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Chapter 1

Introduction

Engaging in higher education is by itself a choice. In addition, students have
to make many more decisions within higher education. The motivations to
make such choices may be very different. Future labour market outcomes
are one aspect, but the preferences and life circumstances of students need
to be considered as well. The present dissertation has the title ” Economics
of Higher Education — Study Choice, Mobility and Job Preferences”. It
evaluates the decisions students face within higher education. Right at
the start students need to select a field of study. Once enrolled, some
students decide for a semester abroad. Furthermore, to earn money or
to gain experience many students choose to work next to their studies.
Finally, after graduation students enter the labour market and need to pick
a graduate job. This dissertation studies how students make such choices
and what effect these have on them.

To some readers the combination of economics and education research
might be surprising. Nonetheless, in my very first economics textbook I
learned that in economics ”we examine how individual consumers and firms
make decisions and how the interaction of many individual decisions affects
markets” (Perloff (2012), p.23). In other words, economics is all about
choices and the consequences of these choices. In this spirit, the present
dissertation is about the choices of students in higher education and their
consequences.

The field of labour economics analyses a variety of questions regarding
the skill acquisition and employability of workers. Within that field, eco-
nomics of education focuses on the choices made in education and their
effects later in life. Early literature in education economics models this pro-
cess and tries to answer questions on optimal education length (G. S. Becker,
1962). This theoretical approach already hints towards the main problem
in education economics: Identification. If individuals with certain unob-
servable characteristics are more likely to make certain decisions, then it
is hard to distinguish between the effect of the decision and that of the
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shared characteristic. In other words, the fact that students make choices
causes identification problems. As a response to this, the focus in education
economics shifted more towards empirical strategies. Estimating the unbi-
ased return to education is a central question in this respect (e.g. Angrist
and Krueger (1991); Ashenfelter and Krueger (1994); Harmon and Walker
(1995)).

Within the field of education economics this dissertation focuses on
higher education. Students who finish higher education earn higher wages,
but also give up salary while studying. High ability students could graduate
faster, thereby facing lower opportunity costs. Alternatively, these students
might learn more and show a stronger increase in wages. In both cases high
ability students are more likely to select into higher education. Certainly,
forgone and future wages are only one example for costs and benefits in
schooling choice. Additional factors are likely to have an impact on the
selection into higher education. Some people enjoy learning, other have a
distaste for education. The same logic applies to the preference for working.
Furthermore, the educational background of the parents can influence the
goals and expectations of students.

Choices in higher education should, however, not be reduced to the initial
selection into higher education. The present dissertation analyses the many
more decisions that need to be made by students in higher education. To
analyse such choices we collect a unique data set on German students in
higher education, called the Fachkraft data. The first data collection took
place in 2012. Since then there have been a total of six rounds with more
than 130,000 participants. Chapter 2 gives an overview of the data collection
and shows first descriptive results. The data set lays the basis of the analysis
done in Chapters 3, 6 and 7. Moreover, Chapter 5 uses other data that we
collected on students from Maastricht at three different points in time.

Selection into higher education goes hand in hand with the choice of
study field. If wage and opportunity costs were the only criteria, students
would select a subject that balances a high future wage with the chances
of successful graduation. Such a model, while including ability, ignores the
preferences of students. Gaining a good understanding of the factors that
drive selection into study fields is by itself relevant. In a next step it is then
necessary to ask if this choice of study field changes the students. If the
latter is true it could even be the case that some students choose certain
study fields because they would like to alter their personality.

Chapter 3 analyses the link between personality and study fields. Selec-
tion into study fields takes place because of certain personality traits. This
means that non-cognitive skills contribute to study choice. Furthermore,
the reverse effect is studied by asking if subject choice alters the personality
of students. If this was true, then studying certain subjects could increase
or decrease the employability of students in terms of their personality. In
Chapter 3, however, no convincing evidence for personality change as a
result of study choice can be found.



During their study students face further choices. Omne such decision
is mobility. Generally, one needs to distinguish between an exchange pro-
gramme and degree mobility. While exchange programmes are by definition
balanced, countries can receive a large inflow or outflow of students due to
degree mobility. Concerning the latter, it is unclear whether receiving or
sending countries gain or lose from international education in Europe.

In Chapter 4 a two-country model is developed to analyse the macro level
effects of degree mobility. The mathematical model helps to understand the
many facets of international education. The model is calibrated to find that
student mobility can increase average growth in the sending and receiving
country by 0.013 percentage points. Small countries that receive foreign
students can benefit even more by experiencing additional growth of 0.049
percentage points. The effectiveness of international education is a crucial
parameter in the calibration of this model. Hence, it is interesting in which
aspects international education is different from domestic education.

For both, exchange programmes and degree mobility, it is possible that
certain types of students are more likely to select into international edu-
cation. The questions that arise are comparable: What are the differences
between mobile and non-mobile students? And: What is the effect of being
educated internationally? Especially the second question is a challenging
one to answer. If certain students select into international education, the ef-
fect of going abroad needs to be isolated from that of any shared, potentially
unobservable, characteristic.

Using a three survey design and a control group Chapter 5 finds that the
personality of students changes as a result of studying abroad. As a result
of a six month period abroad students become less neurotic and gain a more
inward locus of control. This change can be translated into a change in the
labour market value of students. Under some assumptions, the change in
personality that results from a semester abroad carries a net present value
of €21,525. Therefore the decision of students to study abroad can be
seen as an investment into non-cognitive skills. As noted previously, this is
not only important for mobile students themselves. It also determines the
macro-level effects of student mobility as can be seen in Chapter 4.

Choosing a job is another relevant decision during and especially after
higher education. Full comprehension of such decisions requires estimating
how much students value certain job characteristics. Again, the typical
problem arises. Unobservable characteristics can lead to some students
receiving a higher wage and, for example, more flexibility or job security.
In reality, however, an employee is willing to work for less money if granted
an improvement in other job characteristics.

Chapter 6 analyses the preferences of students with respect to their part-
time job using a vignette question design. Students are offered a selection
of three different jobs and need to choose their most preferred one. By
doing so, the trade-offs between differnt job attributes can be estimated.
Students are willing to give up €2.18 per hour if they are allowed more
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flexible working schedule. With regard to undesired job attributes students
ask for increases in their hourly wage. One such example is travelling to
the job. For each minute of commuting students require an increase in their
hourly wage of €0.16.

After graduation from higher education most students enter the labour
market and face new choices. Chapter 6 also includes the analysis of a
vignette type question on graduate jobs. Future graduates require a pre-
mium of €349 in monthly wage after taxes to move to another German
state. At the same time graduates value job security. Receiving an open-
ended contract, compared to a temporary one, is worth €320 in terms of
net compensation per month.

The central trade-off with respect to graduate jobs is that between work-
ing hours and wage. Many policies dealing with the retirement age, un-
employment benefits or taxation influence the supply of labour. In that
respect, knowing that students like to receive a higher wage, but dislike to
work longer hours is not enough. The exact value of this trade-off is impor-
tant to understand the effect of such policies. Furthermore, it is relevant
to see if such policies have different effects on certain groups of individu-
als. Again, preferences and life circumstances might lead to pronounced
differences in the preference for leisure.

Chapter 7 develops a new framework to measure preference for leisure
using hypothetical choices. In response to changes in the weekly working
hours future graduates adjust their required compensation. The resulting
hourly wage is around € 10 and comparable to the results of the vignette
question on graduate jobs in Chapter 6. A more detailed analysis reveals
that preference for leisure is heterogeneous. Students who want to work long
hours have a stronger distaste for increases in working time. Furthermore,
students that are not in a stable relationship or study social sciences have
a lower preferences for leisure.



Chapter 2

The Fachkraft Data

Gaining insights into the choices of students requires a specific data set. To
make sure that the relevant questions can be answered a unique data set
was collected within the scope of this dissertation. This Chapter gives an
overview of the data collection and the characteristics of this data set, called
the Fachkraft data. The Fachkraft data is collected in a cooperation between
us at Maastricht University and the German student network Jobmensa. So
far there have been six rounds in which more than 100,000 German students
participated. The data allows a detailed image of the German student
population focusing on general study related information, the part-time
student job market and the job expectations of future university graduates.

2.1 Key Facts

The Fachkraft data is the basis of the German student study ”Fachkraft
20207”. It is collected biannually in cooperation with Studitemps GmbH via
the Studitemps student network called Jobmensa. Jobmensa is the largest
network for student jobs and internships in Germany with currently more
than 400,000 users. The first data collection took place in September 2012.
Since then new data collections take place every six months, at the beginning
of a new academic semester in Germany respectively. The latest collection
in March 2015 marks the sixth round. Participation in the questionnaires
ranges from 16,420 to 25,252 with a total of 127,404 observations. However,
the panel dimension of the data set is small with each students participating
on average in 1.28 rounds. Participation is incentivised by giving students
the chance to win cash vouchers.

When compared to another large German student sample called Sozialer-
hebung only small differences with respect to the observable variables exist.
Therefore neither the student network from which the contacts are taken nor
the form of the data collection seem to create large biases. The Fachkraft
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data includes typical demographic variables as well as information on dif-
ferent personality measures such as the Big 5 or economic preferences. At
the end, this Chapter displays selected descriptive results, while in the re-
mainder of this dissertation Chapter 3, Chapter 6 and Chapter 7 use the
Fachkraft data for a more detailed analysis. Overall, the focus of the ques-
tionnaire is on general study related information, the part-time student job
market and the job expectations of future university graduates. Descriptive
findings of the questionnaire are published in a reoccurring yearly study
called "Fachkraft 2020” (Hartmann, Thiel, and Seegers (2012); Hartmann,
Thiel, and Seegers (2013); Bergerhoff, Hartmann, and Seegers (2015)).

2.2 Data Collection

Since September 2012 data is collected every six months. Refer to Table 2.1
for the exact start and end date of each collection.! The online questionnaire
is created using the survey hosting service ”fluidsurveys”. Data collection
typically takes place within a two week interval. During the first week all
students in the database of Jobmensa receive an invitation to participate
via email. A reminder to participate is sent in the second week of the
collection. Round five and six are exceptions. In round five we made use of
a second reminder to the full database which increased the collection period
to roughly three weeks. For round six the second reminder was restricted
to the students that participated in the previous round. Once all reminders
are sent the online questionnaire remains active until daily participation
drops below 100 students per day.

