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Non technical summary

This article develops a model of educational attainment which is imbedded
in the human capital theory, the reference theory for the economic analysis of
issues related to education. The principle of this model is that there is a finite
number of possible educational alternatives which may be ordered by level.
Each educational alternative yields a certain utility to the individual. The net
utility of an educational alternative is expressed in terms of the difference
between the "returns” and the ”costs” associated with this alternative for any
individual with specific characteristics and constraints. The individual chooses,
given his specific constraints or characteristics, to attain the education level
which maximises his net utility.

In its simplest version, the formalisation of these assumptions leads to an
ordered probit model where the threshold values are given by the expected
ratio of the marginal costs to the marginal returns. In other words, the indi-
vidual assesses the marginal costs and the marginal returns associated with
the next higher education level, and if the ratio of the former to the latter,
given his characteristics, is below a certain threshold, he will opt for the next
higher level. In a second step, the educational process is decomposed into two
stages: achievement at school and post-school achievement. The same concep-
tual framework applies at both stages, but a correlation is permitted between
them. Empirically, this boils down to estimate a multivariate ordered pro-
bit model, where we have one equation for secondary education and as many
post-secondary education equations as there are secondary school degrees. The
model makes it possible to investigate whether some factors exert a different
influence depending on the stage in the educational process, and whether time-
variant factors also play a role.

An illustration based on German data shows how this model functions in
practice. The explanatory variables used are the traditional ones encountered
in the literature on educational attainment: cohort dummies and variables
depicting family background. Differences across genders in the parameters have
been systematically tested. The example of an application of the basic version
of the model shows that it is very easily estimable empirically, while providing
an economic interpretation framework which makes sense in economic terms.
The application of the decomposition of the educational career points to the
usefulness of considering possible correlations between the different steps in
the educational career if one intends to analyse specific transitions within the
educational process. Moreover, some of the explanatory variables prove to exert
a different influence at the school and at the post-school level.
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1 Introduction

In most industrialised countries, the level of educational attainment has risen
steadily over the past century. This educational expansion has been largely
encouraged by public authorities, which devote a non-negligible part of their
financial resources to education (5.1 percent of national GDPs on average in
OECD countries in 1997, OECD (2000)). Public involvement in the promotion
of education is justified by the fact that education is viewed as an essential
factor for socio-economic development and welfare. In modern economies, the
skills acquired within the education system are an essential production factor
and raising them is therefore expected to have a positive impact on economic
growth. This is the concept of "human capital” often referred to in economic
literature, in analogy to physical capital. On the individual level, it is also
of interest to invest resources in education. Beyond the obvious utility of a
minimum of instruction for being able to cope with life in general, most people
are well aware that investing in further education pays off in the future and
improves their prospects in many respects.

If individual and collective interests coincide, why should the State be con-
cerned with educational investments? In fact, intervention from the State is
only required to the extent that private educational efforts would lead to sub-
optimal outcomes, i.e. to the extent that there are market imperfections. There
are some theoretical arguments that this should be the case as far as education
is concerned. A first argument relates to the presence of positive externalities,
such as the positive effects of a highly educated society in terms of criminality,
health etc. Most individuals know that acquiring skills through education will
raise their chances in subsequent life, but since they do not reap directly the
whole benefit of it, due to the presence of positive externalities, they will tend
to under-invest in their education compared to the socially optimal level. An-
other argument relates to capital market imperfections. As e.g. Kodde (1988)
argues, commercial institutions are likely to consider human capital to be a
risky, non-liquid and intangible asset. As a consequence, in general, higher
credits can only be obtained against higher borrowing rates. Besides, individ-
uals may have different access to financial resources, and for some individuals
more than for other, funds may be rationed at specific levels. In the presence
of capital market imperfections, individuals of poorer background might not
be able to invest in the optimal amount of education. To sum up, left to the
mere market forces, individuals would tend to under-invest in their education,
especially those individuals facing higher credit constraints.

Beyond the level of compulsory schooling, public authorities can only influ-
ence educational participation by setting incentives. This, in turn, can only be
efficient if the factors which influence the educational decisions of individuals
are known, both in order to identify where the needs are and possibly to gain



evidence on the effectiveness of the means employed. Beside the usefulness of
getting knowledge on the structure and determinants of educational attain-
ment with the aim of influencing educational outcomes, it is also essential for
policy-makers to gain evidence on what determines educational outcomes if
they are to plan educational needs for the future.

This article aims at formulating an economic model of educational attain-
ment which makes it possible to estimate empirically the role of certain factors
in the determination of educational outcomes. To this end, a theoretical inter-
pretation framework is developed in such a way that it may be relatively easily
implemented empirically with standard statistical packages. The conceptual
framework relies heavily on the human capital theory, the basic assumption of
which being that individuals weigh up the costs and the returns to education
and decide on the optimal amount of education they want to invest in accord-
ingly. In a first step, a basic version of the model is developed, which makes it
possible to easily identify empirically the relationship between certain factors
and final educational outcome. In a second step, an extension of the model
allows to take a closer look at the process of educational attainment and the
educational process is decomposed into successive stages. This is of particular
interest if the impact of time-variant factors on educational prospects is to be
analysed, or if more details are to be gained regarding the stages at which the
identified factors play a role within the educational career.

The article is structured as follows. After an overview, in section 2, of the
various ways educational outcomes have been modelled in the literature avail-
able so far, the article turns to the presentation of the model proposed here.
First, section 3 presents the basic version of this model of educational attain-
ment. Then, the extension of the model, which consists in decomposing the
educational career into school and post-school attainment, is explained in sec-
tion 4. For each step, an empirical application aims to show, with the help of
German data, how the model can be implemented in practice. Finally, section
5 summarises and concludes.

2 Modelling educational attainment: overview
of the literature

The bulk of the work related to the modelling of educational outcomes is more
or less explicitly imbedded in the human capital theory, which dates back to
Becker (1964) and Mincer (1974). According to the human capital approach,
individuals decide on the optimal amount of education they want to invest in by
weighing up the costs and the returns of additional schooling. The acquisition
of education generates costs, in any case opportunity costs in the form of



foregone earnings during the time education is taken and possibly also direct
costs (e.g. books, tuition fees etc.). On the other hand, education is assumed to
raise one’s productivity and consequently to pay off in terms of future earnings.
Therefore, an optimising individual will choose the level of education which
maximises his net return and continue to invest in further education until
the marginal cost of additional investment equals the marginal return. This
theory implies that human capital investment differs among individuals due to
differences in either return or cost conditions.

The human capital theory has been criticised for privileging mere monetary
considerations, mainly regarding education as a monetary investment and dis-
regarding non-monetary utility aspects or consumption motives. As a matter
of facts, education may contribute to non-monetary utility in the short run
as well in the long run. As an answer to this objection, some economists ex-
tended the model by including the consumption motive in the human capital
approach, assuming that education increases the efficiency of allocating leisure
(see Heckman (1976) or Kodde (1988), the latter showing that the demand for
education is higher if one integrates consumption motives.).

