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Abstract

HAKKINEN, Tida, 2004, Essays on School Resources, Academic Achievement and Student Employment;
Department of Economics, Uppsala University, Economic Studies 83, 123 pp, ISBN 91-87268-90-6.

This thesis consists of four self-contained essays.

Essay 1 (with Tanja Kirjavainen and Roope Uusitalo) analyzes the effects of changes in school spending on
changes in student performance. We use a large sample of matriculation examination scores of Finnish senior
secondary school students from the years 1990-1998. We estimate fixed-effect panel data models that use the
dramatic changes in the school spending caused by the 1990s' recession as identifying variation. According to
the results, changes in teaching expenditure did not have a significant effect on the test scores. The grade
point average in comprehensive school and the parents’ education are the strongest explanatory variables for
student achievement.

Essay 2 examines which factors predict academic performance at university and compares the predictive
values of subject-related entrance exams and indicators of past school performance. The results show that a
large fraction of students would be admitted whether the admission was based on entrance exams, past per-
formance or a combination of these, which is the current system. In the fields of engineering, social sciences
and sport sciences entrance exams predict both graduation and the number of study credits after four years
better than past school performance. In education past school performance is a better predictor of graduation.
Changing the admission rule to school grades would affect the average student performance negatively in
engineering and social sciences but positively in education. Using only entrance exams would not signifi-
cantly change the average student performance in any field.

Essay 3 (with Roope Uusitalo) evaluates the changes in the times-to-degree at the Finnish universities in the
1990s. In particular, the study evaluates the effect of the 1992 student aid reform that was intended to shorten
the duration of university studies. We find that the student aid reform had only a modest effect, and that this
effect was limited to the fields with long median durations. Most of the decline in the observed times-to-
degree can be explained by an increase in the unemployment rate that reduced student employment opportuni-
ties.

Essay 4 examines how university students' employment decisions affect their labor market success after
graduation. The study is based on individual level panel data of Finnish university students from the years
1987-1998. The OLS estimates show that in-school work experience is associated with higher earnings and
employment after graduation. Local unemployment rate during enrollment is used as an instrument for en-
dogenous work experience acquisition. Comparing graduates with equal times-to-degree, the IV estimates
show that work experience increases earnings considerably one year after graduation. The effect is smaller
and statistically insignificant in later years. Taking into account that working usually leads to longer times-to-
degree, IV estimates show no significant returns to student employment.
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Introduction

Economics of education has become a popular research topic in the recent years. Questions
of economic efficiency of the schooling system interest not only researchers but also politi-

cians, and education is one of the central topics in the public policy debate.

The society invests huge amounts of money in education. What individuals learn in educa-
tion and what is the return to completing education are at least as important questions as the
costs of education. Public investments in education improve the equality in the society. For
example, an adequate grant-based student aid system increases the access to higher educa-
tion for individuals with lower income. It is also known that without government subsidies
individuals might invest less in education than what is socially optimal because there are
positive externalities from education.! An educated workforce is important for growth and
highly educated workers have a lower risk to become unemployed. Education is also posi-
tively linked to health (e.g., Lleras-Muney, 2002) and since health care is publicly pro-
vided, education expenditure might reduce the health care expenditure. The costs of educa-
tion should therefore be seen in a context of returns for the individuals as well as for the
society. However, evaluating the education system is important to make sure that it is work-

ing efficiently.

The economic efficiency of the schooling system is a particularly hot topic in Finland,
where the whole education system is largely publicly funded. This thesis consists of four
self-contained essays that analyze school resources, academic achievement, and student
employment in Finland in the 1990s. In the following, I will introduce the different topics
of the thesis and describe shortly the important reforms and the economic situation in the

1990s that have affected education expenditure and student employment in Finland.

The 1990s was a turbulent decade in the Finnish economy. At the beginning of the 1990s,

Finland faced a severe recession. Unemployment rates increased from 3 to 18 percent be-

! See Bjorklund et al. (2004) for more discussion on the externalities from education.



tween 1991 and 1994 and the unemployment rate for 15-24 -year-olds was over 30 percent
for three years. The GDP fell by more than 10 percent during the recession.” As a conse-
quence, public budgets deteriorated when tax revenues fell and expenditures to support the

unemployed rose. Education expenditure was cut at all levels of education.

The recession hit the local governments especially hard. The local governments are respon-
sible for operating schools from primary level to senior secondary education. Prior to 1993,
the local governments received earmarked cost-based grants for running the school system.
The cost-based subsidies were abolished when the state grant system was reformed in
1993.° In the new system, the state grants are based on unit prices (expenditure per student)
and the money is no longer earmarked for a special purpose. The actual level of school
spending is decided by the local government but the state grant does not depend on actual
spending. Thus, the scope for differences in education expenditure across municipalities
has increased considerably. In senior secondary schools the average expenditure per student
decreased by 25 percent from the year 1989 to 1994. On average, small schools cut their
expenditure more than large schools, but there is a lot of variation in school spending even
accounting for school size. On average over the whole 1990s, the teaching expenditure was
about 2,700 euro per student. The changes in spending were related to the financial situa-
tion of the local government. An important question is whether the large cuts have affected

the student achievement.

There are hundreds of studies that have addressed the question of how school resources
affect student achievement. A survey of close to 400 studies of student achievement by
Hanushek (1997) shows that there is no strong or consistent relationship between educa-
tional expenditure and student performance, but the question is still far from settled. The
most difficult problem in estimating the causal effect of resources on achievement is that
resources (class size or expenditure per student) can be correlated with unobserved school

and student characteristics that also affect achievement. The causal relationships can be

% For a detailed discussion on the economic recession of the 1990s in Finland, see Honkapohja and Koskela
(2001).

? Details of the state grant system reform can be found in Moisio (2002).



identified if resources and students are randomly allocated to different schools. One of the
best-known examples of a random experiment is Krueger (1999), who used data from the
Tennessee STAR experiment and found that students in small classes perform better. Some
studies rely on "natural experiments" to create exogenous variation in class size, but results
from these studies are mixed. For example, Angrist and Lavy (1999) find that class size
reductions increase achievement in mathematics and reading, whereas Hoxby (1998) finds
no significant class size effects. However, most of the previous research relies on cross-

section data without controlling for the non-random allocation of students or resources.

The turbulent 1990s brought about changes in higher education as well and several reforms
were made to cut the expenditure and increase the efficiency of the university system. In
Finland, all universities are run by the state and they are not allowed to collect tuition fees.
The government funding grew up to the early 1990s, when the recession resulted in cuts
totaling 16 percent in 1993—-1994 (KOTA database). In the second half of the 1990s the
university funding was increasing again. The state funding has been gradually reformed
since 1994 towards a system based on university outcomes. Government funding covers
about 65 percent of the universities' operating costs. The rest comes from various sources,

mainly as acquired funding for research and services.

Rising unemployment at the beginning of the 1990s generated conflicting pressures to
higher education policy. On the one hand, increases in student places were demanded in
order to mitigate the effects of youth unemployment; on the other hand, there was a need to
prune down programs to correspond to the jobs actually available. A special education pol-
icy program intended to alleviate the effects of unemployment was issued in autumn 1992,
increasing the number of places for new students at universities and open universities by
almost 20 percent. (Ministry of Education, 1998). This was a significant increase in the

supply of higher education.

The university admission is currently based on various subject-related entrance exams and
grades in the national senior secondary school final exam. The admission process is very

dispersed since the admission decisions are made independently at the department or fac-



ulty level at each university. Students are selected directly into different majors. Despite the
increase in the number of student places for new students, competition for the slots in
higher education is fierce and annual admission quotas apply to all fields of study. This has
lead to a high median starting age in most fields of study. In fact, Finnish university stu-
dents are on average 22 years old when they enter the university, which is rather high in
international comparison. In addition, less selective programs suffer from high dropout

rates when students succeed to get into other programs after a few years.

The public opinion is that the transition from senior secondary school to universities takes
far too long and the Ministry of Education is interested in reforming the university admis-
sion process. For universities, the main object of the admission process is to select the best
performing students since student performance has a direct effect on the government fund-
ing and on university's reputation. Studies on predicting achievement at higher education
abound but there is little information on what the effects of a change in admission criteria

would be for average student performance or composition of the student population.

The problems of the universities do not only concern the admission process. University
studies in Finland also take, on average, much longer than intended. Most university pro-
grams are designed so that they can be completed in five years but the median time-to-
degree is more than six years. Together with the high entry age, the long times-to-degree
have resulted in relatively old graduates and concerns about the length of the working ca-

reer.

One of the major reforms that aimed to increase the efficiency of the university students
was the student financial aid reform carried out in 1992. With the student aid reform, the
old loan-based student aid system was replaced with a system that relies on student grants.
At the same time, the maximum duration of the student aid was reduced by approximately
one year to 55 months. Currently, the maximum amount of study aid is 650 euro per month,
of which 220 euro is loan. One of the main arguments for the student aid reform was that
larger student grants would enable students to concentrate more on their studies, instead of

dividing their time between studies and part-time work. Shorter grant duration should also



improve incentives to complete the studies within the grant period. However, students have
been very reluctant to taking student loans and have rather been working to finance their
costs of living. The formal target in the government action plan for higher education was
that 75 percent of students should complete their master’s degree in five years. Although
the times-to-degree have shortened slightly, this has not been achieved. Considerable effi-
ciency gains could be achieved if students accumulated the same amount of knowledge in

five years than what they currently do in six or seven years.

Because of the long times-to-degree, student employment has become a highly debated
issue in Finland. Roughly half of the university students work during their studies. Em-
ployment decisions are strongly affected by the availability of part-time jobs and student
employment decreased during the recession. Working has increased constantly since the
economy recovered from the recession. However, there is considerable variation in student

employment across the different parts of the country.

Work during the semesters is likely to prolong studies and it may also interfere with learn-
ing and academic performance. However, there are also various positive consequences as-
sociated with student employment. Students are an important part of the labor force and
provide a flexible reserve for labor. Working provides extra income for the students and
work experience in the field of study may also complement the formal education and im-
prove study motivation. Further, potential future employers may regard work experience as
a signal for other attributes, e.g. high motivation and ability, and labor market contacts may
improve employment opportunities after graduation. The essential question is whether the
gains from working are larger than the distortion effects on achievement at university and
on study time. Previous research on the US data has found considerable individual eco-
nomic returns to working during college (e.g., Light, 2001). However, Hotz et al. (2002)
argue that if the unobserved heterogeneity among college students is not taken into account,

the returns might be overestimated.

Above, I have given a brief introduction to the issues covered in this thesis. In the follow-

ing, I summarize each essay and present the main findings.



Essay I: School Resources and Student Achievement Revisited: New
Evidence from Panel Data*

The first essay of the thesis analyzes the effects of changes in educational expenditure on
changes in student performance in Finnish senior secondary schools in the years 1990-
1998. This study uses a representative sample of nine cohorts of Finnish senior secondary
school graduates. Repeated observations on schools enable us to eliminate any permanent
differences between the schools and control for the neighborhood effects in a way that is
not possible in cross-section studies. This study also controls for the family background and
the student's initial level of achievement at the time of the secondary school entry. The
study uses scores in compulsory school-leaving examination as the indicator of student per-

formance.

The results are in line with much of the previous studies. Students' family background and
earlier achievement have large effects on the school-leaving test results. We find no evi-
dence that the changes in teaching expenditure have affected the test scores. The results are
robust to changes in the model specification and to the choice of the dependent variable. At
least in the short term, the schools have been able to reduce their spending without signifi-
cant decreases in the test scores. However, the results do not imply that resources are totally
irrelevant. Schools may have saved on other activities or teachers may have put extra effort
on teaching in the short run. Some cuts in average spending were related to increases in
school size, which may have increased the economic efficiency of the school due to in-

creasing returns to scale.

* Written together with Tanja Kirjavainen and Roope Uusitalo.
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Essay II: Do University Entrance Exams Predict Academic Achievement?

Each year, the number of university applicants in Finland exceeds the number of student
slots by about three times. It is not irrelevant how students are selected from the pool of
applicants. Admission rules should be designed to help in achieving education policy goals
and they should be comprehensible, stable, fair, cost-effective and legitimate. Student qual-
ity is also of direct economic interest and universities are interested in predicting the aca-

demic achievement of the students when deciding which applicants to admit.

The second essay of this thesis addresses the questions on which admission criteria predict
achievement at university and how a change in the admission rules would change the stu-
dent population and the average achievement. This study uses data on three cohorts of stu-
dents in the fields of engineering, social sciences, education and sport sciences from two

Finnish universities.

The results show that about 15 percent of the variation in student achievement can be ex-
plained with the factors that are observable at the time of admission. The current university
admission system is mainly based on a combination of grades in the compulsory senior
secondary school final exam and the subject-related entrance exams. A large fraction of
students would be admitted whether the admission was based on entrance exams, school
performance or a combination of these. This is especially true for the field of engineering.
In the fields of engineering, social sciences and sport sciences entrance exams predict both
graduation and the number of study credits after four years better than past school perform-

ance. In education past school performance is a better predictor of graduation.

Changing the admission rule to school grades would affect the average student performance
negatively in engineering and social sciences but positively in education. Using only en-
trance exams would not significantly change the average student performance in any field.
However, people tend to adapt to regulatory frameworks and changing the admission rules
could lead to changes in the pool of applicants. Unfortunately it is not possible to estimate

the effects of the change in the pool of applicants.
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Essay III: The Effect of a Student Aid Reform on Graduation: A
Duration Analysis’

The third essay of this thesis evaluates the changes in the times-to-degree at Finnish univer-
sities in the 1990s, and in particular, the effect of the 1992 student aid reform. The study
uses large individual level panel data that follow the students from the start of their univer-
sity career to their eventual graduation. The data is based on a random sample of students
who started their university studies between 1987 and 1995 and cover the years 1987-1999.
In addition to the student aid reform, the data allow us to control for a number of other fac-
tors that may influence graduation times. Particularly important are large changes in the
student employment opportunities that decreased at the beginning of the 1990s due to the
recession. Large changes in the economic environment can be expected to influence
graduation times, irrespective of how the student aid system was reformed. With individual
level data from different parts of the country differing in the severity of recession, the busi-
ness cycle effects on student employment, and hence on the graduation times, can be ac-
counted for. A number of individual and family specific factors, as well as past school per-

formance, can also be controlled for in the study.