The general trend shows an increase in the amount of participants. The
main force behind this is the growth in the database of Jobmensa which
allows reaching out to more students. A close look at Table 2.1 shows
that participation seems to decrease for the last two rounds. Note that
since round five participants can classify themselves as being in secondary
or higher education. In round six a new branch for graduates has been
included. The Fachkraft data set, as explained in this Chapter and used in
this dissertation, focuses on higher education. Hence high school students
as well as graduates are excluded. Including them leads to ongoing growth
in the sample size even in rounds five and six.

Conversion rates, both from sending emails to starting the questionnaire
as well as from starting the questionnaire to finishing it, are monitored.?

1Schedules were occasionally shifted by a few weeks. Reasons were technical problems
with the online questionnaire, coordination with the student database to avoid times with
a high mail volume, leaving out the carnival celebrations, as well as delays for further
improvements with respect to question design.

2The higher email conversion rate in the first round results from a pre-selection of
contacts. Only contacts who filled out their complete profile in the Jobmensa database
received an invitation to participate. In all later rounds all contacts that featured an
email address were asked to participate.
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Before the first round a pre-test using 30,000 contacts took place to test
different email subject lines, email lengths and prizes. Moreover, we tested
the performance of different question types and the questionnaire design. To
name just a few results, conversion increases if the prize (money) is featured
prominently in the subject line. Other than that the subject line should be
short. On the contrary, the email itself can be more detailed.? As economic
theory suggests cash prizes, in our case Amazon vouchers, are preferred over
material prizes.* This is still true, even though the effect becomes smaller, if
students are offered the chance to choose between cash or material prizes. In
this case economic theory would clearly suggest indifference. With respect
to the questionnaire itself the amount of clicks necessary to fill out the survey
should have a negative impact on conversion rates. For a small amount
of possible choices, multiple choice questions are preferred to drop-down
questions. Even more important, free text fields require the participant to
switch between mouse and keyboard and lead to an even larger drop in
conversion. With respect to the design, less colour and more white in the
background improved conversion.’

Table 2.1 shows that the time respondents needed to fill out the online
questionnaire increased almost monotonically from one round to another.
The main reason for this increase in the completion time is that the ques-
tionnaire increased in length. Since round two, personality questions are
included in the questionnaire. Participants, however, are given the option
to skip this psychological section.® The increase in completion time from
round four to round five is the result of a new large section on wage ex-
pectations.” The section on wage expectations was kept for round six, but
this cannot explain why completion times went up by more than 15 min-
utes. This increase has been caused by the inclusion of a voluntary test
for cognitive ability. It seems that, once students decide to participate in
the psychological section of the questionnaire, they are willing to put in the
required effort. Nevertheless, it is surprising that the within questionnaire
conversion rate in the sixth round is above that in the first round even
though the time needed to complete the questionnaire almost doubled. The
previous paragraph already gives hints on how to improve the performance
of an online questionnaire. Still, it is most likely true that, all else constant,
a longer survey will lead to a lower within questionnaire conversion rate.

During the six rounds of data collection we varied both the intensity and
the spread of the incentive. As the pre-test ruled out material prizes, all
rounds were incentivised with the help of Amazon vouchers only. Round one

3The short and long test mails included 149 words and 233 words, respectively.

4Free newspaper subscriptions as well as e-readers were included.

5A 100 percent blue-green background was tested against a combination of blue-green
and white. Blue-green marks the corporate identity of the student network Jobmensa
and appears in its logo.

60nly roughly 20 percent of the participants decide to skip as they can double their
chance to win an Amazon voucher and can request their own psychological profile.

"The research is still ongoing and not subject of this dissertation.
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R1 R2 R3 R4 R5 R6
Start d.c. 02.10.12 01.03.13 02.09.13 11.03.14 16.09.14 16.03.15
End d.c. 16.10.12  14.03.13 16.09.13 27.03.14 09.10.14 01.04.15
Email c.r. 11% 9% 7% 8% 8% 7%
Participants 16,420 18,445 18,895 25,252 24,807 23,585
Question. c.r. 58% 72% 66% 67% 61% 61%
Avg. time 31:55 36:35 36:01 39:07 42:31 59:53

Prize money €1,000 €1,000 <€3,000 <€2,000 €2,000 €5,000

Table 2.1: Overview of the six rounds of data collection (R1 - R6) includ-
ing the start and end date of the collection (d.c.), the conversion rate (c.r.)
linking emails sent out to participants starting the questionnaire, the partic-
ipants starting the questionnaire, the conversion rate (c.r.) of participants
starting to those ending the questionnaire, the average time taken by re-
spondents to complete the full questionnaire and the prize money given
away to the participants in form of a lottery.

and two included five Amazon vouchers of € 200 respectively. Round three
included a test using vouchers with a total value of € 3,000.8. However, 10
percent of the participants were told that the prize money is only € 1000 and
another 10 percent that it is €2000. Conversion in the € 2,000 group was
higher than in the € 1,000 group, though, no difference between € 3,000 and
€ 2,000 could be found. As a result, in the two data collections thereafter we
used a total price money of €2,000.° Finally, the price money was increased
to €5,000 for the sixth data collection.'® Additionally, for students who
filled out the questionnaire in the previous round the chances to win were
increased by factor five. Both was done to increase incentives to be able to
create a larger panel dimension in the data. Unfortunately, neither the panel
dimension nor the conversion rate show an upward trend. Nevertheless, it
is possible that the additional incentive helped to keep them constant given
that the length of the questionnaire increased.

2.3 Sample Characteristics

The Fachkraft data includes the usual set of demographic variables. Close
to the end of the questionnaire respondents are asked to fill in their gen-
der, age, relationship status, amount of children, type of accommodation
and nationality.!! Moreover, questions on the occupation of the partner

8The total amount was divided into five times €200 and 40 times € 50

9The price money was split in one €500 voucher, five €100 vouchers and 20 €50
vouchers.

100ne €1,000 voucher, four € 250 vouchers, ten € 100 vouchers and 40 €50 vouchers.

H Conversion rates are lower if participants need to fill in personal information right at
the beginning. Close to end engagement with the questionnaire is higher and those type
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as well as the degrees of the parents are included. Some rounds are more
detailed with respect to children and family planning or the type, size and
satisfaction of / with the accommodation.

The average time taken to fill out the online survey already suggests
that the Fachkraft data contains a variety of information. All rounds in-
clude a full description of the participants’ study including, for example,
the university, degree, semesters, subject or grade point average. Moreover,
each round contains information on previous education such as type of high
school, grades, majors or vocational education, if applicable. A section on
student jobs is part of each round as well, however, the questions included
in this section are subject to change. The same is true for a section featur-
ing questions on future job expectations and intentions. Concerning their
part-time job students have so far been asked, for instance, about their
actual hourly wage, an hourly wage they consider ”fair”, weekly working
hours and time slots or types of work they prefer, currently do or did in
the past. The questionnaire section on future jobs included the intention
and motives to migrate after finishing higher education, sectors, occupations
and companies to work in / for as well as the amount of working hours and
wage expected. Additionally, in each of the rounds three, four and five a
vignette-type question has been included that asked participants to choose
a part-time job, a future graduate job or a future life plan respectively.'?

As the Fachkraft data is collected through a student job network it is im-
portant to analyse whether the data gives a representative image of German
students. Comparing observable characteristics of the sample to another
German student survey called Sozialerhebung reveals no large differences
(Hartmann et al. (2013); Bergerhoff et al. (2015)). The Sozialerhebung is
collected systematically on a university level since 1951 and is funded by the
German government. Despite this systematic selection of participants the
Sozialerhebung is also subject to non-response bias. Most notably, the true
share of female students is close to 50% in Germany (Middendorff, Apoli-
narski, Poskowsky, Kandulla, & Netz, 2013). Table 2.2 displays the averages
of selected key descriptive statistics. The somewhat larger difference in age
is probably driven by the fact that we choose to drop students older than
40 years. Moreover, while the Sozialerhebung uses letters and printed ques-
tionnaires, we use emails and an online questionnaire. The different ways
of communication may also lead to differences with respect to age. The
strongest suspect is that students in the Fachkraft data are different in
their working habits. The differences to the Sozialerhebung, however, are
not only small for demographic variables, but also for the share of students
that currently have a job. Finally, Table 2.2 does not display the subject of
the participants and the region they live in. With respect to these variables
the differences are, as well, minor.

Additional to the previously listed variables the survey includes various

of questions lead to less participants dropping out.
12Chapter 6 analyses the part-time and graduate job vignette questions.
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R1 R2 R3 R4 R5 R6 SE’12
Age 23.7 22.4 23.2 23.3 23.3 22.5 24.4
Semesters studied 5.0 4.7 5.6 5.7 5.9 5.9 5.1
Male-Female ratio  40:60 40:60 42:58 42:58 43:57 42:58  42:58
Working students  68%  60%  62% 63% 67% 67%  62%

Table 2.2: Overview of key descriptive statistics of the participating stu-
dents comparing the six rounds of the Fachkraft data set (R1-R6) to the
Sozialerhebung in 2012 including the average age, the average amount of
semesters studied, the gender ratio and the share of participants with a
part-time job.

psychological measures. Rounds two, four and six include the fifty item
IPIP Big 5 personality test. The IPIP test is scored on the five dimensions:
Openness, Conscientiousness, Extraversion, Agreeableness and Emotional
Stability (Goldberg et al., 2006). Moreover, rounds two to six feature a
module for economic preferences or, in that sense, economic personality
traits. The module was developed by Falk, Becker, Dohmen, Huffman, and
Sunde (2014) by starting with a large pool of survey questions from which
only those with the best predictive power of experimental outcomes were
selected. The traits included in the module are Impatience, Risk Aversion,
Trust, Altruism and Positive and Negative Reciprocity. Additionally, round
five included a module to measure the attitude of work of the participants
from the World Values Survey (2014) which has also been used in an exper-
iment by Borghans, Meijers, and Ter Weel (2008). Questions to measure
self-esteem were included in round six. Finally, round six included a mea-
sure for cognitive ability, more specific a selection of ten items from the
Raven Progressive Matrices Test (Raven & Court, 1998) that has been also
been used by Falk and Szech (2013).

