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1 Introduction

This doctoral thesis consists of four independent papers (Ch. 2-5), and all of them contribute
to the Economics of Education. As a young researcher familiar with the international publica-
tion system I could be tempted to describe the work presented here just as Y4 (Dissertation)
and 12 (Education and Research Institutions) taken from the Journal of Economic Literature
classification system. However, this may be a little too frugal for the main part of the read-
ers, and in the following some closer insights will be given into the general theme and the
specific topics. Thus, this introduction aims at two points: First, I will give a short review
of the history of the Economics of Education and describe the research field at present. Sec-

ond, I will summarize and accentuate the four manuscripts that are the main part of this thesis.

The current importance of the Economics of Education is more or less evident. Controversies
about the PISA ranking, the Bologna process and tuition fees are omnipresent in Germany.
However, the roots of the Fconomics of Education lie in the ancient world. Plato already said

about the importance of education:

For if a right education makes of them reasonable men they will easily discover everything |[...]
(Plato, The Republic, Book IV, Part 8 ).

Due to its prominent role education became the government’s responsibility, and there it is
(more or less) up to now irrespective of the division of responsibilities between the German

Lander and the federal level.

Now nobody would dispute that the education of the young requires the special attention of the
lawgiver (Aristotele, Politics, Book VIII, Part 1).

Now readers may argue that nearly everything has its roots in the ancient world, and so this
fact does not prove the special importance of education. Therefore, one should remember the
arguments made by two other well-known philosophers. With his ‘Some thoughts concerning

education” John Locke (1693) wrote a whole book on this topic and says:

I think I may say, that of all the Men we meet with, Nine Parts of Ten are what they are,
Good or Evil, useful or not, by their Education

(John Locke 1693, Some thoughts concerning education, Para. 1).
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Adam Smith can be seen as the founding father of the theory of human capital. In his
Wealth of Nations (1776) he wrote that education is a necessary precondition to exert certain
professions. And since education is a costly investment it necessarily requires a wage premium.

More precisely, he says about a skilled worker:

The work which he learns to perform, it must be expected, over and above the usual wages of
common labour, will replace to him the whole expence of his education [...](Adam Smith 1776,
The nature and causes of the wealth of nations, Book I, Ch. X, Part 1).

The probably most important person for the development of the German university system
has been Wilhelm von Humboldt. We will recur to Humboldt’s major idea of the ‘Einheit von
Forschung und Lehre’ and the academic job market in Chapter 4. In addition to his central idea
he postulates that it is the most important task of schooling to teach students how to learn. At

the university level, finally, the doctoral candidate should be enabled to do his/her own research:

[The] university professor [is] not a teacher, the university student not a learner anymore, but
the latter does research on his own, and the university professor supervises his research and
supports it (Humboldt (1767-1835), 102).

To close this short sketch of citations, its surely convincing that education has always played
an important role in society. However, the establishment of the modern Economics of Edu-
cation took part not until the 1960s. At this time, Jacob Mincer (1958, 1974), Theodore W.
Schultz (1963) and Gary S. Becker (1964) built the fundaments of the current research with
their theoretical analyses. Their elaborations are still cited in nearly every paper about educa-

tion and human capital theory.

There may be other reasons why people should educate but in an economic sense education
is always related to productivity, and there are three main approaches explaining the effects of

education on productivity.

e First, there is the human capital theory originating in the works of Gary S. Becker (1964).
According to his theory, and following Adam Smith (1776), education fosters specific
abilities of a person which in turn increase its productivity. So, education is an investment,
and the person who educates can expect a higher return. This approach has become so
well-established that the notion of human capital became the German ‘Unwort des Jahres’
(negative buzzword of the year) in 2004.! Although this is rather a doubtful honor, it

clearly emphasizes the importance of this topic.

e Second, Schultz (1963, 1975) as well as Nelson and Phelps (1966) describe the effect

of education on productivity as an indirect one. Education does not directly improve

More about this on http://www.unwortdesjahres.org. The official explanation for this choice is that the word
tends to humilate people treating them as a factor of sole economic interest.
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CHAPTER 1 INTRODUCTION

a worker’s abilities but helps to adjust to changed working conditions. Even though
economists like to focus on long-term equilibria without shocks (see Ch. 2 and 3) in
reality economies are often characterized by short term dynamics and a situation out of
equilibrium. In such a case the Schultz-Nelson/Phelps idea is highly relevant since the

ability to adapt becomes a central element of productivity.

e Third, there is the signaling theory developed by Michael Spence (1973, 1974). For
him, it is not primarily relevant whether education has a direct or indirect effect on a
worker’s abilities. Instead, he considers abilities as inherent and, therefore, as private
information. However, since workers simply differ in their abilities and firms always try
to employ highly talented labor, the situation reveals a state of asymmetric information.
According to Spence education exactly works as an instrument to solve this situation.
Highly talented labor can signal high education efforts to separate themselves from the

low-talented ones, and this approach is a key element of the analysis in Chapter 4.2

After getting familiar with these basic approaches to the effects of education on productivity,
I will now turn the focus on the payoffs of education. There are different kinds of private as
well as social payoffs. Clearly, the main private payoff is the wage premium (Mincer 1958;
Mincer 1974; Card 1999) but there are other ones too. However, readers hoping to become
happier with more education will be disappointed; there is either no direct effect of education
on happiness (Helliwell 2003) or the effect is only very small (Di Tella et al. 2003). On the
other hand, there is evidence of a positive impact of education on the health of the workers
(e.g. Cutler and Lleras-Muney 2006; Lindelow 2006; Silles 2009) as well as on his/her children’s
health (e.g Doyle et al. 2007) and on their cognitive development (e.g. Carneiro et al. 2007).
These benefits are private as well as social, and the latter always serves as justification for
public interventions. In particular, social payoffs of education consist of an increase in tech-
nological progress and growth (e.g. Bils and Klenow 2000; Krueger and Kumar 2004; Ciccone
and Papaioannou 2009), a reduction in crime (e.g. Lochner and Moretti 2004) and a boost of
civic engagement (e.g. Dee 2004; Glaeser et al. 2007). As an example, Table 1 summarizes
private and social returns of different school types for various groups of countries. Numbers
have to be interpreted as: 1 Euro of investment in education leads to 1.xx Euro aggregated
social/ private return. Obviously, social returns are always lower than private ones, and both

are larger in primary than in secondary or higher education.

Additionally it should be noted that the demand for education has intensified in the last
years. Years of schooling have increased (e.g. Cohen and Soto 2007), and more people have

attended higher education (see Figure 1.1).

2Clearly, this introduction can only give a short overview of the different theoretical concepts concerning
education. If the reader should be more interested in such theories, (Arai 1998) is a good point to start.
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Social Private
Country Prim. Sec. Higher Prim. Sec. Higher
Sub-Saharan/ Africa 24.3 18.2 11.2 41.3  26.6  27.8
Asia 19.9 133 11.7 39.0 18.9 19.9
Europe/Middle East/North Africa 155 11.2  10.6 174 159  21.7
Latin America/Caribbean 179 128 12.3 26.2 16.8 19.7
OECD 144 10.2 8.7 21.7 124 12.3
World 18.4 13.1 10.9 29.1 181 20.3

Table 1.1: Returns to investment in education by level (percentage) (Psacharopoulos 1994)
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Figure 1.1: Entry rates at tertiary level 2000 and 2006 (OECD 2009, Indicator A2).

For a social planer interested in a low degree of intra- and intergenerational inequality, edu-
cation is a key element to influence society. In general, we can take the following causal chain
as given: even if talents are identical, inequality in education necessarily leads to inequality of
income resulting in a certain degree of intragenerational inequality. This inequality of income
is, furthermore, transferred to the children’s generation. Since investment in human capital is
always easier for the rich than for the poor, we get a high correlation between parents’ and
children’s income at the end and a low degree of intergenerational mobility. Therefore, social

mobility decreases if inequality of income in the parental generation increases and if a child’s
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CHAPTER 1 INTRODUCTION

education is highly correlated with parents’ income (Blanden et al. 2004). Thus, fostering
education can have a positive effect on intra- and intergenerational mobility, but that this kind

of public interventions are not always beneficial is shown in Chapter 3.

After analyzing the demand side of education, the supply side will be at issue now. The first
question arising is how educational resources are transformed into educational output, or in
other words, what is the production function of education? Hanushek (1986) gives a recom-
mendable survey of that literature, and finds that the teacher-pupil ratio, the education and
experience of the teachers as well as the teachers’ salaries are the most important factors of the

educational production function.

The second important research field on the supply side of the problem focuses on the financing
of education. In nearly every developed country financing of primary and secondary education is
mainly done by the government. However, there are remarkable differences in the expenditures
for schools even among developed countries (Mitch 2004). Figure 1.2 gives some international

comparable data of OECD countries in the year 2005.
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Figure 1.2: Annual expenditure on educational institutions per student for all services relative
to GDP per capita (2005) (OECD 2009, Indicator B1).



1 INTRODUCTION

For higher education private and public forms of financing often co-exist (Greenaway and
Haynes 2004). To illustrate this, Table 1.2 lists the percentage distribution of public and
private expenditures for tertiary education for a couple of OECD countries. Obviously, see the
public share of funding tertiary education reaches from 34.7% in the United States to 96.7% in

Denmark and Greece.

Country Public sources Private sources
Australia 47.8 52.2
Belgium 90.6 9.4
Canada 55.1 44.9
Denmark 96.7 3.3
Finland 96.1 3.9
France 83.6 16.4
Germany 85.3 14.7
Greece 96.7 3.3
Hungary 78.5 21.5
Ireland 84.0 16.0
Italy 69.6 30.4
Japan 33.7 66.3
Korea 24.3 75.7
Mexico 69.0 31.0
Portugal 68.1 31.9
Spain 77.9 22.1
Sweden 88.2 11.8
United Kingdom 66.9 33.1
United States 34.7 65.3
OECD average 73.1 26.9

Table 1.2: Relative proportions of public and private expenditures on educational institutions,
as a percentage, for tertiary education (OECD 2009, Indicator B3)

As the last research field on the supply side of the Economics of Education 1 would like to
mention a strand of literature focusing on the universities as the institutions equipping students
with knowledge, or in other words, what do we know about ourselves? Already in 1974, William
E. Becker described the optimal behavior of a professor as utility maximizing, and according
to him a professor’s teaching quality can be improved by raising his salary. Although there
are some doubts if that always works in reality due to intrinsic and extrinsic motivations, it
was the first approach that looked inside the university. But there has been some development
in this field too, and nowadays research interests have moved to the optimal design of labor
contracts for university professors (Walckiers 2008) and to the relationship between research
and teaching as the two main outputs of a university (Hattie and Marsh 1996). Chapter 4 and
5 contribute to this literature analyzing the optimal appointment system of future professors

and the publication behavior of German academic economists.



CHAPTER 1 INTRODUCTION

At this point the reader may have won an impression of what the Economics of Education is
all about. In the following, I will summarize the four manuscripts that are presented in Chapter
2-5, and since each of these chapters has an introduction of its own referring to the existing

literature, I will keep the following passages quite general.

The first paper is based on joined research with Stefan Napel from the University of Bayreuth,
and it has been published in Fconomics Letters in 2008. Using an intergenerational framework
parents have to decide whether they want to invest in their children or not. This dynastic
view is based on the work of Gary S. Becker (1964). As a standard assumption of this kind of
models parents have to finance the education of their children out of current income. Former
studies by Banerjee and Newman (1993) or Mookherjee and Ray (2003) assume that children
are homogenous with respect to their talents and, therefore, the education costs necessary to
become a skilled worker are identical. Under such conditions it is always easier for rich parents
to invest than for poor ones. This, however, leads to the long-term result that rich parents
invest in the education of their children whereas poor parents do not invest, obviously leading
to a poverty trap. Since children from poor parents will stay poor, there will not be any social
mobility which implies that the aggregate skill level of the society does not change over time.
Countries with a low aggregate skill level cannot catch up with highly developed countries.
However, Mookherjee and Napel (2007) show that these results crucially depend on the as-
sumption of homogenous children. With at least some heterogeneity of talents - in their case
randomly distributed - there is the possibility that rich parents have children with low talents
which makes it, from an economic point of view, unattractive to invest in their education; in
this case investment costs are too high in relation to the return on human capital. The other
side of the coin is that there will also be some poor parents who invest in their highly talented
children. In the joint effect there will be upward and downward social mobility, and the ag-
gregate skill level of the population can change over time. Since the kind of talent distribution
seems to be decisive, Stefan Napel and I tested the robustness of the results of Mookherjee and
Napel (2007) if talents are not randomly distributed. The basic idea here is that the ability of a
child depends on the abilities of its parents where the connection between the generations may
be genetically or socially determined. At the end, our model proves the results in Mookherjee
and Napel (2007) to be stable. In addition, the assumption of intergenerationally connected
talents makes it possible to analyze the influence of the degree of dependence between parent’s
and child’s talents on social mobility and inequality. The paper shows that a high degree of
dependence reduces social mobility but does not affect inequality. Thus, if the talent of a child
mainly depends on the talent of its parents’ (and less on luck or fortune) there will only be
a low degree of social mobility in the society. Interestingly, the degree of talent dependence
does not influence the aggregate skill level and the inequality of wages in a generation. That
is a plausible result because there are some children from poor parents that get educated, but
there are also some children from rich parents that do not get an education. Since the analysis

is based on a long-term equilibrium approach upward and downward mobility are equal. If
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this would not be the case, the aggregate skill level would change from one period to the next
which would result in an unstable situation. In equilibrium social mobility only depends on
the fraction of highly talented children which we assume to be fixed over time. Summarizing,
policy interventions that try to weaken the social dependence of parent’s and children’s abili-
ties can raise social mobility but cannot reduce inequality. Therefore, entry quota regulations
at universities in the United States for ethnic minorities increase social mobility but do not
change the aggregate skill level in the society. Affirmative action helps children from poor par-

ents (or special minorities) to get an education, the inequality in a generation, however, persists.

The second manuscript is in preparation for resubmission to the FEconomics of Education
Review. Using the same framework as in the first paper the question here is what kind of
policy interventions are necessary to raise social mobility and to reduce inequality. Although
there is no complete answer to this question at the time, analyzing redistributive taxation
and subsidization of education might give some hints since both policy interventions are im-
portant in practice. The analyzed redistributive tax is a flat rate tax where the tax amount
is equally redistributed between all agents (see e.g. Piketty 1995). The construction of this
tax-subsidization-mechanism increases the net wages of the unskilled while it decreases the net
wages of the skilled. Consequently and ceteris paribus, the inequality in a generation deter-
mined by the wage gap will decrease. Thus, it becomes easier for poor parents to invest in their
children while rich parents see their budgets squeezed and refrain from educational investment
into their children to a certain extent. Since ‘no man is an island’ (Donne 2008, 344), there
are interdependencies between families, e.g. if many families invest in education the aggregate
number of skilled workers increases which implies a decrease in wages of the skilled, determined
by their marginal productivities. In other words, the increased supply of skilled workers de-
creases the price that is paid for their work. Therefore, wages are endogenous, i.e. the higher
the aggregate skill level, the lower the wages of the skilled et vice versa. Since the redistributive
tax lowers the investment incentives of skilled parents, this may reduce the aggregate skill level
which in turn increases pre-tax wages of the skilled et vice versa. Thus, there are two contrary
effects occurring: a direct tax effect reduces the net-wage gap, an indirect tax effect can reduce
the aggregate skill ratio which can lead to an increase in the pre-tax wage gap. Obviously, the
overall effect is ambigious. In the paper situations for both possible outcomes are described -
increased aggregate skill level and decreased inequality as well as decreased aggregate skill level
and increased inequality. Although redistributive taxation makes it easier for poor parents to
invest in the education of their children, there may be a negative effect on inequality because
of the indirect tax effect. As the aggregate skill level determines the investment decisions of
the parents (if the skill level is high, the return on human capital is low), it also determines
the degree of social mobility. Depending on the initial investment situation without taxation,
social mobility can increase or decrease. The paper describes these different situations more
precisely.

The second political instrument - educational subsidies as conditional transfers - reduces edu-
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CHAPTER 1 INTRODUCTION

cation costs paid by the parents. The subsidies are again financed via a proportional income
tax levied on the general public. This implies a direct tax effect similar to the redistributive tax
from above. Considering reduced costs and since the return to human capital is not affected,
the investment incentives of rich and poor parents increase and lead to an increased aggregate
skill level under most conditions. The paper analyzes four different initial investment situa-
tions, i.e. combinations of investment/non-investment by the skilled /unskilled, more precisely.
While three out of this four initial situations (before the policy intervention is implemented)
lead to an increase in the aggregate skill level there is also one exceptional case where the result
is contrary. This case is characterized by an initial situation where the unskilled parents are
indifferent in their investment situation, i.e. benefits and costs of investment are equal. The
subsidizing intervention requires that unskilled parents start investment at a lower skill ratio
because of reduced costs which implies a corresponding aggregate skill level that is lower with
than without education subsidies. Keeping in mind that a general tax, necessary to finance
education subsidies for parents deciding to invest in education, decreases the wage gap ceteris
paribus, then this will strengthen the positive direct effect of an increased aggregate skill ratio
on the wage gap and weaken and maybe overcompensate the negative direct effect of a de-
creased skill ratio on the wage gap. In other words, an increase in the aggregate skill ratio by
subsidization always reduces the wage gap and thus inequality while a decrease in the aggregate
skill ratio can lead to an increase in inequality if the direct tax effect is overcompensated. The
latter can again appear in the exceptional case, i.e. at the lowest aggregate skill ratio that
makes it beneficial for unskilled parents to invest. This situation - because of the low aggre-
gate skill level - is more likely in developing countries. Here, inequality may be increased by
education subsidies although they are implemented to reduce it. In addition, the reduction in
the skill ratio means that there are less skilled parents than before. If a fixed fraction of skilled
parents do not invest in its low-talented children, the absolute number of skilled parents that
do not invest is higher with than without subsidization. Thus, in the exceptional case there
is a decreasing downward mobility because there are simply not enough skilled parents. This
leads to a reduction of social mobility in equilibrium.