The study finds that older, married, and female students have higher completion hazards
and a higher student-teacher ratio lowers the graduation hazard. The results also indicate
that the student aid reform had only a modest effect on the graduation times. The effect was
concentrated in the fields with long average duration. This suggests that the limits in the aid
duration were more important than a switch from the loan-based to the grant-based system.
However, the most important reason for the slight decline in the times-to-degree appears to

be the increase in unemployment that decreased student employment opportunities.

’ Written together with Roope Uusitalo.
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Essay IV: Working While Enrolled in a University: Does it Pay?

The results of the third essay in this thesis suggest that working is one of the main reasons
for prolonged studies. On the other hand, working during the university studies has also
many positive effects and the interesting question is whether the gains from work experi-
ence are larger than the negative effects on student performance. The fourth essay of this
thesis estimates the effects of in-school work experience on employment and earnings after
graduation. The study uses individual level panel data on Finnish university students from
the years 1987-1998. The data include labor market outcomes of 3,700 graduates, who
started their university studies between 1987 and 1995.

OLS estimates show that work experience during the enrollment is associated with higher
employment probability and higher annual earnings after graduation. However, it is clearly
not random who works and who does not work while studying at university. In addition to
student's ability and preferences, local employment possibilities and labor market condi-
tions during the studies define whether a student enters the labor market prior to graduation.
Simply looking at returns to work experience without correcting for the selection would

yield biased estimates.

Instrumental variable techniques are used to correct for the selection bias. The unemploy-
ment rate at the university location during the studies has a strong negative effect on stu-
dents' work months, and it does not have a direct effect on employment status or annual
earnings after graduation, provided that the local unemployment rate after graduation is
controlled for. Thus, local unemployment rate can be used as an instrument for work ex-
perience. Using IV methods and comparing graduates with equal times-to-degree, the study
finds that working yields almost 18 percent increase in earnings one year after graduation.
The effect is positive but statistically insignificant in the later years. This estimate gives the
return to working if working does not affect the elapsed time-to-degree, which would be a
reasonable assumption if a student only worked during the holidays. However, it is likely
that working delays graduation since many students also work during the school terms. If

working is allowed to affect the time-to-degree, the estimate can be interpreted as a joint

13



effect of investing in job skills and prolonging the studies. The joint effect of work experi-
ence on earnings is only about 2-3 percent and it is statistically insignificant for all years in

the IV models.

There are no significant effects on the employment probability after graduation when in-
strumental variable technique is used. Results are similar if the models are estimated for the
entire entry cohort rather than just the graduates. Graduates' earnings are considerably

higher than the earnings of dropouts.

The Ministry of Education in Finland is planning to restrict the maximum length of enroll-
ment to the theoretical length of the program plus two years. Thus, in most cases the maxi-
mum length of enrollment would be seven years. This restriction could increase students'
incentives to study more intensively and decrease student employment, which could have a
negative effect on the graduates' earnings in the short term. However, the losses in earnings

should be weighted against the returns to shorter times-to-degree.
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Essay I

School Resources and Student Achievement Revisited:
New Evidence from Panel Data’

1. Introduction

The effect of school resources on student achievement has been examined in hundreds of
studies during the past thirty years. Still, the question is far from settled. Existing studies
have failed to show conclusive evidence that additional resources to schools would improve
learning. In his latest survey, Hanushek (1997) concluded that there is no systematic evi-
dence that more resources, such as higher teacher-student ratios or per-student expenditures

would improve student learning.

A basic problem in analyzing the effect of resources on student achievement is that re-
sources are likely to be correlated with unobserved characteristics that affect achievement.
Typically poor school districts afford to spend less on education, but it is not clear whether
low spending levels or other characteristics of poor neighbourhoods are responsible for the
low achievement levels in these schools. On the other hand, rural schools with small num-
ber of students often have smaller classes and higher per student spending. The students in
these rural schools may perform differently from urban schools for reasons unrelated to

school resources.

Studies that use experimental data with random assignments to small classes provide the

most convincing evidence on the effect of smaller classes and higher per student spending.

* Written together with Tanja Kirjavainen and Roope Uusitalo. The paper has been originally published in
Economics of Education Review 22 (2003), 329-335.

! Other recent surveys on school resources and student achievement include Hanushek (1986), Betts (1996),
Hedges & Greenwald (1996), and Card & Krueger (1996).
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Random assignment removes any systematic correlation between the class size and unob-
served variables, and hence, provides an unbiased estimate of the effect of class size on
student achievement. One of the best-known examples is Krueger (1999), who used data
from the Tennessee STAR experiment, and found that students in smaller classes per-

formed better.

Some recent studies rely on “natural experiments” to create exogenous variation in class-
size. Angrist and Lavy (1999) identify the effect of class size from discontinuous changes
in class size imposed by Maimonides rule that determines the relationship between school
enrolment and class size in Israel. Hoxby (1998) identifies the effect of class size from
natural population variation in Connecticut school districts. Angrist and Lavy find that class
size reductions induce a substantial increase in math and reading achievement. Hoxby finds

no significant class size effects.

However, most studies on the effects of school spending use cross-section data. Even if the
studies use a “value-added” specification as an attempt to control for the initial achieve-
ment level of the students, there is usually no attempt to control for the non-random as-
signment of students to different schools or to different classes. Since randomized
experiments are rare and clever natural experiments hard to come by, it is useful to see if
more traditional estimation methods could be used to control for the unobserved school-

specific factors.

In this paper we study the effects of the changes in school spending on matriculation ex-
amination results using a large sample of Finnish senior secondary school students. We
have a representative sample of students in all Finnish senior secondary schools for the
years 1990-1998. Nine cohorts of students allow us to control for the time-invariant differ-
ences across the schools, and our estimates are based on the differences in the changes in
the school spending. Therefore, we can eliminate any permanent differences across the
schools and control for the neighbourhood effects in a manner that is not possible in the
cross-section studies. We can also control for family background differences and the initial

level of achievement when students apply to the senior secondary schools.
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Our data cover a period when school spending varied considerably across schools. Some
local governments, who are responsible for school funding, suffered more than others from
the recession in the early 1990s. Spending per student, adjusted for inflation, decreased on
average by 25 percent, but the decrease was by no means uniform. In addition, the local
government financing system was reformed in 1993, giving the local governments more

discretion on how to spend the state subsidies they receive for running the school system.

Most studies on the effects of school resources use various standardized test scores as a
performance indicator. Typically, these tests suffer from a selection bias, since only a non-
random sample of students takes part in testing. In this study, we use results from the Fin-
nish senior secondary school matriculation examination, which is compulsory for all stu-

dents.

The rest of this paper is organized as follows. Section 2 summarizes the main features of
the Finnish senior secondary school system. Section 3 discusses the data. Section 4 de-
scribes the recent developments in school resources. Section 5 presents the estimation re-

sults and section 6 concludes.

2. Features of the Finnish senior secondary schools

The Finnish senior secondary schools provide three years of general education for students
who are between 16 and 19 years of age. About 37,000 new students start senior secondary
school each year. This is roughly 50 percent of the age cohort. The other half of the age
group enters vocational education. Only approximately 5 percent of the age group quit

school after compulsory comprehensive school.

Admission to the senior secondary schools is selective, and it is based on the grade point
average (GPA) in the comprehensive school. Competition to the best senior secondary
schools is harder, and competition is generally harder in the larger cities. Therefore, the

admission criteria and the average GPA of the accepted students vary across schools.
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The senior secondary school concludes with a national matriculation examination that gives
students a general qualification to apply for universities or for tertiary-level vocational stud-
ies. The examination is compulsory for all senior secondary school students. It is drawn up
nationally, and there is a centralized body to grade the exam according to uniform criteria.

The results are also standardized to be comparable across the years.

There are four compulsory exams in the matriculation examination: mother tongue, the
second official language, one foreign language®, and either mathematics or science and hu-
manities exam”’. In addition, candidates may voluntarily take additional exams in other for-
eign languages, or take both the math, and the science and humanities exams. The exams
are held each spring and autumn during a two-week examination period. From 1996 on-
wards the candidates have been able to take the exam over the maximum of three examina-
tion periods. Before, the full exam had to be taken within the same period, usually in the

spring term of the senior year.

Responsibility for funding senior secondary schools is divided between the state and the
municipal governments. The system was reformed in 1993. Before, the municipal govern-
ments received a cost-based subsidy. In the new system, Ministry of Education confirms
each year unit prices (expenditure per student) that are used to calculate the state subsidy.
These unit prices are higher in small schools and in the municipalities that offer schooling
in both Finnish and Swedish. The state subsidy covers 57 percent of the costs calculated by
multiplying unit prices by the number of students. The actual level of school spending is

decided by the local governments, the state grant does not depend on actual spending.

? For the Finnish-speaking majority, the other national language is Swedish and the compulsory foreign lan-
guage is usually English.

3 The science and humanities exam includes questions from physics, chemistry, biology, psychology, geogra-
phy, religion, and history. Students can choose to answer questions from any subject area.
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3. Data and variables

Our basic sample is drawn from the Employment Statistics (ES). This is the main labour
market database of Statistics Finland with information on individual's income, employment
status, education, household composition etc. Data are based on about 30 different official
registers. Currently the ES cover the years 1987-1997. For our sample we merge additional
information from the National Joint Application Register and the Matriculation Examina-
tion Board Register. We also add the information on the parents of the sampled individuals

from the ES database.

The Matriculation Examination Board Register contains the grades in all subject exams and
the time of examination for all students attending the exam. We use data for the years
1990-1998. We defined the year of matriculation examination as the year when the student
has taken all four compulsory exams (not necessarily passed). If the student has later sup-
plemented his/her examination, we have added the new scores in the results, but if a student
has attended again an exam that she has already passed or failed, we have used the score
from the first attempt at this exam. Our sample includes only students who have attended
the matriculation examination; we were not able to identify dropouts from those who have

been accepted to senior secondary school, but have never started it.

In this study, we use the sum of test scores in six exams as the dependent variable. The
scores in each exam range from improbatur (failed) to laudatur (excellent). To calculate the
overall score the sub-scores in each exam are converted to a scale from 0 to 6*. About 10
percent of the candidates reach excellent (5.5-6.0) average test scores each year. Less than

5 percent of the candidates fail the examination.

Achievement level of the students at the point when they enter senior secondary school can
be found from the National Joint Application Register. We had data from the years 1987—

1998 with information on students' grade point average (GPA) in the comprehensive

*In 1996, laudatur was split into eximia cum laude approbatur and laudatur. To maintain comparability across
years, we coded both eximia and laudatur as 6.
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school. Grading scale in the comprehensive school is from 4 (fail) to 10. Some senior sec-
ondary schools accept all applicants regardless of their GPA, while for some schools the

minimum GPA requirement is over 9.° The average GPA in our sample is 8.5.

We measure the students’ family background by the parents’ education using the ES data.
The parents’ education is recorded at the time when the students enter secondary school.
We converted the level of education into years of schooling using the mean years of school-
ing usually required to complete different levels of education. We have also municipality-
level information on the education level of the population and information on unemploy-

ment rate at the local labor market.

Other student-related information includes the student’s gender and whether the student
worked during the school year. Work during the school year is defined based on the months
worked in the ES data. We assume that if a student has worked for more than two months,
she must have been working, not only during the summer holidays, but also during the

school year.

We have cost information on 444 senior secondary schools from 276 municipalities. Data
cover all day schools in Finland. Roughly three quarters of the total school expenditure is
teaching expenditure, which comprises teachers' salaries, teaching materials, teacher train-
ing, and other teaching-related costs. Data on the teaching expenditure for the years 1987—
1992 are collected from the educational expenditure registers of the National Board of Edu-
cation. Data for years 1993-1997 are based on the municipality databases of Statistics
Finland. In general, our cost data is very accurate. The main problem in the data is that if
several senior secondary schools are located in the same municipality, the costs cannot be
attributed to the individual schools. Since most municipalities in Finland have only one

senior secondary school, this is an issue that concerns mainly larger cities. To ensure that

5 As the fraction of the age cohort admitted to senior secondary schools has increased over the years, admis-
sion has become less selective. This causes a negative trend in the comprehensive school GPA of the accepted
students.
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our results are not affected by the aggregation level, we perform the empirical analyses also

with a smaller sample of municipalities with only one senior secondary school.

The expenditure data include information on teaching expenditure and other costs both as
absolute figures and as average costs per student. We deflated all cost variables to the 1997
prices.® Our principal measure of school resources is teaching expenditure per student, cal-
culated as an average over the three years that the student was enrolled in the school. We
consider teaching expenditure a summary measure of class size, teaching hours, and teach-
ers’ experience. It should be noted that teacher salaries are based on a nationwide union
contract, and there is no across-school variation in salaries. Therefore, the variation in
teaching expenditure per student depends almost entirely on the number of teaching hours

per student.

The two data sets — the one including the students and the other including the schools —
were merged by Statistics Finland. In order to prevent identifying individual students from
the data, the identity of the schools was concealed in the merging process. From the 23,199
students whose examination results we collected from the Matriculation Examination Board

Register, we were able to match school and background information for 20,505 students.