As the Big 5 personality traits will be used repeatedly in the following
Chapters we present a brief syntheses of the literature. Individuals with high
Openness to experience (or Intellect) are imaginative, aesthetically sensi-
tive and have a rich emotional life. They are intellectually curious, have
a need for variety and tend to be undogmatic and behaviourally flexible
(McCrae and Costa (1989), McCrae and Costa (1985)). Empirical results
linking Openness to labour market outcomes are mixed. Dunn, Mount, Bar-
rick, and Ones (1995) report that from the perspective of recruiters Open-
ness was considered important only for jobs which needed some degree of
creativity.!> Rothmann and Coetzer (2003) find a positive correlation be-
tween Openness and management performance, but not with creativity or
task performance. Barrick and Mount (1991) find that Openness is posi-
tively associated with job training performance ratings, but do not find a
strong association with job performance.

131n their paper these occupations were journalist and medical technologist.
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Conscientiousness (or Will to Achieve) refers to the personal need for
organisation (i.e. punctuality, hierarchy etc.), persistence and achievement.
The American Psychology Association dictionary describes it as the ”ten-
dency to be organised, responsible and hard-working.”’” Perhaps unsurpris-
ingly, Conscientiousness has been found to be a strong, positive predictor of
job performance and labour-market outcomes (Barrick and Mount (1991),
Salgado (1997), Nyhus and Pons (2005)). The ability to delay gratification,
a component of Conscientiousness, for example predicts a large range of
life time outcomes including health, happiness and educational attainment
(Almlund, Duckworth, Heckman, & Kautz, 2011); a channel through which
part of the effect may be transmitted. Heckman, Humphries, Urzua, and
Veramendi (2011) suggest in a working paper that much of the correlation
with job performances should be moderated by educational attainment.

Extraversion (or Surgency) measures individual traits such as sociabil-
ity, activity, dominance, and the tendency to be enthusiastic and experience
positive emotions (McCrae & Costa, 1989). Extraversion was found to pre-
dict job performance in occupations where success largely depends on social
interaction like in management and sales, (Barrick & Mount, 1991). In their
meta analysis with a focus on sales Vinchur, Schippmann, Switzer 111, and
Roth (1998) find that both Extraversion and Conscientiousness predict suc-
cess in actual sales better than cognitive ability.

Agreeableness (or Likeability) captures characteristics like sympathy,
trust, cooperation, modesty and altruism. Agreeable subjects tend to be
sensitive and try to maintain harmony in relationships. A. Becker, Deckers,
Dohmen, Falk, and Kosse (2012) find that unlike other traits Agreeableness
is correlated with several economic preferences such as patience, i.e., dis-
count rates, trust, altruism and with positive as well as negative reciprocity.
Nyhus and Pons (2005) report a negative correlation between earnings and
Agreeableness for women. In contrast, Rothmann and Coetzer (2003) find a
positive correlation between Agreeableness and management performance.
Barrick and Mount (1991) find that Agreeableness does not show strong
associations to any type of occupation'* investigated.

Neuroticism (or Emotional Instability) describes the tendency to expe-
rience negative emotions such as anxiety, anger, depression and other man-
ifestations of emotional instability (McCrae & Costa, 1989). High scores of
Neuroticism may indicate some form of psychiatric problem. Neuroticism
has been found to be negatively associated with job performance (Nyhus
and Pons (2005), Salgado (1997)). Dunn et al. (1995) find that Neuroticism
is the second most important personality component (after Conscientious-
ness) of employability in the eyes of recruiters. A possible explanation for
this could be that subjects scoring high on Neuroticism find it harder to
cope with stressful situation in the workplace.

More than 80 percent of the observations that make up the Fachkraft

M Their sample includes professionals (accountants, engineers, teachers etc.), managers,
police, sales and skilled /semi-skilled (i.e. nurses, farmers, clerics etc.) occupations.

11
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data result from students that participated only once. Still, the data con-
tains a small panel dimension. Of the total 127,404 observations sampled
in the six rounds 13 percent are linked to students that participated twice.
Table 2.3 lists the shares of observations by the amount of participation.
Most notably, some students even participated in all rounds. Given that
there is only one such student in a thousand participants, this dimension
consist of little more than 20 individuals in total. On average each student
participated in 1.28 rounds.

While a large panel dimension benefits the analysis of certain questions
it can also hint towards biases in the sample. In a random sample the
probability of participation should be the same irrespective of whether a
student participated in the past. Hence, a large panel dimension would
mean that certain individuals are more likely to participate than others
potentially leading to a response bias. In the Fachkraft data the average
chance of participation is close to 6 percent. The probability to participate
given a participation in the previous round is between 7.5 percent and 10
percent. Therefore the panel dimension is already larger than one would
expect given a completely random draw. Students are, however, explicitly
encouraged to participate again. On the last page students can opt-in to be
notified for future data collections. This probably explains the small gap in
the chances to participate.'®

Number of participations Share

Once 80.7%
Twice 13.0%
Three times 4.2%
Four times 1.4%
Five times 0.5%
Six times 0.1%

Table 2.3: Size of the panel dimension in rounds one to six of the Fachkraft
data.

Later Chapters in this dissertation make use of the Fachkraft data.
Chapter 3 uses rounds two and four of the Fachkraft data and links the
study choice and the semesters studied of an individual to the Big 5 and
economic personality traits. Age at entry into higher education, the highest
parental education and the grade point average are used as control variables.
In Chapter 6 two different vignette questions featured in rounds three and
four of the data set are analysed. These questions allow to display the
trade-offs between various job characteristics for student and graduate jobs.
Examples for the characteristics used are the wage, the location of the job,
hours that need to be worked as well as the type of job. Finally, Chapter 7

15The increased incentive for repeated participation in round six did not lead to an
increase in the probability of participation.
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uses an open question from round four which measures five points along an
indifference curve for working hours and wage to develop a framework for
the preference for leisure of the participants. This is done with respect to
the first graduate job.

2.4 Selected descriptive Outcomes

This section displays a selection of interesting findings that result from the
Fachkraft data. Contrary to Chapter 3, Chapter 6 and Chapter 7, which
also use the Fachkraft data, these selected outcomes are purely descrip-
tive. More descriptive results are featured in the different volumes of the
study ”Fachkraft 2020” (Hartmann et al. (2012); Hartmann et al. (2013);
Bergerhoff et al. (2015)). ”Fachkraft 2020” is a yearly publication on the
Fachkraft data collections released jointly by Maastricht University and Stu-
ditemps.

In the last years enrollment in higher education increased strongly in
Germany. Between 2007 and 2012 the size of the German student population
increased from below two million to over 2.5 million students (Statistisches
Bundesamt Deutschland, 2014). This trend can be explained by multiple
events. First, Germany suspended the mandatory military service in 2011.
Already in the years before fewer high school graduates were called up for
military service (Bundesministerium der Verteidigung, 2013). Second, most
German states (Bundesldnder) decreased the time needed to obtain the
general qualification for entrance into higher education (Abitur) from 13
to twelve years. There is no unique time line for this shift as educational
reform in Germany is not decided on the federal but on a state level. In
any case, both reforms, suspending military service and reducing school-
ing, lead to dual high school cohorts entering higher education at the same
time. These two reforms, however, surely did not cause the increase in the
student population by themselves. Over the same time interval, 2007 until
2012, the share of individuals of each cohort that enrolled into higher edu-
cation increased from less than 40 percent to over 50 percent (Statistisches
Bundesamt Deutschland, 2014). Other than the two reforms this effect is
likely to lead to a permanently larger student population.

With the overall development in mind, the focus is now shifted to dif-
ferent aspects of student life or higher education policy. In the following
migration flows within Germany before and after higher education will be
analyzed. Moreover, the increase in the student population is likely to affect
the rent of student apartments. In order to finance student life in general,
including the rent, it is analyzed when students work next to their study.
Finally, we give some first descriptive results on the job preferences of stu-
dents which is the topic of Chapters 6 and 7.

13
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2.4.1 Migration Flows within Germany

Figure 2.1: Net migration flows (%) between German states at the intersec-
tion of secondary and higher education relative to local students.

More than 60 percent of all students change their postal code, and
thereby their address, at the moment they move from secondary into higher
education. Almost 50 percent of all students even move to a different Bun-
desland.'® There can be various reasons for this. Some study fields, such
as Medicine, use a system in which spots are centrally assigned to students
based on high school grades. In this system students can only list their
preferred locations. Besides, not all institutions of higher education offer all
kinds of study fields. Thereby students who want to study a certain field
may be forced to move to a different city. In past years some German states
also required students to pay tuition fees. However, Bayern was the last
Bundesland to abolish tuition fees for public universities in 2013. Finally,
students have clear preferences of where they would like to live during their

16The share of students living with their parents remained close to 25 percent over the
different rounds of data collection. If at all, a small upward trend can be noted over the
last three rounds. An explanation could be the increase in total student figures and the
resulting higher rental prices.

14



2.4. SELECTED DESCRIPTIVE OUTCOMES

Figure 2.2: Net migration flows (%) between German states from finishing
secondary education to planed labour market entry (after higher education)
relative to local students.

study.'”

All these aspects lead to domestic movements at the intersection of sec-
ondary and higher education.!® Figure 2.1 displays these as a share of the
local student population at the end of secondary education.'® In northern
Germany students are drawn towards the city states of Bremen and Ham-
burg and out of Niedersachsen or Schleswig-Holstein. The same logic applies
to Berlin and Brandenburg in the East of Germany. The larger states lose
students who migrate to the small city states nearby. Additionally, most
East German states show a net gain of students. This leads, in total, to a

17The tendency to move before and after higher education is quite stable across different
studies. With a difference of 13 percentage points students of Medical Sciences move least
before higher education, while Law students are most likely to move.

18International student movements are not included in this analysis as students who
leave Germany after secondary education to study in another country are most likely not
part of the Jobmensa database. Only inward mobility of students who finished secondary
education in another country can be measured: Around 10% of higher education students
did not obtain their high school diploma in Germany.

19The Figure uses information from the second Fachkraft data collection.
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net loss of students in the Western Bundeslander.

Due to the size of some German states the numbers hide local patterns.
While Bayern receives a net inflow of only 4 percent, its capital Munich is
subject to a net inflow of 81 percent. In Baden-Wiirttemberg, which as a
state shows a net outflow of 13 percent, the capital Stuttgart grows with
91 percent. These two examples reveal inflows that are clearly larger than
those observed in the city states Hamburg, Berlin or Bremen.

