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Abstract

This working paper on university education analyzes the influencing factors on university
enrollment rates, graduation vs. dropout rates as well as study durations in Austria. The
analysis is based on the special program of the 1996 micro census that includes detailed
educational histories. On the macro level, a considerable increase of enrollment rates can be
observed that more than doubled in the second half of the last century. Female enrollment
rates that were only one third of the male rates for the 1935-39 birth cohort, have already
drawn level with the male rates. Changes on the macro level are the outcome of decisions
taken by the individual agents on the micro level. Moving from the macro to a micro analysis
of university enrollments and graduations, a very stable relation between parents’ educa-
tional attainments and the university graduation rates of their offspring can be found, besides
the diminishing gender differences in educational behavior. For given educational levels of
the parents, enrollment rates almost remained constant or even slightly decreased over time
for the males, while female rates moderately increased and eventually met the male rates in
the last decades. Given the marked differences in enrollment rates according to parents’
education — for the last birth cohort 1965-69 the rates range from around 4% to nearly 60%
for the lowest and the highest (of the five) educational groups — a considerable part of the
changes on the macro level can therefore be attributed to the changing educational composi-
tion of the parents’ generation. This result is consistent with the findings regarding prior edu-
cational transitions as studied in two previous papers. Being written in the framework of the
FAMSIM+ microsimulation model currently under development at the Austrian Institute for
Family Studies, various regression models regarding university education will be developed
in this paper, besides providing a descriptive analysis. These models will serve as basis of
the behavioral modules of the FAMSIM+ model that consists of three sub modules regarding
university enrollments and graduations: First, it is determined whether a person enrolls at
university. Second, it is decided if an enrolled person will graduate from university or drop
out. Third, the individual enrollment duration is determined by means of a survival analysis.
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1 Introduction

This working paper on University Education is the third paper analyzing educational careers
in the context of the FAMSIM+ microsimulation model for Austria. In our preceding papers we
have carried out descriptive analyses and developed logistic regression models at the transi-
tion from primary to lower secondary education (Spielauer et. al., 2002) and from lower to
upper secondary education (Schwarz, et. al., 2002). This paper concludes the “trilogy” of
papers analyzing the career paths of individuals within the Austrian School system.

As in the previous papers this analysis is based on the special program of the 1996 micro
census that includes detailed educational histories. In contrast to primary and secondary
education, which is usually completed between the ages of 6 and 18, university studies are
not completed within a predetermined period or started at a specific age. As the foregoing
chapters have shown, the duration for completing university studies varies from 3 to 10 years
or more, and the enrollment age differs strongly as well. Additionally, some individuals decide
to work after finishing upper secondary education and choose to enroll at university at a later
stage. In such a case the admission qualification for university enroliment is often reached
via second-chance education, which can be a Matura evening school, a 'Berufsreifeprifung’
or a 'Studienberechtigungsprifung'. Because of the effect on the pattern of life, such as
childbearing, we are interested in modeling first-chance education. Thus, individuals who
studied in second-chance education are not of interest in our analysis; nevertheless, the
modeling of second-chance education will be considered at a later date. For that reason, we
restricted the university enroliment age to 24 years. This allows a longer duration in upper
secondary education if, for instance, individuals attend several types of upper secondary
education, as well as the fact that males have to fulfill compulsory military service.

Since not only the background plays an essential role, for instance the education of parents,
but the prior life course as well, in the Family Microsimulation Model the previous educational
path is taken into account too. In general, there are two ways to enter university education:
from secondary vocational and technical colleges (BHS) and from secondary academic
schools (AHS), both completed with a Matura degree. The reason to separate Matura into
the two different school types lies in the completely different objectives of these schools.
While secondary vocational and technical colleges provide individuals with vocational knowl-
edge, secondary academic schools prepare students especially for university education.
Hence, for academic school graduates we can expect considerably higher probabilities for
university enrollments. Consequently, logistic regression analysis delivers for both admission
options a regression equation, which enables us to calculate the transition probabilities from
AHS, or BHS respectively, to university for any combination of the influence factors educa-
tion of parents, residential area and gender.

Since the university education module of the FAMSIM+ Project consists of several steps, we
first estimate the probability of university enrollment by means of logistic regression. By using
the Monte Carlo simulation, we are able to decide whether or not individuals enter university
education. Second, the risk of dropping out is estimated by logistic regression. Third, we
have to determine the duration of the educational process until graduation or dropout respec-
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tively. This is done with a survival analysis, where we perform for both outcomes, graduation
and dropout, two separate analyses. By doing so, we obtain for every point in time the prob-
ability of dropping out or graduating respectively.

However, before modeling university education by logistic regression and survival analysis, a
descriptive look into the matter is carried out. First, influence factors on university enrollment
and graduation and changes over time are investigated, followed by a look into the factors
that affect dropout rates. Afterwards, enroliment and graduation age is examined. In the last
chapter of the descriptive analysis durations until graduation are studied.
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2 Data and Variables

The data source for this study is the special program of the Austrian micro census from June
1996, which contained a questionnaire on educational history, marriage, and biography of
births. For our analysis the questions of interest were:

= Kind of graduation in compulsory education

= All kinds of ever attended/started educations following compulsory education

= Educational history starting from lower secondary education

= Highest education of the individual's parents

= Municipality type: rural or urban (place where person lived at the age of fifteen)

In contrast to the basic program of the micro census, the special program is voluntary. Since
for various reasons individuals refuse to answer the questions, e.g. due to embarrassment or
lack of interest, we have to consider a systematic error. Particularly in a survey on education,
we can expect less interest in the program from individuals with a lower educational level,
consequently, some caution in usage of the results is advisable. In our sample 26 639 out of
33 811 individuals answered the questions on education. However, since we evaluate indi-
vidual behavior in dependency on influence factors, it is not so important that a certain pro-
portion in the sample, i.e. the proportion of university enroliments, is equivalent to the propor-
tion in the total population, but that the individual behavior in the sample corresponds to the
behavior of the individuals in the total population. For instance, the sample proportion of uni-
versity enrollments of individuals of parents holding a university degree should be approxi-
mately equivalent to the respective proportion in the total population. Especially for the logis-
tic regression and the survival analysis, carried out in this paper, the systematic error is basi-
cally irrelevant, as the non-respondents display the same behavior as the respondents con-
cerning an obligatory basic program and a voluntary special program.
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Table 2.1: Variable description

Variable Description Type
birth_dat Date of birth Numerical
gender Gender Categorical with the categories
0 female
1  male
municip Municipality type, where lived at age of Categorical with the categories
fifteen 0 rural
1 urban
educ_com Compulsory education Categorical with the categories
0 Lower secondary school (‘Haupt-
schule’)
1 Lower academic secondary school
(‘AHS’)
educ_hgh Highest education of the individuals inter- Categorical with the categories
viewed 1 compulsory
2 apprenticeship
3  vocational
4 Matura'
5 university
educ_par Highest education of parents (highest value | c.f. educ_hgh
of father or mother)
uni_educ University graduate according the basic Categorical with the categories
program of the micro census 1 yes
0 no
univ_enr Ever enrolled at university Categorical with the categories
1 yes
0 no
univ_adm Admission qualification (previous secondary | Categorical with the categories
education) 4  secondary academic school (AHS)
5 vocational and technical school (BHS)
uni_beg Year of university enroliment Numerical
uni_end Year of leaving from University Numerical
uni_dur Duration till university leaving (gradation or | Numerical
drop out) in years
is_drop Kind of university leaving Categorical with the categories
1 dropout
0 graduation
gew1 Adjusted weight by the population structure | Real

of the total population of Austria

' In Austria, the ‘Matura’ (or ‘Reifepriifung’) is the final exam in upper level academic secondary schools and sec-
ondary technical and vocational colleges, usually taken after 12, or respectively,. 13 years of education. Matura
also grants admission to universities or Fachhochschulen (post-secondary colleges).
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3 Influence Factors on University Education

The main purpose of this chapter is to answer the question of who studied, graduated or
dropped out in relation to the influence factors gender, municipality type, compulsory educa-
tion, secondary education and education of parents, looking at all individuals interviewed.
Table 3.1 gives a concise overview of sample sizes and distributions of university studies in
dependency on these influence factors for individuals born between 1937 and 1981. From
the 13 220 females in our sample, 3.7% already graduated, 1.4% dropped out and 2.3% are
still enrolled; hence, 7.4% respondents answered that they were/are enrolled while the rest of
92.6% wasl/is not. Comparing the statements of females with those of their male counter-
parts, Table 3.1 reveals great gender differences. While 5.9% of males responded that they
were university graduates, only 3.7% of females did so.