Summarizing, both policy interventions are not recommendable on account of two arguments:
First the effects of both policies on intra- and intergenerational inequality depend on the initial
investment behavior of the skilled and unskilled parents. Thus, if the government does not
completely know the initial situation - as it is often the case in reality - it cannot forecast the
result of its intervention. Second, the analysis for different initial investment situations shows
that in nearly all cases neither redistributive taxation nor subsidization of education can raise
equality and social mobility at the same time. In some cases none of both targets is achieved,
in some cases inequality is reduced but also social mobility, in other cases social mobility and
inequality increase side by side. However, one situation can be identified where education sub-
sidies can simultaneously solve both problems. The paper describes all of these situations in

more detail.
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The third paper focuses on an interior aspect of the universities, and the paper is available
as a Discussion Paper of the Department of Economics, Helmut Schmidt University Hamburg.
Publishing and teaching during the post-doc time are important to get an appointment at a
university. Thus, universities prefer professors that are good in science and teaching.® Since
talents are private information, universities can only use the two-dimensional signal on science
and teaching ability during the post-doc time to identify highly productive professors. More
precisely, the post-doc publication and teaching behavior works as a signal for a future pro-
fessor’s abilities. Although there is a large literature on signaling theory starting with Spence
(1973) there are only few papers considering multi-dimensional signals. So the third paper
contributes to the literature by analyzing separating equilibria, i.e. a situation where each
type of post-docs sends a signal that identifies his ability, in a two-dimensional signaling game
referring to the academic appointment system. In a first step the paper describes a separating
equilibrium, if universities are only interested in science or teaching. This one-dimensional case
serves as a benchmark later on. In line with the standard literature on signaling games highly
talented future professors will invest in signaling to separate themselves from the low-talented
ones. Then, the university can distinguish between good and bad teachers (or researchers) and
pay the more productive one a higher wage. In a second step, separating equilibria are analyzed
if future professors signal their ability to do science and teaching. If future professors would
have unlimited time to publish and teach the two-dimensional equilibrium would consist of both
parts of the two one-dimensional cases. Post-docs who are highly talented in both activities
would separate themselves from low-talented researchers by publishing more, and they would
separate themselves from low-talented teachers by doing more teaching. Unfortunately, both
affords high costs and time, and in reality post-docs complain that they do not have sufficient
time to publish and teach. Thus there may be not enough time for complete separation, and
future professors that are highly talented with respect to both outputs - science and teaching -
cannot separate themselves from low-talented researchers and low-talented teachers since such
a strategy requires more time than days are long. At the end, they play the same strategy as fu-
ture professors that are only highly productive in one activity. They could also invest some time
in the other activity but it would not be enough to separate themselves from the low-talented
post-docs. Thus, universities can identify good researchers but do not know their teaching
ability or they separate good teachers from the bad ones without being able to identify their
research ability. This results in a situation where universities can identify some but not all types
of post-docs. Therefore, this case is called a partially separating equilibrium. If e.g. a university
prefers research over teaching it can distinguish between future professors that are low-talented
in both activities, future professors that are good in teaching but not in publishing, and a group
of future professors that are highly productive in both outputs or just in publishing. The latter
two types appear as one group that equally behave in their post-doc time and therefore cannot

be distinguished. Since universities get no more information in this partially separating equi-

3 Although research instead of science may be a better description of the professors’ output I use science since
the paper is related to Walckiers (2008) who introduced this formulation.

10



CHAPTER 1 INTRODUCTION

librium than in a one-dimensional signaling game where future professors signal their ability
to research or to teach, the current appointment system - based on two-dimensional signaling
- is inefficient. If there is not enough time that post-docs being highly productive in research
and teaching can separate themselves from all other types, universities should choose their
future professors only by the one criterion - science or teaching - they value more. Doing this,

universities do not lose any information, future professors, however, save a lot of time and costs.

The fourth paper is based on joined research with Klaus Beckmann from the Helmut Schmidt
University Hamburg, and it is under review by the Scandinavian Journal of Economics. Many
young researchers including the author believe that under the current system full professors
do not have an incentive to do more than their compulsory teaching. An opposing co-author
led us to joint research, and we tried to test the hypothesis for German academic economists.
Since data for German academic appointments are not available we developed a new data set.
In fact, missing data may be one reason why there are only few papers available focusing on
the German academic labor market (Backes-Gellner and Schlinghoff 2004; Rauber and Ur-
sprung 2008). Although most analyses focusing on the American academic labor market use
appointment data from curricula vitae we collected data from two pertinent journals - Das
unabhdangige Hochschulmagazin and Forschung und Lehre. This strategy reduces the sample
selection bias that appears using data from curricula vitae. Since we do not know if an ap-
pointment was accepted or only received we created an action dummy considering both cases.
However, a received or accepted appointment work in a similar way since both normally imply
an increase in the professor’s wage. In addition we used publication data from the Verein fir
Socialpolitik. At the end, we had a new data set for 839 academic economists (post-docs and
professors) to our disposal. First descriptive statistics show that there is a high variance in
the publication behavior - measured with the Combes-Linnemer index (Combes and Linnemer
2003) - of German academic economists, and that the average publication output grew re-
markably from 1995 to 2006. Overall, there is evidence of a positive effect of the number of
publications on the probability to get an appointment at a university. This effect is relatively
small for older individuals which probably means that publication output is not so important
at that age to get a second or third appointment. The positive effect of publishing on getting
an appointment has increased from 1980 to 2006. On the other hand, we find a small but
significant drop of the publication output after an appointment. Defining a university ‘star’
as someone who got more than one appointment during his/her career we do not find a neg-
ative effect of an appointment on the publication behavior of theses celebrities. They either
have a high intrinsic motivation to publish and/or command a high number of staff members.
Interestingly, the drop in publications after an appointment was smaller before 1995 than in
the recent years. This may be caused by growing administrative efforts or by rising aspirations
and demands of students. Finally, the data set allows for testing gender effects. While most
studies using data from curricula vitae have five to ten women in their data set, our new data

consist of 100 female post-docs and professors. As it seems, the fundamental reform of the
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appointment system in Germany works. While before 1995 there clearly was a discrimination

effect against women in the appointment system, we do not find this effect after 1995 any more.

Summing up the summaries and the description of the research field, it should be clear how
broad the discipline of educational economics is dimensioned, and how important knowledge
in this area can be for a positive societal development. What the author of this dissertation
can do for that, is understandably only of a very minor dimension. Anyway, the articles to be
presented here can add some new aspects and results concerning the link between education
and societal dynamics, and they offer some deeper insights into an institution where we live

and work together: the university.
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2 Intergenerational talent transmission, social
mobility, and inequality”

with Stefan Napel

The paper investigates the effects of intra-family talent transmission when human capital

exhibits indivisibilities and parental financing of education involves borrowing constraints.

Positive talent correlation reduces social mobility but steady state inequality and

macroeconomic history-dependence are not affected.

JEL: D31; D91; E25; 121;J24;J62;015

*I appreciate fruitful discussions with Stefan Napel from the University of Bayreuth during several years.
Stefan Napel and I thank Dilip Mookherjee and an anonymous referee for very constructive comments, and
acknowledge helpful discussion with Alfred Miiller.
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2.1. INTRODUCTION

2.1 Introduction

Intergenerational mobility matters for reasons of equity as well as efficiency if agents’ abilities

L Tt reflects dynamic inequality that may or may not be orthogonal

vary across generations.
to possible wealth differences within a generation. While Becker and Tomes (1979) and Loury
(1981) originally studied both kinds of inequality as intertwined phenomena, more recent the-
oretical literature has inadvertently ruled out steady state mobility by presuming agents with
homogenous abilities (Ljungqvist 1993; Galor and Zeira 1993; Freeman 1996; Mookherjee and
Ray 2003).

Exceptions are Maoz and Moav (1999) and Mookherjee and Napel (2007). Both consider
parental investment into children’s education that must be financed by parents’ wealth. Ed-
ucated children earn a skill premium determined endogenously by aggregate investment when
they join the workforce as parents of the next generation. Concave utility implies that richer
parents find investment subjectively cheaper, inducing greater incentives to educate. This can
prevent steady state mobility, but children’s ability or talent and the associated cost of educa-
tion are subject to shocks: some parents may have exceptionally talented children who require
no training; education of others may be too costly even for the richest parents. For wide enough
talent support, a positive fraction of skilled parents will not invest whilst some unskilled parents
do. This can keep wages and the aggregate skill ratio constant, i.e., constitute a macroeconomic
steady state with mobility.

In Maoz and Moav (1999) and Mookherjee and Napel (2007), talent is independently and
identically distributed (i.i.d.) across families and occupations. This is at odds with reality
regarding cognitive skills (see, e.g., Bouchard and McGue 1981; Devlin et al. 1997) and pre-
sumably other traits which influence occupational choice. In this paper, a child’s ability depends
on its parent’s ability.? Apart from that, the model is a special case of Mookherjee and Napel
(2007). We show that intergenerational talent correlation affects social mobility but leaves

intragenerational inequality and the number of steady states unchanged.

2.2 Model

Consider a unit mass of families indexed by i € [0,1]. In each generation ¢t = 0, 1,2, ... family
i comprises a child and an adult; the latter supplies one unit of labor in occupation o} € {n, s}
(unskilled or skilled)?. The child has an observable ability which requires either a low financial
investment 2! > 0 or a high one 2" > 2! in order to become educated. Educated children can
take skilled jobs when they become the family’s adult in period ¢ + 1. Unskilled labor requires
no investment. Parents cannot borrow against their children’s income. There are no financial
bequests and thus education must be financed by current income. The fraction of educated

agents in period ¢ is denoted by \; and coincides with employment in the skilled sector in

IFor recent empirical studies see Mazumder (2005) or Jéntti et al. (2006).
2See Couch and Morand (2005) for related growth analysis with exogenous educational returns.
3See Mookherjee and Ray (2003) on the role played by the number of occupations.
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CHAPTER 2 INTERGENERATIONAL TALENT TRANSMISSION

equilibrium.

A single consumption good is produced competitively according to the production function
H(\) = N7 (1 =AU (2.1)

with v € (0,1). Agents invest in education only if skilled jobs pay a premium. So, in equilibrium

A+ < v and wages are given by

1—N
At

>(1'v) and = w'(\) = (1-7) (5 itAt)7~ (2.2)

wy = w(h) =
Parents care about their own consumption and the future wealth of their child. Specifically,

let agents maximize
Ul wyit) = Inci + Snwfy (2.3)

where ¢! denotes parental consumption (= w;* — z in case of investment), wtoff is the child’s
income (= wf,; in case of investment) and parameter § > 0 scales parental altruism. If the

subjective benefit from investment

B(A41) = 6[Inw’(As1) — Inw™ (Mg (2.4)
is strictly greater (smaller) than the subjective cost

C*(\, z) = Inw®(\) — In [wk()\t) — 1z, (2.5)
then a parent who faces pecuniary cost x and has occupation k € {n, s} will invest (not invest)

given \; and Ay 1; if B(\i11) = C¥(\;, z) he may invest with arbitrary probability.

The selected specification of technology and preferences guarantees that unskilled’s net ben-
efit from investment, B(\) — C™(\, x), changes sign in A at most twice: rising w” first makes
investment affordable, but then non-lucrative as w® — w" diminishes.* This will be required for
Proposition 2.1. All other results only use the standard monotonicity and curvature properties
which are exhibited by U(-) and H(+) (ensuring a unique competitive equilibrium ratio \;y; for

any given \; € (0,7) and treating consumption and investment as substitutes).

A child’s ability depends on that of his parent in a Markov way. The conditional probability

that a parent with education cost 27 has a son with cost 27" is given by

Djy = Pr(al,y = 2 |2} = a9) (2.6)

4A more general sufficient condition for this is a Cobb-Douglas technology coupled with constant relative risk
aversion of one or more (Mookherjee and Napel 2007, Lemma 3).
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for j, i € {l,h}. The degree of dependence is captured by®

DIl — Phot = Phoh — Pish = £ € (—1,1). (2.7)

A dynamic competitive equilibrium corresponds to a sequence {\; };—¢1,... such that for every
t =0,1,... the current skill ratio A; and expectations A7, ; = A1 about next period induce
a total measure A\, ; of unskilled and skilled investors (all those with strict preference and
market-clearing shares a; € [0,1] and S, € [0, 1] of indifferent unskilled and skilled parents).®
We focus on equilibria with a stationary skill ratio, i.e., aggregate steady states (SS) where
At = Ay1 = A5, and amongst these on steady states with mobility (SSM), i.e., stationary
equilibria in which the measure of unskilled investors is positive and equals the measure of

skilled non-investors.

In ¢, family i € [0,1] is in a state r! € {s', s",n!, n"} where K/ indicates parental occupation
k and parental cost level 5. This gives rise to an aggregate parental occupation and cost

distribution
7(t) = (wa(t), men(t), mu(t), mn(t)) (2.8)

with ma(t) + 7w (t) = A. The transition from 7(t) to 7(t + 1) is governed by endogenous
investment choices of parents given their respective child’s realized cost type. One obtains
a time-heterogenous Markov chain whose period-t transition matrix is determined by \; (and
respective market-clearing levels of oy and ;). If, for example, \; implies that all parents invest

if their child has cost 2! and skilled parents are indifferent for 2", then we would have

Pt Bpi—n 0 (1= B)pien
Phot BiPh—n 0 (1= Bi)pa—n
Di—i 0 0 Pi—h
Pht 0 0 DPh—h

w(t+1) = (wa(t), men(t), mu(t), mun(t))

v~

P(A\)

Any stationary A* implies a particular stationary transition matrix P(A*). If \* is a SSM, then
each Markov chain {r}};— 1. is time-homogenous, irreducible and aperiodic (recall |s| < 1).

There is hence a unique tnvariant measure 7w such that
™ P(\*") =n". (2.10)

We will investigate such invariant measures for given technology, preference, and cost parame-

ters.

5k > 0 seems most relevant, but we do not rule out negative correlation.
SExistence and uniqueness follows from Mookherjee and Napel (2007, Lemma 1).
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CHAPTER 2 INTERGENERATIONAL TALENT TRANSMISSION

2.3 Analysis of steady states with mobility

For fixed cost type z, w® > w™ implies that an unskilled parent will only invest if a skilled one
does, too. And for a given wage w, a parent will only invest in a child with cost 2" if he would

invest in one with z!, too. So only SSM with the following investment incentives may arise:

Type I | C*(A*,2!) < C"(\*,2!) < B(A*) = C*(\*, z") < C™(A*, 2h)
Type IT | C5(\*, 2!) < C"(\*,2!) = B(X\*) = C*(\*, z") < C™(A*, 2")
Type III | C*(\*, %) < C™(\*, 2!) < B(\*) < C*(\*, z) < C™(\*, zM)
Type IV | C*(\*, ) < C*(\*,2!) = B(\*) < C*(\*, 2") < C"(\*, 2h)

One can check that SS without mobility generically appear in entire intervals. But there
seems to exist at least some mobility in every society. Macroeconomic history dependence then

becomes very limited:

ProproOSITION 2.1

(a) There are never more than two SSM; two SSM exist only if 2" is high enough such that
B(\) < C™(\, ") for all ).

(b) If B(\) > C™(\,2") for some \ and investment incentives are of type III for some N,
then there exists a unique SSM.

Proof: (a) Assume that x” is high enough so that unskilled parents only invest for cost z'.
We consider investment incentives if agents expect A to prevail. Presuming that fractions
a,f € ]0,1] of indifferent agents invest, one can obtain a transition matrix Q(\, «, 3), which
coincides with P(\) for appropriate o and (3 if A is in fact a SS.

Restrict A to the interval in which investment incentives are of type I-IV (the location of
possible SSM). There, each Q(A, «, 3) has a unique invariant measure p*(\, o, 3) (= 7 if A is
a SSM). With

M) ={w\ o, B): a,5€[0,1]} (2.11)
we can define

h

u(A) = {(1 —A)- {Lpl—d +

— | e M(A 2.12
Hapt =+ finh /~Lnl+/~bnhph l:| : ( )} ( )

as the set of all possible measures of unskilled who would invest if A held constant and if the
composition amongst unskilled were as in a SSM with the same investment incentives as in .
This upward flow correspondence u(\) is convex-valued and upper-semicontinuous (u.s.c.). So

too is the analogous downward flow

Hst Hsh
dN) =N | ———pp +—————hn| o w € M(N) . 2.13
( ) { {Mlerushpl h M51+M5hph h} 1% ( )} ( )

By construction, A is a SSM if and only if u(A) Nd()\) # @ (with a nonzero element).
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2.3. ANALYSIS OF STEADY STATES WITH MOBILITY

(a) (b)
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Figure 2.1: Upward and downward mobility flows for the case of two SSM

Because all unskilled parents with z!-children weakly prefer to invest on the whole A-interval
for which u(-) is defined” and there are fewer such parents as X increases, u(\) is decreasing in a
‘saw-tooth’ fashion. Similarly, d()) is increasing. This allows for one or at most two nonempty
intersections, with all possibilities of the latter illustrated in Figure 2.1. One can construct
examples for each case.

Finally, consider the case with some )\ such that B(\') > C™(X, z"), i.e., all unskilled might
invest if A" held constant. Since incentives are monotonic in income, every skilled family must
invest with strict preference for all A < )X, excluding a SSM there. For A > X the total
measure of unskilled wanting to invest is decreasing in A (strictly when it is positive). Likewise
the measure of skilled people preferring not to invest is increasing. So there can be at most one
SSM at which both measures are positive and equal.

(b) B(A) > C™(\, z") at X implies that all skilled parents invest at A. The ratio A > A at which
skilled parents with z"-children become indifferent (assuming A held constant) must be such
that unskilled parents with z!-children still invest with strict preference (otherwise there could
be no X, necessarily to the right of A, with incentives of type III). So u(-) is initially positive
and then strictly decreasing to zero on an interval [A, A]. Since 0 € d(\) and d(-) is strictly

increasing on [5\, 5\], both u.s.c. correspondences must intersect at a unique \*. O

SSM multiplicity (or lack thereof) is driven by the levels of education costs, not their al-
location. It is therefore unaffected by partial ability correlation. This extends to the precise
location of SSM and hence wage inequality w*®(\) — w™(\), which is strictly decreasing in A,

provided we compare economies with the same aggregate steady state talent shares. For all

"We exclude cases in which unskilled parents with z!-children never invest or only for a single \: they cannot
yield multiple SSM.
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CHAPTER 2 INTERGENERATIONAL TALENT TRANSMISSION

variations of p;_.; which leave the stationary measure of zl-agents, o, unchanged,® we have:
PROPOSITION 2.2 The location of SSM and hence wage inequality are unaffected by k.

Proof: SSM which involve indifference (types I, II, and IV) are characterized by equality of
B()\) and C*(\, z") or C™(\, 2!), respectively. Neither is affected by &, i.e., the corresponding
SSM cannot shift in response to a k-variation. For type Ill-incentives parents invest if and only

if they face cost z'. So \* = ¢ independently of x. O

In contrast, intergenerational social mobility in a SSM is unequivocally reduced by increased

intra-family correlation of ability:
PROPOSITION 2.3 In any given SSM X\*, social mobility is strictly decreasing in k.

Proof: 1t suffices to consider the effect of a k-variation on u(\) and d(\) when incentives are
of type III because both correspondences are u.s.c. Then agents invest if and only if they face
cost x', implying

u(A) = {(1 = AN)pr—} and d(A) = {Api—n}. (2.14)

Substituting p;_; = o(1 — k) + & in order to keep the total z!-share constant, we have
u(A) ={(1 =XN)(1 —k)o} and d(A) ={ 1 —k)(1—0)}, (2.15)

i.e., both u()\) and d(\) strictly decrease in #.? O

2.4 Concluding remarks

Above investigation has been confined to the simplest case of two distinct abilities. The gener-
alization of Proposition 2.1 is straightforward: for r discrete cost levels, up to 2(r — 1) steady
states with mobility can co-exist;'? the sufficient condition for uniqueness stays as it is with 2"
referring to the maximal cost type. Extensions of Propositions 2.2 and 2.3 are harder because it
is not generally possible to capture intergenerational talent dependence adequately by a single
parameter. Comparative statics — varying the degree of intra-family talent transmission while
holding the aggregate talent distribution constant — may, however, still be derived for special
cases. One can, e.g., compare a talent process at the family level which is described by the tran-
sition matrix 7' = (p;—;/)rx,» and one which results from the latter’s convex combination with

talent constancy, i.e., the process described by transition matrix (1 — k)T + kI with s € (0, 1)

8Because the stationary measure is characterized by o = op;_; + (1 — 0)pn_1, this amounts to endogenously
setting pj—; = o(1 — k) 4+ & for any reference levels of o and .