Another extension of the human capital model can be found in the house-
hold production model, introduced by Becker (1965), which insists on the ne-
cessity of viewing the process of educational attainment as an aspect of fam-
ily behaviour rather than individual behaviour. According to this approach,
children’s educational attainment is a commodity which enters the household
utility production. The household is viewed as a production unit which gen-
erates utility for its members using some market inputs (e.g. school quality)
as well household inputs (e.g. time, family characteristics). Adults in the fam-
ily, typically parents, make decisions regarding the generation and the use
of household resources. Parental decisions may affect children’s outcomes di-
rectly, through for instance the amount of resources allocated to the children,
the nature of these resources or their timing, but also indirectly, through for
instance decisions related to the family structure or the location the children
grow up in. The household production model has been continuously refined
and complemented. Among others, Taubman (1976) stresses the importance
of genetic inheritance, since scholastic abilities are to some extent passed on
from one generation to the next. Also Becker and Tomes (1986), and more
recently Ermisch and Francesconi (2001), insist on the inheritability of certain
endowments like ability or preferences, which translate into human capital.
Hanushek (1992) points to the fact that there is a trade-off for the parents
between the number and of the "quality” of the children, here measured by
their scholastic performance, because parents maximise the household utility,
a function of the quantity and the quality of the children, subject to a budget
constraint and a time constraint. More recently, Wilson (2001) tried to inte-
grate in a model of educational attainment aspects of both the human capital



theory and the production function model.

Another vein of literature has a sociological focus and examines issues like
social mobility, social stratification or inequality in educational opportunities,
seeking to provide hypotheses to explain why the various social groups do not
have the same educational prospects. For instance, the socialisation approach
emphasises the transmission by peers or role models, typically the parents, to
the child of a pattern of behaviour. Another example is the life course devel-
opment hypothesis which highlights the role of the age at which educational
decisions occur. Indeed, as Miiller (1990) states, as students grow older, they
will increasingly be able to make their own choices and will be less dependent
on their family background. An interesting consequence of this hypothesis is
that if this turns out to be true that the timing of educational decisions in
the life course matters, educational policy could reduce social inequality in
terms of educational prospects by delaying the moment when educational de-
cisions are to be made (see the formulation of alternative hypotheses in Shavit
and Blossfeld (1993) to explain differences in educational attainment across
countries).

As far as empirical evidence is concerned, the major part of the literature
does not aim primarily at establishing causal relationships but rather focus
on the nature and the extent of correlations between parental and child’s
outcomes, without being primarily interested in the process by which these
correlations arise. In many studies, empirical analyses are only loosely related
to a theoretical model, even though other studies do imbed their empirical
analysis in a more or less explicit theoretical framework (see the overview of
Haveman and Wolfe (1995)). More concretely, a typical approach has been,
following Blau and Duncan (1967) to estimate the impact of selected variables
on ultimate educational attainment, typically measured by completed years
of schooling. Such an approach assumes that there exists a linear relationship
between the explanatory factors, typically family background variables, and
years of schooling.

By contrast, Mare (1980), after Boudon (1974), points to the usefulness, as
a complement to the traditional approach, of viewing final educational attain-
ment as the result of a process which can be decomposed into a finite number
of stages at which the student makes decisions. In other words, educational
attainment can be viewed as a sequence of transitions within the education
system, and the product of the transition probabilities generates the probabil-
ity of final educational attainment. Beyond the interest of analysing specific
transitions per se, Mare (1980) argues that restricting the analysis to the de-
terminants of only final educational attainment is not informative with respect
to the stage at which the explanatory factors exert an influence, whether they
affect the probability of transiting to the highest level of education attained or
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the probability of successfully completing some earlier transition. The approach
he proposes therefore consists in analysing school continuation decisions. Given
information on the highest grade finally completed, the school continuation de-
cisions at each grade can be deduced, i.e. the probability that a person attended
a particular grade of schooling, given that the person completed the previous
grade. Beside empirical studies which focus on one particular transition in iso-
lation from other transitions (e.g. Willis and Rosen (1979) and Manski and
Wise (1983) examine the transition from high school to college attendance),
many studies (among other Shavit and Blossfeld (1993)) are directly based on
the schooling-transition model of Mare (1980).

In a recent work, however, Cameron and Heckman (1998) have criticised
the schooling-transition model as applied in the empirical literature and ques-
tioned the empirical conclusions usually drawn from the application of this
model. Their main objection relates to educational selectivity. Indeed, school-
ing transition models generally ignore the consequence of factors who are not
observable to the scientist but might influence transitions, such as ability or
motivation. These unobserved factors may be correlated across transitions. As
a consequence, a dynamic selection bias arises, since from one schooling stage
to the next, only a certain type of students remains and the sample composition
becomes progressively selective with respect to unobserved heterogeneity.

In section 3, a model of educational attainment is formulated which draws
on the model of Cameron and Heckman (1998). The basic model presented
differs less in terms of real economic content than in terms of formulation from
that of Cameron and Heckman (1998). Nevertheless, it is reformulated in such
a way that it can be directly implemented and interpreted empirically. Section
4 proposes an extension of this model which consists in decomposing educa-
tional attainment into school attainment and post-school attainment, taking
problems of dynamic selectivity into account. In each section, an example of
empirical application of the model based on German data is presented with a
view to illustrating the empirical opportunities offered by both versions of the
model.

3 Basic model

3.1 Formulation of the model

Let us suppose that each individual chooses, given some constraints, how much
he wants to invest in education, i.e. chooses the education F he wants to acquire
among J educational alternatives F; of increasing levels, with j € {1...J}'.

1 Cameron and Heckman (1998) express the educational decision in terms of years of
schooling.



Let E* be the desired educational level. The desired level of education is not
observable, but only the actual decision E; of the individual® i.e. the education
level j actually chosen.

The decision is assumed to be rational in the sense that it maximises the
perceived utility for the individual, subject to some constraints. The perceived
utility is defined as the expected net returns, i.e. the difference between ex-
pected returns and expected costs of each educational alternative E;, given
some characteristics. The concept of utility may cover monetary as well as non
monetary aspects. Consequently, the terms "returns” and ”costs” are used for
ease of language, but may also be non pecuniary. Thus, the optimal educational
decision for an individual with a given vector of characteristics x is given by:

Mazjeq..y r(Ej| z) — c(Ej]| x) (1)

where r denotes the expected return and ¢ the expected cost associated with
educational level E;. The return function is assumed to be strictly positive,
weakly convex and increasing with the education level. The cost function is
assumed to be positive, concave and increasing with the education level. The
costs function starts with the value zero, while the return function is strictly
positive. These assumptions ensure that the net expected return will be concave
and positive for at least the lowest possible education level. The costs and
returns of education are allowed to differ across individuals and it is assumed
that they are affected by characteristics observable to the scientist and by
some other unobserved factors. Thus, the cost and return functions can be
decomposed in the following way:

r(Ejlx) = r(Ej)er(e)e (2)
c(Ejlw) = c(E))per)e

where ¢, (z) is a positive function defining the effects of the observed char-
acteristics on the expected returns to education and ¢, is a random variable
accounting for the effect of unobserved individual heterogeneity on the ex-
pected returns®. Similarly, () is a positive function which defines the effects
of the observed characteristics on the expected costs of education and e, is
a positive random variable representing the impact of unobserved individual

2 It does not matter who in fact makes the decision, whether it is the individual himself
or somebody else (the parents, for instance). What counts is the outcome of the decision
among the possible alternatives. For ease of presentation, we will speak of the individual
rather than of the decision-maker, since the outcome concerns the individual.

3 Due to the multiplicative structure of the model, ¢, (x) > 1 (resp. < 1) implies that the
observed characteristics of an individual, taken together, increase (resp. decrease) the
return expectations. Similarly, €, > 1 (resp. < 1) means that the unobserved factors
increase (resp. decrease) the return expectations.

6



heterogeneity. Thus, the observed characteristics as well as unobserved indi-
vidual heterogeneity may affect the expected returns and the expected costs in
different ways*. However, the personal shifters ¢,, ¢., &,, and €, are assumed
not to depend on the specific education level. Without loss of generality, it is
assumed that E(e,) = E(e.) = 1, meaning that unobserved heterogeneity has
on average a neutral effect on the return as well as on the cost expectations.

