both dimensions and looking at wage variations by 
higher-education institutions within a field of study, the 
variation becomes significantly smaller. Thus, wage dif-
ferences between higher-education institutions can be 
attributed in great part, but not completely, to the fact 
that they offer different fields of study (or offer them in 
different compositions). Simultaneously, regional wage 

Fig. 5  Regional differences. Left panel, median monthly earnings across administrative regions (in €) and right panel, proportion of graduates 
staying in the federal state of graduation (in %); categories are based on quintile classes. Data source: BBSR Bonn 2019; DZHW Graduate Panel 2009; 
authors’ calculations

13  Further results for the relationship of regional labour market conditions 
and mobility behaviour can be found in Buch et al. (2017) or Ganesch et al. 
(2019).

14  There is also related research, particularly on links between higher-educa-
tion institutions and regional development (see, for example, Peer and Penker 
2016).



   19   Page 12 of 21	 S. Kopecny , S. Hillmert 

differences seem to be related to wage variation by 
institution as the mobility behaviour of graduates var-
ies across institutions and is known to be dependent 
on regional labour-market conditions. So far, we have 
neglected this selection problem, and the dimensions 
were not considered simultaneously. Now we draw on 
crossed random-effects models that include all these 
aspects. The estimation results are shown in Table 3.

In the null model (M0), the estimated standard devia-
tion of the institutions’ intercepts from the overall mean 
is 0.138 wage log points, or 14%. Given the overall mean 
in the sample of approximately €16, this standard devia-
tion equals €1.20. Given an approximately normally 
distributed random variable, approximately 68% of the 
values lie within one standard deviation around the 
mean. Thus, it is estimated that for a majority of higher-
education institutions, the mean hourly wage of their 
graduates lies between €14.80 and €17.20. The intra-class 

correlation (ICC) indicates that the considerable propor-
tion of 13% of the wage variance can be attributed to dif-
ferences among higher-education institutions.

When including individual-level characteristics to 
consider selection in higher-education institutions (M1) 
as well as the combined indicator of type of degree and 
higher-education institution (M2), the standard devia-
tions at both the aggregate and individual levels decreases 
slightly. Consequently, the ICC decreases slightly to 11%. 
This is a surprisingly small reduction, given that selec-
tion in higher education institutions is considered par-
ticularly important in international research. However, it 
supports the expectation that selection is not as impor-
tant for wage differences among higher-education insti-
tutions in Germany.15 Despite the fact that our models 

Table 3  Estimation results of random-effects models of log hourly wage

Standard errors in parentheses, standard deviations of random effects are reported
~ p < 0.10, *p < 0.05, **p < 0.01, ***p < 0.001

Data source: DZHW Graduate Panel 2009; BBSR Bonn 2019, authors’ calculations

UAS university of applied sciences, Univ. university, HEI higher-education institution, FoS field of study, AdReg administrative region

M0 M1 M2 M3 M4a M4b

Grade of entrance certificate 
(reverse-coded)

0.052*** (0.013) 0.047*** (0.013) 0.035** (0.013) 0.037** (0.012) 0.037** (0.012)

Gender (female) − 0.146*** (0.016) − 0.137*** (0.016) − 0.076*** (0.017) − 0.074*** (0.016) − 0.077*** (0.016)

Age (years) 0.021*** (0.004) 0.016*** (0.004) 0.011*** (0.003) 0.011** (0.003) 0.011*** (0.003)

Parents have higher education 0.019 (0.016) 0.010 (0.015) 0.004 (0.015) 0.013 (0.014) 0.010 (0.014)

Degree at type of institution
(ref. diploma—UAS)

 Diploma/Magister—Univ. − 0.028 (0.031) 0.031 (0.027) 0.029 (0.023) 0.031 (0.023)

 Bachelor—UAS − 0.086** (0.027) − 0.096*** (0.024) − 0.106*** (0.023) − 0.095*** (0.023)

 Bachelor—Univ. − 0.241*** (0.037) − 0.162*** (0.033) − 0.164*** (0.030) − 0.152*** (0.030)