9Vertical distance between u()\) and d()) is (k —1)(\ — o). Its sign is determined entirely by (A — o), implying
that SSM cannot disappear or change type as a result of a x-variation.

10The upward flow exhibits r — 1 ‘saw-tooth’-like increases if unskilled parents invest in all cost types z < z”,
before it decreases monotonically. The downward flow can then cut through each ‘saw-tooth’ twice (as in
Figure 2.1(a) with » — 2 more upward jumps to the right of \**).
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and I denoting the identity matrix: greater x does not affect the aggregate talent distribution
but formalizes more inertia. Propositions 2.2 and 2.3 then extend very naturally: the upward
and downward flows are scaled down by factor (1 — ) and all SSM are preserved at their origi-
nal location. This admittedly concerns only a particular parameterization of dependence,!! but
illustrates that above results are not driven by the assumed type dichotomy.

The key qualitative feature of our model is that persistence of non-market determinants of
occupational choice — here referred to as educational talent — is compounded by market forces:
the equilibrium wage gap needed to induce investment implies that unskilled parents require
more beneficial ability draws than skilled ones in order to invest. This applies also if ‘ability’
or ‘talent’ is transmitted via cultural or social channels rather than biology: for example, well-
connected parents may get their children into a well-paying job more cheaply than others, or
children of alumni benefit from preferential admission to top colleges which imply a smaller
total cost of getting a highly paid job. Such children stand a good chance of respectively being
well-connected themselves or becoming an alumnus, too.

Societies differ substantially in the degree to which ability in this wider sense is transmitted
across generations. The non-market determinants of social permeability are therefore an im-
portant policy issue: intergenerational mobility and equality of opportunity are greater, the less
easily the relevant ‘traits’ can be passed on. A range of corresponding policy interventions ex-
ist — most notably legislation on (non-)discriminatory recruitment and affirmative action. Our
model suggests that such programs have an effect on social mobility,'? but not automatically
on total output or cross-sectional inequality.

If, say, preferential admission of alumni’s children was banned, hitherto unprivileged families
would benefit and upward mobility would rise. But a fixed number of slots in top schools
is being allocated — corresponding to a fixed stationary proportion of low cost draws in our
comparative static analysis. Increased downward mobility must then keep the total number
of skilled families and hence their wage premium constant. The situation would be different
if individual productivity in the skilled sector rose with innate talent, assuming the latter
determines total educational costs jointly with admission rules, availability of scholarships,
and other policy-sensitive variables. Banning preferential admissions might then raise total
output and, more speculatively, lower wage inequality by educating children who will be more
productive. This cannot arise in a model that assumes a homogeneous skilled input factor, and
represents a promising direction for future research. Redistributive policy interventions are
another worthwhile topic: a social planner who can observe children’s talents and make lump
sum transfers can rather easily achieve a Pareto improvement; but this seems much harder —

and perhaps is impossible — with a more realistic set of policy instruments.

1 Convex combinations with other transition matrices may shift SSM of type III: the conditional stationary
distributions of talent amongst the skilled and unskilled can change even if the aggregate distribution stays
constant. Flow changes prompted by k-variations may then differ across occupations.

1250 do the empirical studies that we are aware of — see, e.g., Chan and Eyster (2003) or Arcidiacono (2005).
Interestingly, the latter only finds a weak effect of affirmative action in higher education on individual
earnings — despite noticeable changes in the composition of students admitted to colleges in general and top
colleges in particular.
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Appendix (unpublished)

Characterization of the four types of SSM

At this point every type of SSM is described by its transition matrix as well as by a figure that
also shows the influence of x, i.e. the degree of dependence of parent’s and child’s ability, on
the SSM.

Type I: Both occupation types invest in a child with low education costs z!, skilled parents
are indifferent with respect to a child with education costs 2", and unskilled parents do not

invest in the high-cost type. Thus, the SSM is characterized by the transition matrix

o ol nh

s (o Boen 0 (1—B)pi_n
s pet Bonen 0 (1= B)pr_n
nt | pg 0 0 Di—h

n" \ pr_i 0 0 Dh—h

This can be illustrated by Figure 2.2.

u(®),

g dov)

u(h)

Figure 2.2: SSM of type 1

While in this and all other figures of this appendix solid lines represent the up- and downflows
for k dashed lines result from k' > k. The figure illustrates the main results of our analysis: The
SSM and therefore inequality are unaffected by a higher degree of dependence (no horizontal
shift of the point of intersection of up- and downflow). However, it reduces the social mobility,
i.e. SSM,; is in the figure located below SSM,.
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Type II: Skilled parents invest in a child with costs 2! and are indifferent with respect to
a high-cost type. Unskilled parents are indifferent with respect to a low-cost type and do not
invest in a child with education costs 2. This situation is described by the following transition

matrix and Figure 2.3:

st sh nt nh
s [ pi Bpien 0 (1= B)pi—n
s ot Bonen 0 (1 — B)pr—n
ntlapy 0 (1—a)pu Dih
n" \ app_ 0 (1 —a)pp_ Dh—h
o,

di)

Figure 2.3: SSM of type II

Obviously, the situation of a type II SSM is unstable and is destroyed even by a small exoge-
nous shock.

Type III: Parents of both occupation types invest in a child with education costs ' and no
one invests in a child with education costs . This investment situation results in the following

transition matrix and Figure 2.4:

st oshont ph
‘Sl Pi—1 0 0 Pi—h
s" pht 0 0 ppon
! i 0 0 p_n
"\pht 0 0 puon
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u(h),
do)

Figure 2.4: SSM of type III

Type IV: Skilled parents invest in a child with low education costs ! while unskilled parents
are indifferent with respect to this cost type. No parent invest in a child with high education

costs z". This SSM implies the following transition matrix:

st sh nt nh
l
S Pi—1 Pi—hn
h
S Ph—t Ph—h

0
0

|l oap 0 (I—a)pan  Din
0

(1 - Q)Ph—m Ph—h

The situation of up- and downflows can be illustrated by Figure 2.5:

u(h),
dn)

u(h) dn)

L
e

Figure 2.5: SSM opf type IV
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Thus, for a SSM of type II, III or IV an increasing degree of dependence k also - as for a
SSM of type I - does not change the SSM or the level of inequality but reduces social mobility.
A final note on the aspect of efficiency: If an efficient situation is defined as a situation in
which the education of a child only depends on its talent but not on the income of the parent
only a SSM of type III represents an efficient situation. However, the focus of the model is not

on efficiency but on inequality and social mobility.
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3 Redistributive taxation vs. education subsidies:
fostering equality and social mobility in an

intergenerational model

Redistributive taxation and education subsidies are common policies intended to foster
education attendance of poor children. However, this paper shows that in an intergenerational
framework these policies can raise social mobility only in some investment situations but not in
general. | also study the impact of both policies on the aggregate skill ratio and inequality.
While redistributive taxation raises social mobility but never reduces inequality at the same
time, education subsidies can, under some conditions, achieve both goals simultaneously.
Unfortunately, these conditions necessarily require a population where the skill ratio is already

quite high.

JEL: D91; H23; H24; 121; J24; J62; O15
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3.1. INTRODUCTION

3.1 Introduction

Educational decisions determine a great part of future income® and therefore potential inequal-
ity within and across generations. The wage gap, needed to induce investment, implies that it
is easier for rich parents than for poor ones to invest in the education of their children. In this
context, several policy interventions that foster investment incentives of the poor and therefore
equalize the distribution of human capital are possible. The present paper analyzes the impact
of two of them - redistributive taxation and education subsidies? - on the aggregate proportion
of educated people as well as on social mobility and inequality.?

The paper is related to a great number of intergenerational models focusing on potential
multiplicity of steady states (SS), inequality, and social mobility. This body of literature starts
with Gary S. Becker. In a paper with Nigel Tomes he shows that there is a unique equilibrium
which is characterized by social immobility and inequality (Becker and Tomes 1979). Here,
wages of the skilled and unskilled are exogenous and not determined by the measures of both
occupation types. Inequality in this model is mainly driven by luck. Some other papers,
assuming endogenously determined wages and homogenous agents, find a continuum of SSs
which mostly are also characterized by inequality and the absence of social mobility (Banerjee
and Newman 1993; Galor and Zeira 1993; Freeman 1996; Mookherjee and Ray 2003).* In these
models the equilibrium outcome is determined by initial conditions, i.e. there is great history
dependence. But according to Maoz and Moav (1999), Mookherjee and Napel (2007), and Napel
and Schneider (2007) these results are strongly connected to the assumption of homogeneous
agents.® If children are heterogeneous with respect to their inherent talent it becomes possible
that a poor parent invests in his highly talented child and also that a rich parent rejects
investment in his low-talented child. Thus, steady states with social mobility (SSM) are fostered
by heterogeneity. In Mookherjee and Napel (2007) steady states are characterized by inequality
and social mobility. They are locally unique; and under some conditions global uniqueness is
provided.

Although there are many intergenerational models of human capital investment, none of
them investigates the impact of different policy interventions on the wage gap and the degree
of social mobility. This paper tries to fill the gap.

In a basic overlapping generational model, where parents decide if their children that differ

in talents get education or not, it can be shown that generally neither redistributive taxation

1One of the earliest studies that shows a positive effect of schooling on earning is by Mincer (1958). There
is also evidence that the return to schooling has increased over the last decades (Blackburn and Neumark
1993).

2In the present context subsidies are transfer payments to the households that have to be invested in education.

3 A higher degree of social mobility benefits intergenerational equity. Inequality within a generation is measured
as the difference between skilled and unskilled wages.

4Galor and Zeira (1993) and Mookherjee and Ray (2003) find equal and unequal SSs.

SWhile Mookherjee and Napel (2007) assume that talent is independently and identically distributed Napel
and Schneider (2007) show that the results are robust if the child’s talent depends on the talent of the parent.
Maoz and Moav (1999) focus on the qualitative features of the convergency process that leads to a steady
state. They also find that redistributive policy has a negative effect on growth in developed economies but
a positive effect in developing countries.
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nor education subsidies can both decrease inequality and increase social mobility. Depending
on the type of SSM, i.e. the equilibrium investment decisions of all parents without any public
intervention, the impact of both policies on inequality and social mobility is analyzed. While
redistributive taxation and subsidization have similar outcomes for some types of SSMs, they
have different effects on the skill ratio for other types of SSMs. Under most circumstances there
is a trade-off between the reduction of inequality and the increase of social mobility. However,
the paper shows that in a situation where unskilled parents are indifferent in their investment
decision for a child with low costs, education subsidies can reach both targets at the same time.

Unfortunately, this result only holds for a population with a high initial aggregate skill ratio.

The paper is organized as follows. I present the basic intergenerational model without policy
intervention in section 3.2. Section 3.3 studies the impact of redistributive taxation on the
skill ratio as well as on inequality and social mobility. Section 3.4 does the same for education

subsidies. Conclusions are discussed in section 3.5.

3.2 Model

Assume an overlapping generations model that involves a unit mass of families. At each point
in time a family consists of a parent and a child. The parent can work as a skilled (s) or
an unskilled (n) worker. The aggregate skill ratio of the population at time ¢ is denoted by
A¢. Skilled work requires a costly education while unskilled work does not. Education costs
depend on the talent® of the child and must be financed out of the parent’s current income.
For simplicity, I assume that there are only two possible types of talent, with corresponding
education costs x' for a highly talented child and 2" for a low-talented child respectively; the
child’s talent is private information of the parent. The fractions of both types of talent are
exogenously given and fixed over time. The talent of a child depends on the talent of his
parent in a Markovian way. Thus, for i, j € {l, h} the conditional probability p;_.; denotes the
probability that a parent with education costs ' has a child with education costs z7.

The economy produces a single consumption good with a Cobb-Douglas production function
H = M/(1—X\)" with v € (0,1). Wages are given by the marginal productivities. Thus, in

equilibrium wages are

1-N\
At

) (3.1)

wy = 7(

and

At
1—M

wy = (1=7)( )" (3-2)

SHere ‘talent’ should be perceived as ‘potential to benefit from education’ as, e.g. in De Fraja (2005).
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Investment in education requires w; > w; and therefore \; < 7 in equilibrium.

Parents’ bequest motive is assumed to be altruistic. In particular, parents maximize
Ulee,wyyy) = In(wy — Dx) + dIn(we,,) (3.3)

where ¢, = w} — Dz denotes the parent’s own consumption, wy and w}, ; with k € {s,n} are
the incomes of the parent and the child respectively, x denotes the child’s education costs and
the parameter 6 € (0,1) state the altruism motive. The binary variable D is 1 in the case of
investment, and 0 otherwise. Thus, in the case of non-investment the parent can consume his
whole income while his child only gets the lower wage of an unskilled worker. In the case of
investment the parent can only consume his income minus education costs x, but the child’s
income is given by the skilled wage.

Given the utility function (3.3) the subjective benefit B(-) and the subjective costs C*(-) from

investment are

B(hy) = 5<1n we, —In w;;l) (3.4)
and

C*\, ) = Inwf — In(wf — 2). (3.5)

The subjective benefit from investment is influenced by the skill ratio in the child’s working
period t+ 1 and is independent of the occupation type, whereas subjective costs depend on the
skill ratio in the parent’s working period ¢, on the occupation type of the parent and on the
child’s talent. It is clear that a parent invests (does not invest) in the education of his child
with education costs x whenever the subjective benefit is higher (lower) than the subjective
costs. If subjective benefit equals subjective costs skilled (unskilled) parents are assumed to
invest with market clearing probability « (3).

Let us define 2*()\), k € {s,n} as the critical costs function for the skilled and unskilled

respectively, i.e.

() = (1 - (ng)))é)w’f(x). (3.6)

Thus, 2%()\) denotes - depending on the skill ratio - the education costs of a child that makes
his parent with occupation k& just indifferent in his investment decision. Depending on the
aggregate skill ratio A parents with occupation k invest (do not invest) in a child if his edu-
cation costs are lower (higher) than #%()\). Figure 3.1 illustrates a situation where unskilled
parents invest in a child with education costs x! for A € (A1, A\3) and never invest in a child with
education costs 2. Analogously, skilled parents invest in the low cost type for A € (0, \;) and
in the high cost type for A € (0, \2).
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Figure 3.1: Critical costs functions of the skilled (2°) and unskilled (z")

The situation of the population can be described by the occupation and cost distribution,

which is denoted by

m(t) = {ma(t), mn(t), mu(t), mon(t) } (3.7)

where 7 (t) is the fraction of agents with occupation k € {s,n} and education costs z%, i € {I, h}
at time ¢. Thus, the aggregate skill ratio of the population equals A\; = mg(t) + men(1).

The dynamics of the model depends on the skilled fraction since it determines the investment
decisions of the parents and therefore the transition matrix, which describes the evolution from

state 7(t) to a new state m(¢t 4+ 1). To make this clearer, e.g.

plﬂl « - pl—»h 0 (1 - O[) ° pl—ﬁl

(t) - Ph—i O Phop ( Q) Phoh —r(t+1). (3.8)
Di—1 0 0 Di—h
Ph—l 0 O Ph—h

describes a situation where all parents at time ¢ invest in a child with education costs x! and
skilled parents additionally are indifferent in the investment decision for a child with education
costs z". Skilled parents invest in such a child with probability a. Summing up, the dynamic

can be described by a time-heterogenous Markov chain.

Whenever the current skill ratio A; and the expectations about the next period Af,; induce

a total skill ratio A\,y; = A7, ; the sequence {At}t=01.2... describes a competitive equilibrium.
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In my analysis I only focus on equilibria with stationary skill ratios (SS), i.e. Ay = A1 = A*.
In this case the transition matrix is stationary and the Markov chain becomes a homogeneous
one. Since a situation without mobility is at odds with reality I restrict the analysis to steady
states with mobility (SSM), i.e. equilibria with stationary skill ratios in which the number of
unskilled investors is positive and equals the number of skilled non-investors.

Since investment of the unskilled - because of their wage disadvantage - always requires invest-
ment of the skilled, and investment in a child with education costs 2" always requires investment
in a child with education costs 2!, there are four different types of SSMs that are summarized
in Table 3.1. In the table yes denotes strict investment, no denotes strict non-investment and

a () denotes that skilled (unskilled) parents are indifferent, and invest with market clearing

probabilities.
Type I Typell Typelll TypelIV
Skilled invest in a'-type yes yes yes yes
Unskilled invest in a'-type yes Ié] yes 1]
Skilled invest in z"-type « Q@ no no
Unskilled invest in z"-type no no no no

Table 3.1: Four possible types of SSMs

Since a SSM of type II is unstable in the sense that it diminishes whenever there is a small
change in the mobility flows I will not consider this type of SSM for the remaining analysis of
the impact of policy interventions. The following analysis of the policy interventions is based
on changes in the upward (u(-)) and downward (d(-)) social mobility flows. Both flows depend

on the aggregate skill ratio and equal

u(A) = {B(Tppi—t + Trpr—i) } (3.9)

and
d(A) ={(1 — a)(mapi—n + Tnpr—n)} (3.10)

respectively. If the unskilled invest with strict preferences in the cost type 2! (see SSM types I
and IIT) # = 1 holds; otherwise it is 5 € (0,1) (see SSM types IV). Analogously it is a = 0 if
the skilled strictly do not invest in the cost type " (see SSM types III and IV) and o € (0, 1)
otherwise (see SSM types I). Although the RHS of equations (3.9) and (3.10) do not directly
depend on the aggreate skill ratio A they depend on the parameters o and 3 respectively that
are determined by A.

According to equation (3.9) the upflow is characterized by one upward jump and the corre-
sponding downward jump. Between upward and downward jumps the flow strictly decreases.
An increase in the aggregate skill ratio A decreases the number of unskilled and therefore the

upward flow. In contrast, the downflow by equation (3.10) is increasing in the aggregate skill
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CHAPTER 3 TAXATION VS. EDUCATION SUBSIDIES

ratio with one upward jump. It can easily be seen and is already mentioned in Mookherjee and
Napel (2007) that there exists the possibility for a limited multiplicity of SSMs. More precisely,

two SSMs can simultaneously occur in the present setup (e.g. see Figure 3.2).

u,d

SSM

SSM u

Figure 3.2: Mobility flows for a case with two SSMs

3.3 Redistributive taxation

In this section I analyze the effect of redistributive taxation on an existing SSM. Due to re-
distributive taxation the number and types of SSMs can change. To simplify matters I only
focus on the marginal impact of redistributive taxation. Therefore, I introduce a tax rate that
is marginally higher than zero. The main target of this analysis is to understand how the
incentives of skilled and unskilled parents change and how these changes affect the skill ratio
in the steady state, inequality and social mobility.

