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Abstract

This paper is concerned with the effects of training on the future employment probabi-
lity of trainees. During the transformation process of the East German economy after
reunification, employment decreased by a large amount. Therefore, many workers in East
Germany participated in training programs which were heavily subsidized by the labor ad-
ministration. However, at this point a thorough evahiation of such labor market programs
does not exist. This paper attempts to fill this gap with regard to the impact of parti-
cipation in training on the future employment probability of the trainees. Our analysis
is based on the "Arbeitsmarktmonitor Ost", a large labor market panel data set used by
the German labor administration to examine the development of the East German labor
market. We analyze the effects of two types of training: training within a firm and train-
ing in an institution outside of the firm, where the worker is employed. In our empirical
analysis, we are very careful about the intriguing selection issiies involved, and we also
take account of the severe attrition in the data set. Neglecting selection effects would lead
to the result that training outside of the firm shows strong negative effects on employment
probabilities whereas training in the firm shows strong positive effects. However, when
taking account of selection effects, the results are completely reversed. Contrary to what
is often alleged, we find in particular that training outside of the firm shows a considerable
positive effect on the employment probability during the sample period.

Keywords : training, employment probabilites, selection,
dynamic random-effects probit

JEL-Classification : .120, J60, C33

'Our research benefitted greatly from our discussions with Wolfgang Franz. We are also grateful to
Bart Cockx, Bruno Van der Linden, Tom MaCurdy, Winfried Pohlmeier, Frank Wolak, our colleagues in
Konstanz, and participants at the OEPR workshop on the "Skill Problem" in January 1995.for helpful
comments. However, all errors are our sole responsibility.



1 Introduction

Just one month after German unification in October 1990, the Federal Bureau of Labor'
(BA) started a labor market survey, called "Arbeitsmarktmonitor Ost" (Labor Market
Monitor, LMM), to interview a representative number of inhabitants of the former GDR
about their economic situation. So far, there have been eight waves. From the beginning,
the organizers have emphasized the importance of the LMM both as a first representative
data base for the new East German states and as a flexible tool to provide, quick infor-
mation about changes in the East German labor market. This is even more important
because labor market policy in East Germany has been a major field of public activity with
total spending of 23 billion DM in 1993,2 which represents more than 8 percent of East
Germany's GDP, an unprecedented number for western market economies.'3 At this point,
however, a thorough evaluation of active labor market policies in East Germany does not
exist. This paper attempts to fill in this gap with regard to the impact of participation in
a qualification measure (training) on the future employment probability of the trainees.
In the future, we also plan to study the effects on earnings.

The transformation process after reunification resulted in a tremendous fall of employ-
ment in East Germany, which fostered active labor market policies in order to enhance
employment prospects. Participation in various types of subsidized training programs in-
creased considerably after reunification. In order to evaluate the success of such active
labor market policies, we estimate the impact of participation in two types of qualification
measures on the subsequent employment probabilities of workers.

There exists a considerable literature concerned with the problems involved when estimat-
ing the impact of training.4 Bjorklund (1989) provides an excellent survey of the topic.
The basic evaluation problem lies in the intriguing selection issues involved. Trainees might
be different from other labor market participants because they are trainees. Therefore, if
one wants to isolate the. impact of training, one has either to find a comparison (control)
group that correctly matches the group of trainees in.all relevant characteristics or to
fully control for the trainees' characteristics. Some researchers, e.g. Heckman and Hotz
(1989), believe that it is possible to pursue the latter approach using non-experimental
data, while others, e.g. Ashenfelter and Card (1985), doubt that one is actuaDy able to ob-
tain reliable estimates from such non-experimental data. These researchers rather suggest
the implementation of experiments in order to obtain a satisfactory control group for the
trainees. Due to the lack of experimental data, this paper pursues the strategy suggested
by Heckman and Hotz. We use non-experimental data (LMM) and we try to control for
the trainees' characteristics.

For our analysis, we focus on two types of training: training within a firm and training
in an institution outside of the firm. Our empirical approach is to estimate a one-factor,
simultaneous probit equations model, with separate employment, attrition, and qualifi-
cation (training) probit parts. The LMM is severely plagued by attrition, and we can

2See ANBA, p.68.
3Numbers for western economies in 1986 vary between 0.8 % (USA) and 4.0 % (Netherlands), cf.
Zweiiniiller/Winter-Ebmer (1994), p.6, and OECD (1988)
4See Ashenfelter (1978), Ashenfelter and Card (1985), Bjorkluiul (1989), Card and Sullivan (1988), Gritz
(1993), Heckman and Hotz (1989), Heckman et al. (1987), and Zweimiiller and Winter-Ebmer (1994) to
mention a few sources.
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show that not controlling for attrition has a significant impact on the estimates in the
employment probit. Our main empirical findings are the following: Neglecting selection
effects would lead to the result that training outside of the -firm shows strong negative
effects on employment probabilities whereas training in the firm shows strong positive
effects. However, when taking account of selection effects, the results are completely re-
versed. Contrary to what is often alleged, we find in particular that training outside of
the firm shows a considerable positive effect on the future employment probability within
the sample period.

The paper is organized as follows: Section 2 describes the development of the labor market
since unification as well as size and structure of labor market policies pursued in East
Germany. Special attention will be given to qualification measures. Section 3 discusses
some methodological problems when assessing the impact of labor market programs. The
data set (LMM) is described in section 4. Taking account of the considerations in section 3,
section 5 develops our empirical approach and contains the estimation results and our
findings about the effectiveness of qualification measures in East Germany. Section 6
concludes.

2 Labor Market Development and the Importance of Training in East
Germany

Since unification, the East German labor market has undergone a fundamental change.
The sudden exposure to a western-style economic environment and the loss of the main
trading partners in the East led to structural changes such that only some of the old firms
(jobs) could survive. In the first years, many workers were kept in - often short-time
- working contracts. A large fraction of these jobs were supposed to develop into new
and permanent jobs created by the expected structural recreation of the East German
economy. Instead, employment in East Germany decreased and unemployment increased,
accompanied by a diminishing labor force. Figure 1 shows this development, based on the
data of the "Arbeitsmarktmonitor Ost" (LMM).5

Employment in the former GDR was at 9.2 million in September 1989. Unemployment
did not exist - or at least it was not officially recognized. With the opening of the borders
in September 1989, economic and monetary union in May 1990, and finally political uni-
fication in October 1990, East-to-West Commuting and unemployment appeared as new
phenomena. Based on the first wave of the LMM, the Federal Bureau of Labor (BA) esti-
mated 200 thousand commuters and 590 thousand unemployed, that is an unemployment
rate of 6.8 percent. By then, employment had decreased by 1.4 million people. Labor
supply had been diminished by 600.000 people which was the consequence partly of a
considerable outflow of women out of the labor force, partly of active labor market policy
that encourages elder workers to retire, and partly of permanent East-West migration.
This pattern has remained almost stable over time. While labor supply and employment
went down to 7.8 million and 6.2 million people, respectively, unemployment increased to
more than 1 million people. Commuting seems to have reached a constant level of 500.000
people.

5Franz (1992) and (1993) summarizes the labor market developments in East Germany right after
reunification.



Figure 1: East Germany's Labor Force Since 1989, Estimates Based on the LMM
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As a consequence of the dramatic, development of unemployment in the New Laender,
the BA has spent an enormous amount of money to combat unemployment. There are
basically four types of measures used:6

• subsidized Early Retirement Regulations ("Altersiibergangsgeld", AUG, and "Vor-

ruhestandsgeld",'VRG),

• subsidized- temporary jobs'("Arbeitsbeschaffungsmafinahmen", ABM),

• subsidized short-time work ("Kurzarbeit", KA), and

• subsidized training programs of various forms.

Until November 1993, almost 50 percent of East German's labor force went through at
least one of these measures and were financially supported by the BA. Additionally, if
those training measures that were not financially supported by the BA were included (for
example training in the firm), this number wcnild increase to almost 80 percent.7 The
BA's expenditure on each of these measures has varied over time. Figure 2 presents the
number of individuals involved in the various instruments of active labor market policy
as well as their financial support measured by the BA's spending for each instrument.
Right after unification, financing short-time workers was the dominant instrument, but
in the meantime the role of ABM and training programs has been growing considerably
both in absolute terms and relative to short-time work. In 1994, subsidizing short-time
workers has become almost negligible compared to the very high level of 1.6 million people
in short-time contracts in 1991.
6For detailed descriptions of these measures, see for example Bielenskiet al. (1994), and Spitznagel (1993).
7Bielenski et.al. (1994), pp.13, 14.



Figure 2: Labor Market Policy in East Germany: Expenditures and Participants
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The importance of Early Retirement Regulations (AUG,VRG) increased continuously bet-
ween 1990 and 1993, both in terms of expenditures and in terms of the number of workers
involved. In 1993, it became the instrument of highest relevance among the instruments
of active labor market policy and absorbed 852.000 people in 1993.8 Whereas these people
are leaving the labor force permanently, people participating in training programs, short-
time contracts or ABM are either still employed or searching employment, and thus only
temporarily out of the "first" labor market.

Supporting people in short-time contracts was the tool the BA was able to implement most
quickly. There are no real investments to be made and only few administrative costs to
bear compared to the investments necessary to set up training programs or ABM. Because
training and ABM programs are not only financing people but also investing in human
capital or in the improvement of public infrastructure (such as removing contaminated
soil or preparing touristic infrastructure) they are generally preferred to short-time work.
Thus, the BA increased its efforts in training and ABM over time. As figure 2 shows,
these tools have become more and more important with training being the dominant one.

