Universitat
H Konstanz
Z E W 1"~ Rechts-, Wirtschafts- und

Zentrum fiir Européische - —| Verwaltungswissenschaftliche
Wirtschaftsforschung GmbH Sektion

Centre for European [N Fa.Chberemh.

Economic Research ~~ Wirtschaftswissenschaften

Diskussionspapiere der DFG-
Forschergruppe (Nr.: 3468269275):

Heterogene Arbeit: Positive und Normative
Aspekte der Qualifikationsstruktur der Arbeit

Martin Heineck,
Mathias Kifmann,
Normann Lorenz

A duration analysis of the effects of tuition fees
for long term students in Germany

Februar 2006

Diskussionspapier Nr. 06/05
http://www.wiwi.uni-konstanz.de/forschergruppewiwi/




Diskussionspapier der Forschergruppe (Nr.: 3468269275) “Heterogene Arbeit: Positive und Normative
Aspekte der Qualifikationsstruktur der Arbeit*

Nr. 06/05, Februar 2006

A duration analysis of the effects of tuition fees for long term students in Germany

Martin Heineck Mathias Kifmann Normann Lorenz
Fach D 136 Fach D 136 Fach D 136

Universitat Konstanz Universitat Konstanz Universitat Konstanz

78457 Konstanz 78457 Konstanz 78457 Konstanz

Germany Germany Germany

mail: Martin.Heineck@uni-konstanz.de mail: Mathias.Kifmann@uni-konstanz.de ~ mail :Normann.Lorenz@uni-konstanz.de
Zusammenfassung:

We examine the impact of tuition fees for long term students at the University of Konstanz. Applying duration analysis
to examine how tuition fees influence when and how students finish their studies in six different majors, we find
significant effects with respect to the hazard rates of the various ways of terminating one's studies. Furthermore, we
analyze how the probability of terminating one's studies in a certain period of time changes. Students obtain a degree
in a shorter period of time in two majors. In three other majors, however, we observe that the probability of obtaining a
degree generally decreased.

JEL Klassifikation 1122, 128
Schlusselworter  tuition fees, duration analysis, length of study, dropping out
Download/Reference : http://www.wiwi.uni-konstanz.de/forschergruppewiwi/



http://www.ub.uni-konstanz.de/kops/volltexte/2003/?/

A duration analysis of the effects of tuition
fees for long term students in Germany

Martin Heineck  Mathias Kifmand  Normann Loren%

January 2006

Abstract

We examine the impact of tuition fees for long term studehtheaUni-
versity of Konstanz. Applying duration analysis to examntiosv tuition fees
influence when and how students finish their studies in sfemiht majors,
we find significant effects with respect to the hazard ratéiseovarious ways
of terminating one’s studies. Furthermore, we analyze Hwwprrobability
of terminating one’s studies in a certain period of time dem Students
obtain a degree in a shorter period of time in two majors. hadhother
majors, however, we observe that the probability of obtejra degree gen-
erally decreased.
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1 Introduction

In Germany, Baden-Wirttemberg was to first state to intcedwition fees for
long term students. Since the fall semester 1998 studerashate not finished
their studies within four semesters beyond a standard gp@fictudy must pay
511€ per semester. In recent years, several German states hlaveefibthis ex-
ample (see Table 1). Quite similar are ‘study accounts’ intiNBhine-Westphalia
and Rhineland-Palatinate. In these two states, studeres/eca credit for their
study account when they begin their studies. For each senmesertain amount
independent of the number of courses attended is autoriyatiealucted from the
student’s study account. When the student’s study accsuigpleted, he has to
pay a fee for each semester he is still enrolled at the uniyérs

State Tuition fee Implementation date
Bavaria 500 Fall 2005
Baden-Wurttemberg 51& Fall 1998
City of Hamburg 50GE Spring 2004
Hessé 500-900€ Spring 2004
Lower Saxony S50&E Spring 2003
North Rhine-Westphalid 650€ Spring 2004
Rhineland-Palatinaté 650€ Fall 2004
Saarland 50& Fall 2003
Saxony-Anhalt 506 Fall 2005
Thuringia 500€ Fall 2005

Table 1: States with tuition fees for long term students
*: fees depend on the number of semesters beyond the staretard pf study
**: when study account is depleted

Immediately after the implementation of tuition fees theer of long term stu-
dents declined drastically. In the fall semester in 1998, ribmber of students
who were still enrolled at universities in Baden-Wirttearafter 13 semesters
decreased by 39%. In the following semesters, this numbeeven further
(Statistisches Landesamt Baden-Wirttemberg 2003).

1In some states students also have to pay when they enrolsEand major or when they are
not registered as citizens of the county where the uniyeisibcated.



According to Baden-Wirttemberg’s department of scieresgarch and arts (Min-
isterium fur Wissenschaft, Forschung und Kunst — MWK) thamreason for
implementing tuition fees was to set incentives right: “Tgr@nary purpose of
tuition fees for long term students is to reduce the averaggth of study, which
is quite high compared to other European countries” (MWKO@0p. 22). How-
ever, whether this goal has actually been achieved cannotféeed from the
fact that the number of long term students has strongly deexk These students
might as well have never intended to finish their studies wittegree, but rather
continued to be students to be eligible for student dis@unt

To shed more light on the effects of tuition fees for long testedents, it is im-
portant to analyze the impact on individual behavior. Tuitfees probably will
influence students’ behavior in a way that the average leoiggtudy is reduced,
but may also influence their decision to switch their majotocodrop out. Since
Baden-Wirttemberg has for some time been the only stateatbition fees had
to be paid, some students might also have transferred tensites outside of
Baden-Wurttemberg to avoid these fees.

The main purpose of our paper is to determine these diffefetts by means
of a duration analysis with data from the University of Karst. This method
has been used in similar settings to analyze the time tomltdhD in Great
Britain (Booth and Satchell (1995)) and the length of studythe USA (Ya-

maguchi (1991) und Chizmar (2000)) and Austria (Hackl andli&=k (2002a,
2002b) and Sedlacek (2003)). Our analysis, however, diffem these studies in
the two ways: In addition to receiving a degree and dropputgv@ also consider
the following possibilities for ending one’s studies: sshihg majors, transfer-
ring to another university and not passing one of the mamgawams (in the
following we term this last possibility simply as ‘failing’ The main difference,
however, is that we analyze the impact of a regulatory medsyhich students
are affected in different ways depending on when they beggin $tudies.

The remainder of the paper is organized as follows: the reptian gives a de-
tailed description of the regulations regarding tuitioaddor long term students
in Baden-Wurttemberg. The data set is explained in se&iand the estimation
method in section 4. Our regression results are presentsettion 5. In section



6 we demonstrate the effect of tuition fees by comparing tlodability of ter-
minating one’s studies in a certain way with and withoutituntfees. Section 7
provides a brief conclusion.

2 Tuition fees for long term students in
Baden-Wurttemberg

On May 24, 1997, the law to implement tuition fees (Landebisohulgebihren-
gesetz) was enactéd.For each major a standard period of study (SPS) is set.
When a student has not ended his studies within four sersdstgond the stan-
dard period of study, an amount of 511.8)1,000 DM) has to be paid per
semester. For each student the SPS is increased whenevef theefollowing
reasons applies:

¢ the student was on leave (for example because of illness);
e the student was raising a child of age below six;
e the student studied abroad;

¢ the student was elected into one of the university’s cone@ét(at most 2
semesters).

There is a tuition waiver for students who receive studetht(BafoG-Bezieher)
or are doing a PhD. There are also exemptions for handicagipddnts, students
with chronic illnesses, economic hardships and victimsiofies.

Tuition fees became first due in the fall semester of 1998alTevenues in 2003
were about 7.5n€ which implies that about 7,300 students had to pay. Accgrdin
to the department of science, research and arts, this am@snainly spent on
improving teaching at universities (MWK (2003), pages 18 28).

2In the following, we simply use the term ‘tuition fees’ whem wefer to tuition fees for long
term students.