Students are also mobile during their studies. Given that we ask stu-
dents at all different stages, however, these effects should cancel out in our
data. The next big migrational step takes place at the intersection of higher
education and the labour market.?° As the participants are still students
we can only measure intentional migration in the future.?! Figure 2.2 illus-
trates the effect of migration before and after higher education.?? Thereby,
a net inflow of students after higher education reinforces the inflow after
secondary education in Hamburg and Berlin. On the contrary, the third
city state, Bremen, is losing students at the intersection of higher educa-
tion and the first graduate job. Even worse, the small inflow in the East
German states right before higher education is outweighed by a stronger
net outflow after higher education. The southern German Bundeslander,
Baden-Wiirttemberg and Bayern, are in total net receivers of higher educa-
tion graduates.

The interaction between personality and mobility is potentially interest-
ing. Chapter 5 shows that a semester abroad can change the personality
of students. With the use of the Fachkraft data we can see that students
with a certain personality are more likely to be mobile before as well as
after higher education. The results are displayed in Table 2.4. Trust is
positively related to mobility at both points in time. The same is true for
agreeable students, however, in this case the correlation is negative. Im-
patience, Negative Reciprocity and Extraversion correlate negatively with
moving before higher education, but no effect can be found for planned mi-
gration thereafter. On the contrary, Risk Aversion as well as Extraversion
only play a role after higher education. Risk averse as well as emotionally
stable students are less likely to move.

Given the overall demographic development in Western Europe it seems
to be generally important to find solutions on how to attract educated work-
ers. In that sense, whether a certain Bundesland gains or loses graduates
is important for the local labour market. Additional to this general debate
a second relevant aspect applies specifically to Germany. As noted before,

200Once more, international movements are not included in the analysis as foreign stu-
dents who enter Germany after higher education for their first graduate job are most
likely not part of the Jobmensa database. Only outward mobility of German students
can be measured: Around 20% of German students plan to enter the labour market in
another country

21The corresponding question asks for the state in which they would prefer their first
graduate job to be located in.

22The Figure uses information from the second Fachkraft data collection.
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Personality Trait | Move at (1) | Move at (2)
Altruism 0.0264 0.0010
(0.0213) (0.0209)
Impatience —0.0728*** —0.0306
(0.0236) (0.0231)
Neg. Reciprocity | —0.0554*** —0.0211
(0.0204) (0.0200)
Pos. Reciprocity —0.0030 0.0140
(0.0228) (0.0224)
Risk 0.0027 —0.0907***
(0.0206) (0.0203)
Trust 0.0807*** 0.0825***
(0.0222) (0.0217)
Agreeableess —0.0604*** | —0.0636***
(0.0231) (0.0226)
Conscientousness —0.0149 0.0043
(0.0240) (.0236)
Extraversion —0.0470** 0.0052
(0.0217) (0.0214)
Emot. Stabilty —0.0120 —0.04914**
(0.0210) (0.0206)
Openness 0.0100 0.0050
(0.0213) (.0210)

* p < 0.10, ** p < 0.05, *** p < 0.01

Table 2.4: Correlation between moving (1) before higher education and
(2) after higher education with personality shown by the coefficients and
standard errors of a logistic regression model.

education is decided on a state level. Hence, institutions of higher education
are also funded by the respective state and not by the federal government.?3
A net inflow of students before higher education in combination with a net
outflow thereafter negatively influences the budget of a Bundesland. In
some way this is similar to the mobility of students on the European level.
The topic of European student mobility is picked up in Chapter 4, which
focuses on the benefits and costs of student mobility using a two-country
model and the case of The Netherlands and Germany.

2.4.2 Differences in Rental Prices

The migration of students right before higher education indicates the pref-
erences of students. Furthermore, if a location receives a large inflow of
students this should lead to an increase in the rents of student housing.

23Public institutions of higher education collect no tuition fees from students.
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Figure 2.3: Monthly rent per square meter (including utilities) in the 25
largest German student cities.

Bundesland Monthly Rent Hourly wage Working hours needed

TH €269 €8.44 31.9
SN €270 €839 32.2
SL €309 €958 32.3
SH €305 €927 32.9
ST €267 €8,02 33.3
MV €285 €851 33.5
BW €326 €951 34.3
NI €309 €8,97 34.4
BB €309 €8,91 34.7
HE €330 €950 34.7
NW €331 €929 35.6
RP €327 €9,12 35.9
BE €346 €047 36.5
BA €349 €954 36.6
HB €324 €8,77 36.9
HH €378 €9,78 38.7

Table 2.5: Monthly rent (including utilities), hourly wage in a student job
and the resulting working hours needed to pay the rent in each German
Bundesland.
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Figure 2.3 shows average rents per square meter and month (including util-
ities) for the 25 largest German student cities.?* A comparison with the
descriptive results of student mobility within Germany gives mixed results.
Munich, Stuttgart and Hamburg are at the top of the list and these cities
are large net receivers of students. However, Berlin and Bremen are also
associated with large inflows, while the rents in these cities remain at a
much lower level. Similar evidence can be found for Sachsen. As a state it
is highly popular among students, but rents in its two major cities, Dresden
and Leipzig, remain at a very low level. In fact, the relationship may be
reversed, so that the popularity could result from the low costs of student
housing. Altogether, between round three and six of the Fachkraft data
collections the rent per square meter (including utilities) shows neither an
upward nor a downward trend.?®

Using information on the wages students earn in their part-time job
allows to calculate something which is closer to the real price of student
housing. The ratio of hours of work needed to pay the monthly rate com-
plements the previous picture. Table 2.5 illustrates that while the difference
in rent from the cheapest to the most expensive German state is 42 percent,
the hourly wages earned in a student job only differ by 22 percent from
the minimum to the maximum.?® Hence, not all differences in rents can
be taken up by a higher level of wage and some Bundesldnder remain more
expensive than others.

Moreover, adjusting for wage alters the ranking. Taking into consider-
ation their high earnings students from Baden-Wiirttemberg drop in terms
of the real cost of student housing. Similarly, some East German and West
German states become more alike. In terms of the hours of work needed
to pay the rent there is hardly any difference between Thiiringen, Sach-
sen, Sachsen-Anhalt and Mecklenburg-Vorpommern on one hand and the
Saarland and Schleswig-Holstein on the other.

2.4.3 Timing of Student Jobs

Information on hourly wages is one aspect of the work life of students.
Others questions from the Fachkraft data complement this image. One
example is the coordination of study and work. Figure 2.4 and 2.5 give the
weekly work schedule of students both during the semester when education
takes place every day as well as during the semester break when only exams
come about.?” The numbers refer to the share of all working students that
are active within a certain time slot.

During the semester the largest shares of working students are observed
in the afternoon. It appears that students have problems fitting full work

24The Figure uses information from the third Fachkraft data collection.

25The first two data collections do not allow to analyse rent on a square meter level.
26The Table uses information from the third Fachkraft data collection.

27The Figures use information from the second Fachkraft data collection.
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Figure 2.4: Share of all students (%) with a part-time job that work during
a certain time-slot on a certain day during the semester.
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Figure 2.5: Share of all students (%) with a part-time job that work during
a certain time-slot on a certain day during the semester break.

days into their education schedule. Moreover, Monday and Friday show
more working students than Tuesday, Wednesday and Thursday. Therefore
students seem to focus more on their education in the ”core” of the week
and use the days just before or after the weekend to work. The drop on
Sundays is most likely not a result of students being unavailable but more
of low demand by employers. In Germany most businesses, including also
retail and services, are normally closed on Sundays.

The picture strongly changes during the semester break. In the months
of February and March as well as from mid July to mid October no education
takes place at most German universities. As a result, students decide to
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work longer hours. Contrary to this overall trend, relatively less work takes
place on Friday and Saturday nights as well as during weekends.

2.4.4 First Results on Job Preferences

Another question concerning student jobs is what job characteristics are
important to students. The Fachkraft data contains ranking questions on
job preferences. Participants were asked to rank the job attributes work
climate, salary, promotion prospects, responsibility, job security and work
— life balance against each other.

The results, as displayed in Figure 2.6, reveal that, students care mainly
about salary and work — life balance.?® A good student job needs to fit the
schedule and provide a sufficient amount of pay. Work climate is ranked
third. Job security and responsibility are seen as being less important.
Promotional prospects are least relevant.

The ranking of job attributes is likely to change after graduation. Con-
squently, participants were asked to rank the same set of job characteristics
in regard of a future graduate job. The box plot of the results is shown
in Figure 2.7.2° German students rank job security as the most important
attribute of their future graduate job. Salary and the work climate rank
thereafter. The median of promotional prospects is equal to that of work /
life balance, however, the variation in preferences between students is much
larger for the latter. Responsibility on the job ranks last in comparison to
the other characteristics.

The present descriptive analysis already points out that preferences for
student and graduate jobs are distinctly different. With the help of vignette
questions more depth can be added to this analysis, as done in Chapter 6.
Besides, the results on the importance of work — life balance already suggest
a strong heterogeneity in the preferences of students. Chapter 7 focuses on
the preference for leisure and the heterogeneity in this measure with respect
to a future graduate job.

28The Figure uses information from the second Fachkraft data collection.
29The Figure uses information from the second Fachkraft data collection.
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Figure 2.6: Box Plot of the results of a ranking question concerning the
attributes of a student job from 1 (first priority) to 6 (last priority).
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Figure 2.7: Box Plot of the results of a ranking question concerning the
attributes of a graduate job from 1 (first priority) to 6 (last priority).
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Chapter 3

Study Choice and
Personality

With Jan Bergerhoff

Choosing to study a particular subject at university considerably changes
the set of employment possibilities later in life. Personal preferences and
interests could, therefore, be expected to drive subject choice initially, but
they could also change as a result of the specialisation. Using new data from
over 23,000 German students we find that study choice is influenced by per-
sonality differences. We find significant selection into study fields along the
Big 5 personality traits and a comprehensive set of economic preferences.
However, the personality measures do not show mean or standard deviation
changes as a result of studying a certain subject. If personality plays a role
in subject choice and students stick to that choice due to the opportunity
costs of switching, a sizeable portion of personality based job sorting may
take place just before entering university.

3.1 Introduction

The choice of a university subject has important implications for later life.
Students often find it attractive to look for a job linked to their subject
specialisation, either because a university specialisation increases their pro-
ductivity in that area or (at least) because it signals interest, commitment
and maybe talent for it. Once on the job they acquire more specific human
capital making it even less attractive to switch to other areas. The skills
that are obtained at university through specialisation are an entry card to
professions in which many people choose to stay for all their working life, as
the cost of switching becomes too high. This makes the choice of a univer-
sity subject, that is arguably at the beginning of the described trajectory,
a significant personal decision.
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Electing a field is a free choice that is yet subject to financial, regional
and personal constraints. In a world with perfect information and foresight,
high school graduates would compare all subjects’ costs and benefits given
their specific capabilities and a large vector of personal preferences. A
decision without such perfect information must be based on perceptions,
both of oneself and of the subject, that are also likely to be influenced by
personal characteristics. Thus, if personality plays a role in subject choice
and students tend to stick to that choice due to the opportunity costs of
switching, a sizeable portion of personality based job sorting may take place
not right after, but just before entering university.