The introduction of a small tax rate 7 results in post-tax wages

w?, = wi(A) = (1 —7)w; + T(/\twf +(1-— )\t)wf) (3.11)
and

w?, = wl() = (1 7)uf + T(Atw: +(1- At)wf) (3.12)

with wf and w} defined as in equations (3.1) and (3.2). Thus, redistributive taxation amounts
to an unconditional transfer from the skilled to the unskilled. While this policy increases the
wage of unskilled workers it decreases the wage of skilled workers. This directly gives Lemma
3.1.
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LEMMA 3.1 Subjective benefit of investment (B, ) is reduced by redistributive taxation. Subjec-
tive costs of investment are lowered for the unskilled (CT) but raised for the skilled (C?).

Thus, for skilled parents investment incentives shrink due to increased costs and decreased
benefit. However, for unskilled parents two counteracting effects appear. On the one hand
investment becomes easier as a result of decreased costs (cost effect), on the other hand return
on investment in human capital drops due to a lowered wage gap (wage premium effect). Let
A € (0,7) be defined as the solution of

wn()\)zSJrl . w¢<)\)6+1

w"()\)—W:wT( )—W: (3.13)

i.e. \is the skill ratio at which the critical costs functions of the unskilled with and without re-
distributive taxation intersect.” At A redistributive taxation has no influence on the investment
incentives of the unskilled agents. Up to )\ it raises investment incentives of the unskilled while
for all A € (5\, 7) the reverse is true. The change in the critical costs function of the unskilled
is illustrated in Figure 3.3.

The change in the investment incentives directly implies that the downflow weakly increases due
to redistributive taxation. The upflow never decreases if the pre-tax SSM satisfies A* € (0, 5\)
but it never increases if \* € (5\, ) holds. Thus, the social mobility upflow can only be raised
due to redistributive taxation if the population before the policy intervention is characterized

by a low skill ratio. Proposition 3.1 summarizes the results for the change in the skill ratio.

Figure 3.3: Critical costs function of the unskilled with and without redistributive taxation

TExistence and uniqueness of A are equal to a single point of intersection of C™(X\) — C7(A) and B(\) — Br()).
While the difference in costs is a convex function in A the difference in benefit has an S-shaped form, i.e. it
is concave for A < % and convex otherwise. This directly fllows from considering the second order
derivative. Considering that at the lower bound of the investment interval the cost difference is higher than
the difference in benefits and that both differences are zero at the end of the investment interval, i.e. at
A = 7, both functions intersect at a unique .
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PROPOSITION 3.1 The aggregate skill ratio decreases due to redistributive taxation in the case
of a type-1 or type-1V SSM. It is unchanged in the case of a type-IIT SSM.

Proof: The results for all cases are illustrated in Figure 3.4. While solid lines illustrate mobility
flows without taxation dashed lines illustrate mobility flows with redistributive policy. Let A*
denote the SSM before taxation while \¥ is the stationary skill ratio after taxation. Focusing
on a SSM of type I the investment incentives of the skilled are decreased by the policy while
the investment incentives of the unskilled near the initial skill ratio A* are not influenced. This
implies that the skilled start non-investment in at least some high-skilled children at \X < A*.
Thus, the stationary skill ratio decreases. Note, that at the pre-tax SSM A* the downflow is
higher than the upflow after introducing the policy. A SSM of type IV can appear at the lower
bound of the interval where unskilled parents invest in a child with low costs, i.e. when \* < A
holds, or at the upper bound of this interval, i.e. when \* > A holds. Redistributive taxation
shifts this investment interval to the left. Therefore, A\ < A* holds, i.e. the stationary skill
ratio is smaller with than without taxation. For a SSM of type 111, i.e. a SSM where all agents
have strict investment incentives, a small tax rate 7 does not change investment incentives at

the initial SSM A\*. Therefore, stationary skill ratios before and after taxation are equal. [

(a) (b)
ud *t ud
.
: 3
2
(c) (d)
u,d u,d
d
u
: A A

v

Figure 3.4: Change in skill ratio due to taxation for (a) SSM type I, (b) SSM type III, and (c)
and (d) SSM type IV

Thus, redistributive taxation is not recommended as a policy targeting an increasing aggre-
gate skill ratio. However, the change in the skill ratio is not only interesting for itself but also

determines the change in inequality. Proposition 3.2 summarizes the impact of the tax on the
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level of inequality.

PROPOSITION 3.2 A taz policy resulting in a constant or increased aggregate skill ratio reduces
intragenerational inequality while a decreased skill ratio lowers and maybe overcompensates the

direct taz effect and therefore can increase inequality.

Proof: For an unchanged skill ratio redistributive taxation increases the wage of the unskilled
and decreases the wage of the skilled. Thus, for an unchanged skill ratio inequality is reduced.
I call this effect direct tax effect. Since an increased aggregate skill ratio ceteris paribus leads
to a reduction of the wage gap, the direct tax effect is enhanced by an indirect tazx effect if the
aggregate skill ratio is increased. Analogously, the direct tax effect is weakened and may be

overcompensated due to a decreased aggregate skill ratio. O

Summing up, for a type-I or type-IV SSM, redistributive taxation may increase inequality
while it is definitely reduced in case of a type-III SSM that is characterized by strict investment

incentives of all agents.

The second point of interest is the change in social mobility due to redistributive taxation.

PROPOSITION 3.3 Social mobility increases due to redistributive taxation if the SSM is of type
I while it decreases if the SSM s of type IV. For a SSM of type III social mobility is not

influenced by redistributive taxation.

Proof: For a SSM of type I the skill ratio is decreased by redistributive taxation (see Prop.
3.1). This implies - since the upflow is strictly decreasing in the relevant range - increased
upward mobility. Therefore, in the SSM, there must also be an increased downward mobility.
For a SSM of type IV the skill ratio also increases due to redistributive taxation (see Prop. 3.1).
However, the strictly decreasing downflow in this situation implies a reduction in the downard
mobility, and therefore in the SSM also a decrease in the upward mobility. For a SSM of type
IIT the skill ratio does not change due to redistributive taxation (see Prop. 3.1). Therefore
upflow and downflow do not change at A\*. The results for the different types of SSM can also
be inferred by Figure 3.4. O

Summarizing, redistributive taxation is in general not a good policy to reduce inequality or to
increase social mobility. However, it reduces inequality - for a constant level of social mobility
- if the pre-tax SSM is of type III and it increases social mobility - with an ambiguous effect

on inequality - if the SSM is of type I.

8The indirect taz effect that occurs due to a change in the aggregate skill ratio is already mentioned by Dur
and Teulings (2001) and also plays a crucial role when Konrad and Spadaro (2006) show that not only
low-talented but also highly talented agents may support redistribution.
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3.4 Education subsidies

One may suspect that redistributive taxation is, in general, no good policy intervention because
it amounts to an unconditional transfer. However, this section shows that education subsidies
as a conditional transfer generally cannot decrease inequality and increase social mobility either.
In the analysis the focus is again on the marginal effect of subsidization and therefore a subsidy
rate # that is marginally higher than zero is assumed. Otherwise the number and types of SSMs
could change completely.

Assume that education subsidies are available to all parents that choose to acquire education,
and that they are independent of the parent’s occupation type. They are paid proportional to
the education costs of the child and are financed by a flat rate tax levied on the general public
(similar to Bovenberg and Jacobs (2005)). In equilibrium the aggregate amount of subsidy

©(\) for an exogenous and small subsidy rate 6 is
O(\) = Oz + appa™) + 6(1 — ) Bpy, (3.14)

where p; and p, denote the exogenous fractions of children with low and high education
costs respectively. Considering a tax rate 7y, the aggregate tax amount in equilibrium is
Teub(Aw® + (1 — MN)w™).? Thus, for a subsidy rate 6, that is exogenously fixed, the tax rate 7,

is endogenously determined by the government’s budget restriction as

OX(pixt + appz™) +0(1 — X)Bpat
Aws + (1 — Nwn '

Teub = (3.15)
For the remaining analysis 0 > 7y, is assumed to hold. This assumption is necessary to foster
investment incentives of the agents'® and can be guaranteed for at least a small exogenous
subsidy rate.!!

Considering the described policy intervention, equilibrium wages are

S

wip = (1 = 7swp)w® and  wiy, = (1 — 7gu)w" (3.16)

with w® and w™ given as in equations (3.1) and (3.2). Replacing w® and w™ in equations (3.4)

and (3.5) by wg,, and wl, gives subjective benefit and costs after subsidization.

LEMMA 3.2 The subjective benefit of investment (Bgsu,) does not change due to education sub-
sidies. Subjective costs of the skilled (C%,, ) and unskilled (C", ) are reduced.’

9All parameters that refer to the case of education subsidies are indexed with ‘sub’.

10Subjective benefit is not influenced by the policy (see Lemma 3.2) and, easily checked again, only for 74, < 6
subjective costs are smaller with than without education subsidies.

" Considering equation (3.15), pz’ + appa” ( < (pr + app)z”) < w® and Bpz’ < w™ are sufficient conditions
to assure Teup < 0. As w® > (1 — )2 and w™ > (1 — 0)z! are necessary conditions for investment we can
rewrite the sufficient conditions as (1 — ) > p; + app, and (1 — 0) > Bp;. As the second condition always
holds if the first condition is fulfilled and the right-hand side of the first condition is smaller than 1 there
exists a 6 > 0 so that the first condition and therefore 8 > 7,; holds.

12The fact that subjective benefit is not influenced by subsidization depends on the special form of the utility
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The lemma directly follows from the change in wages. Caused by the unchanged benefit and
the reduced costs the investment incentives of all parents increase. Therefore, the upflow is
never decreased due to the described policy while the downflow is never increased. The change

in the mobility flows then gives Proposition 3.4.

PROPOSITION 3.4 FEducation subsidies that are financed by a flat rate tax levied on the general
public increase the aggregate skill ratio if the SSM is of type I and they do not change the
skill ratio if the SSM s of type III. If the SSM is of type IV, then subsidization decreases the
skill ratio in a low-skilled population, i.e. if \* < A holds, but it increases the skill ratio in a
high-skilled population, i.e. if \* > A holds.

(@) (b)

Figure 3.5: Change in skill ratio caused by education subsidies for (a) SSM type I, (b) SSM
type III, and (c) and (d) SSM type IV

Proof: The changes in the upflows and downflows for all types of SSMs are illustrated in Figure
3.5. Again, solid lines represent the case without policy intervention while dashed lines are the
social mobility flows with education subsidies. The skill ratio in a SSM of type I is determined
by the indifference in the investment decision of skilled parents with respect to a child with
high costs, i.e. an upward jump of the downward flow. With subsidization skilled parents are
indifferent in their decision to invest in a low-talented child at a higher aggregate skill ratio than
without policy intervention. Thus, the skill ratio increases due to subsidization. For a SSM of

type III upflow and downflow do not change at A\*. Thus, the skill ratio is not influenced. A

¢ S . . L
= 3 subsidization causes an increase in the subjective benefit.

function. If the utility function is e.g. u(c) =
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SSM of type IV is characterized by the indifference in the investment incentives of the unskilled.
Since investment incentives of the unskilled are increased due to subsidization the skill ratio at
which the upflow jumps from zero to a positive value is smaller with than without subsidization
and the skill ratio at which the upflow jumps from a positive value to zero is higher with than
without subsidization. Thus, if \* < ) holds education subsidies decrease the skill ratio while
they increase the skill ratio if A\* > A holds. U

As wages w?,, and w2 . depend on the subsidy rate 6 only via the taxation rate 7., education
subsidies that are financed by a linear income tax affect inequality in the same way as redis-
tributive taxation does. Thus, Proposition 3.2 also holds for education subsidies. Summarizing,
education subsidies are an appropriate policy to reduce inequality under most circumstances,
i.e. if the SSM is of type I, IIT or in a high-skilled population of type IV. However, if the pop-
ulation is characterized by a low aggregate skill ratio and the unskilled are indifferent in their

investment decision with respect to the cost type x!, the impact on the wage gap is ambiguous.

Focusing on the impact of education subsidies on social mobility one can obtain:

PROPOSITION 3.5 Social mobility decreases due to education subsidies if the SSM is of type
L. It is not influenced if the SSM s of type III. If the SSM is of type IV social mobility is
decreased by subsidization in a low-skilled population, i.e. if \* < A holds, but it is increased in
a high-skilled population, i.e. if \* > A holds.

Proof: All results are illustrated in Figure 3.5. The skill ratio in a SSM of type I is determined
by the indifference in the investment decision of the skilled with respect to a child with high
education costs. With education subsides skilled parents are indifferent in their investment
decision for a low-talented child at a higher aggreagte skill ratio than without subsidies. This
implies - since the upward mobility flow is strictly decreasing - a decrease in social mobility due
to subsidization. For a SSM of type III investment incentives are not influenced by subsidization
at A*. Thus, social mobility does not change due to the policy intervention. In a low-skilled
population, the aggreagte skill ratio decreases for a SSM of type IV (see Proposition 3.4).
This increase implies a reduction in the social mobility because the downflow increases in the
aggregate skill ratio. In a high-skilled population, the aggregate skill ratio increases for a SSM
of type IV (see Proposition 3.4). Therefore, the increasing downflow results in an increase of

the social mobility. O

Thus, education subsidies increase social mobility only in a high-skilled population where the
unskilled are indifferent in their investment decision with respect to a child with low education

costs.

Comparing both types of policy intervention, redistributive taxation and education subsidies
affect inequality and social mobility in the same way when the SSM is of type III or the SSM
is of type IV and \* < A holds but they have different effects in all other cases. Redistributive
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taxation can in no case simultaneously reduce inequality and increase social mobility. How-
ever, education subsidies can achieve this in a high-skilled population where the unskilled are

indifferent in their investment decision having a child with cost type z'.

3.5 Concluding remarks

This paper shows that neither redistributive taxation nor education subsidies are always a rec-
ommended policy to help poor children become educated when parents decide on the education
of their children and wages are endogenous. The impact of both policy interventions on the ag-
gregate skill ratio as well as on inequality and social mobility depends on the initial investment
decisions of all parents. Under some circumstances both policies can definitely reduce inequality
and under other circumstances increase social mobility. However, only education subsidies can
ensure both at the same time for at least one situation. Unfortunately, this situation requires
that the population without policy intervention is already characterized by a high skill ratio.
Thus one can say that the simultaneous improvement of intra- and intergenerational equity can
only be reached in developed countries. Finally, although both policies should increase social
mobility I provide conditions for both analyzed interventions under which social mobility is
reduced due to public provision. Only when the government is aware of the specific situation
can it implement the 'right” policy to raise the number of poor children that get educated.
However, in a low-skilled population where unskilled parents are indifferent with respect to an
investment in a child with low education costs neither redistributive taxation nor education
subsidies yield an increase in social mobility.

Note that, in the present model a child’s future wage depends only on the education decision
of its parents but not on the inherent talent of the child. Thus, this model does not consider
a possible positive effect in aggregate productivity or growth if the most talented agents get
educated (see e.g. Hassler and Rodriguez Mora (1998) and De Fraja (2002) for models that
consider this effect). Additionally, the influence of the analyzed policies on social welfare could
be an interesting starting point for further research. Such an approach seems to be complicated
because even the special forms of the utility and production functions considered above do not
allow to quantify the exact change in the skill ratio but at most to determine the direction of

change.
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4 Science and teaching: two-dimensional

signalling in the academic job market

Post-docs signal their ability to do science and teaching in trying to get a tenure giving
universities the possibility of separating highly talented agents from the low talented ones.
However, separating becomes even more important in a two-dimensional signalling case. This
attracts notice to time constraints. Under weak conditions separating equilibria do not exist if
time constraints are binding. The existing equilibria are more costly but without additional
information compared to the one-dimensional case. Considering this, the efficiency of the
current two-dimensional academic job market signalling can be improved by switching to a

one-dimensional one.

JEL: 123; D82; J41
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4.1 Introduction

From the 19th century on the Germans know the concept of the unity of research and teaching.
This idea of Wilhelm von Humboldt has influenced especially the German higher education
system and is still present today. On the other hand post-docs and professors often rail against
the double burden of such a system. These conflicting argumentations in mind economists
study the optimal design of the university system (e.g. Del Rey 2001, De Fraja and Valbonesi
2008 or Gautier and Wauthy 2007) as well as their optimal labor contract behavior (Walckiers
2008). In line with the second part of literature the present paper analyzes the possibility of
separating highly productive agents from the low-productive ones in a model where post-docs
can signal their ability to do science and teaching to get a tenure.

Arguing in line with a job market signaling model it is necessary to mention the work of Michael
Spence. Spence as the father of signaling models shows that education can be an efficient signal
to correct asymmetric information in the job market. It’s due to him that we know about the
existence of signaling equilibria (Spence 1973; Spence 1974).! In contrast to Spence who mainly
deals with the existence of equilibria, Cho and Kreps (1987) rank equilibria. They implement
an intuitve criterion to eliminate equilibria that are build on unplausible out-of-equilibrium
beliefs. This stronger equilibrium concept will be the basic equilibrium concept of the present
paper.

Up to here all concepts work in a one-dimensional world. Thus, agents send a one-dimensional
signal. Since future professors produce a two-dimensional output consisting of science and
teaching a multi-dimensional set up is needed. Unfortunately, papers on multi-dimensional
signaling are rare. One of the first is by Rochet and Quinzii (1985). This paper analyzes in a
formal way the difference between the one- and multi-dimensional signaling set up. Assuming
a separable cost structure they give necessary conditions for the existence of a separating
equilbrium. In the same kind of model Engers (1987) focuses on pareto-dominant separating
equilibria. Armstrong and Rochet (1999) simplify conditions that are necessary to ensure a
separating equilibrium by assuming a discrete type distribution. This is also an assumption
in my model. A current paper by Kim (2007) is of interest as well because it analyzes time
binding constraints in a two-dimensional job market signaling model.

The aim of this paper is to analyze separating equilibria in a two-dimensional signaling model
that describes the academic job market. Post-docs that differ in their ability to do research
and teaching can signal both talents to get a tenure. As one result separating equilibria in the
two-dimensional case can vanish with time binding constraints. This always happens if teaching
(science) productivity of the highly talented is higher than the science (teaching) productivity
of the low-talented. Nevertheless, implying the concept of partially separating equilibria it can
be shown that under weak conditions there is at least one partially separating equilibrium.
More precisely, agents that are highly productive in both outputs send the same signal as the

type that is highly talented with respect to the output that is more preferred by the universities.

"'While Spence’s first paper focuses on the general existence of signaling equilibria the second paper highlights
the different market forms.
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What is important for policy implications is that the signaling effort in the partially separating
equilibrium - although it is smaller than in the two-dimensional separating equilibrium - is
higher than in the one-dimensional separating equilibrium. This is of interest if signaling only
has an effect on costs but not on productivity as it is the case in Spence (1973) and also in
the present model. Thus, if time constraints are binding in the academic job market it is more
efficient to let post-docs only signal their talent of the activity that is more preferred by the
universities. Under time binding constraints universities can only distinguish highly productive
from low-productive types in one dimension just like in the one-dimensional case. Having this in
mind there is no argument for the two-dimensional signaling process that is currently observed
in reality. It just implies additional costs. Only weak conditions concerning the ranking of the
productivity parameters are necessary to make a separating equilibrium under time binding
constraints impossible in the two-dimensional case. Thus, agents that are highly-talented in
both outputs cannot be identified by universities.