Biology Chemistry Economics Physics Psychology Public Adm

Number of students 1,683 913
Number of semesters studied 11,367 5,943
Male 43.6% 71.4%
Average age at enrollment 21.4 21.0
Local students 28.2% 36.3%
Tuition fees:

Students 0.4% 1.3%
Semesters 0.1% 0.6%
Standard period of study (SPS) in semesters 9 9
Average length of study (LOS) when getting a degree 11.6 11.7
Average LOS when studies are terminated 6.8 6.5
Number of students with LOS SPS + 4 4.2% 6.9%
Number of semesters with LOS SPS + 4 1.3% 2.9%
Studies terminated by:

Degree 44.4% 37.8%
Transfer to another university 14.6% 14.6%
Switching majors 10.2% 15.9%
Dropping out 29.3% 31.3%
Failing 1.5% 0.5%
Still studying 16.9% 6.7%

1,677
9,538
68.9%
21.7
39.8%

1.3%
0.7%

8
111
5.7
5.5%
3.2%

27.6%
9.4%
19.4%
40.9%
2.7%

9.8%

1,157

9,206

90.7%
21.1
43.7%

2.5%
1.0%

10
13.3
8.0
8.9%
4.3%

43.6%
9.0%
9.6%
37.4%
0.3%

17.6%

1,172 2,595
9,885 5,052
28.1% 62.4%
22.9 21.7
31.9% 35.0%
2.2% 3.4%
0.5% 1.1%
9 9
12.9 13.1
8.4 7 9.
16.2% 20.8%
4.1% 7.5%
51.1% 60.8%
9.5% 7% .
4.2% 7.5%
34.6% 21.1%
0.6% 2.9%
25.4% 17.3%

Table 2: Descriptive Statistics



3 Data

The source of our data set are administrative files of the éfgity of Konstanz.
These files contain the following information for all stutkeaver enrolled during
the time span of fall semester 1985 until spring semestes:200

e personal characteristics of the student (age, gendertyaifmresidence,
nationality);

e data on enrollment (number of semester studied, major,ave)e
e how the studies were terminated (degree, transfer, drqgailing);

e tuition fees payed.

Additionally we observe whether a student is still enrobédhe university in the
fall semester of 2003. No information was available on winenstudent received
his secondary school diploma (Abitur), on his grades andhemihiversity the stu-
dent transferred to. Also it cannot be ruled out that soméefirop outs later on
decided to continue their studies at another university. @alysis concentrates
on the majors (Diplomstudiengange) Biology, Chemistrgpiomics, Physics,
Psychology and Public AdministratichFurthermore, we focus on German stu-
dents who began their studies in Konstanz

Descriptive statistics can be found in Table 2 on page 4. ILsttaents are ei-
ther from the county Konstanz or from one of the adjacent tieanTuttlingen,
Bodensee or Ravensburg. Tuition fees had been paid 550, tmésh amounts

to 281,215€. Our variable ‘number of semesters’ is equal to the number of
semesters the student was enrolled at the University oftdaasand therefore in-
cludes semesters on leave or semesters studied abroastefotte measures how
much time a student needs until he terminates his stddies.

3In addition, the following Diplomstudiengange are oférat the University of Konstanz:
Mathematics, Mathematics and Finance, and Economic Eiducafhese, however, were not
suitable for our analysis. In Mathematics, there were notugh observations. The other two
majors had not been offered before 1997 and 1999 respactivel

40One could also exclude the number of semesters the studsramiaave or studied abroad.
Then the focus would be on how many semesters a studentattésatures at the university. This



4 Estimation method

4.1 Duration Analysis

Duration analysis is a method to analyze the length of tinté aperson switches
from one state to another and the factors which determirtelehgth of time>
For example, in labor economics this method can be used tgzanthe effects
of continued education on the duration of unemployment. &dical research
it is used to determine the survival time of patients with gaia diagnosis and
how this survival time is influenced by different therapietere we analyze how
the length of study of students at the University of Konstaaz been influenced
by tuition fees. We distinguish five different possibilgiéor terminating one’s
studies: obtaining a degree, transferring to another usitye switching majors,
dropping out and failing.

Duration analysis is designed to analyze censored datdai& on subjects where
only part of the subject’s life and only some of the transiidrom one state to
another are observed by the researcher. With left-censtatdit is unknown
when the subject began to be in the state in which it is obdeinvéially. In
clinical trials, for example, for a particular patient theaet onset of an illness
may be unknown; the researcher might only observe that thenpavas ill when
he entered the study. With right-censored data the subgechbt yet transferred
from one state to another at the end of the observation pefibid is frequently
the case in clinical trials where the exact survival timelbpatients who are still
alive at the end of the study is not observed. Our data arécegisored because a
number of students have not ended their studies in 2003 vidtble last semester
we have observations on. However, our data are not left ceds®cause we can
observe when a student began his studies.

For our analysis we apply a model in discrete tifr@tudent, i = 1,....n, begins
his studies at timé= 0 and ends his studies affgr=t € {1,2,3,...} semesters.

might be the more relevant question from the perspectiveetiniversity. We concentrate on the
political perspective where the main issue is the time aestideeds to obtain a degree.
SDuration analysis is also known as ‘failure time analysis'sorvival analysis’.
6See Allison (1982), Hamerle and Tutz (1989), Yamaguchi {)@8d Kalbfleisch and Prentice
(2002).



Termination of studies

Degree

Transfer
Switching majors
Dropping out
Failing

OB WN PR |—

Table 3: Five ways to leave your studies

T; therefore is a random variable which measures the numbamoésters a stu-
dent is enrolled at the University of Konstanz before he stefpdying his first
major. The probability distribution fofF; is

i) =Pr(Ti=t) with 3 fi(t) =1 1)

Thehazard rateor transition probability; (t) captures the probability that student
i — being still enrolled in thét" semester — ends his studies aftsemesters. Itis
given by?

hi(t)=Pr(Ti=t|Ti>t) with 0<hi(t)<1l )

Another important concept is the survival functi@r(t) which measures the prob-
ability that studenithas not ended his studies withisemesters but is still enrolled
in semester+ 1. The survival function can be derived from the hazard rateé
following way:

Gi(t) = Pr(T > 1) = [](1—h(K). 3)
k=1

Note that the following relationship also holds:

M0 = g g~ L RO @

Students can end their studies in different way3able 3 show the five possibil-
ities j. In a duration analysisn different ways of exiting can be analyzed within

’For a continuous-time model the restrictioiit) < 1 does not apply and the hazard rate does
not represent a conditional probability.



acompeting risk modelThis model specifies the hazard raltéét), j=1...,m,
one for each way of ending one’s studies:

hl(t) = Pr(Ti=t,3= [T > 1). )

The aggregate hazard rate is the sum of the hazardhi%(lte)s

hi(t) = g h (t). (6)
=1

Equation (4) can then be written as

. J
h(t) = &E ;(1 hi(t)) (7)

with £1(t) = Pr(t =t,J = j).

For observations which are right censored, i.e. for stugl@hb had not terminated
their studies in 2003[; equals the number of semesters the student is observed.
The indicator variablé; captures whetheF, is a censoring time or not:
|1 student ends his studies di,
'~ { 0 T;is acensoring time.

(8)

In the same way the indicator variablﬁjsare defined; they capture whether stu-
denti has ended his studies in way

(9)

P 1 student ends his studies df in way |,
0 else.

Note thatd; = Y ; 6|‘ Like in most other studies we assume independence of the
censoring and the survival process. We can now set up tHébloel function

L—[r!ﬂ (fl ] ¢ .<>>”i]- (10)

Solving (7) forfij (t) and inserting; (t) as specified in (3) yields the log-likelihood
function:

Ine = i{ji(éijln <£gzt>>>+lnc;i(t)}

= Zza’m( ( ) ikillnl hi (k (11)

8




For the hazard rate we assume a logistic functional form:

W (0 = hiEpd (1) = — 12)
1+ 3 1ex. DB

xij (t) is the vector of variables for studeirfor possibility j att andp; is the vector

of coefficients for possibilityj.
In k|xI
1 IZ

(13)

Inserting in the log-likelihood function yields:

InL = » 6ijln (t|x, >+ n
55 ()3

—

In contrast to the continuous-time model this log-likeblofunction cannot be
split up intomdifferent log-likelihood functions, one for each possililj. There-
fore the model has to be estimated simultaneotisly.