Regarding residential area, clear differences between rural and urban areas emerge. Only
5.2% of the individuals living in rural areas ever enrolled at university, of whom 2.6% gradu-
ated. In contrast, the percentages for individuals in urban areas are approximately three
times higher.

As expected after the results of the two foregoing working papers concerning Austrian
education (Spielauer et. al., 2002; Schwarz et. al., 2002), the previous educational path influ-
ences the probability of attending university to a great extend. Adding graduates, dropouts
and currently enrolled, only 1.7% of all individuals who attended lower secondary school
(Hauptschule) enrolled at university, whereas 35.7% did so if they attended lower secondary
academic school (AHS).

In order to get admission to university a Matura certificate is required. This is normally gained
by successfully graduating from vocational and technical college or from secondary aca-
demic school. However, those who did not obtain the necessary Matura certificate within
secondary education but who nevertheless want to attend university, can acquire their ad-
mission qualification via second-chance education. For the purpose of this working paper we
neglected the second possibility and only concentrated on the ‘regular’ admission to univer-
sity. When studying the admission qualification shown in Table 3.1, clear differences be-
tween vocational and technical college graduates and secondary academic school graduates
became visible. While 57.4% of secondary academic school graduates stated that they were
enrolled at university, only 26.9% of vocational and technical college graduates did so.

As became also evident in the two foregoing working papers, the education of parents con-
siderably influences the educational path of their children. These findings are also relevant at
university level. While the vast majority (97.3%) of individuals whose parents have compul-
sory education only as their highest educational attainment never enrolled, this proportion
decreased gradually with the education of parents.
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Table 3.1: University studies in dependency on influence factors for individuals born be-
tween 1937 and 1981

never enrolled university university currently
Variables Categories n graduates dropouts enrolled
in %
Female 13220 92.6 3.7 1.4 2.3
Gender
Male 13419 89.7 59 1.4 3.1
Municipality Rural 17551 94.8 2.6 0.7 1.8
type Urban 7786 85.0 8.6 2.5 3.9
Lower secon- 20637 98.3 0.8 0.3 0.6
dary school
Compulsory
T Lower secon-
dary aca- 4384 64.3 19.3 5.6 10.8
demic school
Vocational
Admission college (BHS) 2045 7.1 9.0 4.3 9.6
qualification Academic
school (AHS) 2647 42.6 33.8 8.1 15.5
Compulsory 11708 97.3 1.8 0.4 0.5
g‘rﬁ’igre”t'ce' 7034 94.4 2.7 1.1 1.8
Education Of Vocationa|
parents school 1818 85.2 6.9 29 5.0
Matura 1826 73.1 15.0 4.2 7.7
University 1272 52.9 26.2 5.3 15.6
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4 Changes over Time for University Enroliments and Graduations

At this point we consider changes over time in relation to several influence factors. In order to
prevent too small a sample size in the cohorts and censured data of individuals who are still
in secondary education, we restricted the time span to 1935-1969, creating five-year birth
cohorts for this time period. Nevertheless, in the last cohort we still have to consider a slight
data censoring problem.

4.1 Changes over Time Concerning University Enroliments

In this chapter enrollments — independent of the fact of how long the individuals were en-
rolled and whether or not they were successful — will be studied closely. By comparing birth
cohorts structural changes and time trends shall be discovered.

When looking at Figure 4.1 it becomes evident that the total number of individuals enrolled at
university increases enormously over the four birth cohorts considered, with a particularly
strong increase from the 50s to the 60s. While only 5% of the individuals of the cohort 1935
to 1939 ever enrolled, this percentage tripled to 15% for the final cohort observed.

Figure 4.1: Differences between birth cohorts in the proportion of individuals enrolled at
university in dependency on gender
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Figure 4.1 also shows gender differences and their development over time. Although the
development of the two graphs is quite similar, the graph concerning females shows a more
marked increase. Therefore the initial gender gap of about five percentage points narrowed
to two percentage points for the birth cohort 1965-69. The gap is widening in the last cohort,
which is probably due to the censored data.

Figure 4.2 makes clear that there is a substantial difference between the residential areas
where individual lived at the age of 15 and the enroliment rate at university. Although in both
the rural and urban areas there has been a steady rise in the number of individuals enrolled,

the increase was far more pronounced in urban areas which made the graphs diverge fur-
9
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ther. For the final cohort the corresponding relative frequencies are 23% for individuals living
in urban regions and 10% for those in rural areas.

Figure 4.2: Differences between birth cohorts in the proportion of individuals enrolled at
university in dependency on municipality area
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As the previous paper on upper secondary education has shown, lower secondary education
influences the educational future of individuals to a great extent. Figure 4.3 displays that the
probability of university enroliment for individuals with 'Hauptschule' is small; however, for
these individuals an extensive rise from 1% to nearly 8% took place over the last decades.
Nevertheless, the gap between these two school types is still substantial, since for lower

secondary school (AHS) the enrollment rate was already 35% in the past and increased fur-
ther to around 45%.

Figure 4.3: Differences between birth cohorts in the proportion of individuals enrolled at
university in dependency on lower secondary education
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As emerges from Figure 4.4, time trends regarding the relative frequency of becoming a stu-
dent differ depending on the type of secondary education completed. There appears a stag-
nation at around 60% for individuals enrolled at university who previously attended secon-
dary academic school. On the other side, there was a constant rise in the proportion of

10
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graduates from vocational and technical colleges enrolled at university, which more than
doubled from around 15% to over 30%.

Figure 4.4: Differences between birth cohorts in the proportion of individuals enrolled at
university in dependency on secondary education
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As we found in our previous research, the educational attainment of parents plays a crucial
role when investigating education. Therefore, we want to examine whether this applies to the
university level as well. Figure 4.5 shows variations over time regarding parental schooling
and the proportions of individuals enrolled at university. After an initial downward movement,
a general upward trend can be observed for all groups defined in our study.

If parents are university graduates, individuals often also get/take the chance to study. When
comparing individuals whose parents are university graduates and who are born within the
period of 1940-44 with those born between 1965-69, a rise in the relative frequency of en-
roliment from 37% to 58% can be observed. However, the number of students of parents
who have compulsory education only almost doubled and reached a maximum value of 4%
for the final cohort. Thus, over time the disparities regarding the relation between enroliments
and parental education experienced a reinforcement.