4. Developments in the school resources

The average teaching expenditure per student calculated over the period from 1987 to 1997
was FIM 16,0007, As shown in Figure 1, there has been substantial variation both between
schools and over time. Average expenditure per student peaked in 1989. After that it de-
creased by 25 percent in five years. The decline was due to a severe recession that reduced

tax revenue, increased social expenditure for the unemployed, and forced local govern-

¢ Wages, pension expenditures, and social security payments are deflated using the wage and salary earnings
index of the municipal workers. Other costs are deflated using the cost-of-living index.

71 FIM (Finnish markka) = 0.17 euro
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Figure 1. Changes in teaching expenditure per student.
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ments to cut spending in all other activities. Figure 1 also shows that there is large variation
in expenditure across schools in any given year. The average difference between the 1% and
the 5™ quintile is FIM 8,600. The most important factor explaining the between-school
variation in spending is the school size. The schools with less than 100 students have con-

siderably higher teaching expenditure per student than the larger schools.

We also demonstrate that there are large differences across schools in the changes of ex-
penditure per student. Figure 2 shows changes between 1989 and 1994, i.e., during the
largest drop in the average spending. There were only a few schools that did not experience
any decline in expenditure. In thirty schools, teaching expenditure decreased by more than
FIM 10,000 per student. On average, small schools cut their expenditure more than large
schools, but there is considerable variation in the spending changes, even controlling for the

school size.
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Figure 2. Change in teaching expenditure by school size in 1989-94
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There were 6 schools with more than 600 students that do not fit into the graph. In these schools changes in
expenditures were less than FIM 2000 per student.

Detailed information on how these spending cuts were achieved is not available in our data.
The National Board of Education reports that savings were made by increasing the class
size and by decreasing the supply of voluntary courses and remedial instruction. Teacher
salaries have been decreased by cutting holiday benefits and reducing compensation for
other than teaching duties. Temporary substitute teachers were no longer hired. Also,

spending on teacher training and teaching materials was reduced.

Eventually, we will use the teaching expenditure per student to explain student achieve-
ment. However, simply regressing achievement on resources leads to biased estimates on
the effect of resources if the resources are correlated with other factors that affect student
achievement. To examine the differences in school spending, we regress the teaching ex-

penditure per student on the local government tax revenue, the local unemployment rate,
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the average education level in the municipality, and the municipality's gross margin (tax
revenues + state subsidies — spending). The equation also includes yearly dummies inter-
acted with the inverse of the number of students in the municipality, which allows for a
different spending rule in each year. Since school subsidies are specified as marks per stu-
dent, and the amount per student varies across years, it is important not to restrict the effect

of the number of students to be equal across the years.

Another way to interpret our regression estimates is that if expenditures depend on the eco-
nomic situation in the municipality and the year-specific rules on expenditure per student,

the total school expenditure can be written as
Exp, =a,+ BN, +1X, +¢, (1

where Exp;, is expenditure in municipality i in year ¢, N;, is the number of students and X, is
a measure of economic situation eg. the tax revenue of the municipality. ¢; and £, are year-

specific coefficients. Dividing all terms by the number of students yields

Expit/N,t:a,NL+,B,+}/X”/N,,+V” 2)
it

We first estimate the model with random (municipality) effects panel regression. The re-
sults in the first column of Table 1 show that the economic situation of the local govern-
ments matters for school spending. The municipalities with higher tax revenue spend more
per student, and the municipalities that are in high unemployment areas considerably less.
Municipality’s gross margin and local education level had no significant effects on school
spending. However, these variables are highly correlated with the tax revenue. When the
tax revenue was not included in the model, both variables had a strong positive effect on
the school spending. In column 2, we add an indicator variable for urban area to the model.
Apparently urban municipalities have lower per student teaching expenditure than rural

municipalities even when the school size is controlled for.
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Table 1. Determinants of teaching expendituré’

RE RE FE

@ 2 3
Tax revenue / inhabitant 0.23*  (0.09) 0.27** (0.10) -0.04 (0.11)
Local unemployment rate -65.60** (24.12) -64.05%*  (24.31)  -208.91** (26.71)
Municipality's gross margin -0.07 (0.07) -0.08 (0.07) 0.01 (0.07)
Municipality's educational level -3.28 (8.66) 4.45 9.95)
Urban area -854.62 (563.02)
Densely populated area -1,224.04* (438.17)
Number of observations 2,464 2,464 2,464
Number of municipalities 274 274 274
R2 0.74 0.74 0.66

“The dependent variable is teaching expenditure per student. All models include year dummies and year
dummies interacted with the inverse of the number of students. Tax revenue per inhabitant, unemployment
rate and municipality's gross margin are lagged by one year. Standard errors are in the parentheses. * signifi-
cant at 5 % level, ** significant at 1 % level.

In column 3, we estimate the model with fixed municipality effects. The fixed effect speci-
fication removes all time-invariant differences between municipalities. According to the
results, only the unemployment rate has a significant effect on school spending. The mu-
nicipalities that experienced the highest increase in unemployment cut their school spend-

ing by the largest amount.

Above, we showed that in a cross-section, school resources are correlated with the size of
the school, local education level, local unemployment level, municipality tax revenue, and
population density. However, changes in spending are related to the financial situation of
local government, and can be treated as exogenous in explaining changes in student

achievement.

5. Results

The main question of this paper is whether the reduction in the school spending that oc-
curred during the 1990s has had a negative impact on the matriculation examination results.

However, there are two issues that make this analysis more complicated.
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First, since the matriculation exam results are standardized across the years, there is no an-
nual variation in the test scores. If the reduction in school spending had been equally large
in all schools, the annual variation in school spending could not be used to evaluate the
effects of resources on performance. Second, although the effect of spending on perform-
ance can be, and often has been, calculated from a single cross-section, it is not clear that
cross-section estimates reveal a causal relationship. A positive correlation between school
spending and student performance can be due to unobserved differences in schools. For
example, parents that are more concerned about their children may get their children into
the better schools. Parental involvement may also have a positive effect on learning, creat-
ing a correlation between school quality and achievement, even if school quality had no
causal effect on learning. Even with data on the initial achievement level and the family
background of the students, there is no way to be certain that the partial correlation between

school resources and student achievement is a causal effect and not a spurious association.

Since we have repeated observations from each school, we can use panel data methods to
control for the school-specific time-invariant factors. Our approach involves explaining the
matriculation exam score with the grade point average in the comprehensive school, meas-

ures of family background, and school spending:

A[s! =a+ﬁRs!+lF

ist

+0 GPA,, +u +v,+¢€,,, 3)

where 4 is the matriculation exam score, R is a measure of school resources averaged over
the three years that the student was in school, F'is a vector of family background character-
istics, and GPA is the grade point average in the comprehensive school. Index i refers to
individual, s to school and ¢ to time. We use a two-way fixed-effect panel estimator. There-

fore, uy is a fixed school effect, v, a fixed time effect, and &, a random error term.

Table 2 presents the estimation results of the fixed-effect model. The data cover years
1990-1998. The dependent variable is a sum of test scores in six exams. First, in column 1

we use data from all the 444 senior secondary schools.
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As expected, the grade point average in comprehensive school has a very large effect on the
matriculation examination results. A unit increase in the GPA increases the matriculation
exam score by almost eight points, which is equivalent to an increase of score in each exam
by more than one grade. Also parents’ education has a strong effect on the matriculation
examination score, even when the comprehensive school GPA is controlled for. All else

equal, boys do slightly better than girls.

The results show no effects of teaching expenditure on student performance. The estimates
are positive but not significantly different from zero. The effect is rather precisely esti-
mated. A 95 percent confidence interval for the effect of FIM 1,000 (5 %) increase in ex-

penditure per student is from -0.04 to 0.08 points in the matriculation exam.

In Column 2 of Table 2, we add to the equation the local unemployment rate, the school
size, and a dummy variable that indicates whether the student has been working during the
school year. The school size and the local unemployment rate have no effect. Working dur-
ing the school year appears to decrease the exam scores. However, adding these variables
has no impact on the coefficients of teaching expenditure, family background or GPA. Al-
together, the variables in the model explain 53 percent of the variance in the matriculation
examination scores. About 10 percent of the remaining variance is attributed to the be-

tween-school variation.

As noted before, it is not possible to divide teaching expenditure between different schools
in the same municipality. Therefore, in Columns 3 and 4 of Table 2, we repeated the analy-
sis using only private schools and the municipalities with only one senior secondary school.
The results on this smaller sample are similar to the estimates including all schools. The
only qualitative differences are that the coefficient of the school size decreases and be-

comes statistically significant, and that boys are not performing better any more.
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Table 2. Determinants of student achievement’

(6] 2 (3) “
Comprehensive school GPA 7.89** (0.06) 7.90** (0.06) 7.90** (0.09) 7.91** (0.09)
Mother's education 0.32** (0.02) 0.32*%* (0.02) 0.30** (0.03) 0.30** (0.03)
Father's education 0.19** (0.01) 0.19** (0.01) 0.18** (0.02) 0.18** (0.02)
Teaching exp./student (in thousands) 0.02  (0.03) 0.02 (0.03) 0.02  (0.04) 0.006 (0.04)
Male 0.15* (0.07) 0.16%  (0.07) -0.08 (0.11) -0.07 (0.11)
Work during senior secondary school - -0.62** (0.10) - -0.52%* (0.14)
Unemployment rate - -0.03 (0.02) - 0.003  (0.03)
Number of students in school - -0.0002 (0.0002) - -0.003* (0.001)
Number of observations 20,505 20,504 9,442 9,442
Number of schools 444 444 245 245
R2 0.530 0.531 0.535 0.536

* Dependent variable is sum of test scores in six exams (mother tongue, the other national language, mathe-
matics, compulsory foreign language, additional foreign language, science and humanities). Standard errors
corrected for the school-year clustering are in parenthesis. * significant at 5 % level, ** significant at 1 %
level. In columns (3) and (4) only private schools and municipalities with one school are included. Work
during senior secondary school is a dummy variable indicating that the student worked during the school year
(1 if work months >2, 0 otherwise). All columns include the year dummies and the school fixed effects.

We experimented with a number of different specifications to check the robustness of our
results. First, we replaced the sum of test scores with the average score in the compulsory
exams in order to focus on the tests that all students take. Second, we followed a suggestion
by a referee and dropped the observations where per-student expenditure was below the 5
or above the 95" percentile to lessen the influence of extreme observations. Third, we esti-
mated the effect of school spending on the 10“‘, 25“’, SOth, 75th, and 90" quantiles of the
achievement distribution. As argued by Eide and Showalter (1998) it is possible that cuts in
spending hurt the weakest students even if the average achievement is unaltered. Finally,
we estimated the effect of resources on the various sub-scores of the exam. We were par-
ticularly interested whether the cuts in resources would affect scores in voluntary exams as
voluntary courses are more likely targets for the spending cuts than the "core" courses.
None of these specifications produced significant estimates for the effect of teaching ex-

penditure.®

¥ Results on the robustness checks are not reported here. Full results are available from the authors. More
details can also be found in our discussion paper (Hakkinen, Kirjavainen and Uusitalo (2000)).
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6. Conclusion

Our results are in accord with much of the earlier research on the effects of school re-
sources. Students' family background and earlier achievement have a large effect on the
matriculation examination results. As for the school resources, we found no significant ef-
fects on any of the exam results. This conclusion was not sensitive to changes in the model
specification or on the choice of the dependent variable. At least in the short term, the
schools have been able to reduce their spending without significant decreases in the test
scores. This does not imply that resources would be completely irrelevant; schools may
save on other activities, and focus on teaching in the subjects that are included in matricula-
tion examination. As some cuts in average spending were related to increases in the school
size, it may be that schools have become more effective due to increasing returns to scale.
Other possible explanations include that teachers have exerted extra effort in the short-run,
or that the test standards have been lowered. Nevertheless, our results show that at least the
worst fears on the consequences of cutting resources from schools are not supported by the

empirical facts.
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Essay 11

Do University Entrance Exams Predict Academic
Achievement?”

1. Introduction

In most European countries, university education has grown enormously during the past
few decades. The enlargement of the secondary education has increased the number of eli-
gible applicants at tertiary level, and as a result, universities have abolished free entry pol-
icy and created different kinds of student selection methods. Admission rules should be
designed to help in achieving education policy goals and they should be comprehensible,
stable, fair, cost-effective and legitimate. Student quality is also of direct economic interest
and universities are interested in predicting the academic achievement of the students when
deciding which applicants to admit. University admission processes have been formed dur-
ing a long time and the way they have turned out to be is largely dependent on the whole
education system and especially on the structure of the secondary education. In many coun-
tries, university admission is based on general aptitude tests, e.g. SAT scores, possibly
combined with indicators of past performance at school and interviews or letters of recom-
mendation. Some countries base their university admissions mainly on past performance or
even lotteries, while others admit all applicants but only the best performing students may

continue their studies after one or two years of study.

* T am grateful to Per-Anders Edin, Jonas Lagerstrom, Roope Uusitalo, Hanna Agren, Bjér Ockert, and the
seminar participants at Uppsala University and FDPE labour workshop in Helsinki for valuable comments. I
also thank Tuulikki Kaski and Pirjo Solin at the Helsinki University of Technology and Pekka Rahkonen and
Jukka Hartikainen at the University of Jyviskyld for access to data. Financial support from Yrj6 Jahnsson
foundation and the Finnish Cultural Foundation is gratefully acknowledged.
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In Finland, university admission is currently based on various subject-related entrance ex-
ams and grades in the national senior secondary school final exam, matriculation examina-
tion. Universities select their students independently and there are no national entrance
exams. The problems of the current system are well known. Competition for the slots in
higher education is fierce and annual admission quotas apply to all fields of study. In total,
less than a third of the applicants are accepted. Competition and quotas force many appli-
cants to apply several times before they are accepted to the desired program. This has lead
to a high median starting age in some fields of study. In addition, less selective programs
suffer from high dropout rates when students succeed to get into other programs after a few
years. The admission decisions are made at the department or faculty level, which makes
the admission system very dispersed.' The lack of coordination in the admission procedure
is problematic from the applicants' point of view because the applicants have to take sepa-
rate subject-related entrance exams for each university and retake the exam every year they
want to apply to the university. The dispersed exam-based system might not be cost-

effective for the universities either.