4.2 Explanatory variables

For each possibility of terminating one’s studies, the umiittonal hazard rates
for each semester deviate substantially from the averazgrthaate for that pos-
sibility. For example, the probability of switching majassquite high after the
first semester, even higher after the second, but then flawyfor subsequent
semesters. After the second and fourth semester, the plibbabtransferring to
another university is quite high but relatively low and abhconstant for all other
semesters. The probability of obtaining a degree is bagizato for the first eight
semesters but rises steadily beginning in the ninth semeste

These patterns are difficult to capture by polynomials, saused dummy vari-
ablessts xwhich assume value one when a student is enrolled in semedter

an observation of a student who is enrolled in his twelfth ester,stsl2 equals
one and all the other dummy variables are equal to zero. Weeggted some of

8We take advantage of the fact that this log-likelihood fiortis equal to the log-likelihood
function of a multinomial logit model, as has been shown bifsAh (1982). Estimates were
performed with the software package Stata.



the dummy variables into one dummy variable. For exampletrémsferring to
another universitgt9, ..., st0 are aggregated into one dummy variadi®-20
(with st9-20= 529 sts ). Since the hazard rates also differed considerably for
the different majors, we estimated the model for each ma@paately.

Tuition fees enter our analysis in two different ways. On dme hand, we es-
timated the effect of having to pay in the next semester. @nother hand we
considered the consequences of knowing that at some pteéntda tuition fees
become due. We therefore employed two different variables:

(i) An indicator for having to pay in the next semester

Tuition fees probably have a direct effect when they becouseinl the next
semester. We therefore created the variabtewnhich is equal to one when
our data indicate that the student has to pay tuition feekenfallowing
semester. To determine the valuelontl; we only used information up to
semestet — 1. This included all information available which indicatit
the student qualified for an exemption like having been omdghaving
studied abroad or having raised a child. Since we actualige whether a
student paid in the following semester in most cases, we algeeto check
the validity of our indicator. Table 4 shows how well our iodior performs.
Considering all students who might have to pay in the nextesten (i.e.
those who have not finished their studies within four semgsteyond the
standard period of study), we find that in 99.23% of all casedraicator
predicts correctly.

(i) Indicators for anticipating that tuition fees can beedater on

Unless students are completely myopic, there is also amecideffect of
tuition fees. In this case not only having to pay for the nethester but
also anticipating that tuition fees can become due later dininfluence
students’ behavior. We try to capture this by the dummy \@eid which
depends on whether the student is enrolled at a time wheartdées had
already been implemented. This variable is equal to one wingan fees
had already been implemented or when it was well-known they il

10



Student pays

Yes No
530 26
eS| 11.63%)| (0.57%)
Has to pay
according to indicator
No 9 3,992
(0.20%) | (87.60%)

Table 4: Relationship between indicator and tuition feed pa

be implemented. Since the law was enacted in May 1997 we a&sthan
students anticipated tuition fees by the fall semester 1997

We also created variables which depend on how long a stutteatds an-

ticipated tuition fees:

e The variableR measures the share of a student’s enrolled semesters in
which he knew about tuition fees. For examBle- 0.25 for a student
in his eighth semester, when he was in his seventh semestait in
1997.

e The variableRw= /R assumes that the impact of knowing about tu-
ition fees grows at a decreasing rate with each additiomakseer in
which students anticipate tuition fees.

There were only minor differences between udtgndRw. We therefore
restrict our analysis t® andA.

Finally, we also included the following variables:

¢ the age of the student when begins his studags)(
e gender fhalg,

¢ date of enrollmentdnroll),

11



time-independent time-dependent

male sts X
age Ind
enroll A
local R
class-size

Table 5: Explanatory variables

e size of class in the first semestelass-sizg

e county of residence before enrolimelddal).

The date of enrollment measures the exact date when studerggegistered at
the University of Konstanz. It can serve as a proxy for apds students with good
school grades are frequently given a first choice. Furtheznstudents who enroll
early may be more motivated. With the variabdeal we analyze whether local
students differed in their behavior from other studentscdlstudents had their
residence before enrollment either in the county Konstanzane of the adjacent
counties Tuttlingen, Bodensee (Friedrichshafen) or Retwary. Table 5 gives an
overview of all explanatory variables and shows which areetdependent.

4.3 The identification strategy

To analyze the impact of tuition fees on the length of studyatld be ideal to
observe two different groups who begin their studies at #mestime and under
the same circumstances and for which the only differencénetier they have to
pay tuition fees or not. Unfortunately, this is not feasii¢h our data set. There-
fore, our identification strategy is to compare students gan their studies at
different dates. These students differ in their exposutaitmn fees. An obvious
setback of this approach is that our variabdeand R may not only measure the
impact of tuition fees but also the impact of other unobdelevaariables which
changed at the same time when tuition fees were implemertedvever, it is
the only feasible approach given the data available. Wendtuthis problem in
section 6.2 when we discuss our results.

12



In the following section we present the estimation resutsefich of the six ma-
jors. It was not always feasible to estimate all coefficierits some cases, we
could not determine the impact of the indicator varialvld because there were
not enough observations. For transferring to another wsityethis was not even
possible for any of the majors.

5 Regression results

5.1 The effects of tuition fees

] Hazard rate for Hypothesis
1 Obtaining a degree +

2 Transfer +

3 Switching majors -

4 Dropping out +

5 Failing +

Table 6: Hypotheses on the effects of tuition fees on therdazdes

Table 6 shows our hypotheses for the effects of tuition feethe different hazard
rates. They apply to the indicators for anticipating thaidn fees might be due
later on as well as to the indicator for having to pay in thetrsemester. In
particular, we suppose the following impact on studentiaveor:

1. Obtaining a degree
Tuition fees can be avoided by studying faster. The hazaedeaobtaining
a degree should therefore increase.

2. Transfer to another university

Switching to a university outside of Baden-Wurttembergakhdoes not
charge tuition fees is a possibility to avoid fees. The hdzate for trans-
ferring to another university can therefore be expectedsto r

13



3. Switching majors

If a student switches majors, then the semesters he stunlfadare relevant
for whether tuition fees have to be paid. The expected cdstsvibching
majors has therefore increased which should lead to a loazarQ rate for
switching majors.

4. Dropping out

Tuition fees have increased the costs of continuing onagies for those
students who expect that they need a long period of time @imhtdegree.
The hazard rate for dropping out can therefore be expectatttease. In
particular, the hazard rate should be larger if tuition feage to be paid in
the following semester.

5. Failing

Tuition fees for long term students create the incentivake exams earlier
and less well prepared. The hazard rate for failing can tbexde expected
to increase.