 State examination—UAS − 0.040 (0.039) − 0.080~ (0.045) − 0.078~ (0.041) − 0.081~ (0.041)

NUTS-2 earnings (in €100) 0.016*** (0.002)

Constant 2.711*** (0.015) 2.027*** (0.116) 2.262*** (0.119) 2.287*** (0.116) 1.844*** (0.127) 2.276*** (0.115)

Random effects part

 SD (HEI) 0.138*** (0.014) 0.122*** (0.013) 0.117*** (0.012) 0.064*** (0.012) 0.024*** (0.021) 0.020*** (0.023)

 SD (Individual) 0.352*** (0.006) 0.342*** (0.005) 0.338*** (0.005) 0.319*** (0.005) 0.317*** (0.005) 0.316*** (0.005)

 SD (FoS) 0.156*** (0.019) 0.156*** (0.019) 0.157*** (0.019)

 SD (AdReg) 0.068*** (0.012)

Log-likelihood − 889.831 − 820.196 − 788.158 − 675.637 − 645.644 − 652.993

ICC HEI 0.134 0.112 0.108 0.031 0.004 0.003

ICC FoS 0.188 0.194 0.191

ICC AdReg 0.036

N individuals 2175 2175 2175 2175 2175 2175

N HEI 147 147 147 147 147 147

N FoS 53 53 53 53 53 53

N AdReg 38 38 38 38 38 38

15  However, the composition of graduates at higher-education institutions, 
fields of study and the administrative region of the workplace vary strongly in 
our sample (Table 7 in Appendix).
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have not been specified for measuring the effects of the 
following variables, the estimated coefficients are mostly 
in line with known findings. The coefficients for grade 
of higher-education entrance certificate, gender and age 
point in the typical direction and are statistically signifi-
cant at conventional levels, while parental education is 
not. Regarding the types of degrees offered at different 
types of institutions, the results show no significant dif-
ferences between universities and universities of applied 
sciences for graduates with traditional degrees and even 
significantly lower wages for state examination degrees.16 
For bachelor graduates, the results are consistent with 
the current state of the research, showing significantly 
lower wages in general and even more so for graduates 
of universities. However, it needs to be acknowledged 
that a selection-on-observables approach was taken, and 
although the most evident individual-level determinants 
were included in the model, it is possible that not all rele-
vant aspects were considered. We might therefore under-
estimate the relevance of selection, so the results should 
not be interpreted in a causal way.

In the next model (M3), the aggregate level is extended 
by the field of study as a factor cross-classified with 
higher-education institution. The standard deviation for 
the level of higher-education institutions shows a signifi-
cant decrease to 0.064 log points, or 6%. This is a clearly 
smaller value than the 0.156 log points, or 16%, that are 
attributable to fields of study. The ICC states that only 3% 
of wage variance can be associated with higher-education 
institution and 19% with field of study. Hence, there are 
two important things to note. First, wage differences 
among graduates of specific higher-education institu-
tions are promoted by differences in the available fields of 
study, but they are not completely accounted for by these. 
This is consistent with the descriptive results above. Sec-
ond, a comparison of the dimensions indicates that, in 
Germany, what someone studies is much more impor-
tant for wage variation than where they study. Given the 
strong links between fields of study and occupations in 
the labour market, this was expected.

In the final set of models, the dimension of the labour-
market region was added as the final piece of the puz-
zle. It was operationalised in the form of the regional 
level of monthly earnings as fixed effect (M4a) and as 
a further crossed random factor using the categorical 
identifier (M4b). With any €100 increase of the regional 
earnings, the individual-level wage increases by 1.6% on 