Studies on predicting student performance at higher education abound. However, there are
few studies on how alternative admission systems would work and how reforms would
change the composition of applicants or students. One of the most important questions for
the universities is whether different admission rules lead to altered student populations and
change in average student achievement. A subject-related entrance exam may measure mo-
tivation and applicant's interest in the field of study and might therefore predict academic
success better than a general aptitude test or matriculation examination grades. Entrance
exams may also be a second chance for students who have received low grades in school.
On the other hand, entrance exams are costly for universities and for the society — espe-
cially if students apply several times before they get admitted. It is not self-evident that the
current entrance exams measure the right things or give a realistic picture of what the actual

studying is like. Also, admission rules that are based on past performance could result in

" In the 20 Finnish universities, there are a total of 540 units who make the admission decisions.
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admitting the same individuals than admission based on entrance exams. In this case uni-

versities should choose the admission criteria that minimize the costs.

This study examines which factors predict academic performance. In particular it compares
the predictive values of subject-related entrance exams and indicators of past school per-
formance which are the instruments that universities can use in the student selection. The
study also looks at the student and applicant composition and how the student population or
average student performance would change if the admission criteria were changed. The
study uses three cohorts of students from the University of Jyvaskyld and Helsinki Univer-
sity of Technology (HUT). Engineering is the largest field of study and HUT is the oldest,
largest and most selective university of technology in Finland, which makes it an ideal uni-
versity to analyze factors that predict academic achievement in the field of engineering.
However, one cannot draw conclusions from looking at one field and therefore, the study
also uses data on students in the fields of social sciences, education and sport sciences from
the University of Jyviaskyld. University of Jyvéskyld is a good example of a median Finnish

multidisciplinary university.

The rest of this paper is organized as follows. Section 2 summarizes the previous literature
on predicting student performance at tertiary education. Section 3 describes the university
admission process in Finland. Section 4 introduces the data and variables. Section 5 intro-
duces the methods used in evaluation. Empirical results are presented in Section 6 and Sec-

tion 7 concludes.

2. Previous literature

There is an extensive literature concentrated on predicting student performance. This litera-
ture uses mainly correlation analysis and the main conclusion from these studies is that up
to 25 percent of an individual's future educational success can be explained with factors
that are observable at the time of the admission. The general finding is that grade point av-

erages (GPA) from previous school and aptitude test scores provide the best forecast of
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success, whether the success is measured as grades or completion of higher education. Betts
and Morell (1999) study the determinants of first-year college grades at the University of
California, San Diego, and find that personal background (gender, ethnic group, family
income) and the socio-economic environment of the school are significantly linked to col-
lege GPA. In addition, high school GPA and SAT scores are strongly correlated to success
at college, but predictions could be improved by adding background variables. Also Roth-
stein (2003) finds that much of the aptitude test's predictive power derives from its correla-

tion with high school demographic characteristics.

Krueger and Wu (2000) study the determinants of success of 344 economics graduate stu-
dents who applied for admission to a "top five" department in the U.S. in 1989. They de-
termine the success by the students' job placement nine years after the beginning of the
graduate studies and find that although there is considerable uncertainty in predicting which
applicants will be placed in high-ranking jobs, the math graduate record examination, the
subjective ratings of the admissions committee, and the prominence of reference letter writ-

ers are statistically significant predictors of applicants' subsequent job placements.

Ockert (2001) studies the completion probability and the effects of university studies on
labor market performance using data from the admission selection process in Sweden in
1982. His results show that female applicants, applicants with long senior secondary
schooling and high GPA from senior secondary school are most likely to graduate from

university. Age at entry is negatively related to student performance.

There are also a few studies that have examined the admission procedure in Finland. Most
studies find that senior secondary school grades are positively correlated with success in
higher education. The correlation of entrance exams and success in studies is somewhat
unclear because there are such many types of entrance exams. Lindblom-Yldnne et al.
(1992) examine the correlation of an aptitude test and first year university grades for stu-
dents in medicine and find that the test explains only a very small fraction of the variation
in student performance. Gillberg (1987) analyzes students in business and finds that success

in the entrance exam is negatively correlated with dropout probability but entrance exams
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have no connection with times-to-degree. Rantanen (2001) studies non-university tertiary
education in Finland and concludes that 60 percent of the applicants would have been ad-
mitted to the same program even if entrance exams were abolished and students were ad-
mitted on the basis of their past school performance. Rantanen finds that the best indicators
for student performance are applicant's school and program preference ranking and the
GPA from previous school. Performance in the entrance exam predicted student perform-
ance only in the field of engineering. Some studies have found that past performance in
school and success in the entrance exam are quite weakly correlated, sometimes even nega-

tively correlated (Silvennoinen et al., 1991; Ahola, 2004).

Most previous studies have looked at student performance at the beginning of the studies
and usually for one field of study. This paper includes four fields of study and has access to
yearly information on each student's study credits throughout the whole enrollment time,
which enables the identification of dropouts and following the students from admission to
graduation. In addition, the data sets used in this study include not only admitted students
but all applicants, which makes it possible to calculate how the student population would

change if different admission rules were used.

3. Features of the Finnish university system and
admission process

The three-year Finnish senior secondary school concludes with a matriculation examination
that provides general eligibility for university studies.? Matriculation examination is com-
pulsory for all senior secondary school students. It is drawn up nationally, and there is a
centralized body to grade the exam according to uniform criteria. The results are also stan-
dardized to be comparable across the years. There are four compulsory exams in the ma-

triculation examination: mother tongue, the second national language, one foreign

% Individuals without the matriculation exam are eligible to apply for universities if they have at least three-
year vocational qualification after compulsory schooling. However, there are very few applicants without the
matriculation exam and these applicants are excluded from the empirical estimations.
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language®, and either mathematics or science and humanities exam®. The grades in each
exam range from improbatur (failed) to laudatur (excellent), which are converted to a scale
from 0 to 6 in this study. Mathematics exam is compulsory for students who have studied
advanced mathematics courses in senior secondary school. Students may also voluntarily
take additional exams in other foreign languages or take both the mathematics and the sci-
ence and humanities exam. The exams are held each spring and autumn during a two-week
examination period. From 1996 onwards the students have been able to take the exam over
the maximum of three examination periods. Prior to 1996, the full exam had to be taken
within the same examination period, usually in the spring term of the senior year. More

than 50 percent of the age group completes senior secondary school.

Matriculation exam gives the general eligibility for studies at tertiary level, but universities
select their students independently and there is restricted entry to all fields of study. The
number of study slots at tertiary level is determined each year in performance negotiations
between the Ministry of Education and the universities. Student selection may be based on
the combination of senior secondary school grades, matriculation exam grades, and the en-
trance exam, which is the most common procedure; on the entrance exam alone; or on the
grades in the matriculation exam and the senior secondary school final grades. In addition,
some fields may place additional emphasis on work experience, previous studies or practi-
cal training. Entrance exams are designed by the university, faculty or department in ques-
tion to assess the applicants” motivation, suitability and aptitude in the field concerned. The
entrance exams are written subject-related tests with a book or two to read. There may also
be interviews or exams based on material that is distributed at the beginning of the test, and

students may be required to demonstrate their skills (e.g., at art academies).

Universities co-operate in organizing the student selection to varying degrees. The field of

engineering and architecture applies a joint selection system, where each of the universities

? For the Finnish-speaking majority, the second national language is Swedish and the compulsory foreign
language is usually English.

4 The science and humanities exam includes questions from physics, chemistry, biology, psychology, geogra-
phy, religion, and history. Students can choose to answer questions from any subject area.
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uses the same selection criteria and the same application form. There is also co-operation
between universities in biology, languages, class teacher and kindergarten teacher educa-
tion, and medicine. However, this co-operation does not constitute an actual joint selection
system. For the most fields, there is no coordination of the entrance exams, required litera-
ture or dates of the exams. For example, in 2004, there are six universities providing educa-
tion in sociology. An applicant to sociology could take four entrance exams in four
universities and would have to choose between the two universities that have the exam at
the same time. Also, the applicant might have to read different material for each of the ex-

ams.

In total, less than a third of the applicants are accepted, but there are huge differences in the
acceptance rates between the fields and, to some extent, between universities. As shown in
Figure 1, the lowest acceptance rates (less than 10 %) are in the fields of theatre and
psychology, and the highest acceptance rates are in engineering (48 %), theology (39 %)

and natural sciences (38 %).

Most students are accepted to programs leading to a Master's degree, which consists of one
major and one or more minor subjects. Students usually apply directly to a specific major.
The graduation requirement is, depending on the field of study, 160 or 180 credits. One
credit corresponds roughly to one week of full-time study. The target duration of studies in
most fields is five years, but the actual durations are usually longer. The median time-to-
degree is roughly six years. Currently there are no strict limits on the duration of enroll-

ment.

All Finnish universities are state-owned and their activities are mainly financed from the
state budget through the Ministry of Education. In 2003, the proportion of state funding
was about 65 percent of the operating costs. The rest comes from various sources, mainly
as acquired funding for research and services. The state funding system has been gradually

reformed since 1994 towards a system based on outcome. The core funding is based on unit
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Figure 1. Share of accepted applicants by study field.
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costs formula, and since 1998 part of the funding has been allocated on the basis of per-
formance. The performance-based funds represent about 2.4 % of universities' operational
expenditure. The criteria used in the evaluation of performance include among other things
number of targeted degrees, number of completed degrees, and placement of graduates in
the labor market. (Ministry of Education, 2004). Although the performance based funding
is only a small part of the total expenditure, there is an incentive for the universities to se-

lect successful students who are able to finish their degree in reasonable time.
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3.1 Admission process in the Helsinki University of Technology (HUT)

As mentioned in the previous section, universities of technology have a unique joint appli-
cation system, which enables students to apply to all universities with one application. The
details of the admission rules are summarized in Table 1. In 1986, 1990 and 1995, each
applicant had to take two exams, one in mathematics and one in physics, chemistry or so-
cial sciences depending on the desired program. Applicants were also given entry credits,
which are called initial entry points, on the basis of matriculation exam and senior secon-
dary school grades. In 1986 and 1990, initial entry points were based on the compulsory
exams in the matriculation examination, points from questions in physics or chemistry in
science and humanities matriculation exam, senior secondary school final grades in mathe-
matics and physics or chemistry, and senior secondary school GPA. In 1995, only senior
secondary school final grades in physics or chemistry and compulsory exams in the ma-
triculation exam gave initial entry points. Total admission points are calculated summing
up initial points and entrance exam points. Entrance exam constituted 47 percent of the

total points in 1986 and 1990, and 65 percent in 1995.

In 1986, the admission of all students was based on total points. In 1990 and 1995, 80 per-
cent of the students were selected on the basis of total points and the remaining 20 percent
were selected ranking the applicants according to their entrance exam points. Students are
admitted directly into different majors. Due to the higher demand, popular majors have

higher entry requirements. Each major makes up a separate admission quota group.

80 percent of the students in engineering are male. Unlike in most other fields, new entrants
are on average 19 years old and about 70 percent of the new enrollees at HUT have finished
their senior secondary school in the same year. About one thousand new students are admit-
ted each year. The number of accepted students and the fraction of students who decide to
enroll have been quite stable in HUT during the time period that is analyzed in this study
(figure 2). The number of applications and new students did not grow much until the end of

the 1990s. It is also worth noting that nearly all admitted applicants decided to enroll be-
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Table 1. Summary of admission rules.

Engineering Social Sport Education
sciences  sciences
Year 86 90 95 92,95,97 92,95,97 92,95,97
Total points
1. Initial points
i. Matriculation exam
a. Mother tongue® X X X X X X
b. 2" national language® X X X X X
c. Foreign language® X X X X X X
d. Mathematics/Science® X X X X X X
e. Other foreign language X X
f. Science/Mathematics X° X° X® X
ii. Senior secondary school
grades
a. Average (GPA) X X X X X X
b. Subjects Math Math Phys/Chem Sports
Phys/Chem Phys/Chem
iii. Other merits
a. Work experience In field
b. Previous studies In field Tertiary
c. Other Gender
2. Entrance exam points
i. Written exam Math Math Math Subject Subject Subject
Phys/Chem/ Phys/Chem/ Phys/Chem/ related related related
Soc® Soc® Soc*®
ii. Aptitude test x4 X
Exam's weight in total points 47 % 47 % 65 % 50 % 55 %" 55%
Admission rule
i. Total points 100 % 80 % 80 % 80 % 100 %" 50 %
ii. Entrance exam points 20 % 20 % 20 % 50 %

Notes: a=compulsory exam, b=questions in physics/chemistry, c=depends on applied major, d=Psychology
applicants, e=higher weight on compulsory exams, f=weights for entrance exam points differ between majors,
the applicants with highest initial points are invited to the entrace exams, g=four best exams.

cause prior to 1999 one could be admitted to and enroll in several universities in the same

year.
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Figure 2. Number of applicants, accepted applicants and enrolled new students in Helsinki
University of Technology.
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Mote: From 1999 onwards a student can enroll as a new student in only one university program in a given

%/ear. This explains the larger difference between the accepted applicants and enrolled new students after
998,

3.2 Admission process in the University of Jyviaskyla

The details of the admission rules in the University of Jyvdskyld are summarized in Table
1. The admission rules were about the same in all of the years analyzed (1992, 1995 and
1997) but differed between the fields of study. Half of the students in education were se-
lected using only subject-related entrance exam, the other half of the students were selected
on the basis of total points. Total points were calculated summing up entrance exam points
and initial entry points, which were based on four best grades in the matriculation exam,
senior secondary school GPA, and extra points from previous tertiary level studies. En-
trance exam made up 55 percent of the total points. Each year, roughly 45 students are ad-
mitted to education. 94 percent of the students in education are female and students are on

average 22 years old when they enter the program.
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In the years analyzed in this study, 80 percent of the students in social sciences’ were se-
lected on the basis of total points and the remaining 20 percent were selected ranking the
remaining applicants according to their entrance exam points. Entrance exam constituted 50
percent of the total points. Initial entry points were based on senior secondary school GPA,
matriculation exam grades in mother tongue, foreign language, and mathematics or science
and humanities exam. In addition, the applicants to psychology had to take a special apti-
tude test. Each year, roughly 230 students are admitted to social sciences. About 60 percent
of the admitted applicants are female and only 18 percent are senior secondary school

graduates of the same year. The average age at entry is 21.9 years.