In this Chapter, we investigate the link between personality and field of
study. We want to know whether students majoring in different university
subjects have different personality profiles and whether profiles change over
the course of study. We investigate these questions using a new data set that
consists of more than 23,000 German students who took part in the study
”Fachkraft 2020”. Students were asked to provide details on their study
field and took a comprehensive personality tests. They answered fifty ques-
tions from the International Personality Item Pool (IPIP), of which ten at a
time were used to construct the Big 5 character traits Openness, Conscien-
tiousness, Extraversion, Agreeableness and Emotional Stability (Goldberg
et al., 2006).12 Moreover, we elicited the economic traits Impatience, Risk
Aversion, Trust, Altruism and Positive and Negative Reciprocity through a
set of survey items that were designed by Falk et al. (2014) to most closely
track the results of incentivised experiments. In our analysis we compare
students at the start of their university career to students further down the
road. We find that both, the Big 5 and the economic traits, play an impor-
tant role when students choose their subject, but that the initial selection of
personality profiles within fields remains unaffected by the length of study.
This is true for the average personality profile of a study as well as the
spread of personality profiles within one study field.

While previous studies have estimated the impact of personality on vari-
ables like the optimal length of education, the actual choice of study is
mostly left out. The few studies that try to estimate the effect exclusively
focus on either the selection into study programs or the change in person-
ality due to studying a specific subject (Rutkowski and Domino (1975);
Boone, van Olffen, and Roijakkers (2004); Liidtke, Roberts, Trautwein, and
Nagy (2011); Schurer, Kassenboehmer, and Leung (2015)). If these studies
find significant effects, the causality between the field of study and per-
sonality remains unclear. The selection into a certain study track can be
influenced by the personality of students. Once enrolled, the study track
might then change the personality of students. It is, therefore, essential

IEmotional Stability is the inverse of the trait Neuroticism, which is an item of other
versions of the Big 5.

2 A more detailed description of the Big 5 personality traits can be found in the section
”Personality Measures” in Chapter 5.

24



3.1. INTRODUCTION

to model these two effects simultaneously to get an understanding of the
inter-linkages between personality and study field. Moreover, these studies
are also limited to either the Big 5 personality scores or economic personal-
ity traits. Jackson, Thoemmes, Jonkmann, Liidtke, and Trautwein (2012)
investigate both selection and personality change for military training in
Germany. They find little change, but considerable selection.

Frey and Meier (2005) find in a large sample that economics students
contribute less to a good course than students of other faculties indepen-
dent of whether they were freshmen at university. From this Frey and Meier
(2005) conclude that the more selfish character traits of economics students
were likely to be the outcome of a selection process. Our evidence sup-
ports this viewpoint. We find that business and economics students differ
significantly in almost all domains compared to the broad average of stu-
dents: They show less Trust and Altruism, less Positive and more Negative
Reciprocity. They are less risk averse and more patient, are less aggreeable
and open while being more conscientious and extraverse. On the effect of
studying economics the only change we find is actually an increase in Al-
truism and (weakly significant) in Agreeableness.® The strongest individual
selection result is on the positive relationship between studying Pedagogy
or Psychology and being agreeable.

Psychologists offer a range of explanations for why students might select
into subjects which fit their personality. Rutkowski and Domino (1975) find
a link between personality and study skills. With a certain set of study skills
students might, then, choose subjects in which they can benefit from their
specific set of skills. More generally, the tendency to select environments
which suit ones personality is well known in psychology and referred to as
a proactive person-environment transaction. Along these lines Balsamo,
Lauriola, and Saggino (2012) find evidence for a link between two Big 5
personality scores and major choice. Similarly, locus of control has been
related to study field selection (Boone et al., 2004).

With respect to changes in personality psychologists differentiate be-
tween four different types. On a person level, intra-individual changes refer
to changes in the personality scores, while ipsative changes are defined as
changes in the relative weights of the different domains. On a group level,
mean-level changes refer to a shifting of the group mean and rank order
changes refer to a change in the ranking of different participants with respect
to their personality (Roberts & DelVecchio, 2000). Group-level changes are
our first criterion to determine the link between personality and study fields
in this Chapter. An ongoing shift of the distribution of personality scores of
a certain subject, as a result of studying this subject, would be equivalent
to changes in the mean level. Additionally, we propose a second measure
for change in personality as the dispersion of the distribution of personality
scores within one subject may change over time. This effect is not widely

3For details please refer to Table 3.3.
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described in the psychology literature. Theoretically it can occur without a
change in the mean or the rank order. As a result, the average personality
does not change, but the longer students study, for example, the closer they
could move to the mean personality of their study field. A combination of
the two effects is also possible.

The next section outlines the data used. Thereafter, we explain the
methodology used in this Chapter and present the various results. Finally,
a last section concludes.

3.2 Data

The data originates from the German student study Fachkraft 2020. In
this Chapter we use data from the second and the fourth round. Since
participation in the personality test was made explicitly voluntary* and
some observations had to be excluded® the analysis uses 10, 155 observations
from round two and 12,985 from round four. Most students participate in
only one round so that the panel dimension of the dataset is small. For this
study we will ignore the panel dimension and treat the data as a repeated
cross-sectional set.® For further information on this data set please refer to
Chapter 2.

As noted, the personality test included the fifty item IPIP Big 5 person-
ality test as well as a module for economic personality traits developed by
Falk et al. (2014). The IPIP test is scored on the five dimensions: Open-
ness, Conscientiousness, Extraversion, Agreeableness and Emotional Sta-
bility (Goldberg et al., 2006). The economic traits included in the module
are Impatience, Risk Aversion, Trust, Altruism and Positive and Negative
Reciprocity. All different personality scores are standardised for the analy-
sis. Study fields are clustered into ten categories: Business and Economics,
Communication and Media, Engineering, Language and Culture, Law, Math
and Computer Science, Medical Science, Natural Sciences, Pedagogy and
Psychology as well as Social Sciences. These fields cover all students that
participated in the survey except those studying Sport or Theology, which
were dropped due to a small sample size.

3.3 Methodology

With a total of eleven different personality traits and ten study tracks which
we use in our analysis it is highly likely to obtain significant associations by

4The personality test came in an extra section after the core questionnaire. Students
were informed that they had finished, but that they would help research and double their
chances to win the lottery if they went on to do the personality test.

5Study field with a too small sample size, age below 16 or above 30, age at entry into
higher education larger 25 years or semesters studied larger 20.

6A total of 2455 students participated in both questionnaires.
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chance. To avoid misinterpretations, we do not study each of the possible
links between study tracks and personality traits separately, but focus on
the share of the significant coefficients and the distribution of the p-values
instead. If the results were only obtained due to sampling variation, the
distribution of p-values would asymptotically converge to a uniform distri-
bution. Hence, finding a distribution with a higher density for lower p-values
suggests an effect of the respective explanatory variables.

To shed more light on the direction of causality, the personality based
selection into study tracks as well changes in personality due to the study
track are estimated simultaneously. If personality change caused by a par-
ticular study field happens over time, it should be the case that students at
the very beginning of their study have not yet changed. Comparing such
students across study fields, then, allows to look at selection effects. Next,
as long as the different student cohorts are sufficiently similar, students in
higher semesters can be compared to students in earlier semesters within
the same subject. We attribute the differences between these students to a
change in personality as a result of studying a certain subject.

A problem arises when trying to estimate three effects simultaneously:
Age at entry into higher education, getting older and studying longer. Ide-
ally, one would like to differentiate between the effect of a student getting
older and that of a student studying a certain subject. However, age at en-
try into higher education is an important control variable for two reasons.
First, if personality changes over time it is vital to control for the start-
ing age. Second, age at university entry carries a lot of information about
students.” Keeping age at university entry means that the model can no
longer differentiate between getting older and studying longer.® Therefore,
we define the age effect as the average effect of studying longer across all
subjects. If a subject deviates from this age effect one can argue for study
field specific personality change.

We propose a model in equation 3.1 in which personality (P) is explained
by study field dummy terms (F') and interaction terms between study field
dummies and the semesters studied (S). Note that the constant as well as
a general semester effect is left out. Hence, the procedure is equivalent to
estimating separate regression models for each study field. Additionally, we
use control variables (C') to test for stability. These are gender, age at entry
into higher education?, the grade point average of the student as well as the
highest parental degree for social status'®. Individuals and study fields are
labeled 7, and j respectively. The regression is repeated for each of the Big
5 and six economic traits.

7Conscientious students, for example, are likely to start studying earlier.
8Every variable is a linear combination of the other two.
9Age at entry into higher education is demeaned as the constant would otherwise
measure the personality of a student with a hypothetical entry age of zero years.
10The variable is included in the models in quantitative terms, but consists of four
ordinal categories: higher education, meister degree, vocational education and no (known)
education after compulsory schooling.
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Pij = Z ﬁjFij + Z'YjFijSi + Cij + €5 (3.1)
J J

The dummy terms measure personality if semesters studied is equal to
zero. Therefore, we can speak about a significant selection effect if the
coefficient of the study field dummy (3;) is significantly different from the
weighted average (p) of the dummy terms of all other study fields (k # 7).
Equivalently, a study field leads to a change in personality if its interaction
effect between field and semesters studied is significantly different from the
weighted average interaction effect. To decide about the significance we
construct a t-statistic as follows:

t = Bi — 1(B3)au k#j B — Zk;&j Sk,i?:; (3.2)

\/5@? + u(se)iu k#j \/sef + Zk;ﬁj (7‘;6,"2: )?

Additional to mean level changes in the personality of a certain study
field the spread distribution of personality can change. Even if average
personality stays the same throughout the course of a study it could be
true that the standard deviation changes. A decrease in its dispersion, for
example, could result from students getting closer to the mean personality
of their field by studying longer. To see whether this effect can be found we
formulate a new model in terms of squared differences between individual
and average study field personality rather than only personality itself. By
definition this difference is dependent on the study field. However, the
effect of studying longer on this mean deviations does not need to be the
same for different study fields. Therefore, we estimate equation 3.3 in which
this effect is as well dependent on the study field. The same set of control
variables as before is used.!!