11
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Figure 4.5: Differences between birth cohorts in the proportion of individuals enrolled at
university in dependency on the education of parents
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4.2 Changes over Time Concerning University Graduates

As so far we have only been interested in enrollments, regardless of whether or not the indi-
viduals enrolled actually graduated from university, the central aim of the following considera-
tions is to answer the question of whether the variables of interest influenced the proportion
of graduates over time. In the following analysis it has to be kept in mind that some individu-
als of the birth cohorts 1960-64 and 1965-69 might still have been studying in 1996, when
the micro census was conducted. Therefore, our results may be biased downward, which we
nevertheless accept, as we do not want to omit these observations. However, with these
limitations in mind, the subsequent figures have to be interpreted cautiously.

As Figure 4.6 reveals, there has been a steady increase in the overall relative frequency of
university graduates, which is mainly due to female enrollment rates. The gender gap of uni-
versity graduates was reduced from almost 4.5 percentage points for the birth cohort 1930-
1934 to 1.5 percentage points for the cohort 1955-59. However, the percentage for the years
of birth 1960-69 may be censured, as not all individuals born during this time-interval may
already have graduated.

12
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Figure 4.6: Differences between birth cohorts in the proportion of individuals graduated
from university in dependency on gender
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Figure 4.7 shows the considerable differences between urban and rural areas concerning
university graduates. While a moderate rise from around 8% to about 10% in the proportion

of graduates from urban areas took place, the proportion of graduates coming from rural ar-
eas doubled from around 2% to 4%.

Figure 4.7: Differences between birth cohorts in the proportion of individuals graduated
from university in dependency on municipality area
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Figure 4.8 shows the proportion of graduates and their development over birth-cohorts with
regard to their compulsory education. While the relative frequency of lower secondary school
graduates becoming university graduates increased only slightly to a level of 1% for the last
cohort, the graph applying to lower secondary academic school graduates dropped from
around 30% to 25%. In the last cohorts this downward movement may be traced back to the
fact that not all individuals had finished their studies at the time the data was collected.
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Figure 4.8: Differences between birth cohorts in the proportion of individuals graduated
from university in dependency on lower secondary education
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Figure 4.9 pictures a steadily declining proportion of graduates concerning individuals gradu-
ating from secondary academic schools. The graph for those individuals who graduated from
vocational and technical colleges remains nearly constant.

Figure 4.9: Differences between birth cohorts in the proportion of individuals graduated
from university in dependency on secondary education
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Figure 4.10 shows graduation rates in relation to the education of parents. For individuals
whose parents have a Matura degree or attended a vocational school, no clear time trends
can be identified. A substantial increase in the proportion of graduates took place for those
individuals having parents who hold a university degree, which peaked in the cohort 1950-54.
For individuals with parents who have compulsory education or did an apprenticeship, a neg-
ligible increase in the proportion of graduates took place over the cohorts investigated,
whereas the ratio of graduates whose parents attended vocational school remained more or
less constant at 10% over the entire period observed.

14
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Figure 4.10: Differences between birth cohorts in the proportion of individuals graduated
from university in dependency on educational attainment of parents
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The considerable differences in enrollment rates according to parents’ education — for the
last birth cohort 1965-69 the rates range from around 4% to nearly 60% for the lowest and
highest (of the five) educational groups — indicate that a considerable part of the overall in-
crease of graduation rates observed on the macro level can be attributed to the changing
educational composition of the parents’ generation.

A rather stable behavioral relation between parents’ education and graduation rates of off-
spring can be found for males. As shown in Figure 4.11, graduation rates by parents’ educa-
tion remained almost stable over all decades for parents having compulsory education or
apprenticeship. For all others no clear time trends can be observed.

Figure 4.11: Differences between birth cohorts in the proportion of MALE individuals
graduated from university in dependency on educational attainment of parents
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However, this picture changes notably for the female population. As shown in Figure 4.12,
female graduation rates increased considerably for all groups and drew level with the male
rates. However, it has to be mentioned that the sample size is rather small for female gradu-
ates devided by the education of parents.
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Figure 4.12: Differences between birth cohorts in the proportion of FEMALE individuals
graduated from university in dependency on educational attainment of parents
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5 University Dropout Rates

In this chapter we examine university dropout rates in relation to the proportion of graduates,
which is, of course, the contra probability of the dropout rates (py = 1 - pg). First, we will con-
sider the several influence factors on university graduation for individuals who left university
between 1966 and 1995. Second, we will look at changes in the dropout rates over the last
decades. Since often individuals do not state uncompleted studies, differences between our
rates and those of university statistics can occur. Additionally, we did not count individuals as
dropouts if they enrolled again within two years of their first interruption and graduated in the
second attempt.

Table 5.1: Influence factors on university leaving for individuals who left university be-
tween 1966-1995

Graduates Dropouts
Variable Category n
in %

Female 467 74 .1 25,9
Gender

Male 731 81.3 18,7

Rural 436 77.7 22,3
Municipality type

Urban 705 77.7 22,3

Lower secondary 189 70.8 292
Compulsory school
education Lower sgcondary 887 78.1 219

academic school

Secondary aca-
Admission demic school 914 812 188
qualification Vocatllonal and 299 67.0 33.0

technical college

Compulsory 190 81.7 18,3

Apprenticeship 210 70.4 29,6
Education of parents | Vocational school 125 70.8 29,2

Matura 271 79.2 20,8

University 308 83.6 16,4
Total 1198 78,4 21.6

As in the preceding chapters, we will determine the extent by which gender, municipality
type, compulsory school, secondary school and the education of parents influence the prob-
ability of becoming a dropout, or graduate respectively. Table 5.1 reveals that there are gen-
der differences regarding the two ways of leaving university. While 18.7% of male students
drop out of university education, 25.9% of female students do so. No distinction can be
drawn between rural and urban municipalities where both show a dropout rate of 22.2%.
Concerning compulsory education, the relative frequency of dropping out of university is 7.3
percentage points higher for students previously attending lower secondary school than for
those attending lower secondary academic school.
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Nevertheless, notable differences can be observed as regards the admission qualification,
which describes the way by which the individual acquired the qualification necessary for at-
tending university. Among vocational and technical school graduates the dropout rate is 33%
and, thus, quite high compared to students who gained their admission qualification by
graduating from secondary academic school (18.8%).

An interesting correlation arises regarding the educational attainment of parents and the per-
centages of graduates or dropouts respectively. While the dropout rate is quite similar and
lies at around 30%, both for parents previously doing an apprenticeship or attending a voca-
tional school, it is ten percentage points smaller for individuals whose parents attended com-
pulsory school only or hold a Matura degree. As expected, with 16.4% the far lowest dropout
rate applies to those individuals whose parents hold a university degree.

Looking into changes over time, Figure 5.1 shows the development of dropouts for females
and males over the past 35 years. In general, the rates increased during the last decades.
The unstable behavior of the graphs may partly be traced back to the fact that we used event
cohorts of dropping out or graduating from university respectively in order to avoid censured
data. In such a case, the dominator of the rates may be biased to some extent, if in (a) spe-
cific year(s) the number of enrollments was much higher or lower, since the event 'dropout’
occurs some years earlier than the event 'graduation’. However, as we examined birth co-
horts too, the unstable behavior was reduced markedly. Additionally, we have to consider the
small sample size.

The peak value for females leaving university between 1986-90 is noticeable in Figure 5.1.
This high rate deserves a closer look which is taken in Figure 5.2. We are able to confine the
peak to individuals having BHS as admission qualification. If we subdivide the category BHS
by gender, the high values can be traced back to females with BHS; although we have to
consider the small sample size at this point. In contrast to BHS, the rates of individuals from
AHS show a stable behavior with negligible changes over time.