Students in sport sciences were selected in two phases. First, applicants were ranked based
on their matriculation examination grades, senior secondary school GPA and grade in
physical education, work experience as a gym teacher or studies in the field. About 300
best male and 300 best female applicants were then invited to take the written entrance
exam and the aptitude test measuring athletics and teaching skills. Students were ranked
according to the sum of exam points and initial entry points, giving a different weight to the
initial points in different majors. Entrance exam constituted about 55 percent of the total
points. About 80 students are admitted each year and each major forms its own admission
quota. 55 percent of the new entrants are female and the proportion of recent senior secon-

dary school graduates is about 12 percent.

The number of accepted students and the fraction of students who decide to enroll have
been very stable in the University of Jyviskyld between the years 1992, 1995 and 1997
(figure 3). For the fields studied in this paper, roughly 15 percent of the admitted applicants

decide not to enroll.

% Social sciences include philosophy, political science, psychology, social policy, social work, sociology,
statistics, economics, business, and information systems science. Students are admitted directly into majors.
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Figure 3. Number of applicants, accepted applicants and enrolled new students in Univer-
sity of Jyvdskyld.
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4. Data

This study

uses data from two universities, the Helsinki University of Technology (HUT)

and the University of Jyvéskyld. The data from HUT is based on the joint application regis-

ter to Master’s programs® in technology in 1986, 1990 and 1995. Students in architecture

and landscape architecture are excluded from the sample because of the different admission

procedure.

The data from the University of Jyvéskyld includes individuals who applied to

Master's programs in education, social sciences, or sport sciences in 1992, 1995 and 1997.

The data sets include both admitted and rejected applicants. Information is collected on

each applicant's age, gender, mother tongue, senior secondary school graduation year,

6 Master's degree is the first degree in Finland.
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grades in the senior secondary school final exam (matriculation examination) converted to a
scale from 0 to 6, senior secondary school grade point average (GPA), scores in the en-
trance exam, initial entry points based on past performance, preference ranking of the ma-
jors, and acceptance information (university, rank of the student in the quota, accepted
applicant’s major). Unfortunately there was no acceptance information for the students in
sport sciences and for the 1995 and 1997 starting cohorts of students in education. There-
fore, we can observe the accepted applicants who enrolled into these programs, but we can-
not distinguish an admitted applicant who did not enroll from a rejected applicant.
However, this does not cause any problems when we are looking at the achievement of the

enrolled students.

Initial entry points are points that admission units calculate from the matriculation examina-
tion grades, senior secondary school grades and possibly some other indicators of past per-
formance. Initial entry points are calculated differently for each field as described in the
previous section. To be able to compare entrance exam scores and initial entry points, per-
centile ranks within the admission quota (major) are used instead of actual scores. To be
able to make comparisons across the fields, different components of the initial points as
well as an alternative measure for initial points, which is calculated similarly for all fields,

are used in the estimations.

The applicant registers are matched with the student registers of the corresponding universi-
ties. The student registers contain yearly information on student's enrollment, academic
achievement (number of credits and courses taken) and time of the graduation. Students are
followed from the entry year to the fall of 2003. A student is defined as a dropout in the
year after which no study credits are achieved. Student register information is naturally
only available for admitted applicants who have decided to enroll. There is no information
on study success for the rejected applicants or admitted applicants who did not start their

studies. Further, the data do not include information on whether these applicants were ad-
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mitted later or to other programs in other universities’. This creates a selection problem that
is discussed in the next section. The data include 3,278 students in engineering, 687 stu-
dents in social sciences, 249 students in sport sciences and 133 students in education. De-
scriptive statistics of the applicants and enrolled students are presented in the Appendix in

Table Al.

5. Methods

It is not self-evident how "academic achievement" should be defined when trying to ana-
lyze which factors predict achievement. The university might be interested in admitting
students that receive high grades, but clearly that is not the only measure of success. Since
the times-to-degree in Finland are very long and the government funding is partly based on
the received degrees, one interesting issue is how to select students who will graduate in the
targeted time. In addition, universities might be interested in predicting the dropout rates of
different types of applicants. Furthermore, graduate placement in the job market is also an
interesting issue. How graduates succeed in the labor market after graduation is an indicator
of school quality which affects the pool of applicants. Graduate placement is also a factor in
the government funding formula. Unfortunately, the data in their current form do not in-
clude any labor market information on students or their job placements after graduation.
Thus, this study concentrates on predicting the number of credits received during the first

four study years and the probability to graduate within seven years.

The university's problem is to identify a subset of the applicant pool most likely to be aca-
demically successful. Following Rothstein (2003), the university's assessment of student i is

given by

E[yi‘Si’Xi]=a+Siﬂ+Xi7’ (D

7 Except for engineering, where acceptance (but not enrollment) information was available for all universities
of technology for the years 1986, 1990 and 1995.
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where y; is a measure of the student's success at university (e.g. grades, number of credits),
S; is the student's entrance exam score, and X; is a vector of other admissions variables (e.g.
matriculation exam grades). The conditional expectation is assumed to be linear and addi-

.8
tive.

The population for whom outcomes are to be predicted is the group of potential applicants,
while success in university can only be observed for enrolled students. Since one cannot
observe how well rejected students would have performed had they been admitted to the
university, the sample is selective. However, the data include all information that is used
when selecting the students from the pool of applicants. Under the selection-on-observables
assumption the OLS estimates for admitted applicants reflect the predictive power of en-
trance exams and other admission criteria for all applicants. However, since there are no
observations on the admitted applicants who did not enroll and the enrollment decision
might not be random, the estimates might still be biased. The probable explanation why
admitted students do not enroll is that they get accepted to other programs. Unfortunately
this is not observed in the data. Since the number of admitted applicants who do not enroll

is quite small, this should not be a major problem.

The basic analysis is based on an OLS regression model where the number of credits after
four study years is used as the dependent variable. Only a small fraction of students gradu-
ates in less than four years. However, 10—15 percent of the students drop out. The OLS
models are estimated both including the dropouts and conditional on studying in the fourth
year. In addition, linear graduation probability models are estimated for the student popula-
tion. The empirical models are estimated separately for each field but pooling the data for
the three entry cohorts and adding cohort dummies to the models. The results do not change

much if models are estimated separately for each cohort.

8 A variety of tests and model specifications including higher terms do not offer any evidence against the
linearity assumption.
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Figure 4. Illustration of the intersections of the admission rules.
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Second part of the empirical analysis considers the effects of changes in the admission rules
on achievement of the student population. Changing admission rules could lead to a differ-
ent student composition. Figure 4 illustrates three admission rules, initial entry points, en-
trance exam and total points, which is the sum of initial points and entrance exam points.
How much these admission rules overlap is a question that can be answered empirically.
Taking the two extreme admission rules as an example, 74 percent of the admitted students
in engineering would be admitted regardless of the admission being based solely on past
performance or on the entrance exam alone (Table 2). The student composition would
change more in social sciences, sport sciences and education. 36 percent of the admitted
students in social sciences, 28 percent in sport sciences and 46 percent in education would
be admitted regardless of the admission being based on initial entry points or entrance

€xam.

Since the different admission rules are likely to select more or less the same students in the
upper end of the distribution, the mean academic achievement whether measured as gradua-
tion or study credits could be the same regardless of the selection criteria. Therefore, it is
more interesting to compare applicants who would change their admission status when the
admission criteria are changed. The first column of Table 3 presents the age and gender
distributions of the applicants in the sample who would be admitted using entrance exams

but rejected if admission was based on initial points only. The second column presents the
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Table 2. Number of students whose admission is dependent on the admission criteria.

Engineering Social sciences  Sport sciences  Education
Total number of applicants 7,758 5,552 1,286 575
Number of admitted applicants 3,430 952 227 139
Would be admitted using either en- 2,526 344 63 64
trance exam or initial points
Would be admitted using entrance 904 608 164 75
exam but not using initial points
Would be admitted using initial 904 608 164 75
points but not using entrance exam
Would not be admitted using either 3,424 3,992 895 361

criteria

Table includes three cohorts of applicants. Results are very similar for each cohort.

Table 3. Age and gender distributions of applicants who would change admission status
when admission criteria are altered.

)

Admitted using en-
trance exam, but not
using initial points

@

points, but not using
entrance exam

3)
Admitted using initial Difference (1) — (2)
(std error)

Engineering (904 obs) (904 obs) (1,808 obs)
Fraction of female applicants 0.102 0.287 -0.185** (0.018)
Mean age at entry 20.37 19.96 0.408** (0.100)
Fraction of new senior secondary 0.428 0.378 0.050%* (0.023)
school graduates

Social Sciences (608 obs) (608 obs) (1,216)
Fraction of female applicants 0.516 0.696 -0.179** (0.028)
Mean age at entry 22.61 20.70 1.903** (0.184)
Fraction of new senior secondary 0.081 0.421 -0.339%* (0.023)
school graduates

Sport Sciences (164 obs) (164 obs) (328 obs)
Fraction of female applicants 0.470 0.720 -0.250** (0.053)
Mean age at entry 21.63 20.70 0.933%%* (0.271)
Fraction of new senior secondary 0.158 0.390 -0.232%* (0.048)
school graduates

Education (75 obs) (75 obs) (150 obs)
Fraction of female applicants 0.920 0.933 -0.013 (0.043)
Mean age at entry 23.31 21.44 1.867* (0.726)
Fraction of new senior secondary 0.028 0.333 -0.305** (0.058)

school graduates

The sample used includes only students who are admitted using one admission criteria, either entrance exam
or initial points, but not with both admission criteria (rows 4 and 5 in Table 2) . Standard errors in the paren-
thesis are from a robust regression. * significant at 5 percent level; ** significant at 1 percent level. The re-
sults in column 3 are unchanged if controls for the applied major and starting cohort are included.
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distributions for applicants who would be admitted if initial points were used but rejected if
entrance exams were the only selection criteria. Entrance exams select more male students
and older students than initial points. A smaller fraction of new senior secondary school
graduates would be admitted if only entrance exams were used. This might be due to the
learning effect, i.e. older applicants might be applying to the university for the second or
third time and have more information on how one should prepare for the entrance exams.
Female applicants have higher matriculation exam grades which explains why females

would benefit if students were selected on the basis of past performance.

We can see how the student population would change if the admission criteria were altered,
but there are no observations on the achievement of the rejected applicants who would have
been admitted using other criteria. Since the admission is based on observables, the success
in studies can be predicted for the applicants that were not accepted or did not enroll using
the results on the enrolled students. Predicting the performance of the admitted but non-
enrolled applicants is not problematic since they are very similar in their observable charac-
teristics to enrolled students. Predicting the performance at university for the rejected appli-
cants has to be done by running out of sample predictions, since there is very little overlap
in the entrance exam results between the admitted and rejected applicants. Since the admis-
sion weighs the entrance exam more than the past school performance, there is some over-
lap in the matriculation exam and senior secondary school grades between the admitted and
rejected applicants. Out of sample predictions rely heavily on functional form assumptions.
Within the sample (enrolled students), the relationship between entrance exams and study
credits after four years is linear and it is assumed in this study that the relationship is linear
also for the lower tail of the entrance exam distribution. Using higher moments of explana-

tory variables in the performance prediction does not affect the qualitative results.

The range of the entrance exams and indicators of past performance is restricted in the
sense that those who have performed poorly in school and who are likely to perform poorly
in the entrance exam do not apply to university. Therefore, if the regressions were run for

the whole population, the university admission criteria would probably explain a much
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higher proportion of the variation in achievement at university. Nevertheless, the predic-

tions for the population are not very interesting for the university's decision making.

Altered admission rules could affect the pool of applicants because people adapt to regula-
tory frameworks. However, there is no straightforward way to analyze what the effects
would be for the pool of applicants. A survey on senior secondary school graduates finds
that applicants with high grades prefer admission that is based on school grades or subject-
related tests whereas applicants who did not excel in school prefer general aptitude tests
(Garam and Ahola, 2001). Admission rules based on past performance could increase retak-
ing passed matriculation exams and senior secondary school courses. Grade inflation, retak-
ing passed courses or choosing easier courses at senior secondary school to get better
grades has become a problem in Sweden, where university admission is largely based on
past performance (SOU 2004). Using entrance exams as the sole admission rule could en-
courage individuals with lower school grades to apply to university but also discriminate
new senior secondary school graduates who have less time to prepare for the entrance ex-

ams than older applicants.