(Pij — pj)2 = Z(SjFij + qujFijSi +Cij + €5 (3.3)
J J

3.4 Results

3.4.1 Selection and Mean Level Change

Using the full set of control variables and estimating the regression in equa-
tion 3.1 for each of the eleven traits shows that 53 out of the 110 study field
dummy terms are significantly different from the weighted average of the
remaining dummy terms. Moreover, only eight out of 110 interaction terms
between study field and semesters studied show significant deviations from
the weighted average of the interactions. Hence, there is strong evidence

1 Gender, age at entry into higher education, grade point average of the student and
highest parental degree for social status.
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in favour of selection into study tracks based on personality. Given the
significance level of 5%, however, the few significant findings where study
fields change personality are likely to have emerged by sampling chance.
Therefore, we cannot find evidence that differences in personality between
study fields are generally changing during the course of a study program.
Our results, thus, indicate that the differences in personality originate from
the selection of students into study fields.

This finding is robust across different specifications of the model. Table
3.1 reports the number of significant deviations for the selection and change
effect in different model specifications. Type I models use the full set of
control variables, while type II models use age at entry into higher education
as the only control variable. Models of specification III include no control
variables at all. From the table it can be seen that leaving out some of the
control variables increases the share of significant findings. However, the
increase in the number of significant change effects is too small to argue for a
general effect. Table 3.1 also reports the significance of the control variables.
Note that each of the eleven traits is regressed separately. Each control
variable appears, therefore, in eleven regressions per model specification.

Similar conclusions can be drawn based on the distribution of p-values
that result from testing one coefficient against the weighted average of all
other coefficients. Figure 3.1 shows a histogram of the p-values of both,
the selection as well as change effect for different model specifications. Note
that if scores are drawn randomly from a t-distribution their p-values follow
a uniform distribution. Hence, the strong clustering of points supports
selection into study fields, while the rather uniform pattern rejects the idea
of study field specific personality change. This is supported by the results
of testing for a uniform distribution explicitly.'? Still, the distributions for
the change effects are somewhat denser at lower p-values and indeed for
specification III 58% of the p-values are lower than 50%. Moreover, half
of the significant change effects can be found in Altruism and Openness
throughout all specifications. Nevertheless, we do not want to argue that
the data allows to detect a general pattern in favour of study field based
personality change.

Overall, it can be said that the Big 5 personality traits inform a little
more on the personality based selection of study fields than the economic
traits. However, it should be noted that each of the Big 5 domains carried
information from ten separate questions, while each economic trait only
comprised two. Depending on the model specification the ranking of signif-
icant effects differs. Still, Agreeableness and Conscientiousness seem to be
most important for the selection of study fields. Extraversion and Open-

12Categorizing the p-values in 50 categories of equal size allows the application of a chi-
square test for homogeneity to test whether the distributions are indeed uniform. For the
distributions of the p-values in the selection case all specifications lead to a rejection of a
uniform distribution with p-values below 0.01. In the change case a uniform distribution
in specifications I to IIT cannot be rejected at p-values of 0.86, 0.52, 0.87, respectively.
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ness show significant selection parameters for at least half of the study fields.
The importance of Emotional Stability vanishes as more control variables
are added. In the group of economic traits Altruism, Impatience and Trust
are most decisive. Risk aversion, Negative and Positive Reciprocity are sig-
nificant less than 40% of the time. The differences in the selection effects

for these traits are picked up strongly by the control variables.

Trait Specification I Specification II Specification IIT
Selection Change Selection Change Selection Change
Altruism 6/10 2/10 7/10 2/10 7/10 2/10
Impatience 6/10 0/10 5/10 0/10 6/10 0/10
Neg. Reciprocity 2/10 0/10 4/10 0/10 4/10 0/10
Pos. Reciprocity 3/10 1/10 5/10 1/10 5/10 1/10
Risk Aversion 3/10 1/10 5/10 2/10 6/10 2/10
Trust 6/10 0/10 6/10 1/10 6/10 1/10
Agreeableness 7/10 1/10 10/10 1/10 9/10 1/10
Conscientiousness 7/10 0/10 7/10 1/10 7/10 1/10
Extraversion 6/10 1/10 6/10 1/10 6/10 1/10
Emotional Stability — 2/10 0/10 6/10 0/10 7/10 0/10
Openness 5/10 2/10 5/10 3/10 5/10 3/10
Total 53/110 8/110 66/110 12/110 68/110 12/110

Control Variables

Specification I

Specification II

Specification 111

Entry Age H.E. 6/11 7/11 -
Gender 9/11 - -
GPA 6/11 - -
Parental Edu. 9/11 - -

Table 3.1: Share of significant deviations (« = 0.05) of the selection and
change effects as well as share of significant control variables for different
model specifications.

3.4.2 Personality Profiles

Next, we investigate which personality traits are important for which study
field. Here, we use the model specification with the full set of control vari-
ables. Table 3.2 and 3.3 show the t-scores of the selection and change effects
respectively for all combinations of study fields and personality traits. We
suggest caution when interpreting the change effects as the few significant
results are likely to have been obtained by chance. Therefore, we will not
elaborate on them and they are merely shown for completeness. With re-
spect to selection, we see more significant effects. Students who decide to
study Pedagogy or Psychology differ from the average student in that they
show greater Positive Reciprocity, are more impatient, risk averse, trusting,
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Figure 3.1: Distribution of the p-values of the selection and change effects
for different model specifications.

agreeable and open, but less conscientious. Social Sciences attract students
who are more altruistic, impatient, trusting, agreeable and use more Positive
Reciprocity, but are less conscientious than the average student. Students
with positive mean deviations for Altruism, Conscientiousness and Emo-
tional Stability and negative mean deviations for Impatience, Agreeableness
and Extraversion select into Engineering. Law students can be character-
ized by significantly negative t-scores for Altruism, Trust and Agreeableness
as well as significantly positive t-scores for Negative Reciprocity, Conscien-
tiousness and Extraversion. Communication and Media students are more
extraverse and open, but less altruistic and risk averse. Selection effects for
students in Math and Computer Science show negative deviations in Impa-
tience, Agreeableness and Extraversion. Future medical scientists select into
their field based on high Altruism, Trust and Conscientiousness. Natural
Sciences are chosen by students who are trusting, but not agreeable, consci-
entious or extraverse. The study field Language and Culture shows positive
mean deviations for Impatience and Openness and negative mean devia-
tions for Conscientiousness and Emotional Stability. Finally, Business and
Economics students are low on Altruism, Impatience, Positive Reciprocity,
Risk Aversion, Trust, Agreeableness and Openness and high on Negative
Reciprocity, Conscientiousness and Extraversion. We want to stress that
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CHAPTER 3. STUDY CHOICE AND PERSONALITY

while these effects are significant they are mean effects. Personality per se
is a not a very strong predictor of an individual’s choice of study field.'?

Counting the overlaps between study fields in terms of significant posi-
tive, significant negative and no significant deviation also allows us to anal-
yse whether students selecting into them are similar. However, this only
considers the direction, but not the size of the effect. Table 3.4 shows the
amount of overlaps for the different study field combinations. With eight
agreements respectively, Pedagogy / Psychology and Social Sciences as well
as Math / Computer Science and Natural Sciences are most similar. The
least overlap exists between Language / Culture and Business / Economics
for which none of the effects point in the same direction.

PP SS EN LA CM MC MS NS LC BE

Pedagogy / Psych. * 8 1 1 3 3 4 5 6 1
Social Sc. * 3 3 2 4 7 6 5 1
Engineering * 3 3 7 5 5 4 4
Law * 6 6 5 6 2 6
Communic. / Media * 5 5 4 5 4
Math / Comp. Sc. * 5 8 ) 3
Medical Sc. * 7 5 2
Natural Sc. * ) 2
* 0

*

Language / Culture
Business / Economics

Table 3.4: Overlap in effect direction (negative, positive, no significant dif-
ference) for the eleven traits between study fields.

3.4.3 Change in Dispersion

In the preceding analysis no mean change in personality as a result of study-
ing could be found, but it could be that the distribution of traits changes
in other ways. For example, students could become more similar over the
course of their study. We estimate equation 3.3 type regression models
in which the deviation between an individuals personality and the average
personality of the respective study field is explained by studying longer.
Again, this regression is repeated for the Big 5 personality traits and the
six economic traits. To test for stability we vary the set of control variables
that are included in the two models. Once more this leads to three different
types of models. Type I models use the full set of control variables, type II
models uses entry age as the only control variable and type IIT models use
no controls.

13 A multinomial logit regression estimating the chosen study field given only the Big
5 and six economic personality traits leads to a correct prediction in 24% of the cases.
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Figure 3.2: Distribution of the p-values of the deviations between individual
and study field mean personality.

There are no signs of a general trend in the deviation between individual
and study field mean personality. Across type I models only eleven out of
110 coefficients reveal significant changes in the standard deviation of the
personality distribution over time. Moreover, from those eleven significant

Trait Specification I Specification II Specification III
Significant R : Significant R :1 Significant R :1
Altruism 3/10 3:0 3/10 3:0 3/10 3:0
Impatience 0/10 0:0 0/10 0:0 0/10 0:0
Neg. Reciprocity 2/10 0:2 2/10 0:2 2/10 0:2
Pos. Reciprocity 0/10 0:0 0/10 0:0 0/10 0:0
Risk Aversion 1/10 0:1 2/10 0:2 2/10 0:2
Trust 0/10 0:0 0/10 0:0 0/10 0:0
Agreeableness 0/10 0:0 0/10 0:0 0/10 0:0
Conscientiousness 0/10 0:0 0/10 0:0 0/10 0:0
Extraversion 0/10 0:0 1/10 0:1 0/10 0:0
Emotional Stability ~ 4/10 0:4 4/10 0:4 4/10 0:4
Openness 1/10 1:0 1/10 1:0 1/10 1:0
Total 11/110 4:7 13/110 4:9 12/110 4:8

Control Variables

Specification I

Specification II

Specification 11

Entry Age H.E.
Gender

GPA

Parental Edu.

4/11
6/11
5/11
5/11

5/11

Table 3.5: Share of significant changes (o = 0.05) in the deviations between
individual and study field mean personality including the direction (R -

reduction, I - increase) for different model specifications.
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coefficients four point towards a reduction in standard deviation while seven
show a significant increase. This picture is also robust across different for-
mulations of the models as shown in Table 3.5. We can also see from Figure
3.2 that the p-values show no clear clustering and seem to follow a uniform
distribution.'