Figure 5.1: Dropout rates subject to gender over 5-year cohorts of university leaving

40

Female
35 | | —=— Male
—aA— Total

30 -

25 -

20

15 1

Relative frequency (%)

10 +

5

0 : : : : : |
1961-65 1966-70 1971-75 1976-80 1981-85 1986-90 1991-95
(n=80) (n=139) (n=130) (n=196) (n=208) (n=253) (n=272)

18



University Education - An Analysis in the Context of the FAMSIM+ Microsimulation Model for Austria

Ol

Relative frequency (%)

Figure 5.2: Dropout rates subject to admission qualification in relation to gender and
BHS over 5-year cohorts of university leaving
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For residential area an unstable behavior of the dropout rates applies to rural municipalities;

however, if we smooth the graphs, we observe similar dropout rates that increase slightly for
both areas, rural and urban.

Figure 5.3: Dropout rates subject to residential area over 5-year cohorts of university
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6 Enrollment and Graduation Age

While birth cohorts and the population as a whole were the matter of interest of the previous
sections, we now concentrate on individuals enrolled as well as on graduates. Thus, in this
chapter we no longer regard birth cohorts, but ‘enrollment’ and ‘graduation cohorts’. These
two cohorts consist of all individuals who enrolled or respectively graduated during the speci-
fied period, independent of the fact when they were born. Thus, enrollment and graduation
cohorts are not entirely comparable, as they partly consist of different individuals. When
comparing different enrollment and graduation cohorts, one has to be aware that the sample
size reduces considerably, the further we go back in time.

In the following analysis the age at the time of enrollment or respectively graduation applies
to first studies only. We also investigated all individuals who enrolled and dropped out, if they
enrolled again within two years of their interruption. Thus, we allow for students that changed
their studies, which is fairly common in Austria. Because we are only interested in modeling
first-chance education, we only consider individuals who enrolled between the ages of 17
and 24. These adjustments were necessary, as the inclusion of higher enroliment age and,
thus, second-chance education would distort our results.

6.1 Changes Over Time in Enrollment and Graduation Age

As Table 6.1 reveals that the median age at the time of enroliment hardly changed during the
40-year-period considered. It remained more or less constant at a value of about 228 months
— equivalent to 19 years — for the four graduation cohorts. This indicates that most individu-
als started their university career immediately after completing secondary education.

Table 6.1: Age at enrollment in years over 10-year enroliment cohorts from 1956 to 1995

e || wedn | e | e
1956-65 250 226 16.25 230.90
1966-75 349 231 21.00 234.11
1976-85 515 228 18.00 232.52
1986-95 835 230 18.00 234.50

However, different results are presented in Table 6.2. The median graduation age increased
from 24 years for the graduation cohort 1956-65 to 26 years for the last cohort investigated.
The mean age at graduation also shows an immense upward shift to approximately 24
months.

Zx 0.75 — X 0.25
® Since the distribution is not symmetrical and additionally afflicted with outliers, the moments such as the mean
and the variance are not an appropriate measure. The mean serves here just for comparison with the median.
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Table 6.2: Age at graduation in years over 10-year graduation cohorts from 1956 to 1995

G;aodh%?,:ison n Median Inter;—rc];;:{t lle Mean®
1956-65 72 289.5 22.75 291.13
1966-75 220 307.0 35.00 309.40
1976-85 324 305.0 35.00 310.55
1986-95 407 314.0 35.00 316.59

Summarizing both tables it can be stated that although the enrollment age remained constant
over time, the graduation age increased. This suggests that the duration of studies increased
over the periods investigated. This result is confirmed and described in detail in chapter 7.

6.2 Enroliment Age in Dependency on Influence Factors

Tables 6.1 and 6.2 gave a first impression and some general information about variations in
enrollment and graduation age over time. The central aim of this section is to find out
whether gender, municipality type and secondary education affect them as well.

Figure 6.1 pictures gender disparities regarding the age at the time of enroliment. It is not
surprising that females enrolled earlier, as most males do their obligatory military service or
alternative community service — which covers a period between eight and twelve months —
immediately after school. Thus, considering enroliments, at the age of 19 almost 75% of fe-
males but only 61% of males were already enrolled.

Figure 6.1: Enrollment age in dependency on gender for the enroliment years 1966-95
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Figure 6.2 displays differences in enrollment age regarding municipality area. At the age of
18 29% of the individuals coming from rural areas, but 38% of those from urban areas are
already enrolled. A plausible explanation for this time lag may be the fact that individuals in

4
X075 — X 0.25

® Since the distribution is not symmetrical and additionally afflicted with outliers, the moments such as the mean
and the variance are not an appropriate measure. The mean serves here just for comparison with the median.
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rural areas more often attend vocational and technical colleges, usually lasting one year
longer than secondary academic schools, which are more frequented in urban regions.

Figure 6.2: Enroliment age in dependency on municipality type for the enroliment years
1966-95
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Figure 6.3 shows that the majority of individuals graduating from secondary academic school
(40%) immediately enrolled at the age of 18. However, individuals from vocational and tech-
nical colleges normally have to attend school until they are 19 and so most of them enrolled
at 19 or 20. In contrast to secondary academic school, vocational and technical school im-
parts full vocational training making it possible to work immediately after graduating. This
leads to our hypothesis that vocational and technical college graduates may first enter the
labor market and enroll at a later stage in their lives. As a matter of fact, our assumptions are
reflected in the data, where one can see that more graduates from vocational and technical
colleges than from secondary academic school enrolled later.

Figure 6.3: Enroliment age in dependency on secondary education for the enrollment
years 1966-95
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6.3 Graduation Age in Dependency on Influence Factors

Figure 6.4 shows that the gender differences found when analyzing enrollment age continue
to play a role when considering graduation age. Due to the fact that females start their stud-
ies earlier than males, they also finish them earlier. Until the age of 26, in each age group —
with the exception of the first one — a higher percentage of females than males graduated. Of
all those individuals who graduated between 1966-95, 59% of females but only 44% of males
already held a university degree at the age of 25.

Figure 6.4: Graduation age in dependency on gender for the graduation years 1966-95
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Figure 6.5 shows the graduation age in connection with the type of municipality and indicates
that until the age of 24 more individuals from urban areas than from rural regions graduated.
The interpretation in connection with Figure 6.2 evidences that the higher graduation age of
individuals in rural regions is a consequence of their later enrollment.

Figure 6.5: Gradation age in dependency on municipality type for the graduation years
1966-95
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Figure 6.6 demonstrates that more than 70% of individuals who graduated from secondary
academic schools or vocational and technical colleges acquired their university degree be-
tween 23 and 27.

Figure 6.6: Graduation age in dependency on secondary education for the graduation
years 1966-95
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7 Duration of University Studies

After having examined the age at the time of enrollment and of graduation, the duration of
studies will be looked at more closely as it is of particular interest in the microsimulation.
First, relevant changes over time will be identified by analyzing graduation cohorts. Then the
factors already applied above will be analyzed to reveal their importance regarding the dura-
tion of studies until graduation or dropout.

A central shortcoming of this analysis is the fact that in reality there are other important fac-
tors which have a considerably higher influence on the duration of studies. One of them is
the fact of whether or not the student is in employment. As it is quite common to work part or
even full time during the study, the hours per week employed crucially affect the time used
until graduation. As we lack data regarding the employment status of individuals during their
university education, we are unable to assess the precise effects. Other aspects that influ-
ence the duration of studies and that especially concern females are pregnancy and child-
bearing. Although we lack data to evaluate the influence of these two aspects, these are in-
teresting research questions that would deserve extra attention.