Table 7 shows our regression results for the different pdggs of terminating
one’s studies. We present the results for two regressionthel first regression,
we capture the anticipatory effects of tuition fees by thenthy variableA which

is one when tuition fees had already been implemented or wth&as known
that they will be implemented. The first column of Table 7 shdww the hazard
rate changes witl\. In the third column, the effect of the indicator of having
to pay tuition fees in the following semester is presentedte regression with
A. Analogously, the second and fourth column display theltesu the various
hazard rates wheR is used to capture the effects of anticipating tuition fees.
This variable measures the share of a student’s enrolleéstens in which he
knew about tuition fees. The table shows the qualitativeatsf of the variables
measuring the impact of tuition fees and states the signifiedevels. For the
regression withA, the regression coefficients are presented in Appendix Ph.
results withR as the explanatory variable can be obtained from the authors

14



Anticipation Indicator feesin t+1

A R RegressioA  RegressiorR
Obtaining a degree
Chemistry + + + +
Economics + ¥ +* 5
Physics + * + +
Psychology F A - +
Transfer
Biology + + n.a. n.a.
Chemistry + +* +* +*
Economics o i - +
Physics + +** + +
Psychology + + n.a. n.a.
Public Adm. e +* S S
Switching majors
Biology - - n.a. n.a.
Chemistry + + n.a. n.a.
Economics - - n.a. n.a.
Physics = - n.a. n.a.
Psychology + + n.a. n.a.
Public Adm. + + n.a. n.a.
Dropping out
Biology + + + +*
Chemistry S S - -
Economics + i + +
Psychology - - Ea o
Failing
Biology +* S n.a. n.a.
Chemistry + + n.a. n.a.
Economics F I + +
Physics - + n.a. n.a.
Public Adm. L R + R

Table 7: Regression results for the effects of tuition fees

+: positive effect; —: negative effect
*: significance level 1096;*: significance level 5%'"*: significance level 1%
n.a.: not available
15



All significant effects are in line with our hypotheses. Wikie exception of the
hazard rate for switching majors, the hazard rates alwagmgsh significantly in
at least two majors. Particularly strong is the effect ofthgables measuring the
anticipation of tuition fees. In most majors, there is a gigant sign according
to our hypotheses. The indicator which measures the imddeawng to pay
tuition fees in the following semester has a pronouncecefia the hazard rate
for dropping out. In four of six majors, there is a significaositive sign.

Table 7 also shows that our results do not depend stronglyhmther we usé
or R to measure the anticipatory effects of tuition fees. Thasidiffer only in
three case$.If the coefficient is significant for at least one of the vakés then
the signs are always identical.

5.2 Further results

In Table 8 we present the results for additional explanatariables on the hazard
rates. Since the results between the regressions ésarglR hardly differ, we
only present the results for the model baseddsee Appendix A.1 for the exact
values of the coefficients).

Gender: A minus indicates that men have a lower conditional prolitgtib ter-
minate their studies in a particular way. We find that apantfiEconomics there
are no significant differences with respect to obtaininggrele. The hazard rate
for transferring to another university or switching majdrswever, is significantly
lower for men in Chemistry, Physics and Economics. Men floeeeseem to be
less “mobile” in these majors than women. Furthermore, nase la significantly
lower hazard rate for dropping out in Biology and Chemistry.

Age: The hazard rate for obtaining a degree tends to be lower flar gtudents,
i.e. students who started their studies at a higher age hémunbre, the hazard
rate for transferring to another university is significgritigher in all majors but
Public Administration. Finally, the conditional probabjlfor obtaining a degree
is significantly lower in three out of six majors. Older statietherefore seem

°In Physics the signs % andR differ with respect to the hazard rate for failing. The iratior
for having to pay tuition fees in the following semester halifferent sign for the hazard rate for
obtaining a degree in Psychology and for the hazard ratedosterring to another university in
Economics.
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Degree Transfer Switchingm. Drop. out Failing
Gender (male)
Biology + —* - _k +
PhySiCS — Hokok ok _ NLaL
Psychology - + + + 5
Public Adm. + - + + +
Age
B|O|Ogy ¥ IR +* SRk +
Chemistry L HEE + + +
Economics - FEs R 4 3
Physics - Frr n + N
Psychology ok TR _ ek 4
Public Adm. - + + foxk R
Date of enrollment
BlOIOgy - + + R +
Chemistry — ¥ + HEE +
Economics x* + - ok +
Physics - + _ . N
Psychology - - - e +*
Public Adm. i + _ . +
Local students
Biology % + + - -
Chemistry - ¥ + —* -
Economics — + + Hrk +
Physics - + _ _ ”
Psychology + + — ok _
PUb|IC Adm ek +*** +>s<*>s< +** +
Size of class
B|O|Ogy — Jrokx + FRE R
Chemistry + + - e _
Economics x* 4% _x ek _
Physics + e _x o _
Psychology - + _ + 3
Public Adm. - e 4+ 5% +

Table 8: Further regression results
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to be less successful. One explanation for this phenomenthiai older students
may have a larger time gap between the end of secondary sohaold the take-
up of their university studies. A reason may also be thatrodtiedents already
needed more time for secondary schooling which could indilcaver ability.

Date of enrollment: Date of enroliment measures the exact date within the regis-
tration period when students registered at the Univerditgamstanz. We found
that students who registered late had a significantly higazard rate for dropping
out inall majors. Furthermore, the hazard rate for transferring tdteer univer-
sity (Chemistry) and failing (Psychology, Public Admimétion) is significantly
higher. For Economics and Public Administration we find angigantly lower
hazard rate for obtaining a degree. These results are imdsroee with a study by
Hackl and Sedlacek (2002a). They performed a duration aisallyr students at
the Vienna University of Economics and Business Adminigira Students who
enrolled at a later date were less successful in the sertisbdlydad a significantly
longer duration of their studies. How can this finding be expgd? On the one
hand, the practice that students with good school gradegieea a first choice
seems to be responsible for the importance of the date ofieenmt. This is the
case in Biology, Psychology and Public Administration whamployed aNu-
merus Clausughroughout the observation period. On the other hand, raiatil/
students will usually tend to enroll early even if there anegrade restrictions. In
contrast, students who are not sure about which major tosghad! enroll rather
late. These students are probably less determined in ti€lies.

Local students: Students who come from Konstanz or nearby show a signifi-
cantly higher hazard rate for transferring to another usite It seems that these
students are interested in getting to know something @iffeafter all. Otherwise,
the results depend highly on the chosen major. In Public Agstration, students
have a significantly higher hazard rate for dropping out. @@son may be that
this major is chosen as a way to stay in the Konstanz area.tker majors, this
effect does not hold.

Size of class: A larger class size significantly raises the hazard rateréoster-
ring to another university or to drop out. The decline in thedging conditions
due to more fellow students is probably responsible forrssilt.
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6 Progress of studies with and without tuition fees

6.1 Cumulative incidence functions

The regression results presented in the previous sechlioniiate only partially
how tuition fees change the behavior of students. In pdaticit is not a priori
clear whether more or less students obtain a degree or dt@s dwition fees tend
to increase both hazard rates. Even if one considers th&aesefs, it cannot be
seen which effect is dominaf. Furthermore, the quantitative impact of tuition
fees remains unclear.

For this reason, we calculatemulative incidence functiomar the different ways

of terminating one’s studie's. For given values of the explanatory variables these
functions state for each possibilifyof terminating one’s studies the probability
that a student has finished his studies within semeéstEne functions are calcu-
lated in the following way. First, the probability of ternaited one’s studies in a
certain wayj in periodt is given by the product of the survival functi@tt|x;(t))

and the respective hazard rd{tje{t\xij (t)). Summing up these probabilities until
semestet yields the cumulative incidence function:

t

1 (t) = 1 (t]xi(t) Z (K[ (t) )i (K| (1)), (14)

Based on our regressions which use the vari@bte capture the anticipatory
effects of tuition fees, we calculate the cumulative inoicke functions for two
sample students= 0, 1. For these students, all explanatory variables are equal t
the average values for each major with the exception of thiabhlasA andind
which capture the impact of tuition fees:

10This problem is well-known in the context of a multinomiaglbmodel which is formally
identical to our competing risk model. Even if a variable bg®sitive coefficient with respect to
one event, the probability for this event can decline if thebyability for other events increases by
more.

lsee Kalbfleisch and Prentice (2002), p. 252.
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student 0 studentl1 difference

Biology 11.81 11.36 —-0.45
Chemistry 11.73 11.50 -0.23
Economics 11.08 10.69 -0.39
Physics 13.18 12.87 -0.31
Psychology 13.64 12.44 -1.20
Public Adm.  12.97 12.27 -0.70

Table 9: Average length of studies for obtaining a degree

e For student 0, bot und Ind are equal to zero, i.e. this student is not
affected by tuition fees.

e For student 1, we se&t andInd equal to one. This student always knows
about tuition fees and must pay the fees if he studies toa long

Table 9 shows the estimated average length of study to obtaégree for the six
majors. In all majors it is lower for student'%. According to this figure, which
is in the center of the public debate, the introduction dfidni fees is a success
story. However, the cumulative incidence functions we @né$n the following
show that the reasons why student 1 seems to study fasteuideeddferent for
the six majors.