average, given the control variables and random factors. 
The standard deviation of higher-education institutions’ 
intercepts decreases by approximately 0.040 log points 
when labour-market regions are considered as a fixed 
effect. This results in an ICC of 0%. Thus, while the rel-
evance of the field of study is relatively unaffected by the 
regional labour market, the wage level of the location 
where graduates enter the labour market for their first 
job seems to contribute to wage differences among grad-
uates of higher-education institutions, but not to wage 
differences among graduates of different fields of study. 
In the model with the labour-market region as a third 
crossed random factor (M4b), the wage intercepts of the 
administrative regions are based on the wage information 
collected from the graduates in the sample. Due to the 
proximity to the dependent variable and the fact that not 
only the regional wage level, but also all other regional 
aspects are represented by the administrative region 
dummies, a strong decrease of wage variation at the 
level of higher-education institutions could be expected 
when compared to the model with two additive crossed 
random factors and the external wage indicator (M4a). 
However, in both models, the reduction pattern looks 
rather similar. Looking at the proportion of variance on 
the respective level, as indicated by the intra-class corre-
lations, there is 0% of wage variation attributable to the 
level of higher-education institutions, 19% corresponding 
to field-of-study differences and 4% associated with the 
administrative region of the workplace, controlling for 
individual-level characteristics and the combined indica-
tor of type of degree and higher-education institution.

To sum up, wage variations among graduates depend-
ing on their alma mater are considerable. The reduction 
of variance between the models with different indica-
tors shows that this variation can be associated to a small 
extent with selection based on individual-level character-
istics, to a greater extent with regional labour-market dif-
ferences and, most of all, with differences between fields 
of study.17

6 � Discussion and conclusion
Against the backdrop of wage heterogeneity between 
not only graduates of different educational levels but 
also within the group of higher-education graduates, the 
focus of this study was on the labour-market relevance 
of the specific higher-education institution in Germany. 
We described wage variations among graduates of dif-
ferent alma maters and examined to what extent this 
wage heterogeneity can be associated with differences in 

17  We also varied the order of inclusion of the sets of different variables, and 
the results were robust.

16  With regard to this result, the specificity of the sample at hand should be 
considered. Unlike other studies that have covered the whole working popula-
tion, our sample targets an early point in the career, when typically high-earn-
ing graduates of fields of study at universities, such as teaching or law, are still 
in the phase of transition to the labour market.
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represented fields of study and in the regional conditions 
under which graduates enter the labour market for their 
first job, while also considering selection processes. It has 
been argued that, other than possible mechanisms based 
on institutional characteristics, the field-of-study com-
position can be associated with wage variation between 
higher-education institutions. Moreover, the mobility 
behaviour of German graduates is characterised by great 
proportions entering the labour market in the region 
where their alma mater is located. As there are wage dif-
ferences not only between East and West Germany but 
also among less aggregated spatial units, such as admin-
istrative regions, wage variations from higher-education 
institutions can be associated with regional wage lev-
els. For the empirical analyses, cross-classified random-
effects models were applied to data on the 2009 cohort 
from the DZHW Graduate Panel. Results indicated 
that there is considerable wage variation attributable to 
higher-education institutions, which is especially related 
to the fields of study offered and the labour-market 
region in which graduates take up their first job; only to 
a lesser extent is the variation due to selection based on 
individual-level characteristics. Beyond the dimensions 
considered in these analyses, the residual level of wage 
variation associated with higher-education institutions is 
miniscule.

However, there are also some limitations regard-
ing data, operationalisation and the methodological 
approach that should be mentioned. First, the data are 
quite unbalanced, with many cells consisting of only a 
few observations. On the one hand, this situation results 
from the fact that not every field of study is offered at 
every higher-education institution and the size of a field 
of study varies considerably. On the other hand, a rea-
son can be found in the sampling design of the Gradu-
ate Panel and varying response rates. Especially when 
considering higher-education institutions, fields of study 
and labour-market regions simultaneously, the number 
of observations in the respective cells drops significantly. 
In fact, crossed random-effects models can deal with 
unbalanced data, but their power decreases with many 
small cells. Therefore, a more balanced and larger data-
set containing the relevant information in comparable 
detail would be advantageous. Unfortunately, such data 
are, to our knowledge, not yet available in Germany. Sec-
ond, only the higher-education institution of graduation 
has been considered, but not whether graduates studied 
at other institutions in prior years. Because the aim of 
the study was not to prove causal mechanisms, such as 
human capital arguments, this is of minor importance. 
Otherwise, the time spent at each institution would 
have been an obvious aspect to consider. Third, there 
are several issues regarding the operationalisation of the 