Among the participants in qualification, the fraction of iniemployed has increased over
time. About 75 percent of those who started participating in qualification in 1992 had
8See ANBA, p.162.



been unemployed before. In 1993 this number was 80 percent.9 This not only reflects
the rising unemployment itself but also the changing role of this instrument.. In the first
year after unification, training was aimed mainly at adjusting the qualificational structure
of the labor force in general to the new requirements of a western-style economy. In
the meantime, training has also become a very important means to improve re-employed
prospects of unemployed people and to prevent the loss of their human capital during the
unemployment spell.

3 Assessing the Effectiveness of Training: Methodological :
Considerations

The extent to which the BA has supported training programs in East Germany suggests
that it isconsidered a very effective means to improve the trainees' labor market prospects.
Yet, there is no evidence that supports or rejects this presumption. There are frequent
publications, mainly by the BA's research institute ("Institut fiir Arbeitsmarkt-und Be-
rufsforschung", IAB), as well as the LMM-documentation'(1993) itself, presenting some
insights into the labor market experience after qualification. For example, the LMM-
documentation reveals that of those trainees receiving financial support during a program
in May 1992, 16 percent were employed. Six months later, in November 1992, 78 per-
cent of these people are still employed, the other 22 percent are either unemployed or out
of the labor force. Accordingly, out of those 84 percent who were not employed during
the training program in May 1992, 40 percent have found a job within the following six
months. The remaining 60 percent were still unemployed or out of the labor force.10

It is not immediately clear whether one can unambiguously assign any success or failure of
former trainees to their participation in qualification. There may be several reasons why
trainees might be better or worse than others that are not the resiilt of the program. The
most freqiiently stated reason is the problem of "selection bias", that is, trainees might
be different"from other labor market participants because they are trainees. Selection into
the program occurs depending on observable or unobservable characteristics, and these
characteristics themselves can determine one's labor- market performance, not only with
respect to the qualification. It would therefore be ideal to find a group of people with the
same characteristics as trainees (except that they do not participate in the program) to be
able to compare the labor market performance of both groups and to isolate the. impact
of training.

9See ANBA, p.159.
10LMM-Documentation (Wave 6) (1993), p. 50.



Table 1: Characteristics of Trainees and Non-Trainees"

employed at time
of the last
interview (%)

age (years)

sex (female,%)

occupational quali-
fication: (in %)

unskilled

Teilfacharbeiter b

Facharbeiter c

Meister d

Fachschule '

University

number of persons

November 1991

Trainees

.82

38.86

.55

.00

.01

.40

.08

.26

.26

741

Non-Trainees

.89

41.44

.49

.03

.04

.53

.08

.20

.13

4291

November 1992

Trainees

.61

39.05

.61

.01

.00

.42

.07

.25

.24

472

Non-Trainees

.85

42.67

.49

.02

.03

.52

.08

.19

.15

3775

Source: Arbeitsmarktmonitor Ost (LMM) - Sample as it is used in empirical analysis
in section 5, i.e., it includes, all individuals having participated in the first wave and
having answered the full range of questions relevant for our estimation of employment
(or participation in qualification) in each wave in specifications (1) to (6). See table
4 for the attrition numbers and table 9 in the appendix for the definition of each
variable.
a Trainees are those people who participated in a qualification measure within the firm
or in an external institution; Non-Trainees are those people who did not participate
in one of these qualification measures.
6 partial apprenticeship
c craftsmen with completed apprenticeship
d master craftsmen
e specialized vocational schools

3.1 Descriptive Statistics

Based on the LMM, we compare trainees and non-trainees with respect to a number of
characteristics such as age, sex, occupational qualification and lagged employment status.
Our definition of trainees follows the categories used in the LMM. It was asked, whether
people have participated in one of the following types of qualification since the last wave:

1. getting familiar with the workplace ("Einarbeitung/Einweisung am Arbeitsplatz")
2. Qualification in an institution, which is not the firm, where person is employed

("Lehrgang/Kursus in sonstiger Bildungseinrichtung")
3. Qualification in a firm where person is employed ("Lehrgang im Betrieb")



Table 2: Employment Rates in March 1992

Total

women
unskilled
Teilfach arb ei t er
Facharbeiter
Meister
Fachschule
University

number of persons

Former
Trainees

76%

71 %
_<•

66 %
91 %
84%
81 %

u

672^

Former Non-
Trainees

83 %

78 %
72 %
81 %
86 %

. ' 87 %
89 %
63 %

3499

Source: Arbeitsmarktmonitor (LMM) - Sample as it is
used in empirical analysis in section 5, see table 1.
" too few observations to report a number

In our opinion, the first category is a very vague one which can be valid for everyone star-
ting a new job or moving to another desk. Thus, we decided to exclude this category from
our definition of qualification. Table 1 provides employment frequencies for the fourth and
the sixth wave. On average, trainees are younger than non-trainees. Females are slight-
ly overrepresented and it is less likely that trainees were employed in the previous wave.
Also, trainees are, on average, better educated than non-trainees. The qualificational ran-
king is as ordered in table 1. The category "unskilled" really includes only those people
who have not finished any officially recognized occupational education. "Teilfacharbeiter"
means having a certificate of a partial apprenticeship training and "Facharbeiter" hold
an apprenticeship certificate. "Meister" are master craftsmen and people who completed
"Fachschule" have attended specialized vocational schools (e.g. for artists or engineers) in
the former GDR.11

Considering the labor market performance of trainees relative to non-trainees, table 2
contrasts the employment status in the fifth wave of trainees (people who reported haying
participated in qualification within the last 5 months) with non-trainees (those who did
not participate in a program within the last 5 months). The likelihood of being employed is
higher for (former) non-trainees than for former trainees (83 % vs. 76 %), and considering
the initial employment rate of non-trainees (89 %, see table 1) versus trainees (82 %, see
table 1) before they started the program, one may conclude that the training program
has not changed the.relative labor market position of trainees. Being female reduces
employment rates of both trainees and non-trainees by about the same amount. Lower
qualified trainees seem to have a very low employment rate both compared to trainees in
general and to their non-trainee-counterparts whereas craftsmen and - to a lesser extent
- master craftsmen enjoy very good labor market prospects after qualification.

11 For a detailed description of the GDR's education system, see for example: Fischer et al. (1993), pp.
179ff.



3.2 Econometric Evaluation

The descriptive statistics in the previous subsection confirm the initial statement: trainees
are different from non-trainees in many respects. If one wants to isolate the impact of
training, one has either to find a comparison group that correctly matches the group of
trainees in all relevant characteristics or to fully control for the trainees' characteristics. As
proponents of the first method, Ashenfelter and Card (1985) demand the implementation
of experiments. In an experiment, the control group is generated by randomly selecting
persons who are accepted for participating in qualification. Then, the members of this
control group will not participate in the subsequent training. Ashenfelter states that only
this procedure ensures a valid control group because of the principal similarity (or ran-
domly chosen dissimilarity) between trainees and non-trainees. There are some problems
involved when conducting experiments12, one of them being that experiments are simply
extremely expensive, another that they have only been implemented in a few countries and
for a few mimber of programs although the demand for a thorough evaluation of training
programs is very high.

For various reasons, one being that we do not have access to an experimental data set, we
are pursiiing nonexeperimental methods to analyze the impact of training. Our analysis
builds upon Heckman and Hotz (1989) who suggest a methodology to identify the presence
of selection bias when comparing trainees and non-trainees in nonexperimental settings.
We modify this approach to the problem at hand. The impact of training on employment
can be estimated with the following equation (the index E denoting the employment
equation):

. v ' a j - * i=l,...,N (number of persons)
.1+.XittEfiE + ̂ ,E t = l i . . . f T ( w a v e s ) ,

with Y*tE being a latent variable describing the individual's propensity of being employed,
and the employment dummy, En, being defined by

E = { l ' if Y™ ~ °tl y 0 , otherwise

which represents the employment status of person i at time t, XU,E being a vector of
characteristics that explain one's employment status (in our case including "the status as
a former trainee or non-trainee), and t;(,E as an error term.

In general, a selection bias exists if the error term en,E is not independent of the ex-
planatory variables, that is when the conditional distribution of (n^E iS 11Qt equal to its
unconditional distribution:

(2) . f(<it;E\Xit,E,Ei,t-i)?f{(it,E)

where / ( . ) represents the probability density function. As pointed out by Heckman and
Hotz, selection can occur under two circumstances. First, there may exist "selection on
observables", which means that the employment performance of trainees differs from that

12 For a more detailed discussion of experimental versus non-experimental methods, see for example
Bjorklund (1989).



of non-trainees because of some observable characteristics that are not considered in the
explanatory vector Xn,E- Therefore, the solution to the problem of selection on observables
would be to include further variables in the vector Xn.E that can explain the participation
in qualification. Second, there may exist "selection on unobservables", where selection bias
stems from unobservable characteristics (e.g. the individual's motivation) that influence
the error term en,E- Both problems can be modelled by means of an index function (the
index Q denoting qualification = training)

(3) VS.Q = X ' i t t Q p Q + eit,Q

with the index Y*tg being a function of both observable characteristics Xng and unob-
servable characteristics e,(iQ which determine whether the individual i will participate in
the program or not. If Y*t is positive, the person will be a trainee, otherwise not. 'In
this framework, selection on observables is present when the distribution of (rt,E is not
independent of Xn,Q and selection on unobservables occurs when the distribution of en,E
is not independent of (H%Q-

We suspect the error term (atE to be serially correlated and use a. model which allows for
individual-specific and time-invariant effects that are not observable thus influencing the
error term:
(4) -(it,j = Pt,j<*i + uitj j = E,Q ,

where the random effect a,- represents the part of the unobservable heterogeneity which
is assumed to be constant over time but different among individuals, and the coefficient
ptj indicates the strength of the random effect. The random-effect-coefficient there-
fore explains, to what extent individual heterogeneity is responsible for the employment
performance (and the occurence of training) at time t.