7.1 Duration until Graduation

In order to discover potential changes over the time span we again consider graduation co-
horts. Table 7.1 reveals that the median graduation duration extended by 2 years — from ini-
tially 59 to 83 months. While 50% of the individuals of the cohort 1956-65 graduated after five
years, this time span lengthened to seven years for the last graduation cohort observed. All
these figures confirm the trend towards an extended duration of studies. Again one has to be
aware that the sample size decreases enormously, the further one goes back in time.

Table 7.1: Graduation duration in years over 10-years graduation cohorts from 1956 -
1995

graduation n Median Inter-quartile Mean
cohorts range
1956-65 72 59 12 65.00
1966-75 220 71 33 75.20
1976-85 324 71 36 78.41
1986-95 407 83 24 85.06

In this section the duration of studies is investigated for the last three graduation cohorts,
namely 1966-75, 1976-85 and 1986-95. Again, the analysis considers the influence of gen-
der, municipality type and secondary education on the duration until graduation.

Figure 7.1 reveals that there are gender differences regarding the duration of studies. After
four years of studies around 13% of both female and 12% of male students have graduated.
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Figure 7.1: Duration until graduation in years in dependency on gender for the gradua-
tion years 1966-95
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Figure 7.2 shows that students in urban areas obtain their university degree earlier than stu-
dents living in rural municipalities. When analyzing the picture one has to be aware of the
fact that the municipality type refers to the place where people lived at the age of 15. Thus,
the fact that most individuals initially living in rural areas move during their studies and live in
a dormitory or in a flat at the place of their university is neglected.

Figure 7.2: Duration until graduation in years in dependency on municipality type for the
graduation years 1966-95
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A completely different and hardly interpretable picture emerges when we want to find out to
what extend the previous education influences the length of time until university graduation,
as displayed in Figure 7.3.
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Figure 7.3: Duration until graduation in years in dependency on secondary education for
the graduation years 1965-95
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After five years of studies already 44.5% of the graduates of vocational and technical col-
leges hold a university degree as opposed to 27% of secondary academic school graduates.
The main reasons for this may be the fact that depending on their previously attended sec-
ondary education, individuals choose distinct type of studies, which vary enormously with
respect to their average duration.

7.2 Duration until Dropout

After having observed the factors by which the duration until graduation is determined, we
briefly look at the duration until the point of time when the dropout occurs.

As already mentioned above, we regarded everyone who studied longer than 28 semesters
as a dropout in order to avoid having individuals in the sample who enrolled without intending
to graduate. Thus, these individuals are comprised in the category 14+.

Figure 7.4 depicts the time interval from enrollment until the dropout date for all individuals
leaving university between 1966 and 1995. Of the 255 dropouts in our sample, 29% left uni-
versity within their first year of studies.
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Figure 7.4: Duration until dropout in years for the years of university leaving 1966-95
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As opposed to the graduation duration, the time interval from enroliment until the dropout
date is much more difficult to attribute to factors like gender, municipality type and previous
education, as the dropout is frequently caused by personal reasons. Therefore, we only look
at two aspects when investigating the duration until dropout: gender and secondary educa-
tion. Figure 7.5 makes clear that 62% of female dropouts leave university within the first two
years, while this holds true for only 42% of male dropouts. On the other side, notably more
females than males are enrolled for more than 14 years and thus are counted as dropouts
according to our definition.

Figure 7.5: Duration until dropout in years in dependency on gender for the years of uni-
versity leaving 1966-95

35
m Female
0 Male
30
. 25
x
3 201
[}
3
g
E 15 1
(0]
=
©
© 10 A —
14

MU el

Figure 7.6 shows the dropout duration in dependency on the previous education and yields
unambiguous results: Students who acquired their university admission qualification through
graduation from vocational and technical school drop out sooner than former pupils of sec-
ondary academic schools. 85% of those dropouts who are vocational and technical college
graduates left university within the first three years of studies as opposed to 63% of secon-
dary academic school graduates.
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Figure 7.6: Duration until dropout in years in dependency on secondary education for the
years of university 1966-95
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8 Modeling University Education

In our preceding papers we have developed logistic regression models at the transition from
primary to lower secondary education (Spielauer et. al., 2002) and from lower to upper sec-
ondary education (Schwarz, et. al., 2002). In contrast to primary and secondary education,
which is usually completed betweens the ages of 6 and 18, university studies are not com-
pleted within a predetermined period or started at a specific age. As the foregoing chapters
have shown the duration for completing university studies varies from 3 to 10 years or more,
and the enrollment age differs strongly as well. Additionally, some individuals decide to work
after finishing upper secondary education and choose to enroll at university at a future stage.
In such a case, the admission qualification for university enroliment is often reached via a
second-chance education, which can be a Matura evening school, a '‘Berufsreifeprifung' or a
'Studienberechtigungsprifung'. Because of the effect on the pattern of life, such as childbear-
ing, we are interested in modeling first-chance education. Thus, individuals who studied in
second-chance education are not of interest in our analysis; nevertheless, the modeling of
second-chance education will be considered at a later date. For that reason, we restricted
university enrollment age to 24 years. This allows a longer duration in upper secondary edu-
cation, if for instance individuals attend several types of upper secondary education, as well
as the fact that males have to fulfill compulsory military service.

Since not only the background plays an essential role, for instance the education of parents,
but the prior life course as well, in the Family Microsimulation Model the previous educational
path is taken into account too. In general, there are two ways to enter university education:
from secondary vocational and technical colleges (BHS) and from secondary academic
schools (AHS), both completed with a Matura degree. The reason to separate Matura into
the two different school types lies in the completely different objective of these schools. While
secondary vocational and technical colleges provide individuals with vocational knowledge,
secondary academic schools prepare students especially for university education. Hence, for
academic school graduates we can expect considerably higher probabilities for university
enroliments. Consequently, logistic regression analysis delivers for both admission options a
regression equation, which enables us to calculate the transition probabilities from AHS or
BHS respectively to university for any combination of the influence factors education of par-
ents, residential area and gender.

Since the university education module of the FAMSIM+ Project is designed of several steps,
first, we estimate the probability of university enrollment. Second, the risk of dropping out is
estimated. Third, we have to determine the duration of the educational process until gradua-
tion or dropout respectively. This is done with a survival analysis, where we perform for both
outcomes, graduation and dropout, two separate analyses. By doing so, we obtain for every
point in time the probability of dropping out or graduating respectively. Subsequently, we are
able to decide with a Monte Carlo simulation for every point in time whether the individual
drops out or stays enrolled or whether he graduates or stays enrolled.

30



University Education - An Analysis in the Context of the FAMSIM+ Microsimulation Model for Austria OII:

8.1 Logistic Regression for University Enroliment

For descriptive reasons and in order to detect changes over time, we will look at the probabil-
ity of university enroliment of individuals with different social backgrounds and regional desti-
nations first. Afterwards we will consider the fact that actually logistic regression equations at
the transition from upper secondary education to university enroliment are required. Table
8.1 shows the goodness-of-fit and the regression coefficient for the logits of the probability of
university enrollment over 10-year birth cohorts from 1940 to 1969. The Chi-square statistics
of the models are highly significant (p-value=0.000 for all cohorts), which shows that the rela-
tionship between the dependent variable and the model is probably real and not due to sam-
pling fluctuations. The pseudo R2?s of around 0.3 are good values for a logistic regression;
consequently, these variables are good predictors®.