regional labour market. It is questionable whether the 
studied administrative regions are the best representa-
tion of regional labour markets, because the latter do not 
necessarily follow administrative borders. The problem 
of defining the right spatial scope is also well known as 
the “modifiable areal unit problem” in spatial analyses 
(Hillmert et  al. 2017; Madelin et  al. 2009). Especially if 
wage differences are of interest, administrative regions 
can be too broad, and more narrow regional classifica-
tions such as planning regions, labour-market regions 
or even counties can be more suitable (see, for example, 
Ganesch et  al. 2019). Hence, a comparison of different 
spatial operationalisations is an interesting task for fur-
ther research. An additional aspect that needs to be con-
sidered when adding external spatial data is the temporal 
dimension. Spatial classification codes and indicators 
tend to change over time, and they should match with 
the points of time represented in the data. In our case, 
the graduates entered the labour market between 2008 
and 2010. Yet the regional indicator we used was avail-
able only from 2014 on, so there was a small delay. This 
might be problematic given that our graduates’ labour 
market entries fall into the aftermath of the economic 
crises in 2008/2009. However, the consistency of a com-
parable indicator that is not differentiated by educational 
level but available for a longer time period is very high 
(Pearson’s r = 0.99, p < 0.001, values for the years 2009 
and 2014). The same applies for a comparison between 
this indicator and the one in use in 2014 (Pearson’s 
r = 0.86, p < 0.001). This indicates that we have used a 
sufficient proxy for the labour-market situation despite 
the time lag and the economic crisis.18 Fourth, follow-
ing our argument regarding potential endogeneity prob-
lems, an external indicator might be useful not only for 
the regional wage level but also for field-of-study-spe-
cific wages. Given an adequate database, this might be 
another option for further research. Finally, we used a 
selection-on-observables approach to address selection 
into higher-education institutions. Although the most 
prominent aspects have been included, relevant aspects 
might still be missing. In this case, the variations in 
higher-education institutions, fields of study and labour-
market regions can be overestimated, and the relevance 
of selection underestimated. Therefore, we would like to 
emphasise that no causal conclusion should be drawn 
from these results, which primarily intend to provide a 
detailed description.

Nevertheless, relevant insights into some processes of 
wage heterogeneity in Germany can already be gained. 

18  Additional analyses including this undifferentiated indicator of 2009 con-
firmed that the substantial results are robust.
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It could be shown that there are considerable wage vari-
ations among graduates of different higher-education 
institutions that are related to fields of study and regional 
labour markets. And although the residual wage varia-
tion attributable to higher-education institutions is mini-
mal when considering individual-level characteristics, as 
well as fields of study and regional labour markets, it does 
not necessarily mean that higher-education institutions 
are unimportant for wage differences among graduates. 
It only indicates that their relevance works through dif-
ferent, more indirect channels. Which fields of study are 
offered at particular institutions of higher education is 
the choice of their leadership. There are also indications 
that the relevance of the alma mater varies across fields 
of study. An interesting further research issue is, there-
fore, to examine which fields of study the specific higher-
education institution is particularly relevant for and why. 
Moreover, the question of where higher-education insti-
tutions are located seems to be important for the aver-
age wage level of graduates, as many graduates enter the 
labour market at the location of their academic training. 
This is also relevant for infrastructure policies regarding 

the planning of where new institutions of higher educa-
tion should be founded. It also emphasises the necessity 
of dealing with regional wage differences in Germany 
in greater detail, although differences between East and 
West are the dominant dimension in this variation.19 Fur-
ther research could therefore deepen our understanding 
of the relevance of regional labour markets by examining 
the specific mechanisms behind wage differences and the 
spatial scope in which they take place. Finally, the results 
refer to specific points in time with regard to both the 
careers of individuals and historical time. While the rel-
evance of the alma mater might be expected to decline 
with increasing experience over the course of a career, it 
may increase for future cohorts against the backdrop of 
growing differentiation and competition in the higher-
education system.