Heckman and Hotz develop three very intuitive tests for the existence of selection bias,
which they call pre-program test, post-program test, and test of model restrictions. The
post-program test can only be conducted with the coexistence of an experiment and will
not be ftirther discussed here. With the test of model restrictions one can test e.g. for the
validity of the functional form chosen. For the pre-program test one has to create a new
dummy which has to be one for all those people who will be participating in qualification
(but have not done so before!) and zero for people from the "comparison group" and former
trainees. Then, the coefficient of this variable should not be different from zero if selection
bias is properly controlled for, because in this case the explanatory variables should control
for any systematic differences between the future trainees and the comparison group of
non-trainees. Thus, this dummy variable accounts for any differences which are not being
controlled for by the other explanatory variables.

4 The Data Set

The LMM is a 0.1 % representative sample drawn from the active labor market population
of the former GDR. The first questionnaire was sent out in November 1990 and 10751
answer sheets were returned. The survey inquired about various characteristics relevant
to the labor market activity both at present time and back in November 1989. Up to now,
the LMM has been repeated 8 times and the data of all waves will be publicly available

9



Table 3: Sample Size and Central Variables

•

(1) Valid Returns In Each Wave
(2) Of Those Who Answered Cor-
rectly In Wave 1 a

(3) Of Those Who Answered Cor-
rectly In All Waves

wave 1
11/90

10.751
10.751 .

10.751

wave 2
03/91

7.929
7.929

7.929

wave 3
07/91

7.300
7.300

6.734

wave 4
11/91

7.956
7.787

5.985

wave 5
05/92

10.956
6.902

5.145

wave 6
11/92

9.763
6.647

4.653

Central Variables (Base (2), percentages):
Sex (Women=l)
Mean Age
Employed / Self-Employed
Officially Registered Unemployed
Qualification: Unskilled
Qualification: Teilfacharbeiter
Qualification: Facharbeiter
Qualification: Meister
Qualification: Fachschule
Qualification: University
Qualification: Others b

50.7
39.1
73.6
5.4
6.5
3.8

. 48.7
6.0
17.2
9.4
7.5

50.6
39.0
77.9
7,9
5.5
3.0

48.8
6.4
18.9
10.6
5.7

51.0
39.0
76.6
10.2
5.3
3.0

48.3
6.3
19.4
11.1
6.6

51.7
41.4
67.2
8.6
7.0
3.6

48.0
6.8
18.9
12.7
3.0

52.1
42.6
62.9
10.6
7.1
3.2

49.4
6.9
18.5
13.8
1.1

51.6
42.9
61.6
13.0
6.8
3.3

49.2
7.1
18.7
13.6
1.4

a without retired people not seeking for a job
e.g. pupils or those who did not answer to this particular question

soon. When we started our analysis, we were able to use the first six waves capturing
information about a total of 14993 individuals for the time period November 1989 to
November 1992. The first four waves Were conducted with a four-months time lag, that
is in November 1990, March 1991, July 1991, and November 1991. The fifth and sixth
wave took place in May 1992 and November 1992, respectively. In November 1991 and
November 1992, the BA included two further age cohorts (born 1975 and 1976) to keep
the age structure of the active labor market population (16 to 64 years old). Also, in
May 1992, an additional sample was drawn which resulted in 3938 valid replies. - Panel
mortality is a serioiis problem as can be seen from the following table. If one took only
those people who have answered in the first wave and looked at their attrition until the
sixth wave (excluding retired people not seeking for a job), only 61.8 percent were left from
the initial sample. Considering the balanced panel, only 43.3 percent were still present in
the sixth wave.

For our piirposes, we selected those people who returned the questionnaire in the first wave
and gave correct answers about their basic characteristics such as age, sex, occupational
training, marital status, and their employment status in November 1989. Starting with
this initial sample, we checked for each wave and each individual whether all the variables
needed were available. This allowed us to include observations which were iinavailable only
for some but not all waves. For our empirical estimates presented in the next section, we
obtained a sample size of 8681 people for the first six specifications and 8751 people for the
seventh and eighth specification, because for the latter, information about basic, education
at school was not required. Since we estimate a set of simultaneous probit equations, we

10



used the maximum available number of observations for each probit. This gives us 8681 or
8751 observations, respectively, for the initial condition and the attrition probit. For the
employment probit, and, if estimated separately, for the qualification probit, the sample
size, decreases and is different for all specifications depending on the respective set of
explanatory variables. The following table shows attrition for the estimated employment
(or qualification) probit for all eight specifications presented in section 5.

Table 4:

Specification (1-6)
Specification (7-8)

Size of Sample which Estimates" are

total
sample

8681
8751

wave 1
11/90

7986
7546

wave 2
03/91

6295
5595

wave 3
07/91

5464
4905

based upon

wave 4
11/91

5032
4318

wave 5
05/92

4486
3822

wave 6
11/92

4247
3790

n See section 5 and tables 5 and 7 in the Appendix

5 Econometric Framework and Estimation Results

This section presents the details of our estimation app'roach and our estimation results.
Our framework encompasses the methodological considerations discussed in section 3.
Since our data set is quite large, we were, however, not able to go as far as we. would
have liked due to computational restrictions.13 Nevertheless, our main results proved to
be quite robust. We estimated more specifications than presented in this section without
the qualitative nature of the res\ilts changing.

5.1 Econometric Framework: One-Factor Model (Random—Effects Model)

We model the indicator (dummy) variables employment status, panel attrition, and parti-
cipation in qualification (training) within a simultaneous probit model.14 The underlying
latent variables themselves depend on various regressors and on the individual random
effect which is invariant over time and which is supposed to take account of permanent
unobserved heterogeneity across individuals. We define the relationship between the ob-
servable dummy variable Ynj and the underlying latent variable Y*tj as follows

(5)
1 if Y?tJ > 0
0 otherwise

where j G {A,E,Q} and "A": attrition equation (panel mortality), "E": employment
equation and "Q" participation in qualification measure. Our empirical analysis tries to
explain employment status, Yn,E = En, participation in qualification, Yn.q = Qn, and

13Our estimation was done in FORTRAN code on an IBM RS 6000 (340). The optimization was done with
analytical derivatives using the NAG-Routine "E04UCF". To estimate our most elaborate specification
(8), it took about 200 CPU hours.
14 For instance, Flaig et al. (1993) applied a random-effects model for estimating a simultaneous dynamic
employment probit with a balanced panel data set.
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panel attrition, Yn,A = D{t. The dummy variables are defined as follows. The attrition
dummy, Dn, indicates whether a complete observation vector for qualification and em-
ployment equation is available for individual i at time t (D!( = 1 available), thus, we
allow for the-case that an observation is unavailable for one wave but is again available
for the next wave. Modelling panel attrition in this way allows us to keep a considerable
number of observations, which seems important given the severity of panel mortality. On
the other-hand, it restricts the way how to model attrition.15 The employment dummy,
En, describes the employment status of an individual i at time t, where En = 1 indica-
tes employment and En = 0 represents all non-employment states which we simply call
"unemployment".16 The qualification dummy, Qn, captures whether individual i parti-
cipates in a qualification measure at time t, Qn = 1. In our most general approach, we
allow for three labor market states, employed, En = 1 and Qn = 0, unemployed, En = 0
and Qn — 0, and participating in qualification, Qn — 1- In the latter case, we discard
the information on employment status in the questionnaire. However, when explaining
the two former cases, the information on lagged employment status is also used for those
individuals participating in qualification in the previous period. We started, however, with
a more restricted approach, where we assumed qualification to be exogenous to employ-
ment, so we just used Qn as a regressor variable in the employment probit. With the
more general approach, we try to evaluate whether there is a significant difference in the
estimates for the employment probit depending on explicitly modelling participation in
qualification versus taking it as exogenous.

The indicator variables Y*t • depend on the set of regressor variables in the following way

(6) . Yu,j = X'itjfr + <it,i

where Xnj represents the vector of regressors, (3j the corresponding coefficient vector, and
enj the error term. We assume the error vector ((n,j)t=o,..,T-,je{A,E,Q} t o l)e independently
and identically distributed over the individuals, i = 1, ...,iV, but we allow the components
of the error vector for a given individual to be correlated over time and across equations.
The correlation is supposed to be captured by an individual specific random factor such
that (n,j can be decomposed in the following way

(7) ' (it,j-= Pt,jai + uit,j

where cti represents the individual random effect (the factor) and unj an additional ran-
dom component which is independently and identically distributed over t and j . Without
loss of generality, we can assume Var(unj) — Var(ai) = 1 and let the coefficient ptj be
estimated, ptj measures the strength of the individual effect in equation j at time t and
can be different across j and t. To derive the probability, that Y;ttj = 1 for given Xnj and
a,-, it is useful to define znj by

zn,j = X'njfij + ptjQi .