The optimal educational decision £« is such that the expected net return
is maximised, i.e. the net return associated with E;« must be positive, larger
than the net returns expected from the next lower education level E;«_; and
at least as large as those expected from the next higher education level Ej-1°:

T(Ej*)gor(x>€7“ - C(Ej*>gpc<x)€c > 0
r(Ep)or(x)er — c(Bp) pe(r) e > 1(Ep1) or(z)er — c(Ej1) pe(T) €c
r(Ej)pr(x)er — c(Ej)pe(x)ee = r(Ejpi1) or(®)er — c(Ejey1) pe(T) €c

This is equivalent to:

pol@)ee (B . % ()| > 0

oc()ee |T(Ej+) - % —c(Ej)| > w(r)e. [r(Ej*_l) : ZZEQZ - c(Ej*_l)]

el r(B). EE ()| 2 o, [r(Ejm) el c<Ej*+1>]
Let us define: p(z) = iigg and €= %Z.

¢(x) measures the net impact of observed characteristics z and ¢ the net ef-
fect of unobserved individual heterogeneity on the expected relation of returns
to costs. Since €, > 0, . > 0, ¢ > 0, ¢,.(z) > 0 and ¢.(z) > 0, one obtains
after simplification:

r(Ej)e(x)e —c(Epx) > 0
r(Ej)p(z)e —c(Ey) > r(Ejpo1)p(r)e —c(Ej1)
r(Ejp)e(x)e —c(Ejpx) > 1r(Ejgr)e(x)e — c(Ejir)

4 A high scholastic ability, for instance, a typically unobserved factor, reduces the cost
of educational investment, but might not increase to the same extent the return to
educational investments, since the way the acquired knowledge is ”transformed” into
wages depends on another kind of ability.

5 If the net return is equal for £; and F;41, the individual is assumed to choose alternative
Ej.

*
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P
(Er) ()
c(Ej)—c(Ej_y) 1 c(Ejgr) —c(Ejp») 1
HEr) —r(Er) @)~ S (B —r(Er) o)

Thus, for any individual with observed characteristics x, the expected net
return is positive at the optimum and the unobserved individual component
is bounded by the expected ratios, given x, of marginal costs to marginal
returns of moving from the next lowest education level for the lower bound,
and of moving to the next highest level for the upper bound. Consequently,
the probability that an individual chooses E; is given by:

Pr(E;| z) = Pr [

To simplify the notation, let us call:

i)and%:ﬂj-gp(lx) (4)

If a change, or a difference across individuals, in x results, for example,
in higher expected costs of E;;4, this raises the threshold 7,4, and results in
a lower probability that the individual chooses F;; or higher and a higher
probability that he chooses E; at most®. If conversely a change in z brings
about higher returns for E;_;, this raises the lower bound v; and therefore
increases the probability of choosing at most F;_; rather than E; or higher.
Thus, any change in the observed characteristics x may change educational
decisions to the extent that it affects the expected ratios of marginal costs
to marginal returns from the next lower level and to the next higher level.
Note that in this model, it is not necessary to assess the actual costs and
returns of each educational alternative, but it is enough to determine how the
observed characteristics influence the perceived ratio of costs to returns. Taking
the logarithm of the expression in brackets in equation (3) and assuming that
¢(x) = exp[fz], we obtain:

Pr(E;| x) = Prpj_1 — fr < lne < p; — Bz (5)

6 Note that we can only determine the exact impact of a change in = on the probability
of completing exactly E; - and not at most or at least - if we consider the impact of x
on both bounds and if we know the distribution function of ¢.



If we assume that In e is normally distributed with mean 0 and variance o2,
equation (5) may be rewritten as

Pr(E;| z) = ® (”J%&‘) ~ (“J = m) (6)

where and @ is the cumulative standard normal distribution function.

This expression takes the familiar form of an ordered probit model, where
the p;’s are the cut values’. The ordered probit model written above can only
be identified up to some factor of proportionality. Since this is the ratio of
the parameters to ¢ which matters, it is common practive to normalise o
to 1 (Maddala, 1983, p.23). The parameters 5 and the cut values p; can be
estimated by maximising the likelihood function for this model:

e~ T[] o By 1 — )" M)

where [;; is an indicator variable equal to 1 if the individual 7, i € {1..n}
opts for educational level E; and 0 otherwise. Maximising L boils down to
maximising In L, since L is a positive function and In L a monotone increasing
transformation of L. Therefore, the model can be easily estimated by max-
imising the following log-likelihood function®:

Inl = ZZ[ In[®(p; — fr;) — P(pj—1 — Pri)] (8)

=1 7=1

3.2 An example

This section presents a simple example of an application of this model, based
on a German data set, the GSOEP, a widely used data set in German socio-
economic research. The GSOEP is a longitudinal household survey conducted
on an annual basis since 1984 (for further information on the GSOEP, see
Haisken-DeNew and Frick (2000)). For the empirical application, the sample of
West German residents has been used and the cohorts born between 1929 and
1968 have retained”. This leaves us with a sample of about 6,000 individuals
for the estimation.

7 Note that given the assumptions made for the cost and return functions, we have at the
extremes o = —oo and py = +o0.

8 It can be estimated directly with standard statistical package like Stata 7.0, which
include a command for the estimation of ordered probit models.

9 In order to maximise the number of observations, cohorts born before 1948 are taken
from the 1985 wave of the panel, while cohorts born after 1948 are drawn from the 1999
wave.



We cannot model the decision as such, since we have no information on
what motivates individuals in their educational choices, but we can postulate
that the educational outcome we observe is the result of the decision made
by the individual. Therefore, the dependent variable is defined as the high-
est degree obtained, in five ordered categories. The lowest education level E;
(no vocational degree) is assigned to individuals who do not hold any voca-
tional qualification and at most a school degree which do not entitle them to
pursue tertiary level studies. Education level Ey (apprenticehip) corresponds
to an apprenticeship or a vocational degree of comparable level and a school
degree below the maturity level. Education level Fj is assigned to individu-
als who hold either an advanced vocational qualification (like a degree from
a technical college or a master craftsman degree) and/or are in possession of
the maturity certificate (the so-called Abitur or Fachhochschulreife) but do
not hold a tertiary level degree. Fy is the higher technical college (in German
Fachhochschule) level, and the highest level Ej is the university level.

To keep in line with usual pratice in empirical literature and keep the illus-
tration of the model as simple as possible, the independent variables consist of
birth cohort dummies (born between 1929 and 1938 as the reference category,
born between 1939 and 1948, born between 1949 and 1958 and born between
1959 and 1968) in order to control for cohort effects and of a series of variables
depicting family background. As we saw in section 2, the social background
individuals grew up in is likely to influence the educational outcomes. Parental
background might affect offspring’s educational outcomes through the avail-
ability of financial resources within the family. In the presence of imperfect
capital markets, and in case the parents do not dispose of enough money,
then, investment in education might be limited by credit constraints (Rosen-
zweig and Wolpin (1993)). The GSOEP contains no direct information on
parental income. However, there is information on the occupational situation
of the father (not on that of the mother, though) during the childhood of the
individual. This can serve as an indicator of the probable financial situation
of the household the individual grew up in, which affects cost to return ex-
pectations, especially through the cost side. The occupational position of the
father is depicted through a set of dummy variables: worker (reference cate-
gory), farmer, self-employed, senior manager, middle manager or employee. A
dummy for missing information on the father’s occupation is also included in
order to avoid problems of selective sample composition due to non-randomly
missing information. Furthermore, another set of dummies describe the educa-
tion level of the parents, defined as no vocational degree (reference category),
apprenticeship, technical college/maturity or higher education. Here again, a
dummy for missing information has been added.