Nevertheless, it should be noted that for each of the traits respectively
the coefficients point in the same direction. For no trait both a reduction in
the standard deviation of some fields and an increase for other fields could
be observed. For Altruism and Emotional Stability the results are above
what one would expect at the 5% significance level, with three out of ten
study fields showing a lower standard deviation in Altruism and four out of
ten study fields showing a larger standard deviation in Emotional Stability
for later semesters. Generally, however, there is little evidence that students
approach to or depart from the personality mean of their subject over the
course of their study.

3.5 Conclusion

Personality is an important driver of labour market outcomes. Past re-
search has focused on the effect of personality on job sorting (Dohmen &
Falk, 2010). This decision, however, is driven by the earlier subject choice.
Understanding the link between personality and study field is therefore cru-
cial in understanding job sorting. Moreover, it is conceivable that studying
a certain subject affects the personality of students. If this was the case
it would be valuable to know whether such changes are favourable with re-
spect to the students’ future in the labour market. The personality of an
agent defines the environment under which he can operate comfortably. If a
certain subject appeals to students with specific personality traits this may
be because of its particular combination of teaching style, level of abstract-
ness or degree of human interaction. Knowing about student personalities
could therefore also help to improve current education programs by design-
ing them to accommodate their particular group of students or by explicitly
targeting new groups of students. For example, study programs attracting
extravert students may benefit from greater interactiveness. Countries aim-
ing at increasing the share of students in the natural sciences may devise
new programs targeting different student pools.

In this Chapter we study the relationship between the personality of
students and their field of study. Personality is measured by the Big 5
personality traits as well as six economic traits. A simultaneous analysis
allows to disentangle the selection into a study field due to a certain per-
sonality from the effect of studying a certain subject on the personality. We
find strong evidence for selection into study tracks based on personality,

14 The null hypothesis of a uniform distribution cannot be rejected for each of the three
models at p-values of 0.76, 0.48 and 0.13 respectively.
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where in the estimated models 53 out of 110 selection coefficients deviate
significantly from the weighted average. We cannot confirm a change in
personality as a result of studying a specific subject. Only eight out of 110
change coefficients differ significantly from the weighted mean. Moreover,
we also do not find a change in the standard deviation of personality as a
result of studying a certain field. Out of 110 coefficients only four point to-
wards a reduction in standard deviation while only seven point towards an
increase. The findings are robust with respect to various control variables.
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In recent years international student mobility increased. While net host-
ing countries are in a better position to win highly educated students for
their labour force, they face the additional cost of providing the educa-
tion. In much of continental Europe these costs are not levied on students,
but are borne by the national tax payers, making them an active topic
of debate. Borrowing some fundamental equations from the Lucas growth
model, this Chapter addresses the question whether countries benefit from
educating international students. We derive conditions under which inter-
national education has a positive effect on economic growth, overall and
in each specific country. Based on empirically motivated parameter values
to calibrate our two-country model we find that international student mo-
bility increases steady state growth for both countries on average by 0.013
percentage points. A small country that is favoured by the inflows of a
larger country could experience an extra growth of 0.049 percentage points.
The benefits from international education increase when a country tunes its
education and migration policy.

4.1 Introduction

Education is generally viewed as an important determinant for economic
growth. In recent years, international mobility of students in higher educa-
tion has increased substantially and further growth is expected. This raises
the question how the international flows of students will affect economic
growth in general and in particular in those countries that either receive or
send many students.
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The aim of this Chapter is to develop an endogenous growth model
that incorporates the international mobility of students and to calibrate
the model to investigate potential growth effects of internationalisation in
higher education. We do this by building a two-country model, in which
a fraction of the students in higher education studies abroad, around the
human capital accumulation equation from Lucas (1988). We assume that
the host country pays the direct costs of the university. Based on the liter-
ature we look for plausible values for the parameters in the model and the
uncertainty in these estimates. Based on this we simulate potential growth
profiles for countries that send or receive students. Our main findings are
that total growth of both countries together always increases in steady state.
Countries that receive a large group of foreign students who stay after their
study will have a larger than average steady state growth rate. At the same
time countries that receive a net surplus of students face an immediate neg-
ative shock in income when internationalisation increases. Receiving a large
share of international students, thus, leads to a lower income at first but
will benefit the country in the long run. This payback period is shorter if
the fraction of foreign students that stay is larger. An international labour
market that easily adopts home-educated foreign students therefore com-
plements access for international students to the universities.

The question how internationalisation in higher education affects eco-
nomic growth has important policy implications in the debate about the
European market for higher education. While in countries like Australia,
the US and the UK foreign students pay a fee that covers the costs of higher
education, this is not true for European students that want to study in an-
other European country. The Bologna agreement has created a common
market for higher education in Europe comparable to the common market
that already exists in the Anglo-Saxon World. There is, however, one main
difference between the two models. Whereas in Anglo-Saxon countries tu-
ition fees differ between locals/nationals and foreigners (in the US they even
differ between in-state and out-of-state students and in addition between US
and foreign students), this difference does not exist in Europe. Freedom of
settlement in Europe implies that all European students must be treated
the same and hence pay the same tuition fees as domestic students. For the
Netherlands, for example, this implies that all European students pay the
Dutch tuition fee of about 1.800 Euros per year. For Germany this means
that all European students can study for free at a number of German uni-
versities. Governments are therefore confronted with the question whether
they should promote the inflow of foreign European students or should make
it less attractive for foreign European students to study in their country,
and perhaps encourage their own students to study abroad.

This Chapter is related to literature about the returns to education and
endogenous growth. Economists have been capturing the effect of education
on economic growth into a series of growth models, which go back to the
Solow growth model. These models manage to capture a broad range of the
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features associated with education, such as positive externalities and oppor-
tunity costs included in Lucas (1988) or the necessary monetary investment
in (Mankiw, Romer, & Weil, 1992). Research shows that an investment in
education is a profitable investment: in his overview of empirical research
McMahon (2004) finds that the private rate of return on education is around
10 percent while the social rate of return is around 17 percent for OECD
countries. Empirical evidence confirms the positive effect of education on
economic growth. The key driver of this relation is the positive relation
between education and productivity.

The Chapter also relates to the literature on student mobility. Exist-
ing endogenous growth models assume that graduates stay in the country
after finishing their studies. But with increasing globalisation and increas-
ing (student) mobility, graduates do not automatically stay in the country
in which they have been educated. This does not only hold for European
students: in particular the BRIC! countries have been very active in chang-
ing the brain drain into a brain gain by attracting natives who have been
educated abroad, back to their home-country. On the other hand, part of
the international student population is expected to stay in the host country.
This changes human capital as well as the labour force in a given country
and consequently leads to interesting growth effects. What happens when
the net flow of students for a country is negative? Do all countries benefit
from educational globalisation? These questions can be answered from the
analysis of this Chapter. Similarly, countries subsidising many foreign stu-
dents query whether the expected benefits exceed the cost of providing the
education. With many students able to move to their desired place of study,
educational protectionism could soon be a matter of debate. We focus on
the relation between educating foreign students and economic growth and
take two specifics of international education into account: first the costs that
are involved if graduates leave the country after graduation and second the
mobility of graduates.

The analyses in this Chapter are based on the assumption that studying
abroad may benefit some students. This could be either because the qual-
ity of universities in another country is better in general, or because the
match between student and university may improve. Internationalisation
could also enhance economic productivity because of the cultural experi-
ence that students obtain in foreign education as argued by Mechtenberg
and Strausz (2008): ”The development of multi-cultural skills are seen as
indispensable in a European Union that strives for full economic integration
while preserving the diversity of its cultures” (Mechtenberg and Strausz, p.
110). We contribute to this literature by showing the relevance of the added
value of international education for economic growth. In addition we take
both the sending and the receiving country into account and discuss the
relation between internationalisation of education and internationalisation

1BRIC is short for Brazil, Russia, India and China.
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of the labour market via migration.

This Chapter is organised as follows. Section 2 presents the model. In
section 3 we discuss the parameter values that we use to simulate the model.
The results of the simulation are presented in section 4. Section 5 concludes.

4.2 The Model

4.2.1 Basic Equations

Our model represents a ”Solow style” simplification of the Lucas model 2
(Lucas, 1988). To model international flows of students we extent the model
by introducing a second country called Foreign, whose variables are marked
by asterisks. Our domestic county is called Home. Production in the model
takes place in a similar fashion as in the original Lucas Model where output
(Y') depends on capital (K) and effective workers. The latter consist of the
total labour force L times the share of workers v and the stock of human
capital h

Y = K* (vhL) ™ (4.1)

Investment into physical capital is derived from a constant savings rate
s and depreciates at a constant rate ¢§

K =sY — 0K. (4.2)

As in the Lucas model, education is necessary for the creation of hu-
man capital. Imagine a world where there exist three different types of
individuals: Workers (vL), students (uL) and teachers ((1 —u —v)L). Stu-
dents can either receive their education domestically with productivity p,
or they can go abroad and receive foreign education. The productivity of
such international education ¢ is the sum of the domestic productivity in
the foreign country p* and an international premium e. Similarly, ¢* is
the sum of the domestic productivity p and the international premium for
foreign students ¢*. The term productivity in this context refers to the rate
at which students accumulate new human capital. This parameter could be
heterogeneous among students. If the productivity of foreign education to-
gether with the international premium is below the productivity of domestic
education it makes no sense for a student to study abroad.