Appendix
See Tables 4, 5, 6, 7, 8 and Fig. 6.

Table 4  Description of the sample

Data source: DZHW Graduate Panel 2009, authors’ calculations

SD standard deviation

Mean Median SD Min Max

Individuals (N = 2175) – – – – –

Units: higher-education institutions (N = 147)

 Number of graduates per unit 14.80 11 14.82 1 92

 Number of fields of study per unit 3.69 3 2.87 1 16

 Number of administrative regions where graduates work per unit 4.98 5 3.40 1 23

Units: fields of study (N = 53)

 Number of graduates per unit 41.04 27 62.55 1 415

 Number of higher-education institutions per unit 10.25 7 10.22 1 55

 Number of administrative regions where graduates work per unit 12.75 12 8.10 1 33

Units: administrative regions (N = 38)

 Number of graduates per unit 57.24 40.5 51.12 2 212

 Number of higher-education institutions per unit 19.26 16.5 12.09 2 51

 Number of fields of study per unit 17.79 17.5 8.08 2 37

Units: higher-education institutions × fields of study (N = 543)

 Number of graduates per unit 4.01 2 5.24 1 44

Units: higher-education institutions × fields of study ×  
administrative regions (N = 1143)

 Number of graduates per unit 1.90 1 2.46 1 31

19  Results for employees in West Germany only indicate that regional wage 
differences are significantly lower than in the full sample (see Table  8 in 
Appendix).
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Table 5  Test of random-effects assumption (model with and without cluster mean of earnings indicator)

Standard errors in parentheses; standard deviations of random effects are reported
~ p̵ < 0.10, *p < 0.05, **p < 0.01, ***p < 0.001

Data source: DZHW Graduate Panel 2009, BBSR Bonn 2019, authors’ calculations

UAS university of applied sciences, Univ. university, HEI higher-education institution, FoS field of study

M4a M4a_CM

Grade of entrance certificate (reverse-coded) 0.037** (0.012) 0.037** (0.012)

Gender (female) − 0.074*** (0.016) − 0.074*** (0.016)

Age (years) 0.011** (0.003) 0.011** (0.003)

Parents have higher education 0.013 (0.014) 0.013 (0.014)

Degree at type of institution (ref. diploma—UAS)

 Diploma/Magister—Univ. 0.029 (0.023) 0.029 (0.023)

 Bachelor—UAS − 0.106*** (0.023) − 0.106*** (0.023)

 Bachelor—Univ. − 0.164*** (0.030) − 0.165*** (0.030)

 State Examination—UAS − 0.078~ (0.041) − 0.078~ (0.041)

NUTS-2 earnings (in €100) 0.016*** (0.002) 0.014*** (0.003)

Cluster mean of NUTS-2 earnings (in €100) 0.002 (0.004)

Constant 1.844*** (0.127) 1.821*** (0.132)

Random-effects part

 SD (HEI) 0.024*** (0.021) 0.023*** (0.021)

 SD (Individual) 0.156*** (0.019) 0.156*** (0.019)

 SD (FoS) 0.317*** (0.005) 0.317*** (0.005)

Log-Likelihood − 645.644 − 645.457

LR-test (chi-square) 0.374

LR-test (p) 0.541

ICC HEI 0.004 0.004

ICC FoS 0.194 0.194

N individuals 2175 2175

N HEI 147 147

N FoS 53 53
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Table 6  Description of wages (in €), by fields of study, sorted by mean

Only fields of study with at least five observations are reported;