15Lechner (1993) chooses a different way to account for attrition in the LMM. He does not use observations
of people who do reply after not having replied in the past. This leaves him with less observations in the
equation of interest but allows for a more flexible way of modelling attrition also as a function of past
outcomes of the variables in the equation of interest.
16Obviously, it would be of great interest to differentiate between the different types of "unemployment"
states. This is, however, beyond the scope of this paper.

12



Bibiiothek des institute
fur Woitwirtschaft KM

Then we obtain

(8) . ' P(Yu,j = l\Xit,j,ai) = *(zittj)

where $ denotes the cumulative standard normal distribution function.
i

In order to derive the likelihood function, we assume that the probabilities-can be speci-
fied in a recursive system. The employment and qualification probabilites are allowed to
depend on the previous employment status. This necessitates explaining the employment
status in period 0, £t-,o> i-e., in fall 1989. There are several approaches suggested in the
literature to handle such an initial condition problem, see for instance Heckman (1981).
As in Lechner (1993), who also used the LMM, we choose to model Y*QE as a linear "sta-
tic" function of presample information. Since fall 1989 was the "hour zero" of German
unification, it appears safe to assume there to be a "true" initial state.

Before specifying the contribution of individual i to the likelihood function, let us now
present in detail the four-probit equations to be estimated:

Initial Condition Probit

(9) Y*QE = A'/O.EA) + P0,E®i + '«iO,fi' = ZiO,E + ui0,E

and
(10) P(Ei0 = 1 | A-io.fi, a,) = *(zi0,E)

Attrition Probit

liA + pUA(Xi + Uit,A = 3i

and
(12)

Participation in Qualification Probit

(13) Y*tQ = 7Q£, - I ,_ ] + X'nQpQ + pt,Qcxi + iing = ZH,Q + uit,Q

and •
(14)

(15)

and
(16)

v * —
Yit,E -

Employment Probit

,t-i + X'itEpE + pt,E<*i+ Uit,E = Zi

P(Eit = l\Xit,E,ai) = *(zit,E)

We make the following distributional assumptions: For all i = 1,. . . , N, t,t' — (0), 1, . . ,0 ,
t ^ t', and j,j' £ {A,E,Q}, j ^ j ' , ai,xin,A, Uit,Q,u-it,E follow a multivariate normal
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distribution and are uncorrelated (i.i.d.) across individuals with Var(ai) — Var(uitj) = 1,
Cov(uit,j,un>j) = Cov{uit,j,un,3>) = Cm;(wa,j,'"/c,j') = Cov(ai,un,j) = 0. Let $(.)
denote the density of the standard normal distribution.

We introduce state dependence in the'employment probit by allowing the employment
probability to depend on the employment status at the previous interview, Eift~\. This
is a somewhat awkward assumption since the time period between two interviews differs.
Therefore, we routinely test and reject, the hypothesis that 7£ is constant over t = 1, ...,6.
In fact, we find that the data requires wave specific estimates of 7£, although the orders of
magnitude are quite similar. This has to be related, however, to the issue of heteroskedasti-
city of the error term en,E across t-. We do not allow for completely free heteroskedasticity
for one probit equation across waves. However, heteroskedasticity can also result in wave
specific coefficient vectors when the error variance is fixed and so we test for some regres-
sors whether the estimated coefficients vary significantly across waves.1' The one-factor
formulation of the dependency in the error term of individual i makes the model tractable,
since only a one-dimensional integration is involved to obtain the individual contributi-
ons to the likelihood function. However, this restricts the dependency structure which is
allowed for the error vector. Simulation methods18 do not seem feasible for our problem
at this point due to the complexity of the estimation and the number of observations.
The problem is mitigated by allowing pnj to vary with t19 and our results appear quite
plausible.

By means of conditioning on the random effect and other endogenous (past and pre-
sent) dummy-variables, we obtain a recursive system and the probabilities become simple
cumulative normals as described in equations 10, 12, 14, and 16. We assume that the
random-effect accounts for a potential selectivity bias due to attrition. Concretely, we
assume that conditional on the set of regressors, on the individual random effect, and on
past employment status, participation in qualification and employment are independent
of attrition, i.e., for j — 0 ,1 ,

P(Qn = j | A t , Xit,Q, Ei,t-i,c\i) = P{Qn = j | XU,Q, £;,i-i, a,-)

and
P{Etl = j | Dit, A-.-t.fi, £ ,M_I, a,-) = P(Eit = j | A',-t.fi, £;,<_-,, a,-)

To model the relationship between employment and qualification, we pursue two different
approaches. In,the most general setup, we try to endogenize qualification by estimating
a separate probit equation. In the second, more modest approach, qualification decisions
are taken to be exogenous to the employment process. Taking the more general approach,
the contribution of individual i to the likelihood function20 becomes
17Since completely different coefficient vectors are estimated across the four (three) probits, heteroskeda-
sticity across probits is not an issue.
18See e.g. Borsch-Supan and Hajivassiliou (1993) and Lechner (1993).
19For one multinomial simultaneous probit with T = 3, this allows for a completely arbitrary correlation
structure. This also implies different total error variances for the different time periods.
20When evaluating the likelihood function, the random effect a, has to be "integrated out". The numerical
integration is performed by means of Gauss-Hermitian quadrature techniques using the ESSL-routine.
"DGHMQ".

14



= r {[*(ZiO,
J — OO v

• L:= t\*(z{0.F:)]Eio\r-*(zin.E)}1-Eiox

Initial condition Attrition equation

Qualification equation

<*>) d a ,

Employment equation

This formulation of the likelihood contribution assumes that the contribution of the quali-
fication probit can only be used when Dn = 1 and of the employment probit when Dn = 1
and Qn — 0. When taking qualification as exogenous, the qualification part in the. li-
kelihood contribution disappears and the "employment equation" part always comes in
when Dn = 1. .

The log-likelihood function for the entire sample of N individuals is :

N

The asymptotic variance-covariance matrix of the parameters can be consistently estima-
ted by ("sandwich formula"):

V = H^OPGH-1

which allows for some forms of misspecification in the model, cf. White (1982). The
hessian H is given by

. -
hi dm>

with the expected value of hessian E(H) = — information matrix, and the outer product
matrix of the gradient, OPG\ is defined as

with 9 — (/3,7,/9). H and OPG are evaluated at the estimated coefficient vector.
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Qualification Measures

There are two possible strategies to model the effect of qualification measures on em-
ployment in this setup. First, we take qualification as an exogenous regressor in the
employment equation, and second, we model participation in a qualification measure as
an endogenous variable by means of a third probit equation. As mentioned before, we
consider two types of qualification measures:

(i) Qualification in an institution, which is not the firm, where the person is employed
(QS) and

(ii) Qualification in a firm where person is employed (QB)

We break down the qualification effect into two components, namely a dummy variable
capturing the temporary effect (QST or QBT) and another dummy variable capturing the
permanent effect on the employment probability (QSP or QBP). Then, we set QST= 1
or QBT= 1 when qualification participation ended since the last interview, and we set
QSP= 1 or QBP= 1 when participation-in qualification measure happened at some time
in the past.

Controlling for participation in qualification

In addition, if we take the first approach with qualification as an exogenous regressor in
the employment equation, we add a regressor for current participation in a qualification
measure, i.e., a dummy variable indicating that the qualification measure ends in the time
period until the next interview. This implies that participation has started or is going to
start within the period until the next interview, or that the person has participated in
qualification since the last interview but it is unclear whether qualification has ended by
the time of the interview. In this case, we set QSL= 1 or QBL= 1, respectively, denoting
current participation in qualification. If we take the second approach, we estimate a third
probit equation as described in equations 13 and 14 modelling the decision to participate
in a qualification measure endogenously.

Heckman—Hotz—Preprogram Test

To control for a potential bias induced by selection into the training program, we create
two dummy variables QSHH and QBHH for each type of qualification measure. Following
the suggestion of Heckman and Hotz (1989) for their pre-program test (see section 3.2), we
set QSHH=1 and QBHH=1 if a person participates in a qualification measure some time
in the future and did not participate in the past. Thus, we are explicitly controlling for the
selection bias before participation in qualification, i.e., before the start of a qualification
measure. If the model has controlled properly for selection bias, the estimated coefficients
of these regressors should not be significantly different from zero. On the other hand, if
we estimate significant coefficients for QSHH and QBHH in the employment probit, we
conclude that trainees are different from.non-trainees with respect to their employment
probabilities in a way which is unobservable for the econometrician. However, such a result
raises the issue of endogeneity, which we will address in the following by instrumenting
the QSHH and QBHH dummies.
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5.2 Estimation Results

Our estimation results are shown in the appendix, tables 5 to 8. A detailed description of
the variables from the LMM, which we use, is provided in the appendix, table 9. Table
5 summarizes our estimates for four specifications with participation in qualification as-
sumed to be exogenous. Table 6 shows the findings of various specification tests for these
models. Table 7 contrasts one further specification with exogenous qualification participa-
tion, with three specifications endogenizing qualification participation. For specification
(8) displayed in table 7, the dummies QSHH and QBHH are instrumented to account for
a potential endogeneity problem. Table 8 again displays the results of the corresponding
specification tests. As a reference category for dummies we chose the following characteri-
stics (if applicable): wave 1, male, unemployed, single, passed Sth/9th grade, no vocational
training degree, no participation in a qualification measure during six waves.