We assume that the productivities of education are exogenous. This is
a limitation to the model as the rate of internationalisation could have an
effect on the productivities. The direction of this effect, however, is so far

2Lucas (1988) calculates the savings rate endogenously. We assume a constant savings
rate as in Solow (1956).
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not determined and could be positive as well as negative. For this reason
and to keep the model simple we assume the productivities to be fixed. The
growth of human capital can be described as:

ho=hu((1—13i)p~+i(l—N¢—+ Ri*N\*¢*),

L
WhereRzuuT;gb:p*—&—eand Q" =p+ €. (4.3)

The structure of this equation is same as in Lucas. In fact, when setting
the percentage of students that study abroad i equal to zero, the equation
gives back Lucas’ equation where h = hup. The difference to Lucas here
is the term in the parentheses, which is a weighted average of the different
educational productivities. The first element (1 — )p weights the domestic
productivity of education by the percentage of Home students enrolling in
domestic education. The second term i(1 — A)¢ looks at the percentage
of Home students that decide to obtain education in the foreign country
at productivity ¢ and return to the Home. Since it can be expected that
students will only study abroad when they benefit from this we assume that
¢ = p*+e > pand ¢p* = p+e* > p*. It is a feature of our model that students
who obtain education in the other country might not return to their country
of origin. The parameter A captures this probability to stay. The second
term, therefore, only includes those international students in Home’s human
capital growth that also return to the country. The last element considers
the international students from the foreign country that decide to study
and stay in Home. It is additionally weighted by the relative size of the
two countries student populations R = ”uf This is important because
if, for example, Foreign was four times the size of Home and had the same
values for ¢ and u, Home would see four times more students coming into
the country than leaving it for education. Overall, this equation introduces
productivity differences and the concept of brain drain and brain gain to
human capital formation.

The original Lucas model does not explicitly distinguish between teach-
ers and students. A fraction u of the workforce is not working in the pro-
ductive sector but puts effort in learning. This fraction u includes both
students and teachers, while p is the productivity of teachers and students
together. In our extension we need to distinguish students from teachers,
since we assume that teachers always come from the Home country, while
students might also come from the Foreign country. Our fraction u therefore
only refers to the fraction of students in the population and is thus lower
than u in the Lucas model. Moreover, our p refers to the productivity of
students in learning and will therefore be larger than p in the Lucas model
which refers to students and teachers.?

3All labour that is required to build and maintain the universities has to be counted
as teachers in this model.
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A necessary condition for students to accumulate any human capital is
the availability of teachers. While students and teachers produce human
capital together, we assume that only students can store human capital.
Moreover, we take as given that at any point in time there exists the same
ratio between teachers and students 6 in both countries. This assumption
enables us to effectively account for the costs of education and to leave out
teachers from the human capital accumulation equation. Note that the in-
troduction of teachers was not necessary to account for the cost of producing
human capital in the original model as there were no international students.
Moreover, the teacher student ratio should also have an impact on educa-
tional quality. This relation is skipped for simplicity as both the student
teacher ratio and the productivity of education are exogenous. Assuming
that both countries have the same teacher student ratio, #, we define the
share of workers as anybody who is neither a student nor a teacher. As
a result, the costs of education per student will be very similar in the two
countries. The share of workers in the population is then given by

v=1—u—uf(l—i+ Ri").

Student migration has a direct effect on the population size in both
countries. We look at two different scenarios with respect to the balancing
of migration flows. In the first scenario we assume that the population size
of both countries is constant. Consequently, the growth in the population
through channels other than student migration (the birth rate or migration
of unskilled workers) has to counterbalance the student migration flows. In
the second scenario we will assume that student mobility will cause changes
in the population size of the two countries. Here we assume all other causes
of population growth to be absent. Consequently the country that net
receives most students will face a population growth while the other country
will face a reduction in its population.

4.2.2 Solution

To be in steady state, capital per effective capita needs to be constant.
K
= —0
hL

:>£—£(5+ +91)
ShL_hL 9n T 9gL) -

This leads to:

l1—a

L S+u((1—i)p+i(1— )¢+ Ri*\*¢*)
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Even though this expression may seem complex at first sight its inter-
pretation is simple. All items which are listed in parentheses are constant.
Therefore, output per capita grows at the same rate as the human capital
stock given by

gn =u((1—1i)p+i(l —\)o+ Ri*\*¢").

Restricting student migration to balance in steady state requires an addi-
tional steady state condition. Ignoring other types of migration, the change
in the Home labour force is the difference between the inflow of interna-
tional foreign students who decide to stay in Home after education and the
outflow of the respective Home international students who decide to stay in
Foreign:

L = L*u*i*\* — Lui\

Since in the steady state the labour force is required to be constant it
follows that

Lui)
N

*

Plugging this condition into the equations above allows us to solve for
the steady state level and growth of Home if student migration is in balance.

4.2.3 The Effects of International Education

Ultimately, this Chapter seeks to analyse under what conditions interna-
tional education is beneficial for a country using steady state output per
capita without internationalisation in higher education as a benchmark.
Generally, two types of effects are conceivable. In the long run, growth ef-
fects that lead to a change in growth of output per capita in steady state are
of greatest interest. They generally follow from changes in the human capi-
tal accumulation equation. In the short run, level effects also affect growth
rates, resulting in a lower steady state of capital per effective capita, but
their impact on the growth rate is not permanent. In that spirit, level effects
lead to short term increases or decreases in the growth rate while growth
effects prevail in steady state. To investigate both we compare the steady
state levels and growth without international education with those which
include international education.

Starting with the case in which migration flows balance as a whole we can
derive necessary conditions for internationalisation in higher education to
be beneficial. We reproduce each country’s steady state growth equation for
convenience. Then, Home and Foreign respectively, will experience steady
state growth equal to:
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g =u((I —i)p+i(l = N)¢ + Ri*\"¢")
= ((1 _ MY (1= Aot 4+ %ms) .

To examine how international education affects the overall growth rate
in both countries we can aggregate the growth rates. Assuming that output
per capita in both countries is comparable, their respective population sizes
can be used as weights. International education increases total growth in
the countries if the following holds:

Lup + L*u*p*  Lugn + L*u*g;
L+ L~ L+ L*

=ip+ "Rp* <i¢+i"Ro*.

Economic theory would predict that students only go abroad if it is
more productive. If this assumption holds, it is beneficial for both countries
together to open up for international students. The question remains, how-
ever, whether both countries separately benefit from internationalisation.
Home will experience an increase in its growth rate if:

up <u((I—2)p+i(1 =N+ Ri*N¢%).

Ri*\*¢* is always positive. This is not necessarily true for (—i)p+i(1—
A)¢ which is positive only if

p<(1=Xo.

Hence, the domestic productivity must be lower than the international
productivity times the share of students that returns to Home. If this term
is negative it has to be sufficiently small to make the steady state growth
rate positive. A negative growth rate is only possible in either Home or
Foreign, but not in both. In general, the country that receives and keeps
the smaller share of foreign students faces a lower growth rate.

The steady state growth rates determine the effects of international-
isation in the long run. In the short run, however, matters can turn out
very differently. Immediately after the introduction of international student
flows, the only effect is that the country that receives more students needs
more teachers, while the other country needs fewer teachers. Since we as-
sume the same teacher to student ratio in both countries, this implies that
the aggregate short run effect is zero. For each country individually, how-
ever, this direct effect might be positive or negative depending on whether
more or less members of the labour force are required for teaching.
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11—

s(l—u—u&)l_Ta <s(l—u—ub(l—1i+ Ri*))=

=i < Ri™.
To investigate the effects of internationalisation on growth if students
migration leads to changes in the population of both countries a similar

analysis is informative. The steady state growth rate in the home country
is now equal to

gn =u((1=i)p+i(1 = A)p +irg")
Growth in both countries together is higher with international education

if the following holds true.

Lup+ L*u*p*  Lugn + L*u*gj,
L+ L* L+ L~

=p+ %p* <9+ %(ﬁ*.

Again, this assumes that output per capita is comparable in the two
countries so that population sizes can be used as weights. The term will
always be positive if international students are rational and hence p < ¢.
Moreover, a country is able to benefit individually from internationalisation
in higher education if it holds that.

up < u((1—i)p +i(1 — N+ irg*™)

=p < ¢+ €. (4.4)

1—A

This condition is always met if p < ¢. Moreover, we can see that in
the long run, when migration is balanced, the growth rate increases with
the productivity of education of domestic students in the foreign country.
A certain share of these students returns to Home after graduation. Addi-
tionally, Home benefits by the international premium that Home students
in Foreign gain. This effect increases if more foreign students decide to stay
in Home after education.

Finally, we can have a look at the level effects in the case where student
migration balances.

l1—a

W A\ &
s(luw‘))la<s<luu9(1i+yi)> ;

=A<\
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This means that if student flows balance the level effect is no longer
dependent on the actual student inflow but on the probability that those
students stay in the country. If the probability that home students stay
abroad is smaller than the probability that foreign students stay in Home,
the level effect is positive in the home country.

4.3 Empirics

4.3.1 Parameter Calibration

In order to apply the model it is essential to evaluate its parameters empir-
ically. The exact share of international students depends on the country at
hand. Within the model the internationalisation rate ¢ is measured in terms
of the share of students which are educated in a foreign country. A broad
comparison of those rates of internationalisation is possible with the help
of a yearly assessment by Eurostat. According to their measurement, inter-
nationalisation within Europe averages 2.9 percent (Statistical Office of the
European Communities, 2012). However, given that not all international
students register in the foreign country, the Eurostat figures are likely to be
under-reported. This becomes visible at the example of the Netherlands, for
which Nuffic collects data on a university level. While Eurostat reports that
2.3 percent of the Dutch students go abroad, Nuffic (2011) reports a rate
of internationalisation of 7.1 percent. Since the Netherlands are below the
European average in terms of outgoing students in (Statistical Office of the
European Communities, 2012), the simulations are done for international
shares between 5 and 10 percent.

Data quality is weaker when it comes to the probability to stay in a
foreign country after graduation. In a recent paper, Bijwaard (2010), sug-
gest that male study related migrants have a chance of 19 percent to stay
in the Netherlands. For female students the chance is estimated at 26 per-
cent. The values fluctuate strongly between different countries of origin.
Moreover, these figures might be over reported. The data includes only stu-
dents who register in the Netherlands and these have a higher probability
to stay than students who do not even register in the first place. Hence the
probability to stay used in the simulations is 15 percent.

To estimate the share of students in the labour force as measured by
the model we consider the working population only. Eurostat data shows
that men in Europe work between 40 and 46 years over their lifetime, while
women work 36 to 44 years (Brugiavini & Peracchi, 2005). Moreover, uni-
versity education is supposed to require three to four years for a Bachelor
and four to six years for a Master degree. In reality even more time may be
needed to finish university. Combining this information with the European
target that 40 percent of the population should hold a university degree
allows to calculate scores for the share of students. These range between
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roughly 2.5 percent and 7.5 percent, and hence, 5 percent will be used in
the simulations.

Values for the teacher to student ratio § can be found on the basis of
data published by the European Commission. Currently, there is a total of
roughly 19 million students in Europe, while higher education institutions
employ 1.5 million staff members. Hence, 6 should be close to 8 percent.
This number neglects workers th