Data: DZHW Graduate Panel 2009, authors’ calculations

SD standard deviation

Field of study N Mean Median SD Min Max

English and American studies 12 10.25 9.00 4.27 4.93 19.16

Architecture, interior design 40 11.39 11.49 3.36 5.17 19.16

Design 21 11.84 10.58 5.81 5.17 26.18

German studies 39 12.04 11.97 4.97 2.87 21.43

Administrative science 15 12.36 12.55 3.91 4.60 19.60

Romance studies 9 12.59 12.07 4.25 6.90 20.11

Comparative literature studies and linguistics 8 12.67 12.58 4.20 6.33 20.35

Prot. theology/religious doctrine 7 12.69 11.77 4.96 7.24 19.16

Landscape management, environmental design 34 12.81 12.51 4.09 4.38 24.08

Special pedagogy 29 12.88 12.41 3.37 5.25 23.10

Spatial planning 6 12.92 10.78 5.69 7.57 22.75

Forestry, wood industry 11 13.01 12.26 3.67 7.66 18.68

Social services 121 13.01 13.18 2.67 6.90 23.75

History 16 13.03 12.95 4.34 8.05 20.40

Geography 27 13.12 13.26 4.98 3.45 21.46

Linguistic and cultural sciences 36 13.20 13.07 3.74 7.36 19.16

Music, musicology 5 13.21 13.54 4.00 8.67 18.76

Dental medicine 41 13.23 12.64 3.71 6.96 21.35

Social sciences 37 13.33 14.32 4.56 4.60 21.07

Business and social studies, generally 28 13.46 13.28 4.53 6.51 21.66

Library science, documentation 17 13.46 13.41 4.64 6.90 26.05

Political sciences 20 13.75 14.17 4.53 5.75 20.75

Agricultural sciences 27 13.80 14.56 5.36 3.54 28.54

Educational sciences 91 14.20 13.57 3.65 6.44 25.69

Veterinary medicine 33 14.21 13.22 4.01 8.03 22.43

Psychology 62 14.47 14.84 4.52 5.81 26.82

Geosciences (without geography) 12 14.62 13.79 5.93 6.57 27.53

Sports, sports science 7 14.70 10.25 9.85 7.18 33.33

Chemistry 46 15.19 16.95 4.51 6.67 24.03

Surveying 16 15.22 16.38 4.89 4.54 22.99

Law 47 15.31 14.52 4.15 5.89 24.14

Health sciences 43 15.37 15.52 4.23 6.72 24.84

Biology 41 15.53 16.22 3.89 6.59 22.99

Food sciences and home economics 11 16.03 16.09 6.41 7.25 26.72

Physics, astronomy 49 16.18 17.44 4.98 5.75 29.69

Economic sciences 415 17.02 17.31 5.75 3.33 60.54

Civil engineering 45 17.62 16.09 7.03 8.62 54.50

Computer science 123 17.84 17.24 5.01 7.36 40.23

General engineering 18 17.92 18.49 4.36 6.90 25.24

Mechanical engineering, process engineering 144 18.36 18.07 4.41 7.66 31.85

Industrial engineering 77 19.38 19.16 5.55 6.39 37.72

Mathematics 34 19.49 21.28 6.70 4.89 31.89

Electrical engineering 66 19.82 18.79 5.54 7.36 43.44

Traffic engineering, nautical science 40 20.55 20.11 5.30 8.05 31.69

Human medicine 129 22.39 21.84 6.76 2.76 74.20

Total 2155 2155 2155 2155 2155 2155
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Table 7  Graduates’ characteristics across higher-education institutions, fields of study and administrative regions