Initial Condition and Employment Probits

For the employment probit, our general findings appear quite plausible and are discussed
in the following. We found strong state dependence through lagged employment status,
£,-.(_!, and a typical concave age ̂ profile with a peak at about age 37. Employment pro-
spects for females are always significantly lower than for males. Our results also confirm
the often alleged fact that employment prospects of unemployed women differ to a larger
extent from those of unemployed men than reemployment prospects of employed women
differ from those of employed men. Considering sector-specific (re-Employment prospects
(specifications (5) to (8)), construction as well as the mainly state-owned enterprises of
sector 7 (traffic, post, railways) offer consistently better employment chances relative to
sector averages. In contrast, being employed in the commercial sector and other manu-
facturing seems to lower the individuals' (re—)employment prospects. The coefficients of
occupational education also confirm conventional wisdom: the higher the occupational
degree the better the labor market performance. As typical for Germany, craftsmen and
master craftsmen (Facharbeiter and Meister) enjoy the best employment prospects of all.
Since the schooling coefficients ("10th Grade" and "Abitur") are insignificant in specifi-
cations (1) to (6), we decided to omit these variables in specifications (7) and (8). Also, a
stable pattern across all specifications is the diminishing impact of the random-effect over
time. With almost no exception, individual heterogeneity shows an important effect on
the employment probability in the first wave (November 1990) but its influence disappears
completely until the sixth wave (November 1992). The hypothesis of constancy of the pt,E
over the waves is rejected for all specifications, see tables 6 and 8. However, imposing
this restriction did not appear to alter the results in any noticeable way (these estimation
results are not presented here).

The temporary effect of qualification measures in a firm-external institution (QST) on
the individual employment performance proves to be negative (not always significantly),
but in the long run the effect (QSP) is not significantly different from zero. As the
pre—program—test dummy QSHH is always negative, selection into these firm-external
programs seems to coincide with relatively bad initial employment prospects. Thus, in
addition to a long-run effect of about zero, firm-external qualification measures appear
to be more successful than one would judge neglecting the effects of QSHH. This kind of
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catching-lip effect was also found empirically for public labor market policies in Aiistria,
cf. Zweimiiller/Winter-Ebmer (1994).

The pattern changes when looking at qualification measures in the firm (QB). The tem-
porary employment effect (QBT) is significantly positive and relatively high. In the long
run, however, the effect (QBL) is still positive but much lower. Along with a medium-size
positive selection bias indicated by the pre-program-test variable QBHH, these qualifi-
cation measures seem to improve the individuals' employment chances temporarily but
reduce them in the long run (compared to the initial level).21

The pre-program-test variables QSHH and QBHH are significantly different from zero.
Obviously our model specifications are not a.ble to correctly control for the problem of
selection bias. Endogenizing the participation decision with variables like occupational
qualification, age or sex does not help either, since the QSHH- and QBHH-dummies do not
become insignificant (see specifications (6) and (7)). We have experimented somewhat with
instrumenting QSHH and QBHH, one representative result being displayed as specification
(8).22 The coefficient estimates change a little but the qualitative result does not seem
to alter relative to specifications without instrumenting these dummies. Therefore, we
are somewhat confident that the results hold up within a more satisfactory treatment of
participation in qualification. We performed a formal endogeneity test as in Flaig et al.
(1993, p. 200), by including both the original and the instrumented dummies, QSHH and
QBHH in specifications (7) and (8). Testing whether the two instrumented variables had
zero coefficients resulted in a Durbin-Wu-Hausman test statistic of \'2(2) = 0.38.23

The estimates for the initial condition probit exhibit quite plausible effects. Again we
find a concave age profile with a peak at about age 38. The high intercept in connection
with the coefficient estimates reflects that most people were employed in November 1989.
There is no significant impact of the random effect, which coiild be interpreted such that
people in the former GDR. were employed irrespective of any unobservable heterogeneity.
The other regressors show similar effects as in the dynamic employment probit discussed
above.

Attrition Probit

In the attrition equation, all variables and the random effect are highly significant. We
chose a very parsimonious specification for the attrition probit, since our estimation pro-
blem could otherwise easily become too large to be estimable. The results indicate that
the propensity of retention is a concave function of age with a maximum at about 41 years.

21 We also estimated specifications without the preprogram dummies QSHH and QBHH. These results are
not presented in this paper, but available upon request. The estimated coefficients on QST, QSP, QBT,
and QBP were basically the same as for the respective specification with the preprogram dummies.
22The instruments are: various lags of employment status (if available), age, age squared, marital status,
occupational qualification, and a number of variables obtained from interacting age, sex, sectoral employ-
ment, employment status, short-time work, marital status, and occupational qualification. We have not
corrected the standard errors for the fact that two regressors are instrumented. Given the similarity of the
results, we do not believe this to be a major problem for our interpretation.
23 Both instrumented variables had a t-statistic of 0.4. The complete estimates for this specification are
not reported in the paper, but available upon request. For the Durbin-W.u-Hausman test, cf. Davidson
and McKinnon (1993), p.390.

18



Attrition increases with time and females are more likely to attrit than males, however,
the latter effect does not appear to be significant and the estimated coefficient is quite
small in absolute value. Attrition depends very strongly upon the unobserved factor a,-,
which is a very plausible result. Not controlling for attrition alters some coefficients in the
employment equation (compare specifications (1) and (2)). A specification test whether
the estimated coefficients of the employment probit of specifications (1) and (2) differ,
gave a test statistic of ,y2(29) = 686.2.24 Thus, there is strong evidence that we have to
control for attrition.

Participation in Qualification Probit

Whereas in specifications (1) to (5)training is taken as exogenous, we estimated a separate
qualification probit for specifications (6) to (8). However, for computational limitations,
we were not able to estimate separate probits for the two types of qualification measures
considered in the employment probit. Participating' in qualification is influenced negati-
vely by the lagged employment status and exhibits the typical concave influence of age
with a maximum at about age 32. Women have a slightly higher probability to participate
than men and there is also a positive influence from higher occupational training which
corresponds to the descriptive statistics in section 3.1. The estimated coefficients of the
time dummies (DU'Mwi,---,DUM\VQ) show a significantly higher propensity for qualifica-
tion diiring waves 2 to 6 relative to wave 1, however, no clear time trend is discernible.
Also the random effect proves to be significant.

Contrasting specifications (5) and (6), we cannot find significant differences in the results
of the employment probit (\'2(42) = 44.9).25 Also the coefficients look very similar. This
test result points to a redundancy of an extra qualification probit, however, the graphical
simulation results depicted later in this section seem to indicate that estimating a separate
qualification probit makes a difference.

Further Specification Tests

We performed further specification tests to evaluate the estimated specifications (1) to
(8). The results of those tests are given in tables 6 and 8. For the employment probit, we
tested for a linear time trend, which was rejected in all cases. Also, sector-specific effects of
£,,t_i as well as wave-specific effects of 2w,(_i (although the coefficients do not change by
very much) proved to be necessary. We further performed a test whether a random-effect
(RE) specification is necessary, where we contrast the coefficient estimates of the random-
effect specification with the respective simple pooled probit without the random effect.26

24We tried a Durbin-Wu-Hausman test, assuming that under Ho of no selectivity bias in the employment
probit with regard to attrition, (2) should be the efficient estimation procedure. However, the difference
of the variance-covariance matrices,between (1) and (2) actually proved to be negative definite. Having
observed this, we calculated the test statistic based on the inverse of the variance-covariance matrix for
(1). Therefore, the number presented in the text should be a lower bound for the "true" test statistic
which corroborates rejection of Ho.
2SThis is again a Durbin-Wu-Hausman test.
26Again a Durbin-Wu-Hausman test. A simple Wald-test on the coefficients of the random effect is
inappropriate, since the estimated model is not well specified under Ho when all /j,-t |J are zero. One should
also note that the likelihood function is symmetric around the vector p=0.
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The test is very intuitive, since we test whether allowing for an individual random effect
(unobserved heterogeneity) has a significant effect on the estimated coefficients of interest.
In general, the random-effect specification was confirmed except for specification (2) in
which we did not control for panel mortality. The random effect was never significant in
the initial condition probit.

Graphical Presentation of Simulated Employment Probabilities

To finish our presentation of the estimation results, we decided to illustrate some of the
estimated specifications by means of some simulations. Based on specifications (5) to
(8), the following figures 3 to 5 show the simulated employment probabilities for various
types of workers who were employed in November 1989. We believe that these graphical
illustrations allow for a much better evaluation of our estimation results since the coef-
ficient estimates themselves do not translate easily into the corresponding effect on the
fitted probabilities. We have chosen some typical scenarios to illustrate in particular the
magnitude of the effect of participation in qualification.

Each of the simulations displayed in the following figures allows for participation in the
two types of qualification measures between the second and third wave. To be able to
identify how the employment prospects of both groups of trainees would have been without
their participation in qualification, we calculated their fictitious employment probabilities
(lines (A) and (E) as named in the figure) by setting the pie-program-dummies, QBHH
or QSHH, respectively, to be one throughout waves 1 to 6.

Without going into details, we would like to highlight the following aspects. The striking
feature of all graphs in figures 3 to 5 is that people who participate in qualification outside
of a firm (D and E) ha.ve considerably lower a priori employment prospects relative to
the baseline "Without training"(C) and that participating in such a qualification measure
enhances employment prospects considerably, see (D). In contrast, the effects of quali-
fication within a firm (B) are quite small. However, the graphs also clearly show that
workers participating in qualification within a firm (A and B) have a considerably higher
a priori employment probability compared to the baseline (C). The graphs confirm that
the estimated coefficients on the qualification dummies are not of a negligible magnitude.