The remaining paper is structured as follows: Section 4.2 sets the basic model. The existence
of equilibria is analyzed in section 4.3. While section 4.3.1 focuses on the one-dimensional case
that goes in line with Spence (1973), section 4.3.2 extends the analysis to the two-dimensional
case. In this part the analysis also distinguishes between a situation where time constraints
are not binding resulting in a unique separating equilibrium which is most efficient for the
universities, and a situation where time constraints are binding which may lead to the vanishing
of the separating equilibrium. In the second case the existence of partially separating equilibria
where some types of agents can be separated while others play the same stratgey is analyzed.

Section 4.4 concludes.

4.2 The model

Assume a competitive academic job market with a unit mass of academics. Each university post-
doc produces science and teaching which requires specific unobservable abilities.? Academics
as well as other laborers vary in their abilities. There are four types ij € {HH, HL, LH,

LL} of future professors.?

While ¢ denotes research productivity j describes the teaching
productivity. Both productivities can be high (H) or low (L). Future professors can signal
both abilities: Science s;; and teaching ¢;;, i,j € {H, L}. As in Spence (1973) signals do not
have any influence on productivity. Agents use the signals to influence the universities’ beliefs
on their abilities. Thus, the pre-tenure research and teaching output works as a signal for
post-tenure productivities. However, there is a time binding constraint s;; +t;; = [. Signaling
effort cannot be higher than the available time and therefore is limited. The agents’ ij cost
function depending on his type is assumed as:

Sij tz
cig(sigtig) = 5o + (4.1)
i J

2In the remaining paper ‘research’, ‘science’ and publishing’ are synonymously used.
3This notation follows Walckiers (2008).
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where 07 and 0;, i,7 € {H, L}, are the productivities of science and teaching respectively.
Clearly, 0% > 0% k € {s,t} holds. For simplicity I also assume 6% > 1, k € {s,t}. Implicitly
[ assume that the research (teaching) productivity is independent of the ability to teach (re-
search). The fraction of type ij agents in the population is denoted by «;;. The distribution of
the types is common knowledge.
Universities compete for prospective professors. However, they face asymmetric information
and can only form beliefs on the agents’ abilities via signals.
The profit of a university is 7((67,0%), w) = 0; + 05 —w, where w is the wage paid to the agent.
The competition of the academic job market implies that universities make a profit of zero
and therefore wages are given by productivities. Thus, the equilibrium wage offered by the

universities is w*
w* = Elog; (6] + 65)] (4.2)
where F is the expectation operator.

Although pre-tenure publishing and teaching do not influence the productivity universities
can condition wage offers on the pre-tenure science and teaching output. The optimal decision
of a prospective professor of type ij is

max Uy = Elws; — (24 4 b)) (4.3)
Sijotij “ Y Hf 9; ’ )
subject to Sij + tij S Z

Section 4.3 will analyze equilibria of this signaling model.

4.3 Signaling in the academic job market

First the focus is on signaling equilibria when universities are only interested in science (section
4.3.1). This analysis goes in line with the signaling model of Spence (1973). Afterwards section
4.3.2 analyzes a two-dimensional signaling model where agents signal on science and teaching.
In both cases the main question is if there are separating equilibria where signaling can help
to improve inefficient results caused by asymmetric information. Therefore, pooling equilibria

are only analyzed in the margin.

Under incomplete information there is need for a definition of a perfect Bayesian equilibrium.

DEFINITION 4.1 Perfect Bayesian Equilibrium (PBE): A PBE is a set that consists of a sig-
nal (s};,t5;) for each type of agent iy € {HH,HL, LH, LL} and a wage offer w;;(s};,tt;) used

ijr Lij ijr Lij
by the universities. For each signal (s};,t};) the universities make zero profits given the belief

w(ij|(siz, ti;)) which types could have sent (s;j,t;;). Each type ij maximizes his utility by choos-

ing (sj;,t;;) given the wage offer w;; of the university.
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The university’s belief must be consistent with Bayes’ rule and with the agent’s strategy:
M(Z]’(Sm tz])) - Zij ag;

Therefore, one can distinguish between a separating equlibrium and a pooling equilibrium.
In the first case all types send different signals, i.e. (sj;,t};) # (s, 15 ;) if ij # i'j’. In the
second case the signal is identical for all types, i.e. (sj;,tj;), V4,5 € {H,L}. In contrast to
a model set up with two different types of agents that is normally used, in the present model
there is also the posibility for an equilibrium in which some but not all agents send the same

signal. Such a perfect Bayesian equilibrium will be called a partially separating equilibrium.

4.3.1 One-dimensional signaling

Let us assume for the moment universities are only interested in science and not in teaching.
In this case there is no value of teaching and therefore no agent sends a teaching signal. Thus,
type HH and HL can be interpreted as one type denoted by H. The same applies to LH and
LL. This low-productive type is denoted by L.* Then the fraction of the high-productive type
is ag = agy + ayp and the fraction of agents with low productivity is ap = arg + arr.

Under complete information the highly productive type would earn a wage of 07, while the type
with low productivity gets 6] < 6%,. Since pre-tenure publishing only implies a cost effect but no
effect on productivity both types do not publish anything under complete information. Under
incomplete information one can distinguish between a pooling and a separating equilibrium.
However, the partially separating equilibrium is irrelevant in the case of two different types of

agents.

PROPOSITION 4.1 Given a two type signaling game where future professors can have high or
low productivity of publishing (03, or 05 ) and the universities” wage offer w(s) depends on the

research signal s there is the unique separating equilibrium
sy =010 —01), sp =0

w(sy) = Oy, wisy) =0

p(Hls > spy) =1, p(L|s < sp) = 1.

The detailed proof of Proposition 4.1 can be found in appendix A page 53. The motivation
behind the result is as follows: In a separating equilibrium there is no incentive for the type
with low productivity to invest in publishing because this has just a cost effect but no impact on
his publishing productivity. Therefore, an agent with high productivity must publish exactly

the amount that ensures type L does not mimic him. However, it is possible that the time

4Clearly, in this two type case the cost and wage structure satifies the well known Spence-Mirrlees single
crossing property condition, i.e. the two-types’ w — s;—indifference curves with ¢+ € {H, L} have only one
point of intersection.
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constraint is binding, i.e. s% > [. Then the agent with the high productivity cannot publish

enough to prevent mimicing of the low-productive type.

In addition there is also a unique pooling equilibrium where nobody signals.® This is a stan-
dard result whenever signals do not have an effect on productivity. In this case nobody has an
incentive to invest in signaling playing s* = 0. Note, if the time constraint is binding, only the

pooling equilibrium persists. However, this paper focuses on efficient separating equilibria.

Of course, all results persists if universities are solely interested in teaching. In this case just
replace s by t in the previous analysis and redefine ay = agy + ary and ap = agr + arp

respectively.

4.3.2 Two-dimensional signaling

A higher load of teaching (and also administrative work) reduces publication output since time
to teach cannot be used to do research (Mitchell and Rebne 1995). Although teaching can en-
hance research (Becker and Kennedy 2005), there is no general evidence that good researchers
are also good teachers. In contrast economists prefer doing reseach to teaching (Allgood and
Walstad 2005). Since results of the interdependency of science and teaching are unclear I do not
make any additional assumptions on the distribution of the four types of agents.® Nevertheless
note, if both talents are substitutes (complements) ayy and apy are high (small) while ayy

and ay, are small (high).”

In subsection 4.3.1 we have already seen that the time constraint can have an important
influence on the existence of PBE. In the one-dimensional case time constraints can lead to a
situation where only the pooling equilibrium exists. Now, under two-dimensional signaling I
show that the separating equilibrium is even more likely to be destroyed by time constraints.
However, with two dimensions there is the possibility of partially separating equilibria. First,
I analyze the separating equilbrium in the two-dimensional case. Then I show that under
some conditions (more precisely, if Assumption 4.1 holds) time constraints make a separating
equilibrium imposssible. Nevertheless, if agents send a two-dimensional signal there is always at
least one partially separating equilibrium. In this equilibrium type H H sends the same signal
like the type that is highly talented with respect to the output that is more preferred by the

universities.

5For the explicit notation of the pooling PBE and for the proof of its existence see appendix A page 53.

6 Although there is no clear evidence that research and teaching are complements from the individual perspec-
tive both act complementary on the university level. For a meta-analysis on this topic see Hattie and Marsh
(1996).

"Gottlieb and Keith (1997) find in their study that the connection between research and teaching is not just
substitutive or complementary but more complex. In detail they show that research can positively affect
teaching but attributes of teaching negatively impact research.
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Time constraint not binding

PROPOSITION 4.2 If agents signal science and teaching ability via (s;;,t;;), universities offer
wages w(sij, tij) and the time constraint is not binding, i.e. sj; +1t}; < 1, there is a separating

equilibrium

. )00y —01), i=H . )OOy -0, j=H
Sij = and tij =
0, 1=1 0, 3 =1L

w(sj; ti;) = 0; + 0, Vi,j e {H,L}
i, j = Hlki; > 07(0) — 07)) =1 and p(i, j = Llky < 070 — 07)) = 1
where k € {s,t}.

The detailed proof of Proposition 4.2 is given in appendix B page 54. The basic idea is to derive
conditions under which type ij has no incentive to mimic type 5’ for all i,7,j, 7' € {H, L}.
Although these conditions are fulfilled by a continuum of signal combinations (s;;,t;;), there is
only a unique signal for each type that maximizes utility. Caused by additive linearity of costs
and productivities the signals in the two-dimensional PBE equal in each of the two components

the signals arising in the one-dimensional case.
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Figure 4.1: (a) Incentive compatibility constraint that prevents type HL from mimicing LL
and vice versa, (b) Incentive compatibility constraint that prevents type LH from
mimicing LL and vice versa, (c) Incentive compatibility constraint that prevents
type HH from mimicing HL or LH and vice versa.
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To illustrate the decisions Figure 4.1 shows the incentive compatibility constraints of the
different types of agents.® The grey triangle in part (a) of the figure shows all combinations
that prevent H L from mimicing L L and vice versa. The cost minimal combination that fulfills
these incentive compatibility conditions is (s%;,,0). Analogously, part (b) of the figure gives the
incentive compatibility constraints that prevent LH from mimicing LL and vice versa. Here,
(0,t% ;) is optimal strategy for type LH. The grey triangle in part (c) consists of all strategies
that prevent HH from mimicing LH and HL and vice versa. The optimal strategy of type
HH is then (s} ,t5;) which is in both components equal to the separating strategy of the

high-talented type in the one-dimensional case.

The same argumentation as in the one-dimensional case leads to a pooling PBE where nobody
signals, i.e. all agents’ strategy is (s*,t*) = (0,0).” There is also the possibility for partially
separating PBEs in the present case. However, universities are interested in the real type of
the agent. So, the most efficient situation is the separating one. I pay more attention to the

partially separating PBEs in the next subsection where time constraints play a crucial role.

Time constraint binding

Now, I try to answer the question: What happens if time constraints are binding, i.e. if type
HH cannot play his strategy of the separating equilibrium of Proposition 4.2. More formally,
sty + Uiy > [ holds. For simplicity I assume that 0% (0% — 0%) < 1, k € {s,t}, holds. This
guarantees that the equilibria of the one-dimensional case exist. If this is not fulfilled only the
pooling equilibrium remains.

As a key mechanism of a separating equilibrium the highly talented agent separates himself by
signaling so much that there is no incentive of the low-talented agent to mimic him. This is
possible because of the difference in costs. However, if there are not only one but two signals
the signaling effort increases’® and may become too high to be realized in the time given.
Before discussing the main result of this section I make an assumption about the ranking of

the productivity parameters that is crucial for the remaining analysis.

ASSUMPTION 4.1 The ranking of the productivity parameters fulfills
O > 0]

and
9% > 6].

By defintion 65, > 6%, k € {s,t} always holds. So, for both activities the highly talented

agent is more productive than the agent with low productivity. However, nothing is known

8The figure refers to the parameter setting 03 = 2, 03, = 3, 0 = 3 and 0%, = 4.

9For the detailed proof see appendix B page 58.

OTn the present model the signaling effort in the two-dimensional case is exactly the sum of the two one-
dimensional signaling models where the agent signals on teaching or science. However, this result is driven
by the additive structure of productivity and costs.

46



CHAPTER 4 RESEARCH AND TEACHING

about the ranking of the productivity parameters comparing both activities. Assumption 4.1
requires that agents that are highly productive doing one activity are more productive than
agents doing the other activity with low talent. Or, the other way round, Assumption 4.1 is
violated if the universities’ benefit from one output is so high that producing this output by a

low-productive agent is better than producing the other output by a high-productive one.

PROPOSITION 4.3 If agents signal their abilities to do science (s;;) and to teach(t;j), universi-
ties offer wages w(s;j, t;;), the time constraint is binding, i.e. if in Proposition 4.2 sy +tiy >
1, and Assumption 4.1 holds, there is no separating equilibrium.

If Assumption 4.1 does not hold, the separating equilibrium from Proposition 4.2 is destroyed

but there is again the possibility of separating the four types in equilibrium.

Figure 4.2: Incentive compatibility constraints for type HH when Assumption 4.1 holds.

For an illustration of the situation where Assumption 4.1 holds see Figure 4.2.1! The figure
describes the incentive compatibility constraints of type HH. All strategies in the light-grey
triangle prevent H H from mimicing LH and vice versa. The dark-grey triangle consists of all s-
t-combinations that prevent H H from mimicing H L and vice versa. The black triangle therefore
gives all strategies that fulfills both conditions. The strategy (sj;,t5y) is the equilibrium
strategy. The key idea here is as follows: Because of the pure cost effect of signaling HH

realizes a cost minimal combination that is tangent to the black triangle at its lower bound.

"The figure refers to parameter setting 05 = 2, 65, = 6, = 3 and 6%, = 4.
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The lower bound of the light-grey triangle has a slope of — (6%, /63 ). The lower bound of the dark-
grey triangle has a slope of — (6% /65;). Since the slope of HH’s cost function is —(6%,/6%,) and
therefore meets the condition — (6% /0%5) < —(0%,/05) < —(0% /0%, strategy (s%y, thy) becomes
the cost minimal strategy that fulfills both incentive compatibility constraints. However, if
(575, tsrp) 1s the equilibrium strategy of type HH and time constraints are binding there is
no strategy that lies south-west of (s3;,t5;) - which is necessary to meet the time constraint
- and is located in the black triangle - which is necessary to fulfill the incentive compatibility
constraints of type HH. So, if Assumption 4.1 holds there is no spearating PBE.

Figure 4.3 shows a situation in which Assumption 4.1 does not hold.'?> The grey area describes
all strategies of HH that fulfill both incentive compatibility constraints. Contrary to Figure
4.2 a decrease in the available time from [; to I, shifts the separating PBE from HH, to HH,.
Thus there is still the possibility of separating the different types of agents.

Figure 4.3: Incentive compatibility constraints for type HH when Assumption 4.1 is not ful-
filled.

PROPOSITION 4.4 If agents signal their abilities to do science (s;;) and teaching (t;;) and
unaversities offer a wage w(s;;,t;;) equal to the expected productivity there are two partially

separating equilibria.

12The figure referes to the parameter setting 65 = 1, 65, = 2, 0% = 3 and 0%, = 4.
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If 03 0%, > 05,64 holds there is a partially PBE where strategies of the prospective professors

are:
(5*LL7 tEL) = (07 O)’ (SZTLa t}({L) = (92<9§{ - ei)a 0) and
({earamy tiommm) = (0,0.Cl(Lm mm))

with Cl(LH,HH) = Mgi—gmefi — (1 — Dt[,[ji—Ia{HH)ei + 9% — etL

If 05,04 > 050%, holds there is a partially separating PBE where strategies of the prospective

professors are:
(‘SZLv t*LL> = (07 0)7 (SZHu t2H> = (07 92(05-[ - 92)) and

<5>(‘<HL,HH)’ tZkHL,HH)) = (9201(HL,HH)> 0)
with Clgr ) = 03 — 07 + —amn gt — (] — —2aL__ )Gl

QHL+OHH OHL+TOHH

Because of a clear arrangement Proposition 4.4 only denotes strategies of the prospective
professors.'® The wage setting of the universities for the separated types is equal to the wage

setting of Proposition 4.2. The pooled types are paid by average productivities. Thus in the

first partially separating PBE it is w g mm) = aL;‘iZHH 07 aL;‘igHH 05,4 0%, and in the second

partially separating equilibrium it is wgr gy = 03 + aHSiéHH 0L + aH‘LX_’iZHH 6.

The detailed proof can be found in the appendix C page 60. In the first partially separating
PBE universities can distinguish between LL, HL and (LH, HH), i.e. they cannot separate
type LH from HH. In the second partially separating PBE universities can separate LL from
LH and (HL, HH) but not types HL and HH. The key arrangement of the proof of the first
partially separating PBE (and analogously of the second one) is as follows: Type LL does not
signal because of the pure cost effect. Type HL playes his strategy from the one-dimensional
case to prevent LL from mimicing. Then the incentive compatibility constraints of (LH, HH)
not to mimic LL or HL and vice versa are calculated. This results in the equilibrium strategy
for (LH,HH).

To illustrate the necessary condition of the existence of the first partially separating PBE
(LL,HL,(LH, HH)), i.e. to illustrate the necessity of 656% > 6%,6%, look at Figure 4.4.14

In part (a) of Figure 4.4 it is 65 0%, > 0%,0% and both minimal cost functions of the pooled types,
i.e. cpy and cyy, are tangent to the black area that consists of all strategies which meet the

incentive compatibility constraints at point (LH, HH).'® This s-t-combination is the strategy

3Proposition 4.4 only describes two partially separating equilibria. There is also the possibility of other
partially separating equilibria, e.g. of ((LL,LH), HL, HH). Nevertheless, universities try to identify the
highly productive agents. Thus the partially separating PBEs of Proposition 4.4 are the one of interest.

1Clearly, an analogous argumentation holds for condition 6%,0% > 636% and the second partially separating
PBE.

15Part (a) of the figure refers to parameter values 03 = 6% = 1, 03, = 2 and 0%, = 3. More precisely, optimal
strategies should be labeled (s’(*L waEy tonn H)). However, caused by clarification I label the strategy with
the type.
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LH and HH play in the first partially separating equilibrium. In part (b) it is 65 60%, < 05,60% .16
Thus, the cost function of HH, i.e. cyg, runs ‘too flat’. The minimal cost function of type
HH is tangent to the black area where the incentive compatibility constraints are fulfilled at
point HH. Since the minimal cost function of type LH is tangent to the black array at point
LH there is no pooling equilibrium strategy for both types and so no partially separating PBE.

Figure 4.4: Incentive compatibility constraints for (LH, HH) in the first partially separating
PBE (a) when 650%, > 0%,6% holds and (b) if this condition is not fulfilled

As a first result one can see that both partially separating PBE can only co-exist if 65,64 =
65 6%, holds. One example for such a situation is the symmetric case, where low (high) produc-
tivity of science equals low (high) productivity of teaching, i.e. 65, = 6% and 65 = 6. Thus,
universities do not have a clear preference for the one or the other output. Assuming that the
highly productive agents are the critical ones and therefore normalizing the productivities of the
low-talented to one, i.e. 65 = 6% = 1, the first partially separating PBE only exists if teaching
productivity of the highly talented is higher than his research productivity. Analogously, if the
contrary appraisement holds the second partially separating PBE appears. In general an agent
that is good in teaching and science pooles with the type that is highly talented in the output
that is more prefered by the universities. This strengthens the argument of Becker (1975, 1979)

that the professors’ research and teaching output positively react on an increase in pecuniary

6Part (b) of Figure 4.4 refers to 05 =1, 05, = 6% =2 and 6%, = 3.
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returns.