As an illustration, Figure 1(a) displays the cumulativadence functions for ob-
taining a degree in Psychology. It shows that studentsstégining their degree
after semester 8. The probability to graduate within 12 stens is 17.7% for
student 0 and 30.2% for student 1. Until semester 17, the laiivesincidence
function has a larger value for student 1. Then, student GaHagher probabil-
ity of obtaining a degree than student 1. The probability radgate within 20
semester is 56.6% and 55.5% respectively.

?The average length of study is calculated conditional orfitee20 semesters. For student 1,
the remaining semesters should hardly increase the avemagth of study as his probability of
studying more than 20 semester is only 1%. For student O, Venwee may somewhat underes-
timate of average length of study because the probabilistuafying more than 20 semester may
reach up to 6.6%. This implies that the reduction in the ayetangth of study between student 0
and student 1 is probably even larger.
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To analyze how tuition fees affect the probability of terating one’s studies
within a certain period of time, we calculate the differebeéween the cumulative
incidence functions of student 1 and student O:

DI (t) = (1)~ 14(t). (15)

Using the Delta-method (see Greene (2003, p. 70)), we detempointwise con-
fidence intervals. Based on these confidence intervals, weayawhether tuition
fees have significantly changed the probability of termimgabne’s studies within
semestet for each possibility].

Figure 1(b) shows the difference between the two functioesented in Figure
1(a) and the corresponding 95% confidence interval. Fronestars 8 to 13 the
lower bound of the confidence interval is above zero. Thisligsphat tuition
fees have increased the probability of successfully finglone’s studies in these
semesters at the 5% significance level. In the long run, thereno significant
changes.

In the following, we present graphs of the functidbit) for each possibility of
terminating one’s studies. Appendix A.2 contains the nucaévalues and states
whether the functionB! (t) are significantly different from zero.

Obtaining a degree:

Figure 2 shows the difference between the cumulative imgeeunctions for
obtaining a degree. For earlier semester we observe tlusvioly results:

e Anincrease in the probability of obtaining a degree

In Biology, Psychology and Public Administration the prbigy of obtain-
ing a degree increases. This change is significant in Bio(sggesters 8
to 10), Psychology (semesters 8 to 14) and Public Admiristrgsemester
12).

e A decline in the probability of obtaining a degree

In Chemistry, Economics and Physics the probability of wiitg a degree
falls. This is significant in Chemistry (starting semest@y &nd Economics
(starting semester 9).
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Figure 1: Obtaining a degree in Psychology
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Figure 2: Obtaining a degree — difference between cumalaisidence functions

In the long run the probability of obtaining a degree fall@ihmajors. However,
this decline is significant only in Chemistry, Economics &hublic Administra-
tion.

Overall, we can distinguish four groups of majors:

1. Earlier degrees:n Biology und Psychology we observe a significant short
run increase in the probability of obtaining a degree withesignificant
long run change. In these majors, students therefore seatudyg more
determined and obtain their degree earlier.

2. Fewer degreesin Chemistry and Economics we find a significant decline
in the probability of obtaining a degree for most semesters.

3. Mixed evolution:In Public Administration the probability of obtaining a
degree increases significantly in the short run but declmgasificantly in
the long run.

4. No significant effectsFor Physics we observe no significant effects.
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Transfer to another university:

Figure 3 demonstrates that tuition fees increase the piiggab transfer to an-
other university in all majors. These changes are significePhysics, Economics
and Public Administration. Students therefore seem to@waition fees in some
majors by switching to another university.

Switching majors:

Figure 4 shows the result for the changes in the probabititgwitch majors.
In almost all majors, tuition fees decrease this probabil@nly in Psychology
we find a non-significant increase. The decline is signifigarEconomics and
Physics. This is in line with the hypothesis that studerid te switch their major
less frequently because the expected costs have increaséd tiiition fees.

Dropping out:

As Figure 5 illustrates, the probability of dropping outrieases for all majors.
Only in Psychology a temporary decline until semester 11lbsaobserved which
is not significant. The increase is significant in Chemiddlyysics, Economics
and Public Adminstration. This result is probably due toftet that tuition fees
raise the costs of continuing one’s studies.

Failing:
Figure 6 shows that the probability of failing one’s studiezeases in all majors
but Physics where no change is observable. A significanéass can be found

for Biology and Public Administration. A possible explaioat is that students
tend to take their exams earlier and less well prepared tiol &rition fees.

24



12%

10% -
04 -
8% -0~ Biology
=2~ Chemistry
6% -Oo—-Economics
+ + + + + + + + —i—Physics
W —x-Psychology
4% | yd ——Public Adm.
2% - /
0% T T T T T T T T T T T T T T T T T T T
1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20

Figure 3: Transfer — difference between cumulative incogefunctions

1%

13 14 15 16 17 18 19 20

-1%

-0~ Biology

—— Chemistry
-o-Economics
—+—Physics
-x=Psychology
——Public Adm.

-2%

-3% -

-4%

-50%

-6%

Figure 4: Switching majors — difference between cumulatiegence functions

25



25%

20% -
15% -
-0~ Biology
—— Chemistry
10% | o= Econgmlcs
—+—Physics
-x=Psychology
——Public Adm.

5% +

0%

*X“X* T T T T T T T T T T T T T T T T
12 3 %~5—§ 7 8 9 101142 13 14 15 16 17 18 19 20

Da G —

-5%

Figure 5: Dropping out — difference between cumulativedeaice functions

4%

3%

-0~ Biology

—— Chemistry
-Oo—-Economics
—+—Physics
—x=Psychology
=o=Public Adm.

2% A

1% 4

0%

1 2 3 45 6 7 8 9 1011 12 13 14 15 16 17 18 19 20

-1%

Figure 6: Failing — difference between cumulative incidefunctions

26



Degree Transfer Switchingm. Droppingout Failing

Biology F - + - + +
Chemistry L + - I +
Economics = + = + +
Physics - + —* +** 0
Psychology F - + + + +
Public Adm. 2 + - I +

Table 10: Effects of tuition fees after 20 semesters

6.2 Discussion

Table 10 summarizes the results of our analysis based omithelative incidence
functions. The sign of the difference between student O aafiet 20 semesters
is shown. AnF indicates that students study faster, i.e. there is a siginfishort

run increase in the probability of obtaining a degree butelage no significant
long run effects with respect to this probability.

Based on the significant changes after 20 semester, we dantls¢afollowing
results:

e The significant decline in the probability of obtaining a teggin Chemistry,
Public Administration und Economics is due to an increagbérprobabil-
ity of

— atransfer to another university (Economics, Public Adimatgn),
— dropping out (all three),
— failing one’s studies (Public Administration).
¢ In Physics there are no significant long run effects with eespo the prob-

ability of obtaining a degree. A significant increase in sfans to other
universities is compensated by a significant decline in witch of majors.

¢ In Biology und Psychology, virtually no long run effects aftton fees can
be observed.
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It is interesting to compare these results with our regoesanalysis for the haz-
ard rates in Table 7. The sign of the variables capturing tieeteof tuition fees
is frequently significantly positive and never significgntiegative for the haz-
ard rate for obtaining a degree. In contrast, the probswhtobtaining a degree
is significantly lower in three cases and never increasegatticular, in Public
Administration the signs are opposite and significant. Hmparent contradic-
tion can be explained if one considers the relationship eetwthe probability of
obtaining a degree and the respective hazard rate. Thelplibpaf obtaining
a degree in a certain semester is given by the product of thigapility of still
being a student in this semester and the hazard rate fomoijad degree (see
equation (14)). In Public Administration, there is a pasteffect of tuition fees
on switching majors, dropping out and failing (see TableA3.a consequence,
the probability that students are still studying is lowethatuition fees. This ex-
plains why the probability of obtaining a degree falls eveough the hazard rate
for obtaining a degree increases.