Table 1 presents the results of specification tests. The first series of y2-tests
aims at examining whether the parameters differ significantly between men
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Table 1: Test results

Null hypothesis X2 P> X2
Female * Birth cohort = 0 61.59 0.00
Female * Mother’s education = 0 2.52 0.64
Female * Father’s education = 0 7.37 0.12
Female * Father’s occupation = 0 1.82 0.94
p1: Male = Female 227.86 0.00
p2: Male = Female 182.69 0.00
u3: Male = Female 154.67 0.00
pa: Male = Female 114.82 0.00
Males: W1 = 2 2,042.40 0.00

o = 3 814.33 0.00

n3 = g 211.85 0.00
Females: p1 = po 2,145.92 0.00

Lo = 3 532.03 0.00

13 = fig 87.08 0.00

and women, in which case the specification should account for this. The tests
on gender differences are based on an estimation of the model developed in sec-
tion 3, with the five-level dependent variable described above, which includes
in addition to the explanatory variables further dummies constructed by inter-
acting all the explanatory variables with a dummy variable for gender (1 if the
individual is a female, 0 if he is a male). The null hypothesis that all the in-
teraction dummies for one set of variables are not jointly significantly different
from zero is only rejected for the birth cohort variables (at a 1% significance
level). For the other variables, the null hypothesis cannot be rejected at the
10% level, which means that gender differences in the impact of the family
background variables are not significant in a statistical sense. A significance
level of at least 10% has been retained as a criterion for the interaction dum-
mies to be included in the final specification. Thus, only the interaction terms
between the birth cohort and the sex of the individual have been retained in
the final specification.

Furthermore, possible gender differences in the threshold values p; have
also been tested, since there is no a priori reason to assume that the thresh-
olds should be the same for men and women, even though this is a common
assumption in empirical literature as far as ordered probit estimations are con-
cerned. The test results in table 1 are based on a specification which includes
only the significant interaction terms for birth cohort and allow the threshold
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values to differ between men and women'®. As can be seen, all the threshold
values differ significantly between men and women at the 1% level. Therefore,
it proves useful to allow the threshold values to differ across genders in the
finally retained specification. In a next step, x?-tests on the threshold values
were run in order to ensure that the categories of the dependent variable are
really distinct. The hypothesis that the thresholds are not distinct has been
tested, for both males and females. If two consecutive thresholds proved not
to be statistically different, then, the educational categories should be aggre-
gated. The test results show that the educational categories have been defined
in an appropriate way since all threshold values differ significantly from each
other, both for males and females.

Table 2 reports the estimation results. The estimated coefficients should be
interpreted in a qualitative way: a positive and significant coefficient means
that a value of one for the dummy variable is associated with a higher prob-
ability of reaching a higher level of educational attainment compared to the
reference category!'!. A Wald test performed on the hypothesis that all coeffi-
cients except the threshold values are zero is rejected at the 1% level.

To obtain the overall effect of belonging to one cohort instead of belong-
ing to the reference cohort 1929-38, one adds the coefficient of the simple
cohort dummy to that of the same cohort dummy interacted with the gender
dummy'2. As can be seen, the cohort coefficients are significant, positive and
increasing, which points to the presence of educational expansion and means
that, all else equal, the cost to return ratio associated with education has de-
creased over the generations. However, the rise in the net utility of education
from one generation to the next seems to follow a decreasing path!'®. There
are significant differences between men and women in the cohort effects. The
interactions with the female dummy are positive and increasing, which implies
that the gap in the cost to return ratio in favour of men has decreased over
time and that educational expansion has been stronger among women than

10 This cannot be estimated directly with the ordered probit command of Stata 7.0 but is
programmable within the framework of maximum likelihood estimation (see Gould and
Sribney (1999)).

11 It also means that the variable increases the probability of achieving the highest ed-
ucation category E5 and decreases that of achieving only the lowest category E;. For
the intermediate categories, one can only say that a positive coefficient increases the
probability of holding at least Es or of holding at least E35. However, in order to obtain
a precise measure of the impact of a variable on the probability of achieving exactly one
specific education level, one needs to compute equation (6).

12 0.2740.14=+40.41 for the 1939-48 cohort, 0.34+0.45=+0.79 for the 1949-58 generation
and 0.22+0.60=+0.82 for the 1959-68 generation.

13 +0.41 for the 1939-48 cohort compared to the previous cohort 1929-38, 0.79-0.41=+0.38
for the 1949-58 cohort compared to the previous cohort 1939-48 and 0.82-0.79=0.03 for
the 1959-68 cohort compared to the previous cohort 1949-58.
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Table 2: Determinants of final educational attainment

Variable coef. (s.e)
Birth cohort (ref.: 1929-38)
1939-48 0.27  (0.06)
1949-58 0.34** (0.06)
1959-68 0.22°*  (0.06)
Female * 1939-48 0.14f (0.08)
Female * 1949-58 045 (0.09)
Female * 1959-68 0.60** (0.08)
Mother’s education (ref.: No voc. degree)
Apprenticeship 0.22** (0.03)
Tech. college/maturity 0.36™* (0.09)
Higher education 0.96** (0.13)
Missing 0.05 (0.06)
Father’s education (ref.: No voc. degree)
Apprenticeship 0.27** (0.05)
Tech. college/maturity 0.40** (0.06)
Higher education 0.87** (0.08)
Missing 0.13f (0.07)
Father’s occupation (ref.: Worker)
Farmer 0.18** (0.07)
Self-employed 0.48** (0.06)
Senior manager 0.89** (0.06)
Middle manager 0.56** (0.05)
Employee 0.34** (0.07)
Missing 0.14%  (0.04)
Thresholds
i1 Male -0.55%  (0.06)
Female 0.44** (0.06)
o Male 1.07* (0.06)
Female 1.98** (0.07)
43 Male 1.82*  (0.06)
Female 2.74** (0.07)
g Male 2.13** (0.07)
Female 2.97* (0.07)
Observations 6,005
Log-likelihood -7,122.45
X p> x*
Wald test 1,436.25 0.00

Significance level :  1:10%  *:5%  *x:1%
Dependent variable: E; = no voc. degree, F» = apprenticeship,
FE3 = tech. college or maturity, F4 = higher tech. college, E5 = university.
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among men.

Parental education has a significant impact on children’s educational out-
comes. This is true for both mother’s and father’s education. In particular, hav-
ing parents who hold a higher education degree seems to particularly favour
educational prospects. This may be because children growing up in families
where the education level of the parents is high inherit to some extent the
learning ability of their parents, which diminishes the costs of acquiring edu-
cation and therefore - to stick to the model notation - lowers the thresholds.
A high ability might also help to better convert education into utility (e.g.
wages, free time use) and thus increase the return, which further lowers the
thresholds. Moreover, highly educated parents generally place greater value on
education and are therefore more likely to encourage their offsprings to pursue
further studies. Thus, the perception of the return to education is expected
to be higher among sons and daughters of highly educated persons. The im-
pact of the father’s education has the same order of magnitude as that of the
mother’s education, and is even slightly stronger - except for the higher educa-
tion dummy - even though the occupational position of the father is controlled
for, while we have no information on the mother’s occupational position®?.