Secondly, it is clear that without time constraints always at least one of the partially PBEs
exists. However, in this case they are less interesting because the separating PBE is more
efficient.

Thirdly, Proposition 4.4 shows that if the time constraint is too strong there is even no possibil-
ity for a partially separating equilibrium but only for the pooling one. Thus, in both partially
separating equilibria the time constraint is relaxed compared to the separating case but not
removed. More precisely, the time investment of type HH in the first partially separating
equilibrium is 07 C'Lpmmm) = 0 5 (05 — 07) + 07,(0% — 07). This is clearly higher than
the investment in the one-dimensional case, i.e. 6% (0% — 0%).17 So, time constraints can still be
binding. They are weakend to the two-dimensional separating equilibrium where time input is
05 (05, — 05) + 01 (0%, — 6% if and only if agy/(ary + agy) < 05/60%. This is always fulfilled
if 65 > 0% and therefore especially in the case where low productivities are normalised to one.
By the same argumentation time constraints of the second partially PBE is weaker than in the
two-dimensional separating PBE if and only if ayy/(ayr, + agy) < 0% /65 holds. A sufficient

condition for this purpose is 6% > 65.

4.4 Conclusion

The output of post-docs and professors consists, besides the administrative one not treated
here, of science and teaching. In general universities are interested in both outputs and assign
a tenure contract only to those post-docs that are highly talented in both activities. However,
since talent is a private information a job market signaling model a la Spence arises. Post-docs
signal their ability of science and teaching to get a tenure.

As Spence (1973) has shown in the one-dimensional case signaling can separate highly talented
and low-talented agents also in the two-dimensional case. So it solves the inefficiency prob-
lem of asymmetric information. Unfortunately, the highly productive agents need a signaling
effort to separate themselves from the low-productive types and this effort increases in the
two-dimensional case. Considering this, time constraints attract attention.

If time constraints are binding and the science (teaching) productivity of the high-talented is
higher than the teaching (science) productivity of the type with low talent a separating equi-
librium cannot exist in the two-dimensional case. The required assumption is quite weak as
it just says that universities should not prefer one output over the other regardless wether the
first is created by a high- or low-productive person.

In addition the paper shows that even if the separating equilibrium is destroyed by time con-
straints there is always at least one partially separating equilibrium where some types can be
separated while others pool on the same strategy. More precisely, if the university prefers sci-

ence to teaching a partially separating equilibrium exists where universities can separate types

7One cannot be sure that this one-dimensional equilibrium implies the stronger time constraint, i.e. that
0% (0%, — 0%) > 6%,(05, — 05) holds. Nevertheless, this is true if the high-productive agents are of most
interest and low productivities are normalized to one.
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with high and low research productivity. However, they do not know if an agent with high
research productivity is also highly talented in teaching. This is the same result as in the one-
dimensional case. Regrettably, the signaling effort that only implies a pure cost effect is higher
in the two-dimensional partially separating equilibrium than in the one-dimensional separating
one. Corresponding to real life, the two-dimensional signaling system that is currently used in
academic admission processes is inefficient if time constraints are binding. In such a situation
universities cannot identify both talents of the post-doc but only one. The identifiable talent
is the one they value more. Then universities can ease requirements on post-docs and can let

them - without loosing information - just signal on science or teaching.
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Appendix

Part A: One-dimensional case

Proof of Proposition 4.1:

Separating equilibrium:

Since pre-tenure publishing implies costs but has no effect on productivity there is no incentive
for a L-type to invest in publishing in a separating equilibrium. Therefore, it is s7 = 0.

In addition any equilibrium must satisfy two incentive compatibility conditions: On the one

hand type H must not have an incentive to mimic the L-type, i.e.

Y

w(sy) — cu(sy) w(sy) —cu(sy)
ooy - 5 g L (4.4)
O 04

On the other hand the L-type must not have an incentive to mimic the H-type, i.e.

v

w(sg) —cL(se) w(sm) = cr(sn)
o0 - > g 0 (4.5)
o1 o1
Taking into account that the equilibrium strategy of the L-type is to publish nothing, i.e.
s; = 0, inequation (4.4) results in sy < 6%(05 — 67). Analogously, solving inequation (4.5)
by sy I get sy > 03(035, — 65). Both incentive compatibility conditions together imply that
05 (03, — 03) < sy < 0%5,(03 — 03) is a necessary condition of a separating equilibrium.
Since the universities never pay a wage higher than 6%, only the lower bound of the interval,
i.e. s3 = 05 (63 — 03 ), maximizes utility of type H.
However, if s%, > [ the separating equilibrium vanishes. Having the optimal decision of the
agents in mind universities belief that they focus on an agent of type H whenever s > s}, and

that they focus on an agent with type L whenever s < sj;. U

Pooling equilibrium.:

The pooling equilbrium in the one-dimensional case is
s =syp=5;,=0

w(s*) = aybi + o]
p(Hl[s < ap(0L(0y —01))) = an, p(Lls < apb} (0 —01)) = ar
p(Lls > an (0703 —07))) =1

if the time constraint is not binding, i.e. s} <1[,i € {H, L}. The argumentation is as follows:

. ey . . . : R, : .
In every pooling equilibrium agents send identical signals, i.e. s}; = s7 = s*. Since universities
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cannot distinguish between both types they set a unique wage that equals average valuation of

the universities, i.e.
w(s) = apbi; + arb]. (4.6)

In a pooling equilibrium both types must not get lower utility than without signaling getting

07, ie.
0 < w(s)—cu(s)
&0, < auly + ol — — (4.7)
0H
and
0 < w(s)—cr(s)
S0 < aply +anll — ei (4.8)

L

With 63, > 67 only condition (4.8) becomes critical. It implies that in every pooling equilib-

rium

0; < aupby+arl; — —
01
os < 0 (apdy — (1—ag)6;)
~——
=apg
o5 < agh (s —6) (4.9)

must hold. However, since publishing only implies a cost effect both types prefer the s}, =
s7 = s* = 0. This is a pooling perfect Bayesian equilibrium and in addition always satisfies the

time constraint s* < [. O

Part B: Two-dimensional case without time constraints

Proof of Proposition 4.2:

In a separating PBE universities pay an agent ¢5 a wage equal to his productivity. Thus,
w(sy;, ;) = 07 + 0% holds.

This directly gives (s5,,t5,) = (0,0) as equilibrium signal of type LL. In a next step, signals
of types HL and LH must meet the incentive compatibility constraints so that both types have
no incentive to mimic LL and vice versa. This automatically prevents HH from mimicing LL.

Type HL does not mimic LL if

w(spr,trn) —cun(spr,tir) < w(swr.tmr) — curn(Sur,tur)
SHL tHL

S0 +00 < 05 +0) — - ==
0 0L
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1 1
< —Sygr +

7 griue < Vi —0;
H

holds.

Analogously, LL does not mimic H L whenever

w(syr,trr) — con(Str,tir) = w(swr.ter) — con(smr, tar)
s lar
0; 0

S0 +00 > 05+ 00 —
1 1 s 5
Q—SSHL—F 9t > 0 — 07
holds. Therefore the incentive compatibility constraint that prevents H L from mimicing LL

and vice versa is
1 1 1 1
Q_SSHL + 9t —tp <0y =07 < 0: = SHL + e—ttHL

A signal that maximizes utility of type H L must lie on the lower bound which can be rewritten

as 65
sup = 07,(0y —01) — 9t
Type HL will now choose the signal that fulfills this condition and minimizes costs. Since costs

are (taking the last equation into account)

SHL | lHL
cur(SuL,tur) = o ot
01005 —01) 01 1,
- — Ly
o, g gr L grtn
o0 —01) ., 0
= AVr TP Ly
0, * 05, )et e
>0

the minimal cost combination is t};;, = 0 and therefore sj;, = 05 (05, —05). Type HL’s strategy
in the separating PBE is (s}, t5,)-

In the same way type LH does not mimic type LL if

w(syp,tin) —cou(sip,tin) < w(scw,tom) — cou(Scu,tom)
s t s t LH Z(:LH
H—SSLH + — 0t trg < 0y — 0.
H
holds.
Type LL does not mimic type LH if
w(syr,trr) — con(Str,tir) = w(scw,tow) — con(scw,tom)
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Sry tru
05 +00 > 92+0§I—6—5—0—t
L L

1 1
S —spp+ oty > 0y — 0
01 o1
is fulfilled. Taking both conditions together type LH has no incentive to mimic type LL and
vice versa if

1
—spy + oty <0y — 07 < —spp+ e_ttLH
L

oL O )
holds. Again LH chooses a signal on the lower bound given by the second part of the condition.

Thus it is .

tLH = 92(9%{ — QtL) — —fSLH.

07,
This in mind costs of type HL are given by

cra(Spa.tom) = SGLSH Z;LTH
L H
TR
oL m LH 5 0t LH
a1 00
0,6, " Oy
>0

To minimize costs and therefore maximize utility given the wage 65 + 0%, type LH plays in

equilibrium s} ; = 0 and ¢, = 6% (0% — 0%).

With (s3;,,t5,) and (s 4,15 ) type HL has no incentive to mimic type LH and vice versa

because
WL ton) — cnn(Spus ton) < w(shp, thn) — cur(Shp, thr)
Ht 9t _et 95 93 _95
@924’6’3_]— L( f(.;t L) S 9;[+92_ L( ]—és L)
L o
&0 < (0 —07)
and
WSy, tyr) — cer(Sur tur) < w(spy tim) — cou(Simtim)
. 93(93 _93) . 9t (Qt _Qt)
@9H+%—a£{?—A-g Q+ﬂg—i4%r—i
L H
0 < (0 —-0,)

are always fulfilled.

In a last step one has to make sure that H H does neither mimic HL nor LH and vice versa.
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Type HH does not mimic H L whenever

WSy, th) — can(Syr tyy) < w(swm,tom) — cau(sam, tun)

01.(0% — 61) s ot

LELZC < g4 0 -
H

Sy tum

O O

& 0y + 07 —
S

0
@ sun -+ gityn < 03,(05 — 04) + 6365 — 0})
H

holds.
Analogously, type HL has no incentive to mimic HH if

w(sgn,tan) — cur(Sum,tun) < w(syp,tyn) — cur(Sup thr)
t 05 (03, — 05
<:>9§{+0§{_5HH_E SQ}G{JFHE— 1 (0 1)
T 6,
68
< SgH + Qt > 05 (0 — 07) +07.(0% — 67)

is fulfilled. Both conditions together are the incentive compatibility condition that prevents
HH from mimicing HL and vice versa. Because of the pure cost effect of signaling the lower

bound of the second condition, i.e.

S

0%,
Sga + - 0,5 = 03,0 —07) +05(0y —07)

S

& sun = OOl — 01) + 0305 — 07) — 5t

(4.10)

is a necassary condition for a separating PBE. However additionally, type HH does not have

an incentive to mimic type LH and vice versa. Therefore,

w(syg,try) — can(Spm,tig) < w(sww,ten) — can(Sam, thn)

t(gt — gt ¢
@ezwg—w < 0 40, - 2 HE
eH ‘9H QH
t
H—szH ttgn < 0405 — 03) + 0%(0% — 0%)

and

w(sum, tun) — con(Sam, tun) < w(siytry) — coa(Sim tin)
s ot SEH lum s o 0L(0y —07)
‘91‘,
e_fSHH +tug > Oy(0% —07) + 050 —01)

must hold. Both condtions together are the incentive compatibility constraint that prevent H H

from mimicing LH and vice versa. Cause of the pure cost effect of signaling the lower bound
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of the second condition, i.e.

Ht

< Sgg =

010y — 01) +

Q_I;ISHH +tyn = 0505 —07)+ 0,05 —07)
L

(O} —01)0101, 07

(4.11)

is a necessary condition for a PBE. In a separating PBE type H H is neither mimicing H L nor
LH. Thus, conditions (4.10) and (4.11) must hold. Both linear functions describe the lower

bound of the area that fulfills both incentive compatibility constraints. Because of the pure cost

effect of signaling the optimal strategy is element of this lower bound. To make sure that the

optimal startegy is unique the slope of this lower bound must be unequal to the slope of the cost
function of HH.'® The cost function of type HH is cyy(Sam,tun) = (suau/0%) + (tawu/0k).

So, the slope of this function in a s-t-area is —(6%;/63;). As the slope of equation (4.10) in such

an area is —(6% /65,) and the slope of equation (4.11) is —(6%/65) there is a unique optimal

strategy of HH that is given by the point of intersection of the linear combinations (4.10) and

(4.11). Calculating this point of intersection leads to

Oh

031 (Ol — 01) + 0303 — 01) — 2 tan
L
& 040y (0 —01) — 61010 — 01)

& (00 — 0101) (0 — 01)

Sty

< . et _et 93915 (93
eL(gH_eL)+(H eé)LL_éHH
03,0 — 030,

THH

030k — 6167

THH

010 — 01)-

Inserting this in equation (4.10) gives the first part of the equilibrium signal s* = 05 (65, — 05 ).

O

The pooling PBE in the two-dimensional case:

The pooling PBE in the two dimensiona case is

(s*,t") = (s}

) = (0,0)

Vi,j € {H,L}

w(s*, t*) = Zaij(ﬁf +6%)
ij

M(iﬂ (s,t) = (I - (aum + aur)0 (03 — 07)), J - (aum + aLu)0r (0 — QtL))) = Qjj

where I =1 if i = H and 0 otherwise and J = 1 if j = H and 0 otherwise.

The proof of this result is as follows:

81f this condition is not fulfilled the minimal cost combination would be tangent to the area that fulfilles the
incentive compatibility constraints on a whole section represented by a part of the linear function (4.10) or

(4.11) and not to a unique point.
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Universities’ wage setting seeing the pooled signal (s*,t*) is
w(s*,t*) = Zaij(ﬁf + 9;)
ij

Since each agent ij can always get the lowest wage 05 + 0% utility with the pooled signal

must be higher than this reward, i.e.

92 + etL < w(s, t) - Cij(S, t)
s s S t
&0 +60;, < izjaij(@ —|—9§’-) _Q_f —9—§
S t
g tg S (e tow = DI+ (ann +ann)fy + (ows + ane = 1)0;
? J
+(ogm + apg)dy
S t
g tg S (ot an)Vi+ (ann +an)y = (an + oLy
i Y
+(om + apg)dy
S t
Suta < (pm +app) (05 —03) + (agy + o) (0 — 0%)
i j Qt
et < (ann +am) 0y = 01)0; + (ann + avn) (0 — 01)0; — 7os.

This is just a linear equation in s. Clearly type LL is the restricting type. Thus every linear

combination of (s,t) for which

S t
0—5 + (9_t S (OCHH + aHL)<918L[ — (92) + (OCHH + OZLH)(Q% — 92)
L L

holds meets the incentive compatibility constraints. However, the pure cost effect of signaling
makes (s*,¢*) = (0,0) the unique pooling PBE.

Figure 4.5: Incentive compatibility constraint of type LL in a pooling PBE of two dimensions
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The incentive conditions that prevent agents from breaking out of the pooling PBE are
illustrated in Figure 4.5. It refers to the symmetric case with 65, = 6%, = 2, 65 = 0}, =1 and
o;; = 1 Vi,j € {H, L}. The grey area describes all combinations that prevent LL - and therefore
also the other types - from breaking out of the pooling PBE. However, only (s* = 0,¢* = 0)

implies minimum costs and therefore is PBE. U

Part C: Two-dimensional case with time constraints

Proof of Proposition 4.4:

The sequence of the proof of the partially separating PBE (LL, HL, (LH, HH)) is as follows:
First of all the proof focuses on the optimal strategy for H L that prevents him from mimicing
LL. Secondly, the incentive compability constraint that prevents LL from mimicing (LH, HH)
and vice versa are analyzed. Thirdly, the proof focuses on the incentive compatibility constraint
that prevents H L from mimicing (LH, HH) and vice versa. Step two and three together result
in an optimal strategy for (LH, HH).

In a PBE where LL is separated he has no icentive to signal. Thus, (s} ,,t5,;) = (0,0). Then
refering to the first step H L signals (s}, t5) = (05(65 —6%),0) to prevent LL from mimicing
him. This strategy directly results from the separating PBE.

To make sure that in a second step LL does not mimic (LH, HH)

wrp — cLn(Sppston) 2 wenmn) — coo(Seaam), tion )
QL OHH
&0 +0, > 03 + 3, + 0
Lo arg +agy © oy +apgy "
_SwHHH)  twmHH)
03 4
S(LHHH) = t(LHHH) aOHH s aLH s |t ¢
+ > 07 — (1 — ——————)05 + 6% — 07 .
0 0%, QL +oapgp i arp + aHH) Lo Lj
ECl(LvaHH)

(4.12)

must hold.
Analogously, LH and therefore (LH, HH) does not mimic LL if

IN

W(LHHH) — CLH(S(LH,HH),tLH,HH)
arg s OHH s ¢
0% + 0y

wry — CLH<5*LL7 th)

& 05+ 0,

IN

L
arg + gy arg + gy
SHHH) tLHHH)
s t
01, O
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S(LHHH) | tLHHH g oLy
o S LA < O — (1 — —2 )95 1 0, — 0}
o1 O oL +app arg + g B
=Cl(LH HH)

is fulfilled. Since signals cannot be negative a necessary condition for the existence of the
partially separating PBE is C'l(; 5 gy > 0. I will come to this later on.
To prevent H L from mimicing (LH, HH) (third step) the following condition must hold:

wrgr — can(Syn,tyr) = Waaaa) — CHL(S(LHHE) t(LH,H))

s g 0100y —07) arg OHH o
& 05+ 0, — o > @LH+&HH9L+04LH+OZHH9H+9H
S(LHHH) tLHHH)
0
S(LHHH)  t(LHHH) S
04 0,
52
-(1- e+ (L )0 6 ) % (4.13)
=C2 g1

Analogously, to prevent HH and therefore (LH, HH) from mimicing H L

wgr — cau (S thyn) < Wenmn) — cau(S(waHm), LLH HH))

05 (65, — 05 o «

ooy e, B0 cawn g onn g g
0%, arLg + gy arLg + gy
_ SwHHH) lwHHH)
0% 0y
SpH,HH  t(LHHH)
0% O  —
rp s Ly e Gk
(1 M yge (14— SEL g gt gt L)
O e I (0 a0 o
202(2;,111{)

must hold. A necessary condition for the existence of the partially separating PBE is again
that C2(Lg,gry > 0 is fulfilled. This condition is even stronger than Cl(.g gp) from above
because
)

O
—(03)° + 203,07 — (61)?