The regression coefficients give the information of the partial effect of each variable on the
transition probability. The redundant category of the explanatory variables work as reference
category; consequently the parameters of the reference category are set at zero. From a
practical perspective, the most difficult aspect for logit models is interpreting the logit esti-
mates. However, by taking the exponential of the logistic regression coefficient, we obtain the
odds ratio

(b)) = p, /(1= py)

OR = exp(b, ,
Po /(1= py)

which explains the partial effect in the response probability from changing a binary explana-
tory variable x; from one to zero, holding all other variables fixed’. The odds ratio is usually
used for comparison of the proportions in two groups, where the chances of these groups are
opposed. If, for instance, for group one the chance of failure is 3:1 and for group two it is 1:5,
the odds ratio would be 3:1/1:5, which is 15. Therefore, for group one the chance of failure is
15 times higher than for group two®. If the odds ratio is 1, then it is equal for both groups.

The regression coefficients in relation to the odds ratios, listed in Table 8.1, explain the influ-
ence of gender, residential area and education of parents on university enrollment for 10-
year cohorts from 1940 to 1969. All of the regression coefficients are statistically significant
at 95% confidence, except for educating of parents (apprentice) in the cohort of 1940-1949.

® For the logistic regression several pseudo R-squares were developed, as equivalents of the usual coefficient of
determination. Although the R? of the logistic regression is calculated in a different way, from the R? in the ordi-
nary linear regression, it can to a great extent be interpreted in the same way.

” For derivation and detailed explication of the odds ratio see appendix.

ltis important to note that a ratio in the chances of 15 does NOT mean that the probability of one group is 15
times higher than for the other group since OR = [p4/(1-p1))/[po/(1-po)] and not p1/po, which is a common mistake.
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Table 8.1: Logit estimates for the probability of university enroliment over 10-year birth
cohorts from 1930 to 1969

Dependent variable: University enrollment
Independent Birth cohorts
ariables
van 1940-49 1950-59 1960-69
(n=4737) (n=5425) (n=6025)
GENDER
(ref. female)
1.218 0.691 0.402
male (0.157) (0.126) (0.099
[3.382] [1.995] [1.495]
RESIDENTIAL AREA
(ref. rural)
0.745 0.860 0.635
urban (0.160) (0.131) (0.103)
[2.106] [2.264] [1.887]
EDUCATION PARENTS
(ref. compulsory)
0.42 0.590 0.716
apprentice (0.224) (0.183) (0.150)
[1.523] [1.803] [2.046]
1.646 1.672 1.791
vocational school (0.279) (0.212) (0.175)
[5.188] [5.324] [5.996]
2.255 2.269 2.552
Matura (0.223) (0.189) (0.159)
[9.531] [9.674] [12.837]
3.416 3.486 3.311
university (0.217) (0.197) (0.171)
[30.436] [32.647] [27.418]
intercept -4.975 -4.422 -3.910
Chi 484.26 613.70 808.69
I-square (df = 6) (df = 6) (df = 6)
Pseudo R? 0.290 0.280 0.272

(Standard error)
[Odds ratio exp(b)]

For males an advantage in the past can be observed; the situation for females improved until
the difference between males and females became only minor. In 1940 to 1949 the probabil-
ity of university enrollment was 3.4 times higher for males than for females, but in 1960 to
1969 the odds ratio was reduced to 1.5. We can also detect a moderate influence of the resi-
dential area. However, changes over time are negligible in this connection.

For the five categories of the variable education of parents dummy variables were built,
whereby the last category, of course, is linear dependent to the rest of the categories. There-
fore, the regression coefficients show not only the influence of education of parents on uni-
versity enrollment but also the distance to the reference category. In our preceding paper
about lower and upper secondary education, the positive influence of the higher educational
background of individuals’ parents are for individuals of parents with lower education much
smaller and over time no improvement can be seen, i.e. the probability of enrolling at univer-
sity for individuals of parents with university education is around 30 times higher than for in-
dividuals of parents with compulsory education.
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The fact that the number of students increased considerably the last decades is the result of
the educational expansion in society. More and more parents who have a better education
also enable their children to receive a good education. However, the individuals of parents
with lower education remain strongly discriminated and changes over time are negligible.

Table 8.2: Logistic regression at the transition from previous education to university for
individuals born 1950 to 1969

Dependent variable: University enrollment
Independent i i
variables Academic school (AHS) Vocational college (BHS)
to University to University
(n=1257) (n=958)
GENDER
(ref. female)
0.721 0.754
male (0.121) (0.175)
[2.056] [2.126]
RESIDENTIAL AREA
(ref. rural)
0.453 0.376
urban (0.125) (0.175)
[1.574] [1.456]
EDUCATION PARENTS
(ref. compulsory)
0.272 0.460
apprentice (0.182) (0.240)
[1.313] [1.584]
0.737 1.066
vocational (0.218) (0.273)
[2.089] [2.904]
0.861 0.905
Matura (0.181) (0.273)
[2.367] [2.473]
1.475 1.567
university (0.191) (0.329)
[4.373] [4.793]
intercept -1.151 -2.607
Chi 149.9 69.74
i-square (df = 6) (df = 6)
Pseudo R? 0.150 0.111

(Standard error)
[Odds ratio exp(b)]

Table 8.2 shows the goodness-of-fit and the logit estimates for the transitions from upper
secondary education to university enrollment both for the transition from upper secondary
academic school (AHS) as well as from vocational and technical colleges (BHS). In the
analysis we included individuals born between 1950 and 1969, as we were interested in the
most current situation but excluded individuals who have not yet finished their education.
Again, all of the regression coefficients are statistically significant at 95% confidence, except
for educating of parents (apprentice) at both transition states.. The Chi-square statistics of
the models are highly significant (p-value=0.000). The pseudo R2s of 0.150 and 0.111 re-
spectively are moderate values for the logistic regression; consequently, these variables are
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moderately good predictors. However, since our interest lies particularly in the estimation of
the effect of the x; on the response probabilities Pr(y = 1|x4, X2,...Xx), the goodness-of-fit is not
as important as statistical significance of the explanatory variables.

When comparing Tables 8.1 and 8.2 the influence of previous education becomes obvious.
Once an individual has chosen an educational path, such as 'AHS', the education of parents
plays a less important role, although still affects the decision of university enrollment. Surpris-
ingly, at the transition from vocational and technical colleges to university enroliment, the
odds ratios show slightly better chances for individuals whose parents have vocational
school than for individuals whose parents hold a Matura degree.

In the Family Microsimulation FAMSIM we require the transition rates from one status to the
next for each individual with certain characteristics in relation to any combination of the ex-
planatory variables. We obtain the estimated transition probabilities

k

=
k

1+ exp(b0 +>.b; -X,-J
i=1

where b; denotes the regression coefficients, by is the intercept, and x; stands for the i influ-
ence factor.

p=

Table 8.3 shows all probabilities estimated in this way for any combination of the explanatory
variables at the transition from upper secondary education to university. It is noticeable that
the transition rates from the secondary academic school are on the whole very high, margin-
ally influenced by the educational level of parents, gender and residential area. At the transi-
tion from secondary colleges only individuals whose parents have vocational school or uni-
versity had a good chance to get into university, especially when they are male.
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Table 8.3: Transition probabilities for individuals born between 1950-69

Influence factors Transition probabilities in % from
Gender Residence Education of secondary aqademic vocational and .technical
parents school to university college to university
Female Rural Compulsory 24.0 6.9
Apprentice 29.3 10.5
Voc. school 39.8 17.6
Matura 42.8 15.4
University 58.0 26.1
Urban Compulsory 33.2 9.7
Apprentice 39.5 14.5
Voc. school 51.0 23.8
Matura 54 1 21.0
University 68.5 34.0
Male Rural Compulsory 39.4 13.6
Apprentice 46.1 19.9
Voc. school 57.6 31.3
Matura 60.6 27.9
University 74.0 42.9
Urban Compulsory 50.6 18.6
Apprentice 57.3 26.6
Voc. school 68.1 39.9
Matura 70.8 36.1
University 81.7 52.3