As far as the occupational position of the father is concerned, all coeffi-
cients are positive and significant, which means that the offsprings of blue col-
lar workers (the reference category) have the worst educational prospects. The
best educational opportunities, all other things equal, have children of senior
managers, followed by those of intermediate level managers and self-employed.
Children of farmers have only a slight advantage in terms of educational at-
tainment compared to worker’s children, but are significantly disadvantaged
compared to children of employees. These results might be the consequence of
financial constraints which raise the costs of investing in education and thus
enhance the cost to return ratio. This could also reflect different systems of
preferences, e.g. worker families value less education than other and children
growing up in those families would expect a lower utility from education or
higher costs than other families.

As seen before, there are significant differences in the threshold values be-
tween men and women. To be more specific, women have systematically higher
thresholds than men. This means that for a given family background and a
given cohort, women expect higher costs and/or lower returns to education
and invest less in education than their male counterparts.

14 Therefore, the influence of mother’s education may be of indirect nature and partly stem
from the correlated, but unobserved effect of the mother’s occupational position.
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4 Extension: decomposition of the educational
career

The model described and applied above is very simple to implement empiri-
cally and provides a convenient interpretation framework for the analysis of the
determinants of educational attainment. In particular, it allows an interpreta-
tion of the cut values obtained through the ordered probit estimation which
makes sense in economic terms. This is a very convenient model if one intends
to explain final educational attainment of individuals depending on certain
background characteristics. In a further step, an extension of this model is
proposed in order to allow the analysis to go into the detail of the educa-
tional process. Indeed, after having determined the overall impact of certain
factors on final educational achievement, it may be of interest to examine at
which stage of the educational career which factors exert an influence. As a
matter of fact, some factors might influence educational decision more deci-
sively (or exclusively) at an earlier stage of the educational career, other at a
later stage. For instance, has the observed educational expansion taken place
at all levels? Does parental background play a more important role for earlier
or for later stages of the educational process? Are gender differences similar
throughout the educational career? Moreover, changes in the environment at a
given stage, such as a reform in the educational system or changing economic
conditions, changing situation of the parents, new information, or simply per-
sonality development over time, might modify the appreciation of returns and
costs and therefore induce a reorientation of decisions for subsequent stages.
Finally, at certain stages of the educational career, explicit decision-taking is
required, which implies that a reorientation is possible, under the constraints
of a new context and of previous choices which might have limited the possible
subsequent alternatives.

In order to examine these issues, the educational career is now decomposed
into successive stages: primary education, general secondary education and
post-secondary education. This decomposition is general enough to be appli-
cable to most educational systems. Given that all individuals are assumed
to receive primary education, the final educational outcome is the result of
two decisions: the decision on general secondary education and that on post-
secondary education, given the level attained in general secondary education.

In practical terms, an appealing approach owing to its simplicity would be
to consider that for each transition, the model defined in section 3 applies,
i.e. after having completed secondary education, individuals decide on their
post-secondary education, given the new set of variables and the choices avail-
able, independently of their previous choices. Practically, this would result in
a sequential-response model, which only differs from the textbook models as
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presented in Amemiya (1986) pp.310, Maddala (1983) pp.49 or Gouriéroux
(1989) pp.249 through the fact that we have an ordered choice instead of a
binary choice. However, this approach is only valid under the assumption that
the probability of the choice at the second decision point is independent of the
choice at the first point, i.e. that the random factors influencing responses at
various stages are independent. Otherwise, the estimated coefficients will be
biased. Since a selection with respect to unobservable factors may take place,
we do not want to impose a priori such a restriction and estimate the corre-
lation between the first and the second stage along with the other parameters
instead of a priori assuming it equal to zero.

4.1 Formulation of the model

Let us call E® the level of general secondary education attained by an individ-
ual among K alternatives Ef of increasing levels, with k € {1...K}, and E®*
the unobservable desired secondary school attainment. Furthermore, let us de-
fine K variables E* with k € {1...K}, which represent the final educational
level an individual attains given that he holds a secondary school degree of
level k, and EF** the corresponding unobservable desired educational attain-
ment. Given his secondary school degree of level £, the individual may choose
one of L, educational alternatives Ef* of increasing levels, with ¢ € {1...L;}.
To sum up, we have the following variables:

Secondary schooling: E° = E; | ke {l.K}
Final education: Ef* = EI'' | (e {l..L}
EF? = EF? | (e{l..Ly)

EFK = EFK | (e {l..Lg}

Like in section 3, we can define K+1 functions ¢ (z%), o1 (2f1), ..., oK (2 F'K),

and K+1 error terms %, ¢f1 ..., X, Furthermore, we assume that ¢(zf) =

exp|Bexy], with t € {S, F1...FK} and, analogue to equation (5), obtain for all
ke{l..K}and { € {1..Ly}:

Pr(E7| «®, E* | 2") = )
Pr {Nf—l _ ﬂsxs <IneS < Mf _ ﬁsxs’ ,uéf_kl _ ﬁFkaij < Inef* < quk _ ﬁFk$Fk}

where

BS) — el B | (elBE) — (B
= (e = = (e em)
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If we knew for sure that Ef | 2° and E[*| 2% are independent from each
other, we would have Pr(E}|x% E[*|z'%) = Pr(E]|2%). Pr(EF*| 2F)
and we could estimate the equation for secondary schooling and those for
final education given secondary schooling separately and in the same way as in
section 3. However, some unobserved factors might affect educational attain-
ment both at the secondary level and at the final educational level and these
equations might be correlated. If this is the case, estimating the equations sep-
arately would lead to biased estimates. Therefore, we allow the error terms to
be correlated and assume that they follow a multivariate normal distribution

of the following form!?:

Ine’ 0 I o1 0 - 0ok
Inet! 0 o 1 0 -0

me™ | N0 ], 0o 0 1 :
InefK 0 ok 0 - 0 1

Like in section 3, only the ratio of the (’s to the ¢’s can be identified,
therefore the ¢’s are normalised to 1. We have K correlation parameters g, k €
{1...K}, corresponding to the correlation between secondary school choice and
final educational choice given the secondary school degree obtained, for each
secondary school degree.

To simplify the presentation, let us define, similarly to equation (4), v =
g — 399 and yf* = pf* — gFRLEE Thus, equation (9) becomes:
Pr(E{ | 2%, EF*| 2% = Pr [fyk L <Ine® <7 AER < Inef* Sfyfk}
Given the assumptions on Ine® and Inef*, we obtain:
Pr(Bg |2, B[ 2"™) = (11)
©a(75 76 "5 o) — Pa(7 s vty 0k) = P2(Vi1s Ve s o) + Pa(i1: i o)

where @, is the bivariate standard normal distribution. The probability corre-
sponds to the grey area in figure 1:

Thus, the log-likelihood for this model may be written as:

Ly

n K
InL=> 3> I [Pr EP |23, fﬂxf’“)} (12)

i=1 k=1/¢=1

15 See the general overview of bivariate and multivariate probit models in Greene (2000)
pp-849 and p.927, Ronning (1991) pp.95 or Gouriéroux (1989) pp.86.
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Figure 1: Joint probability of E} and E*
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where Pr(Ep | xz7, Ef*| xI%) is defined such as in equation (11) for all indi-
viduals 7, i € {1...n} and I, is an indicator variable equal to 1 if individual
obtained school degree k and post-school degree ¢.

The estimation of this sequential model is not as straight-forward as that of
the basic version in section 3, but remains reasonably feasible. As a matter of
fact, since we have determined the expression of the log-likelihood function to
be maximised (in equations (12) and (11)), we just need to write this function
down and start the maximisation procedure, and we will be able to recover the
parameters (the 3’s u’s and ¢’s). Using Stata 7.0, the maximisation is done
numerically with the help of the Newton-Raphson iterative procedure!®. This
may be quite time-consuming.