6. Results

OLS regression results on the number of study credits after four years are presented in Ta-
ble 4. The sample used includes all admitted and enrolled students, regardless of their stu-
dent status in the fourth year. Some of the students have graduated, dropped out or changed
field of study, but the cumulative number of study credits can still be calculated for all in-
dividuals who enrolled at least in the first year. Since each major within the field of study
forms an admission quota, all models include controls for the major subjects. The possible
cohort effects are controlled with dummy variables for the admission year. In addition to
the controls for student's major and cohort, the first column for each field includes percen-
tile ranks of entrance exam score and field specific initial entry points. The results show
that students with high rank in the entrance exam have more study credits after four years.

The magnitude of the effect varies between the fields of study and it is statistically signifi-
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Table 4. OLS estimates of cumulative number of credits after four years.

Social sciences Sport sciences Education Engineering
€)) 2 3) (G) () (6) @) ®)
Rank of 90.775%%% 82.353%%* 35445%* 30.991*  37.236*% 37.469* = 54.430%*** 59.875%**
entrance exam (18.960)  (18.738)  (16.650) (16.700)  (20.031) (19.532) (5.545) (5.515)
Rank of initial 11.683 7.239 29.274** 20.937 37.088  39.934* 5313 5.225
points (7.611) (8.568) (11.293) (12.712) (22.529) (20.432) (4.178) (4.244)
Female 19.972%%*%* 4.040 -57.486%*** 20.436%**
(4.855) (7.009) (17.286) (2.646)
Age at entry: 10.407%* -3.704 -14.364 15.229%%%*
21-23 (4.347) (6.908) (8.722) (3.035)
24- 6.425 -22.187** -17.313 3.992
(6.534) (10.536) (15.797) (7.060)
Observations 687 687 244 244 133 133 3,278 3,278
R-squared 0.12 0.14 0.06 0.09 0.07 0.14 0.08 0.11
F statistic 7.65 8.09 243 2.55 2.24 4.41 17.19 19.30

(Prob>F) (0.0000)  (0.0000)  (0.0201) (0.0061)  (0.0679) (0.0002)  (0.0000)  (0.0000)
Robust standard errors in parentheses. * significant at 10 %; ** significant at 5 %; *** significant at 1 %
level. All models include controls for student's major and entry cohort. The excluded entry age group is 18-
20-year-olds.

cant at 5 % level for all fields except for education. The coefficient of the initial points per-

centile rank is positive but much smaller and statistically significant only for sport sciences.

Background variables in student performance prediction are not particularly informative
about admissions policy, but they are still interesting. It is plausible that entrance exam
score and school grades are correlated with socio-economic background of the student that
predicts the student performance. The data include information on student's gender and age.
These are added as controls in the second column for each field in Table 4. The coefficient
of the entrance exam rank is more or less unchanged. The effect of the rank of initial points
is diminished for social sciences, engineering and sport sciences. For the field of education,
the effect of the rank of initial points increases slightly and it is significant at 10 % level.
Female students have more study credits after four years in all fields except in education.
The deviating gender effect for education is probably due to the very small number of male
students in the field. Female students have on average higher grades in the matriculation
examination and therefore higher initial points. When gender is not controlled for, the per-
centile rank of initial points partly captures the gender effects. There are no statistically
significant age effects for the field of education. Students who are 21-23-years old when

they enter the university perform better than 18-20-year-olds in the fields of engineering
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and social sciences. Students who are older than 23 when they enter the university perform

worse in sport sciences.

Since initial points are calculated differently in each field, it is difficult to make compari-
sons between fields. Therefore, Table 5 uses an alternative measure of initial points that are
calculated similarly for all fields. Initial points in Table 5 include four compulsory exams in
matriculation exam and senior secondary school GPA. The results do not change much for
social sciences, because this measure of initial points is very similar to the way the real
initial points are calculated. For the other fields, the coefficient of the rank of initial points

is diminished.

It is also possible to look at how the different components of initial points predict cumula-
tive number of study credits. Table 6 includes entrance exam ranks, senior secondary
school GPA and matriculation exam grades in the compulsory exams. The sample size in
these regressions is smaller because all matriculation grades were not available for some
students. Senior secondary school GPA is a good predictor of study credits at university in
all fields but matriculation exam grades are mostly insignificant and even negative. The
variation in the matriculation exam grades is not very large among the admitted students;
the maximum grade in the matriculation exam is 6 and the mean grade in the student popu-
lation is about 5. Therefore, it is not so surprising that the explanatory power of matricula-
tion exams is so poor. Results do not change even if rank of entrance exam is excluded
from the regressions. None of the coefficients in the field of education are statistically sig-

nificant because of the small sample size.
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Table 5. OLS estimates of cumulative number of credits after four years using same initial

points for all fields.
Social sciences Sport sciences Education Engineering
@ ) 3 ) ) 6) (@) ®
Rank of 88.540*** 82.303*** 32.455% 28.999*  30.440 33.706*  54.730%*%* 60.010%**
entrance exam (18.976)  (18.800)  (17.371) (17.493) (21.348) (19.631)  (5.548) (5.513)
Rank of initial 15.204**  8.182 5.455 -6.243 7.532 17.565 3.421 -0.014
points® (7.284) (7.601) (10.805) (10.894) (17.530) (16.467) (3.631) (3.651)
Female 20.047%%%* 8.947 -54.907%** 20.858%**
(4.876) (6.729) (16.193) (2.657)
Age at entry: 8.496** -4.099 -20.605%* 14.521%**
21-23
(4.216) (6.931) (8.681) (2.988)
24- 4.625 -25.007** -22.342 3.029
(6.081) (10.671) (15.933) (7.031)
Observations 687 687 244 244 133 133 3,278 3,278
R-squared 0.12 0.15 0.04 0.08 0.04 0.12 0.08 0.11
F statistic 7.67 8.10 1.30 2.21 1.38 3.70 17.13 19.31

(Prob>F) (0.0000)  (0.0000)  (0.2519) (0.0180)  (0.0370) (0.0011)  (0.0000)  (0.0000)

Robust standard errors in parentheses. * significant at 10%; ** significant at 5%; *** significant at 1% level.
a initial points are calculated similarly for all fields including four compulsory matriculation exams and senior
secondary school GPA (max. 34 points). All models include controls for student's major and entry cohort. The
excluded entry age group is 18-20-year-olds.

Table 6. OLS estimates of cumulative number of credits after four years. Matriculation
exam results.

Social sciences Sport sciences  Education Engineering
@ 2 (3) Q)]
Rank of entrance exam 83.731#** 19.042 38.884 54.256%*
(21.405) (18.553) (24.325) (5.575)
Senior secondary school GPA 12.824%** 19.472%%* 22.021 14.936%**
(4.797) (6.817) (13.281) (2.135)
ME grade mother tongue -5.452% 1.649 8.511 -3.658%**
(3.075) (4.482) (6.101) (1.206)
ME grade mathematics/science 0.071 1.598 -3.986 -0.947
(1.889) (2.668) (3.726) (1.423)
ME grade foreign language -6.705%** -5.510 -3.918 -4.329%**
(2.773) (3.344) (6.252) (1.076)
ME grade the other national language 4.424 0.205 -4.570 0.649
(3.377) (3.832) (9.063) (1.156)
Observations 520 214 110 3,267
R-squared 0.16 0.12 0.09 0.10
F statistic 6.58 2.71 2.37 17.78
(Prob>F) (0.0000) (0.0028) (0.0220) (0.0000)

Robust standard errors in parentheses. * significant at 10%; ** significant at 5%; *** significant at 1% level.
All models include controls for student's major and entry cohort.
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Table 7. OLS of cumulative number of credits after four years if students who drop out
within four years are excluded from the sample.

Social sciences Sport sciences Education Engineering
@ 2 3) @ ) (6) (@) ®
Rank of 88.230*** 79.576*** 26.851*  26.321* 32.023* 30.878% = 34.573%¥k 42 142%**
entrance exam (18.725)  (18.047)  (14.011)  (14.187) (17.580) (16.481)  (4.607) (4.467)
Rank of initial 15.337** 8.791 28.166***  26.690%* 49.469** 53,174%** 2] 269%%* 24 599%%**
points (6.898) (7.667) (9.515) (10.976) (21.613) (19.295) (3.577) (3.521)
Female 21.599%:%* 1.250 -38.110%** 26.380%**
(4.102) (6.279) (17.863) (1.969)
Age at entry: 8.621%** 0.442 -14.554%* 24.075%**
21-23 (3.765) (5.898) (6.554) (2.448)
24- 5.548 -3.344 -5.445 23.260%%*%*
(5.654) (10.731) (15.233) (6.758)
Observations 609 609 219 219 114 114 2,772 2,772
R-squared 0.11 0.15 0.10 0.10 0.18 0.27 0.12 0.21
F statistic 6.07 7.14 3.64 2.65 6.52 5.18 23.31 37.40

(Prob>F) (0.0000)  (0.0000)  (0.0010)  (0.0046) (0.0001) (0.0000)  (0.0000)  (0.0000)

Robust standard errors in parentheses. * significant at 10%; ** significant at 5%; *** significant at 1% level.
All models include controls for student's major and entry cohort. The excluded entry age group is 18-20-year-
olds.

Table 7 presents the same regressions as Table 4 conditional on staying on the first four
years of study, i.e. excluding dropouts. This reduces sample sizes by about 15 percent. The
results are about the same for other coefficients, but the coefficient for the rank of initial
points is increased in size and significance. Given that the student has not dropped out dur-
ing the first years of study, high rank in initial points is positively associated with student
performance. Controlling for the success in the entrance exam, the students with good
grades in matriculation exam are more likely to dropout. One possible explanation for this
is that students with higher grades have better academic outside options since they are more

likely to get into other programs in other universities.

Table 8 presents the probability to graduate within seven years using a linear probability
model. The results are in line with Table 4. Students with a high rank in the entrance exam
have higher probability to graduate. The coefficient is statistically significant for social
sciences, sport sciences and engineering. The rank of initial points is positive for all fields
but statistically significant only for education. Female students have higher graduation

probability in social sciences and engineering but lower in education. Older students have
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Table 8. Linear probability to graduate in 7 years.

Social sciences Sport sciences Education Engineering

@ @ 3 @ ) © ) ®)

Rank ofen-  0.480%** 0510%%* 0416%** 0381** 0.124 _ 0.136 0.304%%%  (.346%**
trance exam  (0.161) (0.163)  (0.158)  (0.158)  (0.220) (0.218)  (0.047)  (0.046)

Rank of 0.113  0.029 0.120 0.072 0.529%*% 0.539%** 0.039 0.041
initial points  (0.069)  (0.078)  (0.114)  (0.122)  (0.165) (0.159)  (0.036)  (0.036)
Female 0.118%%* -0.089 -0.459%% 0,151+
(0.046) (0.071) (0.153) (0.022)
Age at entry: -0.090%* -0.232 % -0.071 0.104%**
21-23 (0.044) (0.074) (0.098) (0.024)
24- -0.030 -0.349% -0.231* 0.089
(0.057) (0.090) (0.135) (0.050)
Observations 687 687 244 244 133 133 3,278 3,278
R-squared  0.11 0.13 0.11 0.16 0.07 0.11 0.06 0.08
F statistic 772 7.58 7.13 6.08 2.76 4.96 12.40 14.75

(Prob>F) (0.0000) (0.0000)  (0.0000)  (0.0000)  (0.0306) (0.0000)  (0.0000)  (0.0000)

Robust standard errors in parentheses. * significant at 10%; ** significant at 5%; *** significant at 1% level.
All models include controls for student's major and entry cohort. The excluded entry age group is 18-20-year-
olds.

higher graduation probability in engineering but lower graduation probability in other
fields.

6.1 Predicted effects of a change in the admission rules

The results in the previous tables show that subject-related entrance exams are better pre-
dictors of achievement in engineering, social sciences and sport sciences whether the
achievement is measured as study credits after four years or as graduation. Initial points
predict graduation better in the field of education. In addition, results show that senior sec-
ondary school GPA is a good predictor of success at university. However, it is hard to
compare different admission systems based on these results because a large number of stu-
dents would be admitted regardless of the admission rules used. Therefore, it is interesting
to look at students who would be admitted using one rule but rejected using the other. Suc-
cess in studies can only be observed for the students who were admitted in the current sys-
tem and alternative selection rules might admit different students. However, since the
admission is based on observables, the performance of the non-enrolled students can be

predicted using results in Table 4. Controls are added for entrance exam and initial point
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ranks, gender, three age groups, major, and entry cohort. Including higher terms of regres-

sors does not change the qualitative results.

The first column in Table 9 presents the success of students who would have been admitted
using entrance exam but rejected using initial points and the second column presents the
success of students who would have been accepted using initial points but rejected using
entrance exam. The difference between the first group (entrance exam) and the second
group (initial points) — presented in the third column — can be seen as the difference in the
average performance of the "marginal" individuals. In engineering, the difference in mean
number of study credits after four years between the two groups is about 19 credits, the
difference in median credits is slightly lower (15 credits). Further, a significantly higher
proportion of students graduate within seven years in the first group than in the second
group. For social sciences, the mean (median) number of study credits after four years is
about 22 (27) credits more for the first group, and almost 51 percent of the students in the
first group graduate in seven years compared to the 37 percent in the second group. In edu-
cation and sport sciences, the only significant difference between the groups is the fraction
of students who graduate in seven years. Students selected using entrance exams do better

in sport sciences but worse in education.