8.2 Logistic Regression Analysis for University Leaving

For the logistic regression model of university graduation or dropout respectively, we consid-
ered individuals who left university between 1960 and 1995. We calculated three different
models; first, we measured gender, residential area and education of parents; second, we
investigated the influence of gender residential area and admission qualification, and third,
we included all of those influence variables. Statistically significant regression coefficients
emerge for gender, where obliviously females drop out more frequently, which may be due to
childbearing. Additionally, BHS graduates leave university without a degree more often than
AHS graduates. However, we have to consider that vocational and technical college gradu-
ates already hold a final professional degree, whereas academic school graduates depend
on further training to receive professional qualification. All other factors seem not to have any
influence on the dropout rate. Table 8.5 shows the dropout rates for model 2 of Table 8.4.
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Table 8.4: Logistic regression analyses for dropouts9

Dependent variable: University leaving (dropout = 1)

Independent
variables Model 1 Model 2 Model 3
(n=1102) (n=1141) (n=1060)
GENDER
(ref. female)
-0.540** -0.542** -0.553**
male (0.149) (0.146) (0.154)
[0.583] [0.581] [0.575]
RESIDENTIAL AREA
(ref. rural)
0.144 0.153 0.184
urban (0.156) (0.152) (0.161)
[1.155] [1.165] [1.202]
EDUCATION PARENTS
(ref. compulsory)
0.268 -0.205
apprentice (0.242) (0.252)
[1.308] [1.228]
0.077 -0.016
vocational (0.279) (0.288)
[1.080] [0.984]
-0.013 -0.007
Matura (0.237) (0.244)
[1.013] [1.007]
-0.218 -0.184
university (0.239) (0.247)
[0.804] [0.832]
PREVIOUS EDUCATION
(ref. AHS)
0.620** 0.541**
BHS (0.169) (0.178)
[1.859] [1.718]
intercept -1.046 -1.202 -1.1180
- 17.47* 25.44** 24.86**
Chi-square (df = 6) (df = 3) (df=7)
Pseudo R? 0.024 0.034 0.035

(Standard error)

[Odds ratio exp(b)]

* statistically significant p < 0.05
** statistically significant p < 0.01

® Individual who left university 1960 to 1995
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Table 8.5: Observed and predicted drop out rates for model 2

Influence factors Drop out rates in %
Gender Residence qﬁiﬂ}:izltci):n observed predicted

Rural AHS 26.4 23.1

Female BHS 52.8 35.8
Urban AHS 22.8 25.9

BHS 33.3 39.4

Rural AHS 11.0 14.9

Male BHS 20.6 24.5
Urban AHS 20.3 16.9

BHS 26.1 27.5

8.3 Risk of University Leaving at a Given Point of Time

In section 6 of our paper we considered the density distribution of the duration until dropping
out or graduating respectively. The risk of dropping out at a given year of studies t;, condi-
tional on having survived the years before, is of our interest. For the survival analysis we
require the risk of failure at a given point of time t;, given survival at .

q(t;) = Pr{failurein (t,,,t;]| survival att; ;} 0<q(t)<1

We obtain the risk of failing g; at a given point of time ¢; by dividing the number of individuals
who failed d; at time t; by the number of individuals at risk r; at time ¢

df
q(t;)=—.
Fj

The number of censored observation ¢; at time (t.4, {), i.e. individuals who left observation,

must be considered as well. Hence, the remaining number of individuals at risk at time {; is
ry=ri4 —dj -C;.

In most studies the probability of surviving beyond time t is even more important surviving a
specific length of time

S(t)=Pr(T >t).
Since
Pr(did not failint; ) = 1—Pr{failure in (t

jot;1]survivalatt, ;},

we obtain the survival probability
S(t) = Pr(survive beyondt; ;)-Pr(didnot failint;),
which is mathematically denoted
S(t;)=Pr(T > t)=S(t,,)-(1-q(t,)) = S(t,._1).{1—%]
J
This derivation can be done backwards until time ¢, then
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rr )

The survival probability S(t) is simply the cumulative product of the conditional survival prob-
abilities. Table 8.6 demonstrates the calculation of the survival probabilities for university
dropouts. Since in our model individuals stay at university at least one year respective three
years for graduation, and additionally, studies do not take longer than 14 years, individuals
can leave university at time t; to t14. A result of the following life table that is worth mentioning
is that the risk of dropping out q(t) of around 0,3 remains nearly constant over all the years.

S(tj):(1_Q(t1))'(1_Q(tz))""'(1_q(tj)):H

J
i=1

Table 8.6: Calculation of survival probabilities (Kaplan-Meier survival graph) for univer-
sity dropouts

Survival time ¢ Individuals at risk r; | Number of dropouts Risk of drop out Survival probability
in years d;
0 257 0 0 1
1 257 70 0.272 0.728
2 187 54 0.289 0.518
3 133 42 0.316 0.354
4 91 27 0.297 0.249
5 64 20 0.313 0.171
6 44 17 0.386 0.105
7 27 9 0.333 0.070
8 18 12 0.667 0.023
9 6 1 0.167 0.019
10 5 5 1 0

Figure 8.1 illustrates the survival probabilities S(f) of Table 8.6 with a step function. Most of
the dropouts occur in the first years of study; afterwards the graph flattens. This is a typical
survival function, where the failures are higher in the beginning and reduce over time, such
as the function 1 — exp(-f) in the continuous instance.

Figure 8.1: Survival graph for university dropouts
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Additionally, we are able to derive the conditional probability directly from the survival prob-
abilities
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S(t;, )-S(t;)
qt;) = TN TV
S(t;4)
In our case we possess the relative frequencies of duration until dropout or graduation re-

spectively (cf. Section 6). If we cumulate the density function. we obtain the distribution func-
tion

i
F(j)= Zpi :
i=1
Hence, we obtain the survival probabilities directly out of the cumulative frequencies F(f)
i
S(t;)=1-F(t;)=1-D_p; .
i=1

Consequently, we are able to calculate the risk of failure at a given point of time ¢, conditional
on survival the years before q(), straight out of the cumulative frequencies F(t)

F(t,) - F(t; ;)

q(t;) = 1-F(t, )

In view of the fact that we have several influence factors, we might need separate survival
graphs for the categories. If significant differences between the graphs occur, the logrank
test enables us to compare two or more groups of observations. In doing so, we obtain statis-
tically significant differences for gender only, where females drop out sooner than males, as
Figure 8.2 shows.

Figure 8.2: Survival graph for male and female dropouts
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Nevertheless, not only dropout but also graduation rates are of interest . For the time until
graduation differences occur for the variables gender and previous education. The survival
graphs of female and male graduates are shown in Figure 8.3. Again females leave univer-
sity earlier, yet this time by graduation. Males, on the other hand, seem to study longer.
Figure 8.4 shows the differences between individuals from academic schools and vocational
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colleges, where presumably BHS provides students with more professional qualifications, so
they can graduate earlier from university than students from academic schools.