4.2 An example

In this section, the decomposition of the educational career such as explained
previously is applied to the GSOEP data, the purpose being to provide a simple
illustration of how the model functions in practice on the basis of a widely used
data set.

The ultimate educational outcome is, following the model, the result of two
decisions: the first decision concerns attainment in general secondary educa-
tion, and the second one is about post-school educational achievement. Here
again, it is assumed that the educational outcome observed is the result of the
decision of the individual given some constraints and the dependent variables
are defined by the highest degree obtained in general secondary education and
in post-school education respectively, as shown in table 3.

16 The principle of the Newton-Raphson procedure is the following: starting with a vector
of initial values by, the algorithm calculates a new vector by such that by = bo+g(—H)™!,
where g is the gradient vector and H the matrix of second derivatives, then calculates
by = by + g(—H)~! and repeats the procedure until convergence is achieved (see details
in Gould and Sribney (1999)).
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Table 3: Definition of dependent variables

General secondary education:
E{ Hauptschule E5 Realschule ES Gymnasium

Post-(general) secondary education of:

Hauptschule-leavers Realschule-leavers Gymnasium-leavers
EF! No voc. degree Ef? No voc. degree Ef3 No higher education
ELIY Apprenticeship EL$? Apprenticeship E13 Higher tech. college
EL! Tech. college EX? Tech. college EX3 University
EI? Higher tech. college/
university

Attainment in general secondary education in Germany can be defined, us-
ing the GSOEP, by three levels EY, with k& € {1...3}: the lowest category EY
is attributed to those individuals who obtained at most a degree from the
Hauptschule, which provides pupils with basic general education. The inter-
mediate category E5 consists of those people holding a degree from the Re-
alschule, which provides pupils with a general education of intermediate level,
and F3 is given to individuals who obtained a degree from the highest type
of general secondary education, the Gymnasium, which qualifies for university
studies (see a detailed description of the German education system in Lauer
(2001)).

As far as post-school attainment is concerned, the definition of the depen-
dent variable depends on the level attained in general secondary education.
Since we have three possible attainments in secondary education, we have
three different variables E[* for post-school attainment, with k € {1...3}, the
number and the type of categories £ € {1...L;} of each depending on the value
of k, i.e. on the type of secondary school degree possessed. In the end, we there-
fore estimate, through the maximisation of the log-likelihood function defined
in equation 12, a model of four simultaneous equations (the secondary school
equation on the one hand, and the post-Hauptschule, the post-Realschule and
the post-Gymnasium equations on the other hand), with as many correlations
ok, k € {1...3} between attainment in secondary education and subsequent
achievement as there are secondary school degrees.

For those people having at most the Hauptschule degree, the dependent
variable is EI! if the person has no vocational degree, EX? if the individual
completed a basic vocational training (typically an apprenticeship but also in
full-time vocational schools) and EX* if the person has completed at least!'”

17 Only a few individuals with Hauptschule degree managed to get a higher education
degree in the end, through the obtention of the vocational maturity certificate which
entitles to lower tertiary studies.
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an advanced vocational qualification (like the technical college or the master
craftsman degree, but also the vocational maturity certificate). For the group
of Realschule graduates, the dependent variable is in four ordered categories:
no vocational degree (ET?), a basic vocational degree (F?), an advanced voca-
tional degree (E1?) and a higher education degree!®. Finally, the Gymnasium
leavers may either have no higher education degree (E¥?), in which case they
stopped their studies immediately after the obtention of the maturity certifi-
cate or only completed a vocational training, or hold a lower tertiary level
degree (higher technical college - Fachhochschule - or equivalent, EI?), or a
university degree (E13).

One issue of interest is to investigate whether some factors play a more
important role in the first stage, other factors in the second stage of the ed-
ucational career. Therefore, the same variables on family background as in
section 3 (parental education and father’s occupation) have been included in
all four equations. Moreover, we want to allow time-variant factors to influ-
ence educational choices. Ideally, we would like to have information on e.g.
the financial situation of the household, on changes in the household structure
etc. at the time when the individual decided upon his secondary education
and when he decided upon his post-secondary education. Since this kind of
information is not available, the approach adopted here was the following. It is
assumed that the decision concerning secondary school choice is made at the
end of primary schooling, at the age of 10, since this is the stage at which pupils
are streamed into different types of secondary schools in Germany. Therefore,
we can examine the effect of the context prevailing at that time by looking
at the effect of finishing primary education in that year rather than in this
other year. Concretely, a set of dummy variables indicating in which year the
individual ended primary education, grouped in five-year primary school co-
hort dummies has been included in the secondary school equation. Similarly,
it is assumed that the decision concerning post-secondary education has been
made at the end of secondary education. Thus, we examine the effect of fin-
ishing secondary education at a specific point in time rather than at another
point in time and include in the post-school equations a set of dummy variables
indicating the year in which the person finished general secondary education,
grouped in five-year secondary school cohorts. The computation of the year
in which the individual ended secondary education is based on information on
the type of secondary education completed and its duration.

Table 4 presents overall statistics and tests for the estimation. The over-
all Wald test at the bottom of the table tests the null hypothesis that all
slope coefficients of all equations are jointly insignificant. The null hypothesis

18 Generally a lower tertiary degree obtained via the obtention of the vocational maturity
certificate degree.
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Table 4: Overall results and tests

Equation
Post- Post- Post-
Secondary Hauptschule Realschule Gymnasium
x> p>x* xX* p>x*  xX* p>x* X p>X

Coefficients
Wald test 1,481.89 0.00 369.15 0.00 126.77 0.00 159.71 0.00
Female * School cohort 45.32 0.00 35.03 0.00 12.04 0.10 9.61 0.21
Female * Mother’s educ. 2.44 0.68 2.63 0.45 4.62 0.20 2.04 0.73
Female * Father’s educ. 1.03 0.90 9.44 0.01 4.86 0.30 3.32 0.51
Female * Father’s occ. 5.66 0.46 10.31 0.19 1.85 0.93 2.81 0.83
Thresholds t=29 t=F1 t=F2 t=1F3
ph: Male = Female 411 0.04 7791 0.00 24.97 0.00 4.76 0.11
ph: Male = Female 37.19 0.00 57.00 0.00 36.39 0.00 2.24 0.03
ph: Male = Female 38.61 0.00
Males: uh = b 1,001.96 0.00 215.99 0.00 22.72 0.00 31.04 0.00

ph = p 23.39 0.00
Females: ! = b, 1,206.35 0.00 144.64 0.00 28.83 0.00 18.81 0.00

ph = p 27.69 0.00
Correlation secondary/post-secondary k=1 k=2 k=3
or: Male = Female 0.30 0.58 0.45 0.50 0.05 0.82
Observations 5,857
Log-likelihood -10,021.67

X2 p>x°

Overall Wald test 1,842.89 0.00

is rejected at a 1% significance level. Partial Wald tests on the coefficients of
each equation separately are also all rejected at a 1% significance level and at-
test that the slope parameters are jointly significant in all equations!®. Gender
differences in the coefficients as well as in the threshold values and in the corre-
lations were also tested in the same way as in section 3. There are no significant
(at a 10% significance level) gender differences in the slope coefficients with
the exception of the school cohort variables in all equations (except for the
post-Gymnasium equation), and of the coefficients of the father’s education
dummies in the post-Hauptschule equation. Similarly, there are no differences
between males and females in the correlation between secondary school attain-
ment and post-secondary education. However, all the threshold values differ
significantly between men and women (though weaker for the second threshold
to university education). In the final specification, only the significant interac-

19 The value of the xZ-statistics, however, is all the lower since the level of education
gets higher, which suggests that the variables used have more explanatory power for
secondary school decision than for post-school decisions.
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tions between the female dummy and the set of coefficients have been retained,
as well as different thresholds for men and women, but one single correlation
coefficient is estimated for males and females. The results of further tests on
the statistical distinctness of successive threshold values show that the cho-
sen educational categories do not need to be aggregated since all the resulting
thresholds are statistically different, for men like for women.