As pointed out in the introduction, the main purpose for iempénting tuition fees
is to encourage students to study faster. Our results shatsthdents of Biol-
ogy, Psychology and, to some extent, Public Administratideed seem to obtain
their degree after a shorter duration of their studies. Hewether majors show
a different picture. In Chemistry, Public AdministratiomBEconomics, the prob-
ability of obtaining a degree is significantly lower afteetimtroduction of tuition
fees. An interesting question is why the results differ eswthe majors. One
possibility is that the majors vary in the flexibility studerhave in accelerating
their studies. In some majors, students may be able to avibidrt fees by inten-
sifying their studies and by passing the necessary exartisreéim other majors,
this may not be possible and students drop out if they are leta willing to
pay tuition fees. Another explanation is that the majorsaattdistinct types of
students who react differently to the introduction of titifees.

It is also interesting to contrast our results with the clenig the average length
of studies which we presented in Table 9 on page 20. Basedistathle, the
introduction of tuition fees for long term students seemisd@ complete success.
In all majors, students appear to study faster. Howevesjtiterpretation ignores
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that this figure is conditional on students obtaining a deghe particular, it can
decline for two reasons:

(i) students obtain their degree in a shorter period of time.

(ii) less long term students obtain a degree.

As our analysis shows the first reason applies to Biologycspgy and Pub-
lic Administration. In Chemistry, Economics and Physiescontrast, the lower
average length of study is entirely due to less studentsrobtpa degree. In par-
ticular, the probability of dropping out has increased iasth majors. This can
hardly be called a success. We therefore do not think thaavbeage length of
study is a good measure to capture the effects of tuition fdagortunately, this

statistic is usually regarded as the most important poéioyeit.

Finally, we return to our identification strategy. We congshstudents who are
differently affected by tuition fees because they took ugrtbtudies at different
dates. We chose this approach because no control groupilsdeavho studied
at the same time but was not affected by tuition fees. Cleardynitation of this
strategy is that we may measure the impact of other factorshwdhanged over
time apart from the introduction of tuition fees. In parteireforms of the major
programmes can be responsible for changes in the hazasd Yegetherefore sent
a questionnaire to the administrators of the different msagmd found that the
requirements for the majors Chemistry and Public Admiatsin were reformed
in 1999, one year after the introduction of tuition fees fond term students.
We suspect that the reform in Chemistry may partially expthe quantitatively
strong effects which we observe in this major (see Figur&2) can also not rule
out that the introduction of an ‘orientation examinatioftea two semesters had
an influence on student behavior. Under this scheme, whishinduced in all
majors but Economics in the fall term 2000, students areiredto pass a certain
number of exams within two semestéfsFinally, there was some insecurity about
the exact future of the Economics programme in 1997. Thismaag contributed
to the large increase in the probability of transferring theo universities (see
Figure 3).

13In Economics, such a requirement was already implement&898.
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We also considered whether changes in the entry requirenfienthe different
majors could be responsible for some of the effects we obsater the introduc-
tion of tuition fees. In particular, it may be important whet the majors had a
Numerus ClausufNC), i.e. were only open to students with a minimum grade
average in high school. This, however, does not seem to beporiant factor.
In Biology, Psychology and Public Administration there vaadC throughout the
observation period, while in Economics there were no ergsyrictions. Chem-
istry and Physics had a NC for a short period of time (Chemfsir4 years in the
mid-90s, Physics for some time in the 80s). The abolitiornefNIC in Chemistry
may have contributed somewhat to the decline in the proibpabil obtaining a
degree after the introduction of tuition fees.

7 Conclusion

This study examined the impact of tuition fees for long tetodents at the Uni-
versity of Konstanz. In a duration analysis we examined hotion fees change
when and how students finish their studies in the majors BiglGhemistry, Eco-
nomics, Physics, Public Administration and Psychology.e Effect of tuition

fees was measured by an indicator for having to pay tuities fa the following

semester as well as by variables which capture whetherrgikieew that tuition
fees are due if they study too long.

In most majors we found evidence that the introduction dfdnifees influenced
students’ behavior. With respect to the hazard rate, i.e.ctinditional proba-
bility of terminating one’s studies in a particular way, wieserved the following
significant effects:

1. The indicator for having to pay tuition fees in the follagi semester of-
ten raises the hazard rate for dropping out. In some majoese tis also
evidence that the hazard rate for obtaining a degree andafiosferring to
another university has increased.
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2. Knowing that tuition fees have to be paid frequently ilases the hazard
rate for obtaining a degree, for transferring to anothevensity, for drop-
ping out and for failing.

Based on our regression results we furthermore examinedtmyrobability of
terminating one’s studies within a certain period of timamfges. In two majors
we found that students obtain a degree in a shorter periachef tin three other
majors, however, we observed that the probability of olmgia degree generally
decreased. In addition, the probability of transferringatmther university, of
dropping out and of failing significantly increased in thadaun. The probability
of switching majors fell significantly in two majors.

In the political debate, the average length of study to obtadegree plays a
prominent role. Considering only this measure, tuitiorsfe long term students
appear to be successful. In all majors, this measure felil thi¢é introduction of
tuition fees. However, if one considers the different ploiities of terminating
one’s studies, things look differently. In three of the sigjors examined, the
length of study to obtain a degree is reduced only becausdédeg term students
finish with a degree. In particular, the number of drop outseased. Neverthe-
less, in two majors we found that the average length of stadybtain a degree
decreased because students were actually studying faSter.study therefore
does not allow us to draw a clear-cut conclusion. In futuseagch, it would
therefore be desirable to analyze data from other univessiOf particular inter-
est would be a comparison with universities in states whaemot introduced
tuition fees for long term students.

Finally, we want to comment on the implications of our res@iitr the debate on
the introduction of general tuition fees which have to beldar each semester
studied. These fees are likely to have stronger effects tiramcurrent fees for
long term students. In particular, they will also influentedents who expect to
finish within four semesters beyond the standard perioduafyst According to
our analysis, general tuition fees should have a consiteematpact on how fast
students study and whether they obtain a degree. Howevanmortant aspect
will be whether fees are accompanied by a student loan sch&hig is not the
case for the current tuition fees for long term students.
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A. Appendix