Data source: DZHW Graduate Panel 2009, authors’ calculations

SD standard deviation

N Mean Median SD Min Max

Individuals

 Grade of entrance certificate 2175 2.26 2.30 0.62 1.00 3.90

 Proportion of females 2175 0.56 1.00 0.50 0.00 1.00

 Age (years) 2175 28.62 28.00 2.25 23.00 35.00

 Parents with higher education 2175 0.54 1.00 0.50 0.00 1.00

Higher-education institutions

 Mean grade of entrance certificate 147 2.32 2.32 0.33 1.20 3.15

 Mean proportion of females 147 0.53 0.56 0.30 0.00 1.00

 Mean age (years) 147 28.62 28.60 1.42 24.50 35.00

 Mean proportion of parents with higher education 147 0.50 0.50 0.27 0.00 1.00

Fields of study

 Mean grade of entrance certificate 53 2.22 2.29 0.31 1.25 2.90

 Mean proportion of females 53 0.61 0.71 0.29 0.00 1.00

 Mean age (years) 53 28.37 28.45 0.96 25.00 30.25

 Mean proportion of parents with higher education 53 0.57 0.52 0.18 0.00 1.00

Administrative regions

 Mean grade of entrance certificate 38 2.28 2.27 0.18 1.92 2.67

 Mean proportion of females 38 0.57 0.57 0.11 0.35 1.00

 Mean age (years) 38 28.57 28.70 0.55 26.50 29.43

 Mean proportion of parents with higher education 38 0.50 0.50 0.17 0.00 0.84
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Table 8  Estimation results of random-effects models of log hourly wage for workers in West Germany only

Standard errors in parentheses; standard deviations of random effects are reported
~ p < 0.10, *p < 0.05, **p < 0.01, ***p < 0.001

Data source: DZHW Graduate Panel 2009; BBSR Bonn 2019, authors’ calculations

UAS university of applied sciences, Univ. university, HEI higher-education institutions, FoS field of study, AdReg administrative region

M0 M1 M2 M3 M4a M4b

Grade of entrance certificate 
(reverse-coded)

0.052*** (0.015) 0.049** (0.015) 0.042** (0.014) 0.040** (0.014) 0.042** (0.014)

Gender (female) − 0.129*** (0.018) − 0.119*** (0.018) − 0.057** (0.019) − 0.057** (0.019) − 0.057** (0.019)

Age (years) 0.023*** (0.004) 0.017*** (0.004) 0.011** (0.004) 0.011** (0.004) 0.011** (0.004)

Parents have higher education 0.030~ (0.018) 0.021 (0.018) 0.019 (0.016) 0.018 (0.016) 0.019 (0.016)

Degree at type of institution
(ref. diploma—UAS)

 Diploma/Magister—Univ. − 0.052 (0.033) − 0.004 (0.026) − 0.003 (0.026) − 0.004 (0.026)

 Bachelor—UAS − 0.098*** (0.030) − 0.129*** (0.026) − 0.129*** (0.026) − 0.129*** (0.026)

 Bachelor—Univ. − 0.270*** (0.040) − 0.213*** (0.033) − 0.211*** (0.033) − 0.213*** (0.033)

 State examination—UAS − 0.055 (0.042) − 0.125** (0.047) − 0.123** (0.047) − 0.125** (0.047)

NUTS-2 earnings (in €100) 0.008~ (0.005)

Constant 2.756*** (0.016) 2.006*** (0.132) 2.274*** (0.136) 2.335*** (0.130) 2.086*** (0.194) 2.335*** (0.130)

Random-effects part

 SD (HEI) 0.138*** (0.016) 0.119*** (0.015) 0.111*** (0.014) 0.025*** (0.025) 0.023** (0.028) 0.025*** (0.025)

 SD (Individual) 0.346*** (0.006) 0.337*** (0.006) 0.332*** (0.006) 0.312*** (0.006) 0.312*** (0.006) 0.312*** (0.006)

 SD (FoS) 0.164*** (0.020) 0.164*** (0.020) 0.164*** (0.020)

 SD (AdReg) 0.000*** (0.000)

Log-Likelihood − 629.361 − 580.346 − 551.332 − 454.278 − 452.782 − 454.278

ICC HEI 0.137 0.112 0.100 0.005 0.004 0.005

ICC FoS 0.215 0.216 0.215

ICC AdReg 0.000

N individuals 1593 1593 1593 1593 1593 1593

N HEI 142 142 142 142 142 142

N FoS 52 52 52 52 52 52

N AdReg 30 30 30 30 30 30

https://doi.org/10.21249/DZHW:gra2009:1.0.1
https://doi.org/10.21249/DZHW:gra2009:1.0.1
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