Contrasting the various specifications, the graphs seem to suggest that endogenizing qua-
lification - specifications (6) to (8) - appears to make a difference - relative to specificati-'
on (5). Employment probabilities for females prove to be considerably smaller than those
of males (figures 3 and 4), although the general pattern with respect to qualification is
the same. Figure 5 also shows that it makes quite a difference, whether a worker started
out in November 1989 in a "high employment" sector, e.g. Traffic, Post, Railways, or in a
"low employment" sector, e.g. Commerce.2'

27For the simulations in figure 5, it was assumed that for an unemployed worker the employment probability
in the next period would be the average across sectors. Therefore, we believe that our numbers rather
underestimate the differences across sectors.
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6 Conclusions

In this paper, we estimated the impact of two different types of qualification measures
on employment, prospects in East Germany within a dynamic random-effects model. We
controlled for panel mortality and for individual heterogeneity, and in three specifications,
we treated the decision to participate in a qualification measure as endogenous. Further-
more, we tried to solve the problem of selection bias in a non-experimental setting by
introducing a control variable representing the "pre-program test" as it was suggested by
Heckman and Hotz (19S9).

The results show that, compared to those who do not take part in a qualification measure,
training outside of the own firm seems to worsen the participant's employment chances in
the short run. In the long run, there is no difference in the employment prospects between
participants and non-participants. However, considering that people who start such a
qualification measure seem to belong to a labor market group with very bad employment
prospects ("negative selection") as indicated by the selection-control variable QSHH, par-
ticipating in the training program actually raised their position up to the average level in
the long run, which reverses the result. People.who participated in a training program
within the firm enjoyed a very positive effect on their employment chances in the short
run - relative to non-trainees. In the long run, this effect becomes smaller. Again, consi-
dering the type of persons participating in qualification within a. firm reverses the results.
In contrast to qualification measures in an external institution, measures within the firm
seem to attract people with relatively good labor market prospects ("positive selection")
as shown by the coefficient of the selection-control variable QBHH. In the long ran, the
trainees' employment prospects are not as good as they were before participating in the
qualification measure. One may interpret this as a negative net effect of training within
the firm, a finding one should, however, be very cautious about. Our findings seem robust
with respect to instrumenting the pre—program—dummies which are plagued by a potential
endogeneity problem.

The model estimated here reveals insights into the general dynamics of the East German
labor market as well as on the effects of qualification measures on employment. However,
these results have to be treated with some caution. The model does not completely control
"endogenously" for selection bias which resulted in significant estimates of the coefficients
of the preprogram dummies. One solution to this may be to improve the modelling of
the endogenous qualification decision. It is further planned to extend the analysis by
modelling the combined effects of training on employment and on earnings.
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Appendix

Table 5: Estimation Results without Qualification Probit

Specification
Variable

Initial condition:
Intercept
Age/10
Age2/100
Female
Teilfacharb.
Facharbeiter
Meister
Fachschule
University
10th Grade
Abitur/Fhrf.
Married
Divorced/
Separated ,
Widow(er)

Po,E
Attrition Equation
Intercept
Age/10
Age2/100
Female
Linear Trend
PA

Employment equation:
Intercept
Ei,t-\
Eift-\ x Trend
£,-',_! x DUMwi
£,-,t_i x DUMwi
£,-'«_! x DUMwz
£,-,t-i x DUMW4
Eit-\ x DUMws
£,-,t_i x DUMws
Female
Eij-i x Female

(1 — Ei,t-i) x Female

Age/10*
Age2/100

(1)
Coeff.

(t-stat)

1.3098
- .6594
-.0876
-.7830
.1174
.3129
.4125
.4621
.5480
.1622
-.0835
-.3078

-.3309
.1718
-.0227

-6.6437
5.3669
-.6568
-.0589

-1.2540
1.9331

-3.1449
2.4319
-:1018

-.2540

1.2683
-.1693

(3.3)
(3-0)
(3.3)
(9.7)

(•7)
(3-0)
(2.0)
(3.6)
(2.9)
(1.8)
(.59)
(2.2)

(1.9)
(.67)

' (.6)

(21.4)
(31.0)
(31.2)
(1.2)
(50.0)

(82.24)

(16.2)
(23.1)
(2.1)

(11.1)

(12.7)
(13.7)

(2)
Coeff.

(t-stat)

1.3797 ( 3.1)
.7390 (3 .1)
-.0971 ( 3.4)
-.8374 ( 8.5)

.1452 ( .8)
.3275 ( 2.9)
.4091 ( 1.9)
.4702 ( 3.4)
.5406 ( 2.6)
.1643 ( 1.7)
-.1025 .( .7)

-.3362 ( 2.2)

-.3476 ( 1.9)
.1410 ( .5)

.4196 ( 2.1)

-

-
-
-
-

-2.4016 (5 .4)
1.7754 (3 .8)

.1066 ( .7)
-
-
-
-
-
-

-.3031 ( 7.3)
-
-

1.3111 ( 7.6)
-.1750 ( 7.9)

(3)
Coeff.

(t-stat)

1.3130
.6580
-.0874
-.7830

.1173
.3118
.4108
.4604
.5462
.1622
-.0839

-.3074

-.3295
.1726
-.0182

-6.6513
5.3701
-.6572
-.0548

-1.2541
1.9331

-2.6036

1.7511
2.3465
2.2622
2.1257
1.8719
2.0460

-.2276
-.4403

1.2688
-.1694

( 3.4)
( 3.1).
( 3.4)
( 9.8)

(-7)
(3.0)

(2.1)
( 3.6)
(2.9)

( 1-8)
(.6)-

( 2.2)

( 1.9)
( -7)
( .5)

(21.4)
(31.0)
(31.2)
(1.1)
( 50.0)
( 82.3)

( 12.1)

( 14.7)
( 27.0)
( 27.8)
( 27.5)
( 23.8)
(27.1)

( 9.1)
(7.6)
( 12-7)
( 13.7)

(4)
Coeff.

(t-stat)

1.3131 (
.6579 (
-.0874 (
-.7830 (

.1173
.3118 (
.4108 (
.4604 (
.5461 (
.1622 (
-.0839

-.3074

-.3295
-.1726
-.0181

-6.6582
5.3739 (
-.6576 (
-.0555

-1.2541
1.9333 (

-2.6296
-
-

1.7866 (
2.3804 (
2.2918 (
2.1402 (
1.8789 (
2.0321 (

-
-.2488
-.4569
1.3114 (
-.1757 (

3.4)
3.1).
3.4)
9.8)

(-7)
3.0)
2.1)
3.6)
2.9)
1.8) •

( 2.2)

(1.9)
(-7)
( -5)

( 21.4)
31.1)
31.2)

(1.2)
( 50.0)
82.3)

( 12.2)

14.9)
27.0)
27.9)
27.3)
23.5)
26.6)

(9.2)
(7.9)
13.1)
14.2)
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Table 5: Estimation Results without Qualification Probit <contimied>

Specification
Variable

Employment
Teilfacharb.
Facharbeiter
Meister
Fachschule
University
10th Grade
Abitur/Fhrf.
Married
Divorced/
Separated
Widow(er)
DUMW2
DUMW3

DUMWA

DUMws
DUMW6

QSHH
QSL
QST
QSP
QBHH
QBL
QBT
QBP

PE,1
PE,2
PE,3

PEA
PE,5

PEfi

(1)
Coeff.

(t-stat)

(2)
Coeff.

(t-stat)
equation <conthuied>:

.0220 (.3)
.2171 (4.3)
.3865 (5.9)
.4401 (7.7)
.4815 (6.8)
.0332 (1.0)
.0275 (.6)
.0450 (1.2)

-.1058 (2.1)
.0637 (.7) .

.1343 (3.1)
.0386 (.7)

.0919 (1.3)
-.0289 (.3)
.0401 (.4)

-.3146 (8.0)
-.7137 (18.6)
-.0864 (1.4)
.0317 ( .9.)
.3402 (5.3)
.3149 (4.0)
.4484 (5.2)
.1513 (3.9)
.2946 (26.8)
.1835 (11.6)
.1887 (5.8)
.1882 (4.8)
.0681 (.9)
-.0054 (.1)

.0760 ( .8)
.3244 (4.1)
.5204 ( 5.2)
.6083 ( 5.7)
.6579 ( 5.5)
.0413 ( 1.1)
.0238 ( .4)
.0278 ( .6)

-.1679 ( 2.7)
.0478 ( .4)
-.0479 ( .1)
-.4144 ( 1.0)
-.4740 ( 1.0)
-.7687 ( 1.4)
-.8331 ( 1.4)
-.2705 ( 5.4)
-.7922 ( 12.4)
-.0920 ( 1.3)
.0203 ( .5)

,5034 ( 5.1)
.3375 ( 3.8)
.5437 ( 4.7)
.1917 ( 3.9)
.9435 ( 2.6)
.7747 ( 1.7)
.4336 ( 2.2)
.2871 ( 3.0)
.0699 ( .9)

.1108 ( 3.2)

(3)
Coeff.