A.1 Regression results

Biology Chemistry Economics Physics Psychology Public Adm
Degree
sts8 1.974967* 20.2287**  4.260039**  19.45348** n.a. 2.920238*
sts9 3.397996*  19.86454"*  6.218726™  19.45348**  20.44832** 3.814612**
sts10 5.662304*  23.24294**  7.184894**  19.45348*  20.44832** 4.71912*
stsll 7.378843*  23.60037**  7.601967**  22.42413**  21.87805** 5.922132**
sts12 7.44879*  23.91013**  7.644835"*  23.62787*  22.82276"* 6.477966"*
sts13 7.597168*  23.88942**  7.389974**  23.93926"*  23.21273* 7.321886"*
sts14 7.930193* 24.3195**  7.071717*  24.13418*  23.71829** 7.160747*
sts15 5.861437*  23.98152**  6.869842**  23.50445**  23.73998** 6.839535"*
sts16 7.35232* 24.0679**  6.837578"*  23.35253** = 23.37639"* 6.512411*
sts17 5.692042*  21.58534**  5.718039** 22.56984**  23.07087** 6.405023**
sts18 6.054108*  21.58534**  5.718039**  22.89418*  23.07087** 5.605654"*
sts19 7.54923%*  21.58534**  5.718039**  22.17571**  23.07087** 4.644008"*
sts20 5.064344*  21.58534**  5.718039*  22.71232**  23.07087** 5.101521**
male  0.1164097 -0.2172269 -0.3737093 -0.2914152 -0.0039631 0.0375017
age -0.6435049 -2.022609** -0.1685597 -0.7726283 -0.4874159 -0.1318994
enroll  -0.0082655 -0.0129179 -0.0137154 -0.0012705 -0.0051815 -0.0145248
local  0.2437513° -0.2182385 -0.0372965 -0.1363979 0.0210963 -0.1887497
class-size  -0.0022371 0.0055694 -0.0036107*  0.0002042 -0.0049904 -0.0003815
A 0.343907**  0.162498 0.1465043 0.0718659 0.8572541 0.3594634*
Ind 0.1848649 0.0634963 0.5877511 0.408061 -0.1534556 0.4849847
const -6.303439* -20.48888 -7.273345° -22.64185 -22.91521 -7.659718
Transfer
sts2  0.0611056 -0.1781256 0.4735028 0.6542962* 0.56272 0.139246
sts3  -0.6485812* -1.313005** -0.9934174* -0.0116743 -0.2588272 -0.8213257
sts4 -1.253751* -1.565894** -0.5634423 -0.5298933 0.0681669 -0.5084243
sts5 -1.499817* -2.311762** -0.5434851 -0.3732931 -1.657214  -2.728362**
sts6 -1.560806* -1.108872** -0.6364782 0.2443782 -0.2133594 -0.6988106
sts7 -1.582918* -2.548449* -1.870737** -0.320059 -0.551057 -1.551012
sts8 -3.503091*  -2.51121* -1.479822* -1.197199 -1.450943 -2.234751*
sts9-20 -3.67331*  -3.57254** -1.210622** -1.745857**  -2.282797** -2.068758**
male -0.2641158 -0.7249841* -0.697343** -0.9368295* 0.0951684 -0.1462606
age 1.513528*  1.547521*  1.758308*  2.518581** 0.5301219* 0.5455654
enroll  0.0063263 0.0196962 0.0113911 0.0120502 -0.0085142 0.0131276
local 0.13792 0.3271722  0.2115051 0.2316609 0.1190214 0.6970058
class-size  0.0223438% 0.0001706 0.0047906 0.0120946" 0.0190861 0.004051"
A 0.1184073 0.4445865 1.223186 0.6986277*  0.1741252 0.6964998
Ind n.a. 2.208698 -0.1728365 0.787424 n.a. 1.509301
const -8.379917* -5.365878"* -7.867756"* -9.923418"  -7.046656"" -6.230482**

32



Biology Chemistry Economics Physics Psychology Public Adm
Switching majors
sts2  0.5794609* 0.6715915* 0.5320003** 0.7819458* 0.3395517 0.7688363"
sts3 -1.313513* -0.5695386 -0.7765511** -0.6241763 -0.9537078 -0.9937873
sts4  -0.3539095 -0.0717464 -0.3639707 -0.6241763 -1.507402* -0.1493226
sts5 -1.552763* -1.523288* -0.6948294 -0.6241763 -1.507402* -0.8820427*
sts6 -1.48928* -0.3078543 -0.4598338 0.6065015 -0.1654198 -0.9612757
sts7 -2.302278* -2.732351** -1.393332" -1.393406 -1.657781 -1.887952¢
sts8 -2.265815* -1.575297** -1.879352"* -0.8931372 -1.631124 -1.570922
sts9-20 -2.485305" -3.734553** -2.714367" -2.308758* -1.817148** -1.216996*
male -0.1027515 -0.6544738 -0.4164134* -1.305817** 0.4637762 0.1448964
age  0.8585485 0.310408 1.166683* 1.287214  -0.1159352 0.3059622
enroll 0.00213 0.0000255 -0.0006809 -0.0035324 -0.007900 -0.0045018
local  0.0221473 0.1076915 0.0082337 -0.2519128 -0.027529 0.6096544*
class-size  0.0009991 -0.0009691 -0.0034395-0.0079171* -0.0117013 0.0026074
A -0.0936973 0.0124755 -0.1404207 -0.7096849  0.06867 0.0197209
Ind n.a. n.a. n.a. n.a. n.a. n.a.
const -5.474606* -3.364237*  -4.805014** -4.983414"  -4.023478* -6.004521**
Dropping out
sts2  0.0275029 0.0903734 0.0874903 0.2274827 -0.2560648 .0229043
sts3  -0.9369486* -1.140102** -1.082016** -0.936578** -0.4539695 -0.9287208
sts4  -0.2469692 -0.3294629 0.0859385 0.4603892 0.7889643*  -0.2086328
sts5  -0.2285155 -0.3220855 0.4210878 0.4792717°  0.8743837"  -0.3479509
sts6  -0.4700747 -0.3093046 0.5104502° 0.6741985* 0.6298195* -0.2112073
sts7  -0.9175168* -0.9277298* -0.3905777 -0.5987 0.2247153 -0.3923557
sts8 -1.50017* -1.271706** -1.393037* -0.3674402 -0.1787363 -1.103335
sts9 -2.655011* -2.030767** -1.499522** -0.9228817* -0.9492164* -3.152148**
sts10 -1.807645* -1.532291* -1.334647** -3.133373** -0.6234914 -2.427758"
sts1l -1.831407* -1.628181** -0.7148301 -1.396396**  -1.778823* -1.82287**
sts12 -1.232548  -2.277854* -0.3481676 -1.396396° -0.7667034 -1.459584"
sts13-20 -1.138159 -0.5835983 -0.6326656 -1.396396™ -0.0889769 -0.2992622
male -0.2453875 -0.3007809* -0.0307982 -0.2346281 0.0028107 0.0307512
age  0.987308T1* 0.5776969 0.5092352 0.6684465 0.4621017*  0.5986893*
enroll  0.0256908*  0.023144** 0.0164711* 0.017397** 0.0118794* 0.0199791**
local -0.0460841 -0.2600392 -0.4127154 -0.1318082 -0.3689604°  0.2544592*
class-size 0.012738° 0.0060457¢ 0.0049849* 0.0037631"  0.0074347 0.0020393
A 0.1651401 0.8883495° 0.4721371* 0.2664241  -0.1111032 0.5432201"
Ind 1.544195 -0.7177593 0.1287419 2.05273  1.97766** 1.141365*
const -5.682223* -3.593123* -3.825025"* -4.290384**  -4.843065"* -5.171585**
Failing
male  0.6058492 -0.3277562 0.0291644 n.a. 2.410151 0.3753721
age 1.620225 1.060357 -0.7020984 2.200965 1.546876 1.336394**
enroll  0.0144437 0.0809847 0.001702 0.0045826 0.0544989 0.0259608
local -0.2837911 -0.6658845 0.3399538 21.04945 -1.664271 0.0698376
class-size 0.042648 -0.0283409 -0.0046668 -0.0332951 -0.0682431 0.0014566
A 1.135638* 0.765601 0.8324706 -0.154604 22.42727* 1.438029*
Ind n.a. n.a. 0.5165393 n.a. 1.773447 0.7164247
const -14.51838* -6.513882 -3.734778 -30.72349 -28.62266 -9.644116
Number
of semesters 11,367 5,943 9,538 9,206 9,885 25,056
Log-Likelihood -4,491.30 -2,785.67 -5,182.13 -3,265.69 -2,956.45 -17R26
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A.2 Differences of the cumulative incidence functions