O
(03 — 03)°

= L g
O

C2eupr) — Clomam = —05 + 207 —

holds. Although C2 g nay < Cl(Lm,am) is fulfilled one cannot directly see if equation (4.12)
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or equation (4.13) is the stronger condition because of the different LHS. If you compare both
conditions you find out that the relationship depends on the exact parameter values. However,
I show that the optimal - cost minimal - behavior for type LH and H H is the same regardless

whether boundary equation (4.12) or equation (4.13) is the stronger condition.

Thus assume that equation (4.12) is stronger than equation (4.13) then ¢ g gy = 65,CL (L mm)

—Z—tﬁs(LH, mmy holds. This in mind costs of LH are
L

S temmpm 1 0% 0%
=—(1-— Lo
o + o, o ( o, )S(LH HH) T o o, (LH,HH)-
H—/
>0

Since costs increase in s g, i) the optimal strategy of LH is s(py,mm) = 0. Analogously, costs
of HH are

S(LH,HH) 1
o, 6, Gy g

t L0, 9
(LH,HH) _ — L) GTLcl(LH,HH)~
H

If 5 L 999,5 < 0 holds the optimal strategy is to maximize sy, rx). However, then the partially

separatlng PBE is destroyed. Type LH and HH do not pool on the same strategy. Therefore
9£ 5 9t > 0 must hold to ensure the described PBE. If condition (4.12) is the stronger one
05 0t > 6’8 0% becomes a necessary condition of the partially separating PBE.

Now assume that instead of equation (4.12) equation (4.13) is the stronger condition then

trmam) = GECZ(LH,HH) — %S(LH’HH) holds and costs of type LH are

S(LHHH)  t(LHHH) 1 % 0%
+ = (55 — 50 )swmum + 7 C2mam)
o oL, gy gyon, CWHHn T g CoL,
05,0L. — 036" 0.

= (W)S(LH,HH) + = o CQ(LHHH)
>0

Again it is optimal for type LH to play s.g,rm) = 0. Analogously, costs of type HH are

S(LH,HH)  tLHHH) 1 0% 0%
= — =2 )
o, o 9;[( o, )S(LH HH) T 7, (LH,HH)

As costs increase in s(g,mpm) type HH sets s(pprm) = 0.

Summarizing, under both assumptions Sy = 0 1s an optimal strategy for both pool-
ing types. This reduces condition (4.12) to t(Lm,um = 0;Clrgpr and condition (4.13) to
t(LH,HH) = etLCQ(LH7HH)~ With Cl(LH7HH) > C2(LH,HH) from the above condition (4.12) be-
comes the crucial condition for the existence of the partially separating PBE. The equilibrium

strategy of (LH, HH) is (S{py gy trm ) = (0:0.C (L mm)). A necessary condition for the
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existence of the equilibrium is 65 6%, > 65,6% .

Finally, the proof of the second partially PBE, i.e. of (LL, LH,(HL, HH)) is analogous and

is therefore not specified here. O
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5 The interaction of publications and
appointments — new evidence on academic

economists in Germany”*

with Klaus Beckmann

Using a new panel dataset comprising publication and appointment data for 889 German
academic economists over a quarter of a century, we confirm the familiar hypothesis that
publications are important for professorial appointments, but find only a small negative effect of
appointments on subsequent research productivity. In fact, a simple theoretical model leads us
to hypothesize that no such effect exists for top researchers which is confirmed by our
estimation results. We also provide some evidence of the effects of the fundamental reform of

economics in Germany and of affirmative action procedures.

JEL: 123;120

*I thank Klaus Beckmann for assistance during my PhD time. Klaus Beckmann and I are indebted to Christian
Kalis for research assistance and colleagues at HSU, in particular Michael Berlemann, Marco Oestmann,
Daniel Horgos, Kai Hielscher and Klaus W. Zimmermann, for their helpful comments.

65



5.1. MOTIVATION

5.1 Motivation

Most economists would agree, even though a few might silently deplore, that the key aspects
of a career in economics can be succinctly summarized by the classic quip ‘publish or perish’.
According to this view, no other consideration, be it the quality of teaching or effort put
into some other dimension of scholarly work, will outweigh the weighted number of refereed
journal publications in the collective eye of a tenure commission. On the other hand, there is
a widespread suspicion that professors, once they have obtained tenure, like to cut themselves
some slack.! Of course, these two observations might be connected: if you subject young
researchers to a rat race, you had better make the prize compelling if you need to compete with
other options young people have over their life cycle.

The economics of education is rife with empirical papers on research productivity and career
paths in economics. One part of the literature on academic career focuses on the effect of
publishing on academic salaries. A clearly visible result of these papers is a significant and
positive impact of publications on the academics’ earnings (Diamond 1986; Grimes and Register
1997).

Beyond this there is a second stream of literature focusing on the changes in publications over
the academic life cycle. As early as 1979, Cole showed that the performance of academic scien-
tists fluctuates over the life cycle. More concretely, Levin and Stephan (1991) find for several
non-economic research fields that scientists become less productive as they age. Hamermesh
and Oster (1998) confirm this for the economic research field.

In contrast to many other labor markets, the market for academics is characterized by the
existence of tenure contracts. Although this assures the possibility to produce new, creative,
non-popular research output, it also may lower the ex post incentives to publish. Therefore,
some authors focus on the question if tenure negatively influences the publication output. As a
main result of this literature publication decreases after tenure but the decline in productivity
sets in very slowly (Goodwin and Sauer 1995; Hutchinson and Zivney 1995). Particularly the
top researches show little tendency for a decline in publication productivity (Goodwin and
Sauer 1995).

Although most of the literature focuses on the US or the UK market, there are also a few
papers analysing the situation in Germany. In line with the behavior of academics in the US
and in the UK German economists tend to publish most in the years before tenure while there
is a post-tenure drop in the publications (Backes-Gellner and Schlinghoff 2004; Rauber and
Ursprung 2008). Rauber and Ursprung (2008) also find evidence for a cohort effect. Thus,
there seems to be an institutional change in the market for German academics over the last
decades.

In this paper we analyze the effect of publication on the probability to get an appointment as
well as the reversed effect of an appointment on subsequent publication behavior for German

economists. Contrary to the existing literature we do not cull our data from curriculis vitae but

1See McKenzie (1996) for a summary of popular arguments against tenure, as well as a forceful opposing view.
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from two officious journals— ‘Das unabhéngige Hochschulmagazin’ and ‘Forschung und Lehre’
— that regularly list new appointments for the academic market. Thus, we use a new panel
data set comprising publication and appointment data for almost 900 German economists over
a quarter of a century (from 1981 to 2006).2 Beyond providing a testing ground for general
hypotheses on careers in economics, this period is interesting because it is roughly cut in half
by a major informal reform of economics in Germany, which brought the practice of economics
(or lack thereof) more in line with the Anglo-American mainstream. These decades also saw
a growing sensitivity to gender issues, which prompted a number of reforms in public service
hiring procedures in Germany (and, by extension, in German universities).

A main conclusion from our research is that while we can confirm the overwhelming impor-
tance of research productivity for being offered an appointment, we find little evidence of a
disincentive effect of tenure on research productivity. Possible explanations for this include the
fact that additional (post-appointment) efforts can still elicit further job offers, which are the
major source of pay raises — either from the new or, by re-negotiation, from the old employer
— in Germany.

The next section 5.2 sets out a simple theoretical model of the choice of publication effort in
an academic career (sub-section 5.2.1), which we then distil into a couple of hypotheses (sub-
section 5.2.2). The data set is described in section 5.3, while section 5.4 presents the estimation

technique, tabulates the major results, and provides a short discussion. Section 5.5 concludes.

5.2 Theory and hypotheses

There is a considerable number of plausible hypotheses concerning career paths of economists
milling about in the economics of education literature, and we will address the most important
ones in our empirical research (see sub-section 5.2.2). However, our main focus remains on
the common tenet that tenure provides a job security that will reduce post-tenure incentives
to publish. Put somewhat differently, if you pay younger researchers less than their marginal
value product, you have to pay older ones in excess of theirs if you want to keep the career as
a whole competitive. Risk considerations and the specificity of researchers’ human capital may
also enter the picture (McKenzie 1996), but we will ignore them throughout the remainder of

the paper.

5.2.1 A simple model

In fact, we can illustrate the ‘folk wisdom’ cited above with a very simple two-period model.
The first period represents the PhD, post-doc and assistant professor phases of an American’s
career,® with tenure (the German version being Verbeamtung) being granted at the start of the

second. Denote the individual’s publication output at time ¢ as f; and let MC; = cf; reflect the

2We also have publication data for 2007, but refrain from using this as the collection is likely incomplete.
3For her German colleague, the first phase would end with the first award of a non-expiring contract, which is
typically the first professorial appointment.
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researcher’s opportunity cost of research, such as not being able to play Warcraft or cutting
back on teaching activities. In Germany, where remuneration for teaching is basically lump-
sum with a minimum teaching requirement, the relevant trade-off will in fact be one between
research and spare time unless intrinsic motivation for teaching intervenes. If there were a
representative researcher and all parameters were known, the obvious solution would be for the
authorities to set a per-publication wage equal to the marginal product.

But suppose that researchers can be a continuum of types, the individual type being private
information. Specifically, we follow Walckiers (2008) in allowing the marginal cost ¢ of producing
papers to vary, but instead of considering a limited number of types, we use a continuous
distribution: let ¢ be uniform i.i.d. over the interval [, ¢, and assume ¢ > 0 for technical
reasons. Let the university offer contracts which specify a base wage w; and an output based
wage w, f; for t = 1,2 (we can safely let w; = 0 for the remainder of the discussion as this is
already sunk when researchers decide about fi).

We also allow for intrinsic motivation to publish v;. Let v; = vy + w; denote an individual’s
overall per-unit reward for publishing f;. For simplicity, we assume the v;s to be same for all
types, such that all individual heterogeneity in preferences stems from a different slope ¢ of
the marginal cost function. In Germany, per-unit financial rewards for academics below the
professorial level are nil, w; = 0, and while the recent change to the professorial ‘W’ scale has
introduced an incentive element into the remuneration of professors, w, remains effectively very
low, and was close to zero for most of the time covered by our panel data set. What financial
incentives there are for publishing must therefore arise through appointments and promotions
(with a higher base salary ws), viz. the mechanism we intend to model.

In addition to wages, universities set a threshold level of publications f* in such a way that
only researchers whose first-period output exceeds this level will be kept on (Coupé et al. 2003).
The remainder will fail to obtain a professorial appointment and drop out, receiving reservation
utility ug.

Now consider researchers’ incentives. The obvious interior optimum for both periods taken

separately would be to produce ff = “. There are two main cases to consider:

L. ff =% > f* (‘stars’). These are researchers whose marginal cost of research is so low

that they exceed the threshold without really trying.

2. ff = % < f*. These researchers fail to meet the criteria for appointment unless they
publish more than they would in an interior solution. Doing so is a good idea as long as

the producer’s surplus in ¢ = 2 exceeds the first-period loss. This former is

b2

®+/Cw—dﬂ—w
0

while the latter is given by
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Computing the above integrals and normalizing the outside option ug to zero, we obtain

the following two sub-cases:

52+v1f*+\/f*zvg-&-?f*ﬁzm-i-ﬁg
f*2
stretch themselves to meet the appointment criteria in order to enjoy the second-

a) £ < c¢ < (‘hopefuls’). Hopefuls are researchers who
period surplus of being a professor. It is evident that for equal wages v; = vy,
hopefuls will publish less after appointment. Generally speaking, their publication
output will drop relative to a colleague publishing f* before appointment in an

interior solution — after all, their investment has to pay off some time.*

W2+v1f*+\/f*211§+2f*92v1+ﬁ§
b) 72

quantity standard of research output in order to become a professor; they drop out

< ¢ < T (‘losts’). Losts have no incentive to meet the

after getting their PhD and move into other sectors, such as industry or consulting,
presumably using their degree as an additional academic qualification for access to

high-paying jobs.

This simple model is sufficient to illustrate the relationship between post-appointment (post-
tenure), pre-appointment wages and admission standards, providing the underpinnings for typ-
ical ‘folk” hypotheses about the publishing behavior of professors over the life cycle. It also
puts the relevant trade-offs into sharp relief: For instance, increasing w, has clearly no effect
on second-period research, but grows the class of hopefuls in the first period (stars are not
motivated in this manner, though, as they treat higher base salaries as a windfall that they
will get anyway), leading to more research overall. Higher performance pay (o) will boost re-
search efforts in both periods, but again all of the first-period gain will come from an increasing
number of hopefuls all publishing at the minimum f*.

As a special case, consider what would happen if academic economists were neither financially
nor intrinsically motivated to publish, i.e. v; = v = 0. There would be no ‘stars’ at all in this
scenario, but there would still be a number of ‘hopefuls’ taking up a professorial career and all
producing the minimum research output to enable them to do so. Second-period publication
activity, however, would be zero for all types, professors opting for teaching, Warcraft, or the

golf course instead.

5.2.2 Hypotheses

In this sub-section, we summarize the hypotheses we will test in the main part of the paper.
Let us begin with the main ‘folk wisdom’ hypotheses illustrated formally in the preceding sub-
section. Most importantly, our model suggests a bifurcation in the post-appointment behavior
of researchers that is not present in the existing empirical literature: While the output of

hopefuls drops as they move from a corner solution to the interior, ceteris paribus, stars will

4We have implicitly assumed that the university is committed to its announced policy. For everyone bunched
at f* is clearly a hopeful, information which the administration might be tempted to exploit ex post. Also
note that we do not state that the announced policy is in any way optimal — we have no need to analyze
optimal policies in the present paper.
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continue publishing at a higher rate. Put rather differently, a variation in f* will have no effect
on infra-marginal stars. The above model therefore implies:

(H1:) In general, publication output drops after (a) tenure and (b) any subsequent job offer.

The remaining task is to deal with the ‘stars’. Of course, this begs the question of how
we measure ‘stardom’ in our empirical data. Omne approach, which we are going to follow
below, relies on multiple appointments, suggesting that stars are professors who are able to
switch universities (or re-negotiate with their existing employer) based on their performance.
An alternative would be to consider a percentile of the publication distribution, say the top-
ranking 25 % of researchers. As this would appear rather ad hoc, we settle on the first version,
leading us to

(H2:) Professors receiving two or more job offers in different years are less likely, other things
being equal, to exhibit a negative effect of appointments on subsequent publication output.

Finally, there is an important though incontroversial assumption that we have built into the
model, rather than deriving it. Stating this as a hypothesis, we have:

(H3:) Research output in the recent past (measured by a moving average of ComLi publication
points) is positively associated with the probability of obtaining an appointment in any given
year.

In addition, we also want to test a couple of ancillary hypotheses that do not follow from
the model, but correspond to widely held beliefs. First, formal rules for hiring at German uni-
versities place increasing emphasis on equal opportunity issues, a practice which is apparently
based on the popular (e.g. Kahn 1993)

(H4:) There is a gender bias against women in the university recruitment process.

We might also want to consider a variant of this hypothesis stating that gender bias used to
be present, but has been eroded since the implementation of reforms (Hja).

Finally, a large number of studies confirm an age, or cohort, effect on publications (Levin and
Stephan 1991; Hamermesh and Oster 1998). We need to capture this also, if only to control
for experience effects on publication output as well as on the likelihood of employment. We
summarize this in

(H5:) After completion of the post-doc phase, annual publication output decreases with years
of experience, albeit at a declining rate. On the other hand, the likelihood of promotion increases

with age at a declining rate.

5.3 Data

We are now in a position to confront the data. For the purposes of this study, we have assembled
a new panel data set consisting, for the one part, of the standard Verein fir Socialpolitik panel
on the publications of German economists (Rauber and Ursprung 2008), and on appointment
data from two officious journals of the German higher education community (‘Das unabhéngige
Hochschulmagazin’ and ‘Forschung und Lehre’). Amongst other things, these journals publicize

offers of professorial appointment (‘Rufe’), rejected offers as well as completed appointments.
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We use these data to compute a dummy variable that takes on the value 1 if an individual
received, declined, or accepted at least one Ruf in a given year.?

There is also some information concerning the award of Habilitation — the old Germanic way
qualifying for a professorial position — and the pay grade of the various appointments. The
latter is, however, fairly incomplete, and we refrain from using this information in the present
paper.

Publication output is measured using the Combes and Linnemer (2003) (‘ComlLi’) weights
for journal quality. We do not weight articles for length, and we follow the standard procedure

of assigning each author 1t
n

of an article’s score if there are n — 1 co-authors. Books, book
chapters as well as journal articles appearing in journals not listed in Fconlit are not considered
as a form of research output at all, as is standard in the literature.

We also have information on the year individuals received their PhDs, which allows us to
construct our ‘years of experience’ variable (German young economists spend more time working
as research assistants than their American counterparts do, but we exclude this time from

consideration for want of data), on individuals’ gender, as well as on affiliation.

Table 5.1: Descriptive statistics for individuals (over the entire careers since PhD)

Iz o min  max

Overall publications (ComLi) 1.42  2.33 0 19.49
Annual avg. ComLi Score 0.143 0.181 0 1.394

Action years 0.550 0.969 0 5
Year of PhD 1990 11.4 1958 2007
Gender (1=fem) 0.112 0.316

N 889

Table 5.1 gives simple descriptive statistics (per individual) for the main variables in our
analysis. As we can see, only one in nine economists in the panel is female. We also note
the rather large spread in publications: While the average German economist has published,
over her entire career up to 2007, the equivalent of one JPE article and a half, the standard
deviation is almost twice the mean. In fact, 265 — almost one third — of the economists in the
panel have not published a single article counting towards the ComlLi score.

It is interesting to look at the publication output over time. Figure 5.1 on page 72 displays

a sequence of box plots, one for each year, from 1980 to 2006, where years are plotted on the

5Note that our data set does not include all ‘actions’ that may have occurred. Some may neither have been
announced to the two officious journals nor been captured by the journals’ own research. However, the
German Wissenschaftsrat (2005) provides summary statistics on the number of appointments in Germany
for the period from 1997 to 2003. Over these six years, there were a total of 93 completed appointments in
the fields of Economics and Business Administration. For comparison, the subset of our data set for the same
time period contains 95 records where a job was made (leading to rejection or completion of appointment),
and this is for all German-speaking countries and for Economics only. This suggests that we have captured
a substantial share of the appointment proceedings over time.
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abscissa. Note that up to the early 1990s, outliers dominate the picture. It is not until 1987
that the box containing the middle 50 % of the distribution makes an appearance at all; and
even for second half of the period of time covered in our panel, the confidence interval of ComLi
scores still includes zero.

All the same, Figure 5.1 indicates that the three decades in our data set differ; an increasing
prevalence of ComLi-ranked publications — or, to phrase it negatively, an increasing relevance
of American-style ‘publish or perish’ modes of research to the detriment of the previous book-
centric mode — is clearly visible. This is consistent with impromptu evidence and our personal
experience with the German economics community: something happened in the early 90s to
change the face of economics in Germany, for better or worse. We consequently need to take

care to account for this heterogeneity in the following analyses.