(t-stat)

.0195 (
.2184 (
.3851 (
.4380 (
.4740 (
.0320 (
.0268 (

.0512 (

-.1015 (
.0678 (

-.4505 (
-.4988 (
-.3581 (
-.3254 (
-.4186 (
-.3098 (
-.7166 (
-.0843 (

.0316 (
.3409 (
.3117 (
.4542 (
.1489 (
.2839 (
.1802 (
.1873 (
.1917 (
.0827 (
-.0131

•3)
4.3)
5.9)
7.7)
6.7)
1.0)
.5)
1.4)

2.0)
.8)
3.6)
4.0)

• 2 . 8 )

2.5)
3.1)
7.9)
18.5)
1.4)
.9)

5.4)
4.0)
5.2)
3.8)

26.8)
10.8)
5.5)
4.8)
1.2)

( -2)

(4)
Coeff.

(t-stat)

-.0029 (
.2276 (
.4084 (
.3770 (
.3940 (
.0140 (
.0129 (

.0571 (

-.1078 (
.0917 (

-.4520 (
-.5008 (
-.3536 (
-.3121 (
-.4079 (
-.2971 (
-.7333 (
-.0820 (
.0233 (

• .3041 (
.2953 (
.4540 (
.1320 (

.2781 (

.1813 (
.1859 (
.1895 (
.0662 (
-.0206

.0)
4.5)
6.2)
6.6)
5". 5)
•4)

.3)
1.5)

2.1)
1.0)
3.6)
4.1)
2.8)
2.4)
3.0)
7.5)
18.8)
1.3)
.6)

4.7)
3.7)
5.2)
3.3)
26.3)
10.7)
5.4)
4.7)
1.0)

:-3)
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Table 6: Test Results for Estimation without Qualification Probit

Specification
Number of individuals
Test of RE specification x2

Degrees of freedom
Test of wave specific
PE X2(5)
Test of linear
time Trend \ /2(4)
Test of wave specific
effect of £,-,(_! x2(5)
Test of sector specific
effect of Eu-\ X2(7)
LOG-Likelihood

( I ) '
8681
188.4

48

87.5

15.3

_

-30615.0

(2)
8681
25.2
43

37.8 •

12.3

_

-9160.1

(3)
8681
185.1

53

74.1

145.3

38.4

-30594.3

(4)
8681

2733.3
61

68.2

141.8

41.2

106.3
-30469.6
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Table 7

Specification
Variable

: Estimation Results with and

(5)
Coeff.

(t-stat)

(6)
Coeff.

(t-stat)

without Qualification Probit

(")
Coeff.

(t-stat)

(8)°
Coeff.

(t-stat)
Initial condition:
Intercept
Age/10
Age2/100
Female
Teilfacharb.
Facharbeiter
Meister
Fachschule
University
10th Grade
Abitur/Fhrf.
Married
Divorced/
Separated
Widow(er)
Po,E

1.3134 ( 3.4)
.6578 (3.1)
-.0874 ( 3.4)
-.7830 ( 9.8)
.1173 ( .7)
.3117(3.0)
.4107 ( 2.1)
.4603 ( 3.6)
.5460 ( 2.9)
.1622 ( 1.8)
-.0840 ( .6)

-.3073 ( 2.2)

-.3294 ( 1.9)
.1726 ( .7)
-.0178 ( .5)

1.3267 ( 3.4)
.6524 ( 3.0)
-.0867 ( 3.4)
-.7833 ( 9.8)
.1172 ( .7)
.3074 ( 3.0)
.4039 ( 2.0)
.4534 ( 3.6)
.5382 ( 2.9)
.1621 ( 1.8)
-.0858 ( .6)

-.3053 ( 2.2)

-.3238 ( 1.9)
.1759 ( .7)
.0010 ( .0)

1.5468 (4.1)
.5857 ( 2.7)

-.0827 ( 3.2)
-.7875 ( 9.8)
.0874 ( .5)

.3653 ( 3.6)

.4756 (2.4)

.5120 ( 4.3)

.4531 (3.1)
• -

-

-.3043 ( 2.2)

-.3101 ( 1.8)
.1991 ( .8)
-.0054 ( .2)

1.5432 ( 4.1)
.5877 ( 2.7)
-.0830 ( 3.2)
-.7876 ( 9.8)
.0872 ( .5)
.3658 ( 3.6)
.4763 ( 2.4)
.5127 ( 4.3)
.4542 (3.1)

-
• -

-.3048 ( 2.2)

-.3112 ( 1.8)
.1986 ( .8)
-.0079 ( .2)

Attrition Equation
Intercept
Age/10
Age2/100
Female
Linear Trend
PA

Qualification
Intercept
Ei,t-\
Age/10
Age2/100
Female
Married
Divorced/
Separated
Widow(er)
Teilfacharb.
Facharbeiter
Meister
Fachschule
University

-6.6684 ( 21.5)
5.3785 ( 31.1)
-.6581 ( 31.2)
-.0543 (1.1)

-1.2542 ( 50.0)
1.9334 ( 82.3)

equation :
-
-

-
-
-

-
-
-
-
-
-
-

-6.6839 (21.5)
5.3823 (31.0)
-.6588 (31.2)
-.0514 ( 1.1)

-1.2504 (49.8)
1.9328 (80.9)

-2.7118 ( 11.6)
-.5509 ( 15.7)
.8323 ( 7.0)
-.1289 ( 8.7)
.0626 ( 2.5)
-.0067 ( .2)

-.0730 ( 1.2)
.0538 ( .5)

-.2704 ( 2.1)
.2894 (3.4)
.5701 ( 6.2)
.7062 ( 8.2)
.8976 ( 10.3)

-6.7082 ( 21.6)
5.3968 ( 31.2)
-.6605 (31.4)
-.0528 ( 1.1)

-1.2541 ( 50.0)
1.9332 ( 81.1)

-2.7322 ( 11.7)
-.5533 ( 15.7)
.8439 (7.1)
-.1304 ( 8.9)
.0629 ( 2.5)
-.0074 ( .2)

-.0744 ( 1.3)
.0546 ( .5)

-.2807 ( 2.2)
.2893 ( 3.5)
.5734 ( 6.3)
.7057 (8.4)
.8992 ( 10.5)

-6.6482 ( 21.5)
5.3667 ( 31.2)
-.6570 ( 31.3)
-.0534 (1.1)

-1.2545 ( 50.0)
1.9327 ( 81.7)

-2.7056 ( 11.6)
-.5479 ( 15.9)

.8274 ( 7.0)
-.1282 ( 8.7)
.0636 ( 2.5)
-.0079 ( .2)

-.0760 ( 1.3)
.0527 ( .5)

-.2805 ( 2.2)
.2907 ( 3.5)
.5748 ( 6.3)
.7069 ( 8.4)
.9008 ( 10.5)

0 Specification
QSHH. and

(8) corresponds to specification (7), except that the dummy variables
QBHH are instrumented to account for a potential endogeneity problem.
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Table 7: Estimatioi

Specification
Variable

Qualification equation
DUMW2
DUMw3
DUMWA

DUMws
DUMwe
PQ
Employment equation:
Intercept
Ei,t-\
Eij-i x DUMwi
£,-,t_i x DUMW2
£,-,<_! x DUMW3

Ei,t-\ x DUMWA
Eij-\ x DUMw5
Eij-i x DUMwe
Eitt-\ X Female
(1 - Eij-i) x Female
£,-,(_! x 5ec2

 a-6

£,-,«_, x 5ec3
 OlC

•E,-it_i x 5ec 4
 rt-rf

£,-,t_i x Scc5
 a'e

Eitt-\ x Sec6
 a<l

'Eitt-i x 5ec7
 n'fl

£,-,t_i x 5ec8
 n'/l

Ei<t-i x 5ec9 "•'
£ t,t_i X Public
Eiit-i x 5/iort
Age/10
Age2/100

I Results

(5)

with and without Qualification

Coeff.
(t-stat)

< continued >:
-
-
-
-
-
-

-2.6940 (
-

1.7332 (
2.5122 (
2.4573 (
2.2729 (
1.9782 (
2.0841 (
-.2220
-.4600
.0801 (
.1142 (
-.0132

-.0693
-.2501
.2409 (
-.0015
.1145 (
.0561 (

-.6048 (
1.3503 (
-.1801 (

12.5)

14.5)
27.9.)
29.1)
28.3)
24.5)
27.1)
8.1)

, 8.0)
1.6)
2.6)

(-4)
: 2.o)
: 7.4).
4.3)

( .0)
3.2)
1.6)
18.2)
13.5)
14.6)

(6 )
Coeff.