The results using the "marginal" students who would only be selected using one admission
rule suggest that at least in engineering and social sciences it would be better to select stu-
dents with entrance exam. The interesting question for the university is how the total per-
formance of students would change if the current system using mainly total points would be
replaced by a system using either entrance exams or initial points. The performance of the
non-enrolled students is predicted as above. The effect of the change in the admission rules
on mean performance is estimated by regressing the number of study credits after four
years on a full set of dummy variables for different combinations of admission status in the
three admission systems (see figure 4) and calculating the change as a linear combination of
the dummy variables. The first column in Table 10 shows the change in the mean study
credits of the whole student population if the selection system is changed from total points

to entrance exams. There are no statistically significant changes in the mean number of
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Table 9. Success of students who will change admission status depending on which admis-

sion criteria are used.

() 2 3

Admitted using Admitted using Difference (1) — (2)

entrance exam, but  initial points, but (std error)

not using initial not using entrance

points exam
Engineering (904 obs) (904 obs) (1,808 obs)
Number of study credits after four years
Mean 86.4 67.7 18.694** (1.836)
Median 82.4 67.1 15.415%* (1.388)
Fraction of students who graduate 0.207 0.116 0.091** (0.014)
within 7 years
Social sciences (608 obs) (608 obs) (1,216 obs)
Number of study credits after four years
Mean 142.1 120.0 22.095%* (1.841)
Median 146.0 119.5 26.523** (1.771)
Fraction of students who graduate 0.508 0.366 0.142** (0.018)
within 7 years
Sport sciences (164 obs) (164 obs) (328 obs)
Number of study credits after four years
Mean 120.1 124.9 -4.296 (3.052)
Median 123.1 124.4 -1.793 (1.202)
Fraction of students who graduate 0.580 0.502 0.078%* (0.037)
within 7 years
Education (75 obs) (75 obs) (150 obs)
Number of study credits after four years
Mean 144.9 146.2 -1.273 (6.961)
Median 1529 151.5 1.356 (5.268)
Fraction of students who graduate 0.309 0.593 -0.133* (0.063)

within 7 years

The sample used includes only students who are admitted using one admission criteria, either entrance exam
or initial points, but not with both admission criteria. Performance of the students who were not admitted or

did not enroll is predicted using results from table 4 (including controls for gender, three age groups, starting
cohort and students' major). Standard errors in the parenthesis are from a robust regression. * significant at 5

% level; ** significant at 1 % level.

study credits for any fields. The second column shows the same figures for the change from

total points to initial points system. In social sciences and engineering the mean number of

credits after four years would diminish if the total points system was replaced by a system

based on initial points. In education the mean performance of the student population would

be better if initial points were used instead of total points.

59



Table 10. Change in the mean number of credits after four years of the student population
if admission rules were changed.

Change from total points to  Change from total points to

entrance exam initial points
Engineering
Change in mean study credits after four years -5.019 (9.194) -38.784** (8.910)
Social Sciences
Change in mean study credits after four years 10.118 (6.398) -22.365** (5.672)
Sport Sciences
Change in mean study credits after four years -3.712 (12.005) 11.345 (9.996)
Education
Change in mean study credits after four years 15.490 (14.542) 24.089** (9.074)

* significant at 5 % level; ** significant at 1 % level. Standard errors in parenthesis. The performance of the
students who were not admitted or did not enroll is predicted using regression in table 3 (including controls
for gender, three age groups, cohort and student's major).

The optimal admission selection rules might not be either entrance exam or initial points,
but some combination of the both. However, the optimal rule does not have to weigh the
both parts equally. Figure 5 plots measures of success for different student populations se-
lected weighting the entrance exam points from zero to one. In social sciences and engi-
neering, the mean sum of study credits after four years increases the more weight is given
to entrance exams. On the other hand, in sport sciences more weight should be given to
initial points and in education both parts should be weighted equally. Graduation rates are

highest if entrance exams are weighed more heavily in all fields except in education.

One might be concerned that students with high matriculation exam grades have lower
incentives to do as well in the entrance exams. In fact, matriculation exam grades and initial
points are negatively correlated with entrance exam points in education and sport sciences
(Table A2 in the Appendix). This might indicate lower incentives, but a more probable ex-
planation is that entrance exams measure different things than school grades (e.g. physical
aptitude tests in sport sciences). Most fields apply a threshold condition which requires that
a student has to get a certain amount of points in the entrance exam to be admitted. In prac-

tice, these threshold points are not sufficient for admission.
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Figure 5. Performance of students when admission decision is made giving different
weights to the entrance exam.
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Other concern is that percentile ranks of entrance exams might predict success better be-

cause the distribution of the entrance exams is different from the distribution of the initial

points and there might be more variation in the entrance exam points. Figure Al in the Ap-

pendix shows histograms of initial points and entrance exam points in each field. There are

clear differences in the distributions but both initial points and entrance exam points have

variation. Further, since 80 percent of the students in social sciences and engineering are

admitted using total points and the remaining 20 percent are selected using only entrance

exam, this last 20 percent has by definition lower initial points than the first 80 percent of

the students. This might affect the coefficients of the percentile ranks. As a robustness



check, the regressions are run excluding the students who were admitted on the basis of the

entrance exam only. The results do not change qualitatively.

7. Conclusion

At best, factors which can be used as admission criteria and which are observable to the
admission committee at the time of the admission decision explain about 15 percent of the
variation in the student achievement. The results show that initial entry points based on past
performance in school are good predictors of graduation from university in the field of edu-
cation. For the fields of social sciences, sport sciences and engineering, percentile ranks in
entrance exams provide a better prediction for student achievement. A large fraction of stu-
dents would be admitted whether the admission was based on entrance exams, initial entry
points or total points, which is the sum of entrance exam and initial points. This is espe-
cially true for the field of engineering. Admitting students on the basis of their past school
performance instead of total points would decrease the mean performance of the student
population in engineering and social sciences but increase the mean performance in educa-
tion. Using only entrance exams would not affect the mean performance in any of the fields
studied. However, changing the admission rules could lead to changes in the pool of appli-
cants and unfortunately it is not possible to estimate the effects of the change in the pool of
applicants. In addition, the performance predictions of the rejected applicants are based on
strong assumptions on the functional form, and the results on the effect of a change in the

admission criteria should be read with that in mind.

The data in the current form include no family background variables or labor market infor-
mation for the students. The future extension of this study is to match the data with regis-
ters that include information on student's family background, earnings and months of work
during and after the enrollment. This will enable e.g. to study how much pre-university
skills affect earnings after graduation or the effect of different admission criteria on the

success in the labor market.
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Appendix

Table Al. Descriptive statistics.

Engineering
Admitted applicants Non-admitted applicants

Variable N Mean  Std. Dev. N Mean  Std. Dev.
Female 3,391 0.196 0.397 4,366 0.185 0.388
Age at entry: 18-20 3,391 0.850 0.357 4,366 0.661 0.473
21-23 3,391 0.124 0.330 4,366 0.244 0.430
23- 3,391 0.026 0.159 4,366 0.095 0.293
Number of study credits after four years 3,391 89.1 52.9

Rank in entrance exam 3,391 0.757 0.166 4,366 0.309 0.194
Rank in initial points 3,391 0.709 0.213 4,366 0.344 0.233
ME grade mother tongue 3,391 5.254 0.877 4362 4.548 1.080
ME grade the other national language 3,385 5.088 1.067 4,356 4.168 1.307
ME grade foreign language 3,389 5.176 1.040 4,359 4.375 1.287
ME grade mathematics 3,387 5.581 0.693 4,290 4.546 1.181
ME grade science and humanities 1,109 5.605 0.809 1,763 4.481 1.341
Senior secondary school GPA 3,389 8.832 0.616 4,362 8.106 0.693
Cohort 1986 3,391 0.337 0.473 4,366 0.285 0.451
Cohort 1990 3,391 0.334 0.472 4,366 0.305 0.461
Cohort 1995 3,391 0.329 0.470 4,366 0.410 0.492

Social Sciences
Admitted applicants

Non-admitted applicants

Variable N Mean Std. Dev. N Mean Std. Dev.
Female 881 0.620 0.486 4,671 0.601 0.490
Age at entry: 18-20 881 0.413 0.493 4,671 0.468 0.499
21-23 881 0.390 0.488 4,671 0.344 0.475
23- 881 0.196 0397 4,671  0.188 0391
Number of study credits after four years 881 101.6 74.8

Rank in entrance exam 881 0.871 0.137 4,671 0.456 0.253
Rank in initial points 881 0.711 0.260 4,671 0.471 0.279
ME grade mother tongue 853 5.298 0.811 4,445 4.823 0.966
ME grade the other national language 765 4918 1.080 4,181 4.246 1.185
ME grade foreign language 853 5.014 1.072 4,443 4.304 1.214
ME grade mathematics 720 4.601 1.256 3,421 3.986 1.403
ME grade science and humanities 809 5.190 1.024 4,265 4.611 1.190
Senior secondary school GPA 710 8.537 0.691 3,612 8.118 0.704
Cohort 1992 881 0.296 0.457 4,671 0.300 0.458
Cohort 1995 881 0.356 0.479 4,671 0.305 0.461
Cohort 1997 881 0.347 0.476 4,671 0.395 0.489

Table continues on the next page.
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Table continues from the previous page.

Sport Sciences

Admitted applicants Non-admitted applicants

Variable N Mean Std. Dev. N Mean Std. Dev.
Female 249 0.546 0.499 1,067 0.455 0.498
Age at entry: 18-20 249 0.367 0.484 1,067 0.608 0.488
21-23 249 0.438 0.497 1,067 0.276 0.447
23- 249 0.192 0.394 1,067 0.116 0.321
Number of study credits after four years 249 118.5 47.3

Rank in entrance exam 249 0.768 0.221 1,067 0.419 0.263
Rank in initial points 249 0.607 0.285 1,067 0.480 0.281
ME grade mother tongue 239 4.954 0.846 1,007 4.906 0.811
ME grade the other national language 235 4.762 1.079 942 4.562 0.969
ME grade foreign language 239 4.506 1.045 1,006 4.326 1.066
ME grade mathematics 216 4.366 1.254 927 4.297 1.204
ME grade science and humanities 230 4.700 1.164 972 4.623 1.078
Senior secondary school GPA 219 8.537 0.609 859 8.444 0.535
Cohort 1992 249 0.341 0.475 1,067 0.407 0.491
Cohort 1995 249 0.309 0.463 1,067 0.303 0.460
Cohort 1997 249 0.349 0.477 1,067 0.291 0.454

Education
Admitted applicants Non-admitted applicants

Variable N Mean Std. Dev. N Mean Std. Dev.
Female 137 0.934 0.249 438 0.863 0.344
Age at entry: 18-20 137 0.431 0.497 438 0.400 0.490
21-23 137 0.394 0.490 438 0.349 0.477
23- 137 0.175 0.382 438 0.251 0.434
Number of study credits after four years 137 141.6 573

Rank in entrance exam 137 0.816 0.158 438 0.409 0.250
Rank in initial points 137 0.719 0.233 438 0.439 0.273
ME grade mother tongue 134 5.142 0.833 423 4.574 0.943
ME grade the other national language 125 4.704 0.976 419 3.924 1.138
ME grade foreign language 134 4.328 1.024 423 3.652 1.202
ME grade mathematics 107 4.243 1.373 296 3.541 1.491
ME grade science and humanities 129 5.116 0.898 407 4.199 1121
Senior secondary school GPA 115 8.501 0.566 381 7.947 0.639
Cohort 1992 137 0.365 0.483 438 0.477 0.500
Cohort 1995 137 0.299 0.460 438 0.281 0.450
Cohort 1997 137 0.336 0.474 438 0.242 0.429
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Table A2. Rank correlations of variables.

Spearman's rank correlation ME  Mother Other Foreign Mathe- Senior Initial En-
mean tongue national  language matics secondary points trance
grade ME language ME ME school exam

grade ME grade grade grade GPA points

Engineering:

Initial points 043 042 043 0.38 030 053

Entrance exam points 029 0.16 0.15 0.17 037 0.24 -0.03

Number of study credits after 4 years 0.06 0.01 0.07 -0.01 0.07  0.17 0.03 0.24

Social Sciences:

Initial points 0.79 0.71 0.70 0.67 0.37 0.75

Entrance exam points 0.06 0.05 0.08 -0.02 -0.06  0.03 0.08

Number of study credits after 4 years 0.04 -0.03  0.12 -0.05 0.02  0.17 0.05 0.11

Sport Sciences:

Initial points 0.58 036 045 0.38 036 051

Entrance exam points -0.09 -0.17 -0.08 -0.14 -0.01  -0.11 -0.09

Number of study credits after 4 years 0.09 0.09 0.02 -0.09 0.08 0.22 0.19 0.11

Education:

Initial points 0.75 047 0.67 0.59 0.45 0.86

Entrance exam points -0.33 -0.15 -0.21 -0.16 -0.001 -0.31 -0.09

Number of study credits after 4 years 0.01  0.15 -0.03 0.02 0.06 0.14 0.14 0.17
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Figure Al. Distribution of initial points and entrance exam points of admitted students by
field of study.
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Essay II1

The Effect of a Student Aid Reform on Graduation: A
Duration Analysis’

1. Introduction

The long duration of the university studies has generated a lively public discussion in
Finland. Critics of the current system argue that the universities are inefficient and that
completing university education takes far too long. The main reason for the concern is that
long study times delay the entry to the labor market. In addition to the private costs for the
student and an extra burden on the university resources, late entry to the labor market also
creates a considerable social cost by reducing the labor supply and increasing the depend-

ency ratio.

The median graduation age for Finnish university students is 27.5. According to the OECD
Education at a Glance (1998), this is the second highest figure in the OECD-countries. Only
Danish students graduate at an older age. A partial explanation for the high graduation age
in Finland is that the Finnish students begin their university studies later than elsewhere.
However, this late starting age is far from being the whole story. University studies also
take, on average, much longer than intended. Most university programs are designed so that
they can be completed in five years. Yet, the median graduation time is much longer, 6.5

years.