Table 5: Determinants of secondary school attainment

Variable coef. (s.e)
Primary school cohort (ref.: 1939-1950)
1951-55 0.28"  (0.08)
1956-60 0.39  (0.08)
1961-65 042 (0.08)
1966-70 057 (0.07)
1971-78 0.49  (0.07)
Female * 1951-55 -0.217  (0.11)
Female * 1956-60 -0.28*  (0.11)
Female * 1961-65 0.24*  (0.11)
Female * 1966-70 0.20  (0.10)
Female * 1971-78 0.34  (0.10)
Mother’s education (ref.: No voc. degree)
Apprenticeship 0.27*  (0.04)
Tech. college/maturity 0.42**  (0.10)
Higher education 0.85**  (0.14)
Missing 0.05 (0.07)
Father’s education (ref.: No voc. degree)
Apprenticeship 0.21**  (0.06)
Tech. college/maturity 0.33**  (0.07)
Higher education 0.80**  (0.09)
Missing 0.01  (0.09)
Father’s occupation (ref.: Worker)
Farmer 0.10 (0.08)
Self-employed 0.65**  (0.06)
Senior manager 1.12**  (0.07)
Middle manager 0.68**  (0.05)
Employee 0.38**  (0.08)
Missing 0.28"  (0.05)
Thresholds
wi  Male 1.15*  (0.07)
Female 1.28  (0.07)
ps  Male 2.10**  (0.07)
Female 2.56™  (0.08)

Significance level :  1:10%  *:5%  *x: 1%
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The estimation results of the secondary school equation are reported in
table 5 and the results of the three post-school equations in table 6. Observing
table 5, it appears that there has been a strong educational expansion at
the secondary school level. Indeed, the primary school cohort dummies all

Table 6: Determinants of post-secondary school attainment

Level of secondary school attained

Hauptschule Realschule Gymnasium
Variable coef. (s.e) coef. (s.e) coef. (s.e)
Secondary school cohort (ref.: 1945-1955)
1956-60 0.34** (0.10) 0.32° (0.14) 034  (0.21)
1961-65 0.30** (0.10)  0.38* (0.15) 0.08  (0.20)
1966-70 0.24*  (0.11) 0.277  (0.16) -0.09 (0.19)
1971-75 023" (0.12)  0.53** (0.14) -0.28  (0.19)
1976-80 0.36** (0.11)  0.35* (0.16) -0.50** (0.18)
1981-86 0.19 (0.13)  0.20 (0.15)  -0.68** (0.17)
Female * 1956-60 0.280  (0.15)  0.09  (0.20)
Female * 1961-65 0297 (0.15) -0.02  (0.22)
Female * 1966-70 0.79*  (0.15)  0.56™ (0.22)
Female * 1971-75 057 (0.15)  0.44*  (0.19)
Female * 1976-80 0.69 (0.14)  0.62* (0.19)
Female * 1981-86 0.79**  (0.18)  0.62* (0.18)
Mother’s education (ref.: No voc. degree)
Apprenticeship 0.26** (0.05)  0.24* (0.06) -0.08 (0.08)
Tech. college/maturity 047 (0.15)  0.52* (0.12) -0.17  (0.15)
Higher education 0.09*  (0.04)
Missing 0.00  (0.07) 0201 (0.10) 0.00  (0.18)

Father’s education (ref.: No voc. degree)

Apprenticeship 0.20* (0.08)  0.177  (0.09) 0.06  (0.14)
Tech. college/maturity 0.54** (0.12)  0.28* (0.11)  0.09*  (0.03)
Higher education 1.20**  (0.25)  0.70" (0.16)  0.41*  (0.19)
Missing 0.13  (0.11) -0.02  (0.13) -0.46* (0.22)
Female * Apprenticeship 0.29**  (0.10)

Female * Tech. coll./mat.  0.10 (0.15)

Female * Higher educ. -0.24 (0.30)

Female * Missing 0.19 (0.13)

Father’s occupation (ref.: Worker)

Farmer 0.12 (0.08)  0.38* (0.14) 0.03 (0.19)
Self-employed 0.50** (0.09)  0.46* (0.12) 0.32* (0.15)
Senior manager 0.68** (0.16) 0.87** (0.17) 0.39* (0.16)
Middle manager 0.51** (0.08) 0.53* (0.11) 021  (0.14)
Employee 0.32** (0.10)  0.39** (0.11) 0.16 (0.19)
Missing 0.10  (0.06) 0.19* (0.08) 0.07  (0.12)

to be continued...
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...table 6 continued

Level of secondary school attained

Hauptschule Realschule Gymnasium
coef. (s.e) coef. (s.e) coef. (s.e)
Thresholds k=1 k=2 k=3
pi* Male -0.69** (0.08) -0.28 (0.57)  2.31"* (0.33)
Female 041" (0.09) 0.56* (0.32) 247 (0.28)
ps® Male 1L.15%  (0.14)  1.00** (0.32)  2.49** (0.35)
Female 2277 (0.21)  1.89™ (0.24)  2.74** (0.30)
pk* Male 1.82**  (0.18)
Female 2,74 (0.14)
Correlations k=1 k=2 k=3
Ok 0.64** (0.15)  0.70* (0.18)  0.86* (0.10)
Significance level :  7:10%  *:5%  *x: 1%

prove extremely significant for the determination of attainment in secondary
education and exhibit an increasing pattern®. In other words, the net utility
of a high level secondary school degree has increased over time. Judging from
the coefficients of the interaction terms, educational expansion started later on
for women. Until the cohorts ending primary education the 1950s, the increase
in the utility of a higher general education used to be stronger for men. Then,
however, educational expansion has been much stronger for women than for
men, and the gap in the rate of expansion has increased over time. In the post-
school equations (table 6), the pattern is more differentiated. Among those
people holding as the highest general secondary school degree the Hauptschule
degree, those who obtained their degree later have attained a higher level
of subsequent education. Female Hauptschule-graduates have experienced a
particularly strong educational expansion since the Hauptschule cohorts of
the end of the late 1950s, much stronger than men, especially since the late
1960s Hauptschule cohorts. A similar pattern is observable for Realschule-
degree holders, even though the stronger educational improvement for women
started for the late 1960s Realschule cohorts only. For the Gymnasium leavers,
however, their has been a decline in subsequent educational attainment. This
means that the propensity to study among those entitled to do so has declined
over time. This phenomenon starts becoming significant for those cohorts who
obtained their maturity certificate from the middle of the 1970s onwards.

Mother’s education is strongly significant for achievement at school, but also

20 The overall impact of belonging to a specific cohort on the educational outcome is
obtained by adding the coefficient of the cohort dummy to that of the interaction term
between that same cohort and the gender dummy.
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for post-Hauptschule and post-Realschule achievement?!. The coefficients have

the same order of magnitude in the post-Hauptschule and in the post-Real-
schule equation. Thus, the higher the education of the mother is, the lower the
cost to return ratio for the children and the higher the educational prospects
of the children in general and vocational education are. At a higher level of
secondary education, however, the influence of mother’s education attenuates
strongly. Mother’s education has virtually no influence for Gymnasium leavers,
except when the mother is a university graduate, but even there, the effect is
small.