SHEHHHHTIHEITHL
i m!i &

Figure 5.1: Distribution of publication activity over time in Germany, 1980-2006

5.4 Results

5.4.1 Effects of publication activity on appointments

Addressing (H3) first, if publishing increases the probability of getting an appointment, we
estimate the effect of publishing on the dummy action that is 1 whenever there is at least one
job offer (whether leading to an appointment or to re-negotiations with the present employer)
at time t and 0 otherwise. Since we believe that the decision of the committee of appointment
is affected by the average publication behavior of the candidate we measure publishing by the

5-year (f—s:—1)) respectively 3-year-average (f; —3:—1)) Combes-Linnemer index before the
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appointment. To account for the fact that the action variable a;, is a binary, we fit the following

panel probit model:

O [P(aiy = 1)] = Bo + Bifisii—ki—1) + B2si + Bayix + ﬁ4y¢2,t + B50; + €54 (5.1)

for k = 3,5, where s; is a sex dummy (1 = female) and y;; describes work experience of
individual 7 at time ¢ measured as years since obtaining a PhD. In line with Mincer (1974) we
also control for yf’t believing that the marginal effect of experience is not constant. 9, is a year
dummy accounting for time fixed effects. The results of our regressions are given in Table 5.2.
As in Germany university professors in general retire at the age of 65, we only include

observations where the individual has less than 30 years’ work experience.®

Table 5.2: Probit estimates for appointment

(D)
ComlLib 1.4158%***
(5-yr avg.) (10.07)

ComlLi3 1.2195%*%*
(3-yr avg.) (10.10)

-0.1310 -0.1416
Female

(-1.05)  (-1.13)
Yrs since 0.16714%**  0.1767***
PhD (10.63)  (11.19)
-0.0062***  (.1767***
Y 2
(Yrs) (-10.51)  (-10.97)
N 10624 10624

(z-statistics in parentheses), */**/*** significant at 10/5/1 percent levels, respectively. In the cause
of clarity we do not list time fixed effects.

As the results in Table 5.2 illustrate, there is a highly significant influence of publications on
getting appointed. More precisely, one AER article on average over 5 years (3 years) increases
the probability of an appointment by 58.61% (54.94%). Interestingly, we do not find a female
discrimination in the models (I) that refer to the whole sample. So, we can reject (H4). Focusing
(H5), the results show a positive but decreasing effect of experience on the probability of getting
an appointment. Using the 3-year average instead of the 5-year average always decreases the

regression coefficient.

6In fact, there are several reasons for excluding older individuals from our data set. For instance, regulations in
some German Ldnder stipulate the no-one over a certain age — typically 53 to 55 years — can be appointed as
tenured professor; this removes the main mechanism in our model underlying hypotheses 1 through 3. The
average graduation age of German PhDs in the early 1980s exceeded 30, while the mandatory retirement
age for tenured professors was 65 (although there was an option to stay on until age 67). Faced with this
mess, we decided to use a cut-off of 30 years, although we also report estimations for a cut-off of 20 years of
experience.
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To capture possible cohort effects as mentioned by Rauber and Ursprung (2008), we also run

the regression for a work experience smaller than 20 years and for a work experience between
20 and 30 years (model (II) Table 5.3).

Table 5.3: Probit estimates for appointments referring to cohort, time and star effects

(11) (I11) (Iv)

<20 yrs 20<yrs<30 t<1995 t>1995 min 2 appts.
ComLi3 1.1350%** 1.1377%** 0.9985%** 1.3658%** 0.5071%**
(3-yr avg.) (9.28) (2.85) (5.06) (9.12) (3.57)
Female -0.1912 0.1554 -0.5390* -0.0503 -0.0413

(-1.45) (0.51) (-1.70) (-0.38) (-0.18)
Yrs since PhD 0.2769%** 0.1742 0.0303*** 0.1670%** 0.2071%**

(10.26) (0.37) (6.26) (8.36) (8.95)
(Yrs)2 -0.0119%** -0.0058 0.0012%** -0.0062%** -0.0080***

(-9.42) (-0.59) (-5.45) (-8.58) (-9.47)
N 8508 2116 4047 6577 2392

(z-statistics in parentheses), */** /*** significant at 10/5/1 percent levels, respectively. In the cause of clarity we do not list time fixed effects.

Model (II) in Table 5.3 shows that publications significantly influence the probability of
getting appointed for all stages of the academic career. Nevertheless, experience only matters
for earlier stages of the academic career but not later on. Since appointments after more than 20
years of experience often are second or third appointments we can conclude: While experience
importantly influences the first-appointment it is not so important for additional appointments.

As the descriptive analysis in section 5.3 shows average publication output increases over
time. Therefore, we also split our data set and run regressions for years before and after
1995 (see models (III)). In line with the basic models (I) there is a highly significant effect
of publications and experience on the action dummy. However, now the regression discover a
significant female discrimination in the early years of our data set. Before 1995 we can not
reject hypothesis (H4). So, efforts against female discrimination in the last years seem to act.

Finally, in model (IV) we analyze the group of academic ‘stars’. Stars are researchers who
get more than one appointment in our data set. For this group of researchers the effect of pub-
lications on appointments is signficant but much smaller than for the whole group of academic
economists. Thus, we can not reject hypothesis (H5).

The above model (5.1) assumes that tenure boards, or professorial selection committees,
look at research output in the years preceding the application. The main idea is that they
would consider successes in the distant past uninformative if the candidate had not been able
to keep up to this record. However, departments might be tempted to ‘buy’ a candidate’s long
publication list in order to improve their own standing, if only on paper. In that case, it is
the overall number of ranked publications that counts. As the correlation with our experience
measure y is significant (at the 1 % level), however, we need to drop the Mincer terms from our

model due to possible multicollinearity. We have therefore also estimated the following model
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t
O [P(aiy =1)] = o+ b Z fij + Basi + B3dy + €5y (5.2)
j=1981
Note that we lack data on publications prior to 1981, and therefore were only be able to
include individuals who received their PhD during the time span of our sample. The results
turned out to be consistent with what we had found previously: Publications have a significant
positive impact on the probability of being appointed, and the significant gender bias against

women that is present in the first half of our sample fails to be significant overall.

5.4.2 Post-appointment publishing

We now turn to the effects that appointments have on research productivity. The basic panel

model we estimate in this sub-section is

Jitttjik) = Bo + Braiy + Basi + Bsyis + 54%2,15 + e+ €y (5.3)

where f; ¢4jt4+k) s a moving average of Combes-Linnemer publication measures (weighted
for co-authorships, but not for article length) over a period ranging from j years after the
appointment at time ¢ to k years after, s; is a sex dummy (1 = female), y;; is years of post-doc
experience at time of appointment ¢, and p; is the standard random effects term. The inclusion
of the square of experience reflects the typical Mincer-type considerations, but with a twist:
Hypothesis H5 holds that research output decreases with age, but at a decelerating rate (see
sub-section 5.2.2).

For our data, a random effects model is clearly more appropriate. A Hausman test also did
not reject this approach in favour of a fixed effects one. We consequently estimated a random
effects version of (5.3) to control for unobserved heterogeneity. Table 5.4 displays the results.

The second column in Table 5.4 represents the baseline, giving the results for p; (141446)-
There is, in fact, a significant negative effect of appointment on average productivity. The
coefficient, however, appears rather small, corresponding to about one-twentieth of an article
in the German Economic Review (or a hundredth of an article in the Journal of Political
Economy) per annum. To put it in perspective, though, note that the average annual ComLi
score for individuals in our sample, computed over the entire time horizon, is 0.0872 — which
means that the coefficient amounts to an estimated 8.37 % reduction on average. While there
appears to be some disincentive associated with obtaining an appointment, the size of this effect
is open to debate.

The coefficients on s; and y;; are highly significant and negative, the coefficient on yit is
positive and significant at the 1% level, suggesting that hypothesis H5 holds: Output declines
as researchers grow older, albeit at a diminishing rate. This result is in line with previous
findings by Backes-Gellner and Schlinghoff (2004). We also find that female researchers tend
to publish less.
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Table 5.4: Estimation results for post-appointment productivity

Average annual publications (ComLi)

5 years 5 years, lagged 5 years, lagged, 5 years, lagged,
before 1995 2 or more appts
-0.0087** -0.0073* -0.0022 0.00059
Appt. dummy
(-2.08) (-1.73) (-0.45) (-0.09)
-0.548%*** -0.0606*** -0.0484 -0.040
Female
(-3.43) (-3.31) (-1.51) (-0.41)
-0.0053%** -0.0083%** -0.0040%** -0.0161%**
Yrs since PhD
(-13.37) (-20) (-6.05) (-14.44)
8.6 X107 O*k% 1.8 x 107 drxk 8.9 X107 P*** 3.8 x 107 4¥*x
(Yrs since PhD)?
(6.34) (12.55) (3.34) (10.03)
P 0.700 0.742 0.854 0.708
N 10824 10824 4247 2258
(z-statistics in parentheses), */** /*** significant at 10/5/1 percent levels, respectively. In the cause

of clarity we do not list time fixed effects.

This baseline, however, is open to one criticism: Newly appointed (tenured) professors face
high demands on their time budget to set up their curriculum, to get organized on administrative
issues, moving house, and (at least in Germany) to set up their own small outfit (for example,
hiring and training assistants). It is likely that this burden diminishes as time progresses in
the new job. Therefore, column 3 in table 5.4 shows the results for a model with p; ;43+s)
as dependent variable; that is, we lag the moving average by an additional two years, leaving
out the first two years immediately following the new appointment. The negative coefficient on
the appointment dummy grows even smaller and now barely escapes being insignificant. The
disincentive effect of an appointment, therefore, almost disappears when we look farther into
the future. Also note that the coefficient of the female dummy shrinks to about one tenth,
which is consistent with a story that set-up costs in a professorial job are higher for females

than for males.

The fourth column shows what happens if we restrict the analysis to the first half of the panel,
which loosely corresponds to the time before economics in Germany began to model itself on
the Anglo-American example. Only the experience variables remain, and both the appointment
and sex dummies become insignificant (and their coefficients even smaller). While we would
not place too much reliance on the second non-result — owing to the small number of female
appointees in the first half of our sample —, the first is consistent with the hypothesis that
extrinsic incentives of the kind modelled in sub-section 5.2.1 did not become operative until

after the reform.

Finally, in the model represented in the fifth column, we take up the distinction between

‘stars’ and (ex-) ‘hopefuls’ outlined in the model. If we restrict the estimation to those indi-
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viduals who received at least two appointments in distinct periods of time,” the coefficient on
the appointment dummy becomes very small and statistically indistinguishable from zero. For
this group, we cannot reject the null that there is no effect of an appointment on subsequent

research activity, which corresponds to hypothesis (H3) outlined in sub-section 5.2.2.

5.5 Conclusion

Economists are increasingly interested in analyzing their own labor market. Most of the research
focuses on the popular beliefs that tenure decreases the productivity of academics and also that
there is a discrimination against women.

Our paper contributes to this literature by analyzing the interplay of publications and ap-
pointments for German economists. Although there are a lot of studies on the academic market
in the USA and the UK only few things are known about the situation in Germany (Backes-
Gellner and Schlinghoff 2004; Rauber and Ursprung 2008). In contrast to previous studies, we
do not use appointment data from CVs but data that are regularly published in two German
magazines. By doing this we address a selection bias.

The results confirm a positive effect of publication activity on the probability to get an ap-
pointment. This effect increases by-and-by. So, we find evidence that publication becomes more
and more important to get an appointment. Interestingly, we do not find discrimination against
women for our whole data including the years 1981-2006 but for the sub-sample including the
years 1981-1995. Thus, we find some evidence that the anti-discrimination efforts in Germany
take effect.

Focusing on the effect of tenure on the publication behavior our results support a negative,
but small, effect of tenure on publications for the whole time spread. However, before 1995
there is no significant decline in publications after tenure. This could mean that in early years
publication behavior was stronger driven by an intrinsic motivation than today. Nevertheless,
there is hope because top researchers do not show such a behavior. There publications do not
significantly drop after tenure.

Summing up, institutional changes in the labor market for academics in Germany have
markedly reduced discrimination against female postdoctoral academics. However, the number
of female researchers is still proportionally low. As an additional result we find an increasing
importance of publications on the probability to get an appointment. Our simple model pre-
dicts that the increasing efforts in the time period before tenure reduces publication activities

afterwards. This is also confirmed by the data.

"See above for a discussion of why we roll multiple job offers in a single year into a single ‘action’.
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6 Lessons learnt

After reading the Intro and the four articles presented here, it should be clear that the discipline
of educational economics is very broadly dimensioned and highly prominent too as there are a
couple of Nobel-prize winners among its scholars. And it goes without saying that education
is a key factor of development, especially if a country is comparably poor in natural resources
as it is the case with Germany. But education is not only linked to productivity but has some
social implications of its own: education is a source of success within a society and missing
education an origin of social deprivation. The ups-and-downs in social status within a society
(social mobility) are, therefore, mainly driven by education, and they result in changing images
of the distribution of income and wealth (inequality) which, then, at least partly is an indirect
effect of education. Education and social mobility and inequality are the theme of the first
two articles presented here, but thats only one aspect among a variety of others in educational

economics.

One such other aspect has to do with the institution we live and work in: the universities. It’s
needless to say that university education follows different rules but there is something schools
and universities have in common: the quality of the teaching personel, and there should be a
high correlation between the quality of teaching und the quality of education. What differenti-
ates universities from schools is that good teaching should be complemented by good research
according to the classic concept of ‘Einheit von Forschung und Lehre’, however this principle
is realized in the current system or not. The point is that to guarantee good teaching and re-
search, the university is in the same dilemma as any other employer: it has to face the problem
of asymmetric information but on the other hand applicants for a university career have devel-
oped techniques to signal their abilities relevant for the universities so that the problem can be
mitigated to some extent. This theme is elaborated in the second part of the articles, and it
is corrobated by an empirical analysis of the role of publications in application procedures in
Germany. As to be expected, publications play a decisive role for appointments as a university
professor at least during the last 15 years but for older professors and their second or third
‘Ruf’ other criteria seem to be valid experience seems to be the main factor here which cannot
be substituted for.

Going into the details and the transmission of skills between generations for the last time, it
is rather astonishing that former studies have regularly assumed children to be homogeneous

with respect to their talents which is totally at odds with the reality of more or less ‘feudal’
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societies. In such cases, the poor will not invest in their children but the rich will do so that
there won’t be any social mobility. Changing that assumption to randomly distributed talents
there will be upward and downward social mobility, and the aggregate skill level of the popu-
lation can change over time. In the paper with Stefan Napel we skipped this assumption too
and postulated a more ‘feudal’ world where the ability of a child depends on the abilities of its
parents. At the end, our model proves that a high degree of dependence reduces social mobility
but does not affect the aggregate skill level and inequality. This follows from our long-term
equilibrium approach where upward and downward mobility are equal, and the social mobility
in equilibrium only depends on the fraction of highly talented children which is assumed to
be fixed over time. Due to these constraints policy recommendations are clear-cut: It’s always
good to weaken the social dependence of parent’s and children’s abilities because social mobility

will be strengthened but inequality cannot be tackled this way.

Consequently, it should be asked if there are any instruments to raise social mobility and to
reduce inequality at the same time. Discussing redistributive taxation the change in net-wages
will ceteris paribus lower inequality because of the reduced wage-gap, and the poor will start
to invest in their children at a lower aggregate skill level but the rich will obstain from that
to a certain extent; thus, social mobility can be increased. Since the effect on the aggregate
skill level is ambigious because investment of the poor is strengthend while investment of the
rich is reduced, the paper discusses both possible cases in detail. Finding an increase in the
aggregate skill level the labor market effect always strengthens the redistributive effect and
inequality is reduced. Unfortunately, it can be increased by an indirect tax effect if we focus on
a situation where the overall skill level is reduced by taxation. Educational subsidies (financed
via a tax levied on the general public) as the second political instrument reduce education costs
and triggers investments of rich and poor parents. Analyzing four different initial investment
situations where poor/rich parents invest, do not invest or are just indifferent in their invest-
ment decision, in three out of this four cases the aggregate skill level will grow. However, there
is one initial investment situation where the aggregate skill level is reduced. This exceptional
case appears when unskilled parents are indifferent in their investment decision having a highly
talented child. The corresponding skill level that leads to this situation and therefore the degree
of equality are decreased by education subsidies because reduced costs make it possible that
unskilled can invest at a lower aggregate skill level. Since the case appears when the skill level
is just so high that unskilled start thinking about investment, the situation is characterized by

a low aggregate skill level that is typical for developing countries.

Switching to the second theme of this dissertation, the university and its labor market, the
initial focus is on the academic appointment system. In general, universities prefer profes-
sors that are good in research and teaching. Therefore, since talents are private information,
applicants have to signal their research and teaching abilities distinguishing them from their

competitors, and the universities have to interpret these two-dimensional signal. Since the
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literature on multi-dimensional signaling is very restricted, the paper had to go new ways by
analyzing separating equilibria. In a first step, serving as a benchmark, such an equilibrium
in considered where universities are only interested in science or teaching; in a second step
separating equilibria are analyzed if future professors signal their abilities to do research and
teaching. If future professors would have unlimited time to prepare themselves (teach and pub-
lish to signal abilities) for their first application at a university, the two-dimensional equilibrium
would consist of both parts of the two one-dimensional cases: in publications as well as teaching
high quality post-docs would separate themselves from low-talented competitors. But if time
is restricted (as it really is) and since a day has 24 hours only, a complete separation would
be illusionary so that, at the end, they will play the same strategy as future professors that
are only highly productive in one of both activities. Then, universities face a dilemma: They
can identify good researchers and good teachers but cannot assess the other qualification at a
time leading to the fact that not all types of post-docs can be discerned. Since the information
content of the current two-dimensional signaling will be reduced in practice to one-dimensional
signaling, the current appointment system is obviously inefficient. If time constraint exclude
the possibility of competitors to qualify in research and teaching and to separate themselves
from the other types, universities are well advised to choose only the one criterion they value
most. The universities will not lose any information, but future professors can save much time

and costs.

The last article in this row sheds some light on the publication policy of real or potential pro-
fessors to test for the typical behavior of civil servants: only to do whats absolutely necessary.
Together with Klaus Beckmann an unique data-set for Germany of academic appointments
(‘Rufe’) was developed, and the result is contrary to the civil-servant hypothesis: the mere
descriptive statistics show that although there is a high variance in the publication behavior of
German academic economists, the average publication output grew remarkably from 1995 to
2006. Furthermore, regression analysis reveals clear evidence of a positive effect of the number
of publications on the probability to get an appointment at a university, increasing considerably
from 1980 to 2006. This effect is smaller for older professors implying that at that age publica-
tion output is not so important as experience to get a second or third appointment. However,
there is a small but significant drop of average publication output after an appointment which
means, due to German regulations, after becoming a civil servant; that does not hold, however,
for professors with more than one appointment during his/her career, maybe due to high in-
trinsic motivation or a numerous staff. Interestingly, the average drop in publications after an
appointment was smaller before 1995 than in recent years; growing administrative challenges
or rising pretensions of students may be the reasons. Finally, discrimination against women

clearly belongs to the past: after 1995 such an effect cannot be recognized any more.

It is to be hoped that these explorations into two fields of the economics of education have

been able to arouse the interest of the non-specialist for this challenging field of research, and
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that the specialist will have found something worthwhile to remember. Anyway, it should
have become clear how important an increasing knowledge in this field can be for a positive

development of a society which surely goes beyond pure economics.
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