(t-stat)

.2740 (

.1698 (

.3175 (

.3051 (

.0813 (

.2368 (

-.2.8154,
-

1.7029 (
2.4992 (
2.4009 (
2.2220 (
1.8495 (
2.0451 (
-.2127
-.5060
.0725 (
.1006 (
.0131

-.0634
-.2482
,2460 (
.0260

.0694 (

.0530 (
-•.5697
1.4712
-.1981

.8.8)
4.9)
9.2)
8.4)
2.0)
8.1)

( 12.1)

13.7)
25.8)
26.6)
25.1)
20.8)
24.6)

( 7.2)
( 7.9)'

1.3)
2.2)

(•4)
( 1-8)
( 6.9)

4,2)
(.3)

1.8)
1.5)

(15.6)
(13.3)
(14.4)

(7

Probit

Coeff.
(t-stat)

.2745 (

.1704 (

.3177 (

.3068 (

.0817 (

.2365 (

-3.2556
2.1777 (

-
• -

•

-

-

-

-.2070
-.4495
.0727 (
.1039 (
.0112

-.0675
-.2462
.2492 (
.0200

.0678 (

.0589 (
-.5356 (
1.4747 (
-.1994 (

8.8)
4.9)
9.2)
8.5)
2.1)
8.0)

16.0)
37.8)

7.0)
' 7.2)

1.3)
2.3)

( -3)
( 1.9)
.6.9)
4.2)

(•2)
1.8)
1.6)
15.1)
13.2)
14.4)

< continued >

(*) o

Coeff.
(t-stat)

.2770 (

.1728 (

.3219 (

.3116 (

.0877 (

.2262 (

-3.1571
2.1741 (

-

-
-
-
-

-.2118
-.4399

• .0715 (

.1076 (
.0149

-.0622
-.2432
.2364 (
.0013
.0698 (
.0654 (

-.5333 (
1.3886 (
-.1873 (

8.9)
4.9)
9.3) ;
8.6)
2.2)
7.5)

: 15-7)
36.7)

,7 .0 ) '
(7.1)

1.3)
2.3)

( .4)
(1.7)

; 6-5)
3.9)

( .0)
1.9)
1.8)
14.7)
12.1)
12.9)

a Reference category: agriculture - Dummies are constructed such that coefficients sum up to zero.
6 sec2: mining, gas, energy '
c sec3: construction

sec4: metal and electrical manufacturing
e sec5: other manufacturing
•* sec6: commerce
3 sec7: traffic, post, railways

sec8: banking, insurance
*• sec9: other services
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Table 7: Estimation Results with and without Qualification Probit <continued>

Specification
Variable

Employment
Teilfacharb.
Facharbeiter
Meister
Fachschule
University
10th Grade
Abitur/Fhrf.
Married
Divorced/
Separated
Widow(er)

DUMw-2
DUMW3

DUMWA

DUMws
DUMwe
QSHH
QSL
QST
QSP
QBHH
QBL
QBT
QBP
PE,\
PE,2
PE,3
PEA

PE,5
PE,6

(5)
Coeff.

(t-stat)

(6)
Coeff.

(t-stat).
equation <continued>:

.0111 ( .2)
.2325 ( 4.5)
.3947 ( 5.9)
.3715 ( 6.5)
.3885 ( 5.4)
.0145 ( .5)
.0055 ( .1)
.0414 ( 1.1)

-.1227 ( 2.4)
.0729 ( .8)

-.4542 ( 3.6)
-.5071 ( 4.1)
-.3544 ( 2.8)
-.3133 ( 2.4)
-.4126 ( 3.1)
-.2831 ( 7.1)
-.7193 ( 18.3)
-.0641 ( 1.0)

.0224 ( .6)
.2925 ( 4.5)
.2967 ( 3.7).
.4418 ( 5.0)
.1220 ( 3.1)
.2802 ( 26.3)
.1782 ( 10.0)
.1928 ( 5.5)
.1819 ( 4.4)
.0582 ( .9)
-.0173 ( .2)

-.0005 ( .0)
.2308 ( 4.3)
.3993 ( 5.6)
.3621 ( 5.9)
.4150 ( 5.3)
.0289 ( .8)
.0060 ( .1)
.0479 ( 1.1)

-.1281 ( 2.3)
.1254 ( 1.3)
-.5018 ( 3.9)
-.5006 ( 3.9)
-.3194 ( 2.5)
-.2643 ( 2.0)
-.4263 ( 3.1)
-.4664 ( 10.2)

-
-.1103 ( 1.6)
.0230 ( .5)
.2449 ( 3.3)

-
.3943 ( 4.2)
.1038 ( 2.3)
.3162 ( 22.1)
.2551 ( 13.5)
.2423 ( 6.8)
.2119 ( 4.9)
.1094 ( 1.6)
.0014 ( .0)

(7)
Coeff.

(t-stat)

-.0101 ( .1)
.2368 ( 4.4)
.4028 ( 5.8)
.3637 ( 6.1)
.4175 (6.2)

-
-

.0511 ( 1.2)

-.1384 ( 2.4)
.1198 ( 1.2)
.2062 ( 5.0)
.1162 ( 2.4)
.1446 ( 2.5)
-.0732 ( .8)
-.0809 ( .9)

-.4703 ( 10.3)
-

-.0975 ( 1.4)
.0249 ( .5)
.2454 ( 3.3)

-
.3829 (4.1)
.1116 ( 2.5)
.3323 ( 22.2)
.2610 ( 14.5)
.2447 ( 7.6)
.2126 ( 5.2)
<0896 ( 1.1)
-.0059 ( .1)

(8)°
Coeff.

(t-stat)

-.0018 ( .0)
.2309 ( 4.2)
.3916 ( 5.3)
.3418 ( 5.1)
.3837 ( 5.1) .

-
-

.0472 ( 1.1)

-.1436 ( 2.5)
.1162 ( 1.2)
.2282 ( 5.6)
.1477 ( 3.0)
.1847 ( 2.9)
-.0211 ( .2)
-.0221 ( .2)
-.3684 ( 1.4)

-
-.0741 ( 1.1)
.0320 ( .6)

.3884 ( 1.0)
-

.3768 ( 4.1)

.1231 ( 2.5)
.2855 ( 27.2)
.2086 ( 14.8)
.1920 ( 6.2)
.1727 ( 4.2)
• .0585 ( .7)
-.0259 ( .3)
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Table 8: Test Results for Estimation with and without Qualification Probit

Specification
Number of individuals
Test of RE specification \2

Degrees of freedom
Test of wave specific
PE X2(5)
Test of linear
time Trend \ /2(4)
Test of wave specific
effect of Ei,t-i X2(5)
Test of sector specific
effect of Ei,t-i x2(7)
LOG-Likelihood

(5)
8681

1209.5
63

72.7

141.1

53.5

83.9
-30306.7

(6)
8681

1546.1
79

44.0

38.4

48.8

. 79.6
-39978.6

(7)
8751

7757.5
70

55.7

22.7

87.6
-40289.0

(*Y
8751

1359.6
70

52.9

41.8

89.9
-40362.9
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Table 9: Variable Definitions

Variable

Dependent Variables

Dit = Yit,A

Eit = YittB

Qit = Yit,Q

Female

Definition

1 if the whole set of variables used in the employment and qualifi-
cation equations is available in each wave

0 otherwise
1 if person is employed or self-employed,
0 if person is unemployed (officially registered as well as not-

registered), or participating in a qualification measure or Hou-
sewife or Househusband

1 if person is currently participating in training within the firm
where the person is employed or in a qualification measure in
an external institution (QSL — 1 or QBL = 1)

0 otherwise
1 if female

0 if male

Occupational Qualification: reference category = no occupational degree

Teilfacharbeiter

Facharbeiter

Meister

Fachschule

University

Schooling: reference
10th Grade

Abitur/Fhrf.

1 if person reports that his/her highest professional qualificational
degree is "Teilfacharbeiter", which corresponds to having comple-
ted a partial apprenticeship

0 otherwise
1 if person reports that his/her highest professional qualificational

degree is "Facharbeiter", which corresponds to having completed
a full apprenticeship (craftsman)

0 otherwise
1 if person reports that his/her highest professional degree is "Mei-

ster" which is a master craftsman
0 otherwise

1 if person has a degree from a specialized vocational school
0 otherwise
1 if person has a university degree
0 otherwise

category — 9 years of schooling

1 if the person has completed 10 years of schooling
0 otherwise
1 if person has completed 12 or 13 years of schooling
0 otherwise

Marital Status: reference category = unmarried
Married •

Divorced/Separated

Widow(er)

DUMW,

1 if person is married
0 otherwise
1 if person is divorced or separated
0 otherwise
1 if person is a widow/widower
0 otherwise

wave dummies
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Table 9: Variable Definitions <continued>

Variable (continued) Definition (continued)

Sectoral Employment: reference category = agriculture
Eitt-\ * Sec-k 1 if person was employed at time of the last interview and working

in sector k, with k equal to:
2 . mining, gas, energy
3 construction
4 metal and electrics
5 other manufacturing
6 commerce
7 traffic, post, railways
8 banking, insurances .
9 other services
Dummies are constructed such that coefficients sum up to zero

0 otherwise

Pre-Program-Test for Qualification:
QSHH 1 if person will participate in a qualification measure in an external

institution sometime in the future, has not done so before, and is
, not currently participating
0 otherwise

QBHH 1 if person will participate in a qualification measure in the firm
sometime in the future, has not done so before, and is not currently
participating

' 0 otherwise

Current Participation in Qualification:
QSL 1 if person has not finished a qualification measure in an external

institution since the previous interview but is currently participa-
ting in such a program or will finish such a program before the
date of the next interview

0 otherwise
QBL ' 1 if person has not finished a qualification measure in the firm since

the previous interview but is currently participating in such a
program or will finish such a program before the date of the next
interview

0 otherwise

Temporary Effect of Qualification:
QST 1 if, since the previous interview, the person has finished a qualifi-

cation measure in an external institution
0 otherwise

QBT 1 if, since the previous interview, person has finished a qualification
measure in the firm where person is employed

0 otherwise

Permanent Effect of Qualification:
QSP 1 if, sometime in the past, the person finished a qualification mea-

sure in an external institution
0 otherwise

QBP 1 if, sometime in the past, the person finished a qualification mea-
sure in the firm where person was employed

0 otherwise
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