Father’s education is also a strong determinant of secondary school achieve-
ment. As far as post-school education is concerned, it depends on the level of
general education attained. The influence of father’s educational attainment
is all the weaker since the level attained in general education is high. Thus,
the impact is highest for Hauptschule degree holders, it is less strong for Real-
schule leavers and very weak for maturity certificate holders. For the latter
category, father’s education has more effects than mother’s education, espe-
cially in case the father has a higher education degree. The interaction terms
in the post-Hauptschule equation show that the educational attainment of the
father seems to have slightly more importance for women: the fact that the
father has completed an apprenticeship improves much more the prospects
in vocational education for females than for males, but the other interaction
terms are not significant.

Like for secondary school achievement, sons and daughters of senior man-
agers have by far the best prospects also with respect to post-school education.
The effect is strongest for secondary education, but it also particularly strong
for post-Realschule achievement. Overall, the impact of father’s occupation is
weakest for holders of the maturity certificate. In this group, only individuals
with a senior manager or a self-employed as a father achieve significantly bet-
ter than the reference category of workers’ offsprings. For all other groups, also
sons and daughters of middle staff managers and to a lesser extent of employees
achieve better than workers’ offsprings. The group of the Realschule-graduate
is the only one for which having a farmer as a father is recorded to have a
positive effect on subsequent education compared to the reference category.

The threshold values are significantly higher for females than for males
at all educational levels. This implies that for the same characteristics and
coefficients, the cost to return ratio will be higher for women than for men
and the educational prospects poorer. Moreover, even with this very simple

21 As far as the education level of the mother is concerned, the too small proportion a
mothers with a higher education degree made it necessary to aggregate the categories
"technical college/maturity” and "higher education” into one single category for the
post-school attainment of Hauptschule and Realschule degree holders.
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specification in terms of variables included, the correlations between the sec-
ondary school equation and the post-secondary education equations all prove
extremely significant?2. This implies that the decisions at the different stages
are not independent and that a purely sequential model - or a model focussing
on one specific transition within the educational career in isolation from pre-
vious transitions - would be inappropriate. Therefore, the additional compu-
tational burden resulting from a time-intensive maximisation procedure seems
to be worth it?3.

5 Conclusion

This article develops a model of educational attainment which is imbedded
in the human capital theory, the reference theory for the economic analysis
of issues related to education. The principle of this model is that there is a
finite number of possible educational alternatives which may be ordered by
level. Each educational alternative yields a certain utility to the individual.
The net utility of an educational alternative is expressed in terms of the dif-
ference between the "returns” and the ”costs” associated with this alternative
for any individual with specific characteristics and constraints. The costs and
the returns may be non-pecuniary and can be decomposed into one education-
specific component, one individual-specific component and one random com-
ponent. The individual chooses, given his specific constraints or characteristics,
to attain the education level which maximises his net utility.

In a first step, the formalisation of these assumptions leads to an ordered
probit model where the threshold values are given by the expected ratio of the
marginal costs to the marginal returns. In other words, the individual assesses
the marginal costs and the marginal returns associated with the next higher
education level, and if the ratio of the former to the latter, given his charac-
teristics, is below a certain threshold, he will opt for the next higher level. In
a second step, the educational process is decomposed into two stages: achieve-
ment at school and post-school achievement. The same conceptual framework
applies at both stages, but a correlation is permitted between them. Empiri-
cally, this boils down to estimate a multivariate ordered probit model, where
we have one equation for secondary education and as many post-secondary ed-
ucation equations as there are secondary school degrees. The model makes it
possible to investigate whether some factors exert a different influence depend-
ing on the stage in the educational process, and whether time-variant factors

22 A speculation of the sign of the correlation between the error terms of the different would
be too hazardous since we do not know exactly what these unobserved factors are.

23 If the correlations had proved to be insignificant, the estimations should better be run
separately, because it would be more efficient in the sense that fewer parameters are
estimated.
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also play a role.

A simple example shows how this model functions in practical terms, using
data from the German Socio-Economic Panel, a widely used data set in Ger-
man socio-economic research. The theoretical model can be estimated directly
by maximising the log-likelihood function derived theoretically. Final educa-
tional attainment has been defined by five ordered categories. The explanatory
variables used are the traditional ones encountered in the literature on educa-
tional attainment: cohort dummies and variables depicting family background.
Differences across genders in the parameters have been systematically tested.
Little variation has been found in the coefficients for males and females, except
for cohort dummies. The thresholds have also been allowed to differ between
males and females, which is not usual in empirical studies but proved extremely
useful. As a matter of fact, the threshold values proved systematically higher
for women than for men, which means that for the same characteristics and
coefficients, the (perceived) cost to return ratios are higher for women and
their final educational attainment poorer.

For the application of the decomposition of the educational process into two
steps, attainment in general secondary education has been defined by three lev-
els, and we have therefore three further equations for post-school educational
attainment, one for each secondary school degree. Overall, the family back-
ground variables play a more important role for achievement at school than
for post-school education. Educational expansion proved particularly strong at
the level of secondary education, especially for women, but not at the post-
maturity level, where the propensity to undertake tertiary level studies has
decreased over generations, all other things equal. Thus, there might be dif-
ferent effects at work depending on the stage observed within the educational
career. The three estimated correlations between school achievement and post-
school education all proved extremely significant. This points to the usefulness,
even with this very simple specification in terms of variables included, of al-
lowing non-zero correlations, which would have been the implicit assumption if
the two stages had been estimated separately. The model promises to be even
more useful with a more sophisticated specification, in particular if more time-
variant variables depicting the costs or the returns of education are included,
provided these are available in the data set used. Overall, the model formulated
here has the advantage of being directly estimable empirically, while provid-
ing an economic interpretation framework consistent with the human capital
theory.
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Appendix

Table 7: Descriptive statistics for the sample of the simultaneous estimation

Variable Percent
Secondary education Hauptschule 56.95
Realschule 27.74
Gymnasium 15.32
Final education No vocational degree 24.07
Apprenticeship 45.42
Technical college or maturity 17.15
Higher technical college 4.26
University 9.09
Post-school education of:
Hauptschule-leavers No vocational degree 27.82
Apprenticeship 60.60
Technical college or maturity 10.28
Higher education 1.31
Realschule-leavers No vocational degree 8.05
Apprenticeship 46.55
Technical college or maturity 32.44
Higher education 12.96
Gymnasium-leavers No higher education 28.08
Higher technical college 9.03
University 62.89
Sex Male 50.04
Female 49.96
Birth cohort 1929-38 22.95
1939-48 23.75
1949-58 23.07
1959-68 30.23
Primary school cohort 1939-50 29.48
1951-55 10.58
1956-60 11.69
1961-65 10.83
1966-70 13.21
1971-75 15.00
1976-78 9.22

to be continued...
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...table 7 continued

Variable Percent
Secondary school cohort 1945-50 13.58
1951-55 14.39
1956-60 10.65
1961-65 11.16
1966-70 10.48
1971-75 11.53
1976-80 15.48
1981-86 12.73
Mother’s education No vocational degree 43.98
Apprenticeship 36.66
Technical college or maturity 3.39
Higher education 1.16
Missing 14.80
Father’s education No vocational degree 12.39
Apprenticeship 52.88
Technical college or maturity 12.63
Higher education 6.90
Missing 15.20
Father’s occupation Worker 35.62
Farmer 5.57
Self-employed 7.95
Senior manager 10.41
Middle manager 13.34
Employee 4.07
Missing 23.03
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