Figure 8.3: Survival graph for male and female graduates
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Figure 8.4: Survival graph for university graduates with AHS respective BHS as their pre-
vious education
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If influence factors in general affect survival, which means that any combination of the factors
influence the probability of failing, a survival analysis in dependency on influence factors
would be more accurate. This can be done by Cox-regression, also known as proportional
hazard regression analysis. However, this would go beyond the scope of this paper. Yet, we
will introduce the Cox-regression in one of our next papers.
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9 Summary

The findings show that on the macro level a considerable increase of enroliment rates can be
observed that more than doubled in the second half of the last century. Female enrollment
rates which were only one third of the male rates for the 1935-39 birth cohort have already
drawn level with the male rates. While gender differences seem to disappear over time, they
can still be found regarding dropout rates that are significantly higher for female students.
Another change over time are the long and increasing duration until graduation that, besides
the high dropout rates, can be seen as a second typical — and problematic — feature of the
Austrian University system. Regarding enrollment duration, some gender differences can be
observed: female students both study faster — but also drop out faster. These phenomena on
the macro level are the outcome of the decisions of the individual agents on the micro level.
Moving from the macro to a micro analysis of university enroliments and graduations, a very
stable relation between parents’ educational attainments and the university graduation rates
of their offspring can be found, besides diminishing gender differences in educational behav-
ior. For given education levels of the parents enrollment rates almost remained constant or
even slightly decreased over time for the males, while female rates moderately increased
and eventually met the male rates in the last decades. Given the considerable differences in
enrollment rates according to parents’ education — for the last birth cohort 1965-69 the rates
range from around 4% to nearly 60% for the lowest and highest (of the five) education
groups — a considerable part of the changes on the macro level can thus be attributed to the
changing educational composition of the parents’ generation. This result is consistent with
the findings regarding prior educational transitions as studied in the previous two papers.
Besides that, this strong transmission mechanism already in place at prior educational
choices is reinforced at the transition stage to university enrollment. Put differently, the en-
roliment rates of people already meeting the admission requirements for university vary con-
siderable regarding the parents’ education.

Beside the descriptive analysis various regression models and survival graphs regarding
university education were developed in this paper. These models will serve as basis of the
behavioral modules of the FAMSIM+ model. For university enroliments an advantage for
males can be observed in the past; thereafter the situation for females improved, until the
difference between males and females became only minor. Between 1940 and 1949 the
probability of enrolling university was 3.4 times higher for males than for females, but be-
tween 1960 and 1969 the odds ratio was reduced to 1.5. We can also detect a moderate
influence of residential area. However, changes over time are negligible. For the five catego-
ries of the variable education of parents the positive influence of the higher educational
background of individuals parents are much smaller for individuals of parents with lower edu-
cation and no improvement can be seen over time, i.e. the chances enrolling at university for
individuals of parents with university education is around 30 times higher than for individuals
of parents with compulsory education only.

Statistically, females drop out more frequently than males, which may be due to childbearing.
Additionally, BHS graduates leave university without a degree more often than AHS gradu-
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ates. However, we have to consider that the former already hold a final professional degree,
while the latter depend on further training to receive professional qualification. All other fac-
tors seem not to have any influence on the dropout rate. Most of the dropouts occur in the
first years of study; afterwards the graph flattens. Differences in the study duration can be
observed between gender, where female graduate but also drop out sooner. Duration differ-
ences occur also between the two admission qualification, where individuals from BHS drop
out sooner.

The fact that the number of students increased considerably the last decadesis to the result
of the educational expansion in society. More and more parents who have a better education
also enable their children to receive a good education. However, the individuals of parents
with lower education remain strongly discriminated and changes over time are negligible.
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Appendix

Logistic Regression for Binary and Multiple Outcomes

The (ordinary) linear regression enables us to predict the value of a continuous variable in
relation to one or several explanatory variables. However, in some studies the dependent
variable is an indicator for the presence or absence of a condition which can be coded 0 or 1.
such as employed/unemployed, success/failure or simply yes/no. In this binary response
models we are interested in the probability

Pr(y =1 X4, X5, X, )

For instance. y can be an employment indicator and x denotes for instance gender, martial
status, education or recent participation in a job-training program. The principle of the logistic
regression is similar to the ordinary multiple linear regression. Nevertheless, instead of pre-
dicting a value we are able to predict the proportion p of individuals with certain characteris-
tics or the probability of a subject having certain characteristics respectively. In order to en-
sure that the response probabilities are strictly between zero and one, we need a function G
where

Pry =1] x4, X5,.... X, ) = G(By + B1Xq + PoXy + ...+ i X, ) = G(2)
where 0 < G(z) < 1 for all real numbers of z.

For a binary outcome variable coded 0 or 1 Pr(y = 1) is estimated by the proportion of 1s in
the sample. If p describes the proportion of individuals with certain characteristics then (1 - p)
is the proportion of individuals who do not have these characteristics. The odds p/(1 —p)
relate these two proportions and describe the chance. If, for instance, 80% of the patients
with a certain disease can be cured, then the chances of success is 0.8/0.2 or 4 to 1. In the
logit model one estimates rather a transformation of p than p itself. If we define z as the logit
of the probability that an individual will have certain characteristics we obtain the logit trans-
formation or log odds

z =logit(p) = In(%} = Lo+ B X+ PoXy +.o 4 B X,

Taking the exponential of the logit transformation and solving for p gives us the logistic
function
elogit(p)

e - 02

p

whereby G(z) varies always between zero and one for all real numbers of z, as > 0. The
logistic function is shown in Figure A.1.
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Figure A.1: Logistic Function

G(z)=e?/(1+e?)

1.0

The approach for multiple outcomes is equivalent: For the / categories of the response vari-
able a binary logistic regression of the /— 1 non redundant categories takes place. Thus we
obtain the equations

k
logit(p,)=>_ B, - X,
i=1

K
logit(p, ) = Zﬂzf "X
i=1

K
logit(p,_,) = Zﬁm,i "X

i=1
logit(p,) =0

For the calculation of the logit estimates f. j=0...I. i=1...k. the redundant I™ category
works as reference category; consequently the parameters fo. 1. ... S« are set at 0. In the
interpretation of the logit estimates. we have to consider this circumstance, as the logit esti-
mates explain the effect of a variable x; on a category y; versus the reference category y;. The
transition probabilities of the /™ category can be calculated out of the remaining / — 1 catego-
ries. Thus the transition probabilities for k explanatory variables and / outcomes are

e'°9n(P1) eIogit(pz) 1

, . Py = A e
zelogn pj) zewg't(i’j

p:

i eloglt(p,

j=1 j=1 j=1

where

In most applications of a binary response model it is essential to explain the effects of the x;

on the response probability Pr(y=1|x). The ratio of the odds
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o Pry=11x=1/Pry=01x=1) _ p/d-p,)
Pr(y =1]x; =0)/Pr(y =0| x; =0)  p,/(1-py)

called the odds ratio can be a very helpful tool. The odds ratio is usually used for compari-
son of the proportions in two groups, where the chances of these groups are opposed. Ifi.e.
for group one the chance of failure is 3:1 and for group two it is 1:5 the odds ratio would be
3:1/1:5, which is 15. Therefore, for group one the chance of failure is 15 times higher than for
group two. The odds ratio can be derived directly from the logistic regression coefficient,
since the logarithm of the odds ratio gives us

1- | |
%) =In(py /(1= p1)=In(po /(1 py ) = logit(p,) ~logit(py

=2,-Zg=Lo+ L X+ LA+ X —(Bo+ LiXq o+ L -0+ ..+ B X )= B

In(OR) = In(

Accordingly, the exponential of the logistic regression coefficient delivers the odds ratio

_ p;/(1-py) _OR.

XU = =po)

which simply explains the partial effect from changing a binary explanatory variable x; from
one to zero, holding all other variables fixed.
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