Semester  Biology Chemistry Economics Physics Psychology ulitic Adm.
Degree
1 0.02% 0.00% 0.00% 0.00% 0.00% 0.01%
2 0.03% 0.00% 0.00% 0.00% 0.00% 0.03%
3 0.04% 0.00% 0.00% 0.00% 0.00% 0.04%
4 0.05% 0.00% 0.00% 0.00% 0.00% 0.04%
5 0.06% 0.00% 0.00% 0.00% 0.00% 0.05%
6 0.07% 0.00% -0.01% 0.00% 0.00% 0.06%
7 0.08% 0.00% -0.01% 0.00% 0.00% 0.06%
8 0.14% -0.23% -0.23% -0.02% 0.00% 0.16%
9 0.36% -0.40% -1.74%" -0.03% 1.77% 0.37%
10 1.84% -4.429%6* -4.909%**  -0.05% 3.39%"* 0.78%
11 2.79% -8.77T%" -6.349%5** -0.43% 8.48%6 1.40%
12 1.99% -12.63%* -8.559%6**  -1.61% 12.53%* 5.4696*
13 -0.30% -15.249% -10.09%** -0.75% 12.849%* 3.17%
14  -2.55% -17.53%* -11.02%*  -2.28% 9.47%" -0.95%
15 -2.82% -18.57% -11.649%** -3.41% 5.68% -4.01%
16  -3.62% -19.26%* -12.13%*  -4.41% 3.35% -6.03%
17 -3.76% -19.329%" -12.28%** -4.88% 1.87% -7.64%
18 -3.94% -19.37% -12.419%** -5.49% 0.65% -8.31%"
19 -4.37% -19.419%* -12.52%**  -5.78% -0.34% -8.569%6*
20 -4.41% -19.469% -12.629%** -6.24% -1.11% -8.94%*
Transfer
1 0.41% 2.04% 3.1696* 0.89% 0.22% 1.14%"
2 0.74% 2.94% 6.8896* 2.39%* 0.57% 2.28%"
3 0.87% 3.16% 7.659%6* 3.12%* 0.72% 2.69%"
4 0.94% 3.25% 8.6096* 3.51%* 0.92% 3.20%"
5 0.97% 3.27% 9.33%" 3.90%™ 0.96% 3.25%"
6 1.00% 3.23% 9.839%* 4.53% 1.09% 3.619%"
7 1.03% 3.22% 9.9696* 4.86%* 1.19% 3.76%"
8 1.03% 3.19% 10.13%* 4.99%* 1.23% 3.83%"
9 1.03% 3.19% 10.30%"* 5.06%6* 1.24% 3.90%"
10 1.03% 3.18% 10.41%* 5.13%™ 1.25% 3.97%"
11 1.03% 3.17% 10.42%"* 5.20%* 1.25% 4.02%"
12 1.02% 3.30% 10.41%* 5.24%™ 1.24% 4.35%"
13 1.02% 3.37% 10.40%* 5.319%* 1.23% 4.47%"
14 1.01% 3.40% 10.39%"* 5.349%* 1.21% 4.51%"
15 1.01% 3.42% 10.38%"* 5.35% 1.20% 4.52%"
16 1.01% 3.43% 10.37%"* 5.36%* 1.19% 4.53%"
17 1.01% 3.43% 10.36%"* 5.369%6* 1.19% 4.529%"
18 1.01% 3.44% 10.35%" 5.36%* 1.18% 4.52%"
19 1.01% 3.45% 10.35%"* 5.36%6* 1.18% 4.529%"
20 1.01% 3.45% 10.34%* 5.36%* 1.17% 4.51%"
Switching majors
1 -0.24% -0.32% -0.89% -0.80% 0.05% -0.01%
2 -0.66% -1.37% -2.59% -2.409%8** 0.12% -0.12%
3  -0.73% -1.71% -3.06% -2.799%6** 0.14% -0.14%
4 -0.89% -2.33% -3.78% -3.15%** 0.15% -0.21%
5 -0.94% -2.49% -4.3096 -3.489%6** 0.16% -0.25%
6 -1.00% -3.06% -4.93% -4.5298** 0.19% -0.29%
7 -1.02% -3.11% -5.189% -4.6696** 0.20% -0.31%
8 -1.04% -3.27% -5.329% -4.88%8** 0.21% -0.33%
9 -1.06% -3.29% -5.38% -4.939%6** 0.21% -0.37%
10 -1.09% -3.31% -5.429% -4.989%6** 0.22% -0.42%
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Semester  Biology Chemistry Economics Physics Psychology ulitic Adm.
Switching majors (cont.)
11 -1.11% -3.32% -5.469 -5.03%** 0.21% -0.46%
12 -1.12% -3.33% -5.48% -5.06%** 0.20% -0.53%
13 -1.13% -3.33% -5.5096 -5.09%** 0.18% -0.58%
14 -1.14% -3.33% -5.519% -5.10%** 0.16% -0.63%
15  -1.14% -3.34% -5.52% -5.12%** 0.15% -0.67%
16 -1.15% -3.34% -5.53% -5.13%** 0.14% -0.70%
17 -1.15% -3.34% -5.53% -5.14%** 0.13% -0.73%
18  -1.15% -3.34% -5.54% -5.14%** 0.13% -0.75%
19  -1.15% -3.34% -5.54% -5.15%** 0.12% -0.77%
20 -1.15% -3.34% -5.559% -5.16%** 0.12% -0.79%
Dropping out
1 0.89% 7.149% 3.2596™* 1.16% -0.30% 1.649%*
2 1.61% 12.369%* 5.479%6** 2.39% -0.52% 3.079%
3 1.86% 13.68%* 6.05%6** 2.74% -0.70% 3.589%"
4 2.27% 15.99%"* 7.3096** 3.93% -1.25% 4.539%*
5 2.63% 17.829%* 8.249%4 4.91% -1.78% 5.299%"
6 2.87% 19.18%* 8.6394™* 5.85% -2.16% 6.08%"*
7 3.01% 19.819%* 8.709%6* 6.09% -2.40% 6.67%"
8 3.08% 20.19%* 8.70%* 6.36% -2.55% 6.95%"*
9 3.10% 20.35%* 8.68%6* 6.50% -2.64% 6.98%"
10 3.11% 20.519%* 8.64%* 6.51% -2.78% 7.049%*
11 3.08% 20.58%"* 8.49%™ 6.58% -2.84% 7.129%
12 3.63% 20.53%* 8.27%* 6.62% -0.71% 7.73%"
13 3.81% 20.35%"* 8.13%™ 7.98%* 1.31% 8.329%
14 3.85% 20.25%* 8.0296* 8.58%6* 2.02% 8.469%"
15 3.86% 20.18%"* 7.92%* 8.91%™ 2.21% 8.449%*
16 3.86% 20.149%* 7.859%6* 9.1096* 2.24% 8.389%"
17 3.86% 20.119%* 7.79%* 9.24%* 2.21% 8.299%"*
18 3.85% 20.079%* 7.73%6* 9.33%* 2.16% 8.219%
19 3.85% 20.04%* 7.68%6* 9.39%* 2.10% 8.129%"
20 3.84% 20.019%* 7.63%* 9.43%* 2.05% 8.029%"*
Failing
1 0.179% 0.03% 0.36% 0.00% 0.05% 0.42%
2 0.32% 0.05% 0.61% 0.00% 0.10% 0.80%
3 0.45% 0.06% 0.84% 0.00% 0.14% 1.16%
4 0.57% 0.08% 1.01% 0.00% 0.18% 1.49%
5 0.69% 0.08% 1.14% 0.00% 0.22% 1.81%
6 0.79% 0.09% 1.22% 0.00% 0.26% 2.11%
7 0.90% 0.10% 1.29% 0.00% 0.30% 2.39%
8 0.99% 0.10% 1.36% 0.00% 0.33% 2.66%
9 1.09% 0.10% 1.40% 0.00% 0.36% 2.92%
10 1.179% 0.11% 1.43% 0.00% 0.39% 3.16%
11 1.20% 0.11% 1.45% 0.00% 0.42% 3.35%
12 1.21% 0.11% 1.46% 0.00% 0.51% 3.63%
13 1.21% 0.11% 1.45% 0.00% 0.57% 3.73%
14 1.21% 0.11% 1.45% 0.00% 0.59% 3.76%
15 1.21% 0.10% 1.44% 0.00% 0.60% 3.77%
16 1.21% 0.10% 1.44% 0.00% 0.60% 3.78%
17 1.21% 0.10% 1.43% 0.00% 0.61% 3.77%
18 1.21% 0.10% 1.43% 0.00% 0.61% 3.77%
19 1.21% 0.10% 1.42% 0.00% 0.61% 3.77%
20 1.21% 0.10% 1.42% 0.00% 0.61% 3.76%
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