* Written together with Roope Uusitalo. We are thankful for comments and suggestions from the seminar
participants at LSE Center of Economics of Education, Uppsala University, Government Institute for Eco-
nomic Research, I[ZA European summer school in labor economics, ZEW Human Capital workshop, EALE
2002 conference, and ESPE 2003 conference. Financial support from the European Commission's Research
Training Network "New Techniques for the Evaluation of European Labour Market Policies" (contract no
HPRN-CT-2000-00071) and Y1j6 Jahnsson Foundation is gratefully acknowledged.

69



Several reforms that were aimed to increase the efficiency of universities were carried out
in the 1990s. The most important was a reform of the student aid system. In 1992, the old
loan-based student aid system was replaced with a system that relies on student grants. At

the same time, the maximum duration of the student aid was reduced.

One of the main arguments for the student aid reform was that larger student grants would
enable students to concentrate more on their studies, instead of dividing their time between
studies and part-time work. Shorter grant duration should also improve incentives to com-
plete the studies within the grant period. Formal target in the government action plan for
higher education was that 75 percent of students should complete their master’s degree in

five years.

In this paper we evaluate the effect of the student aid reform on the duration of the univer-
sity studies. We use large individual level panel data that follow the students from the start
of their university career to the eventual graduation. The data allow us to control for a
number of other factors that may influence graduation times. Particularly important are
large changes in the student employment opportunities. During the period that we examine,
the Finnish economy entered a severe recession. Unemployment rates increased from three
to eighteen percent between 1991 and 1994. The unemployment rate for the 15-24 -year-
olds was over 30 percent for three years. This increase in unemployment also reduced stu-
dent part-time employment opportunities. Large changes in the economic environment can
be expected to influence graduation times, no matter how the student aid system was re-
formed. With individual level data from different regions differing in the severity of reces-
sion, we can account for the business cycle effects on student employment, and hence on
the graduation times. We can also control for a number of individual and family specific

factors, as well as, differences in ability.

Previous research on the effects of financial aid on graduation times has primarily focused
on the PhD programs. Ehrenberg and Mavros (1995) use data on all graduate students who
entered the PhD program at Cornell University. They find that the students receiving fel-

lowships and research assistantships have higher completion rates and shorter times-to-
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degree than the students who receive teaching assistantships or tuition waivers, or the stu-
dents who are totally self-supporting. Siegfried and Stock (2001) use data on PhD gradu-
ates in economics in the US. They also find that students who receive fellowships graduate
faster. In contrast, Booth and Satchell (1995) find no significant effects of research council
funding on the graduation times of the British PhD students. The only study on the length
of undergraduate education we could find is an unpublished paper on the US four-year-
college duration by van Ophem and Jonker (1999). They find that students receiving schol-
arships graduate faster, but argue that this might be due to their higher ability.

The rest of this paper is organized as follows. We start by a short description of the Finnish
university system. This is followed by a description of the student aid system, and the re-
form carried out in 1992. Section 3 describes our data sources, and section 4 the methods

used in the evaluation. Empirical results are presented in section 5. Section 6 concludes.

2. The Finnish university system

There are twenty universities in Finland. The largest fields are engineering, humanities, and
natural sciences. Slightly more than half of the university students are female. As a result of
the government policy to increase the supply of higher education, the number new entrants
has grown by some 20 percent during the last ten years. The increase in supply was exe-
cuted by admitting more students to the existing universities and programs. In 2001, there
were about 162,800 university students, of whom 20,600 were new entrants. (KOTA data-
base of Ministry of Education).

All universities in Finland are run by the state. Education is free, as there are no tuition
fees. Universities select their students independently. Competition for the slots in higher
education is fierce, and annual admission quotas apply to all fields of study. Various en-
trance examinations form a central part of the selection process. In 2001, only 26 percent of

the applicants were admitted. The poor employment prospects in the early 1990s might
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have increased the demand for higher education. The fraction admitted has remained

roughly constant even though the number of slots has increased in many fields.

Most students are admitted to programs leading to a master’s degree. The master’s degree
consists of one major and one or more minor subjects. The graduation requirement is, de-
pending on the field of study, 160 or 180 credits. One credit corresponds roughly to one
week of full-time study. For example, a typical one-semester intermediate microeconomics
course would yield five credits. Most programs are designed so that the graduation re-
quirement can be fulfilled in five years. However, students can, in principle, stay enrolled

as long as they wish. No strict limits on the duration of studies are imposed.

2.1 Student financial aid reform

Before 1992, the student financial aid system was mainly based on subsidized student
loans. The loans had a government guarantee and the government subsidized the interest
rate fixing the rate for the students to 4.5 percent. Students also received a smaller study
grant and a housing supplement, but the student loans were the cornerstone of the system.
In 1991, the student grant was 640 marks (108 euro) per month, the maximum housing
supplement 780 marks (131 euro) per month, and the maximum loan 1,800 marks (303

euro) per month. (Blomster, 2000).

Financial aid was granted for up to seven academic years. In order to keep receiving student
aid, a student had to complete at least 15 credits during the first year and at least 20 credits
during the following years. The credit requirement was not really binding: fulfilling mini-
mum requirements yielded 135 credits in seven years, which was still 25 credits short of the
graduation requirement. There were also income limits for student earnings to ensure that
the aid was used to finance full-time studies. A student was allowed to earn 3,000 marks
(504 euro) per month before the student aid was cut. Parental income does not affect the

amount of student aid in tertiary education.
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In summer 1992, the financial aid system was profoundly reformed. Government subsidies
for the student loans were abolished, but the government still provided guarantee for stu-
dent loans up to 1,200 marks (202 euro) per month. The interest rate of the loan is the cur-
rent market rate and loans must be repaid to the full amount. The repayment of the loans
starts after graduation or ten years after taking out the loan for the first time if the student
has not graduated by then. The study grant was more than doubled in the reform - to 1,570
marks (264 euro) per month. Housing supplement was also slightly increased - to 884
marks (149 euro). Only minor changes to the student aid system have been carried out after
1992. Student aid is not indexed, so inflation has also decreased the real value of the stu-

dent grant.

In Figure 1 we plot the real value of student aid since the creation of the student aid system
in 1969. The figure shows that the 1992 reform was the largest single change in the history
of the student aid. The total amount increased by some 13 percent, but more importantly the

direct support, including the housing supplement, almost doubled.

Another important change that occurred in 1992 was a cut in the duration of the student aid.
The maximum duration was reduced from seven years to 55 months. As the normal length
of a study year is nine months (from September to May), the maximum grant duration was
effectively reduced by about a year. An exception was made for students who had received

aid prior to July 1992. For these students the maximum duration remained at seven years.

An important argument for the student aid reform was to make studying more effective by
distributing more financial aid at a faster rate'. However, the system has not functioned as
planned. Removing the interest subsidy from the student loans made loans unpopular. Be-
fore 1992, roughly half of the students took out a loan. After the reform this fraction was
less than a third (Raivola et al., 2000). Rather than taking out the loan with market interest

rate, many students have preferred to add to their income by working. According to a recent

! The attempt to reduce times-to-degree was not the only reason for reforming the system. Due to the rising
market interest rates, the banks had become unwilling to grant student loans that, even with the government
interest rate subsidy, paid less than the market rate.
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Figure 1. Maximum amount of student financial aid in Finland 1970-2000 (€/month).
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study on the students at the University of Helsinki, 75 percent of students worked during
the semester 2000-2001 (Héarkonen, 2001). Consistent time series on student employment is
difficult to create, but the calculations by Hékkinen (2004) indicate that student employ-
ment has risen rapidly after 1993. The increase is partially explained by the general recov-

ery from the recession.

Expected effects of the student aid reform are not clear-cut. The higher study grant lowers
the cost of studying, making it possible for the students to stay longer at universities. On
the other hand, the higher study grant also enables students to concentrate on their studies
instead of working. This could shorten the graduation times. Cutting the maximum aid pe-

riod from seven years to 55 months should encourage students to graduate faster.

74



3. Data

We use data from the Employment Statistics (ES) of Statistics Finland. The data cover the
whole population, and contain information on individual income, employment, education,
household composition etc. The ES data cover years from 1987 to 1999. The ES data com-
bine information from approximately 30 official registers. For our purposes, the two most
important source registers are the Student Register and the Register on Completed Educa-
tion and Degrees. The Student Register records enrollment at the universities at the begin-
ning of each term. The Register on Completed Education and Degrees contains the level

and the field of achieved degrees and the date of their completion.

In this study, we use a research database that the Statistics Finland has created by drawing a
random sample of 350,000 individuals, aged between 12 and 74 in 1990, from the ES data.
This sample is representative, and includes approximately eight percent of the population in
the relevant age. The research database is a balanced panel: the individuals in the data are

followed from 1987 to 1999. Completed degrees are also available from the year 2000.

From the ES sample, we select all students whose first university enrollment year was be-
tween 1987 and 1995. For these students, we collect information on each student's secon-
dary school graduation date, the first and the last university enrollment date, the name of
the university where enrolled, the field of study, the university graduation date, and the
degree achieved (if the student had graduated by August 2000). In addition, we record the
student's gender, age, marital status, presence of children, months in employment and total
annual earnings. For the time-variant variables, these data are collected for each year the
student has been enrolled. In addition, we use the full ES sample to calculate measures of
employment prospects for each field because poor employment figures might prolong the
graduation. More precisely, we use the unemployment rate of the graduates from the same

field during the past five years to capture the graduation incentives.

In the ES data the students can be linked to their parents. We were able to obtain data on

the parents' income and education for most students. To reduce the effect of measurement
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error, we add up the income of both parents and calculate the average over three years, fol-
lowing the year of entry to the university. We also have information on secondary school
grades, but only for those students who finished secondary school after 1990. We use the
mean score of the four compulsory exams to measure the overall success in the matricula-
tion examination. As the parents' data and the matriculation examination results are avail-
able for only a part of the students, we calculate all estimates for both the full sample and

the smaller sample with complete data.

We added information specific to the field of study and the location of the university from
two additional sources. We used the KOTA database of the Ministry of Education to calcu-
late student-teacher ratios by program and by university. We calculated this by dividing the
total number of enrolled students in the program by the total man-years of the teaching fac-
ulty. We also used the KOTA database to obtain information on the median duration of
completed degrees in each field. Information on local labor market conditions was available
from the regional database of the Statistics Finland (ALTIKA). We obtained the municipal-
ity-level unemployment rates for each year at each university location from this database,

and matched this information to the students at the corresponding universities.

The graduation date is recorded in months. In principle, the students may graduate at any
time during the academic year. This is reflected in the graduation dates that are rather dis-
persed in the data, even though there are clear peaks in May and December. We measure
the duration of studies as the number of months starting from September of the first enrol-
ment year. For the students who have not achieved a degree by our last observation date
(August 2000), we mark the durations as censored at this point. Some of these students are
dropouts, but some still continue their studies. To maintain consistency across different
student cohorts, we also measure all other incomplete spells up to the time of the last en-
rolment date. So if a student started in September 1990, never graduated, and was last en-
rolled in the fall term of 1994, we record this spell as being censored in September 1994.

The duration of this incomplete spell is, therefore, 48 months.
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We cannot identify dropouts. It is impossible to make a distinction between active students
and "hang-around" students, who are enrolled at a university but have no intention to finish
and should, therefore, be considered as dropouts®. Because we cannot distinguish between
inactive and active students, we consider all non-graduates who registered themselves as

"present" in a given year, as students continuing their studies.

4. Methods

A natural way of modeling times-to-degree is a duration model. The duration model speci-
fies the graduation hazard as a function of exogenous covariates. The main advantages of
the duration model, compared to the regression framework, are that right-censored observa-
tions can be handled in a straightforward way, and that time-variant covariates can be in-

troduced without conceptual problems.

The graduation hazard, i.e. the probability of graduating after # months of study, given that

the student is still enrolled, is
A =9(x, B) Ao (1), 1

where x is an observed vector of covariates, £ a vector of estimated parameters, and A (¢)

the baseline hazard. To make the baseline hazard as flexible as possible, we choose piece-
wise constant specification assuming that the hazard is constant for each 12 month interval,

but place no restrictions on the changes in the hazard between these intervals.

Recorded spells can end due to graduation, dropout, or censoring at the last observation
date. In principle, it is possible to estimate a competing risks model, and analyze separately
the factors that affect the graduation and the dropout hazards. Because identifying the drop-

outs from active students is not possible in our data, we focus on graduates, effectively

2 Students receive discounts e.g. for public transport. As the registration costs are low, it is often beneficial to
register as a student, even if one has no plans to take part in any courses or examinations. According to other
studies, about 15 percent of the students are not studying actively (Vesikansa et al., 1998).
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treating the dropouts as censored at the point where they were last enrolled, which in most

cases is the last year of the observation period.

We also need to account for the unobserved heterogeneity among the students. As time
passes, students who put more effort in their studies graduate faster and the sample be-
comes increasingly composed of “lazier” students. To allow for this, we make a simple
parametric assumption that unobserved heterogeneity follows a Gamma distribution and

enters the hazard function multiplicative1y3.

Inclusion of time-variant covariates in the model creates a problem that is more severe than
what is usually encountered in the hazard models. In the standard model, a change in a co-
variate may have an immediate effect on the hazard rate. Our case is more complicated
since the effects are likely to involve considerable lags. For example, more lucrative work
opportunities at the boom of the business cycle may draw students to the labor market, and
delay their graduation. The effect on the graduation times cannot be seen until the students
actually graduate several years later. This could already be during an economic downturn.
Graduation hazards are, therefore, a function of not only current but also past values of the

exogenous variables.

Another problem with the time-variant covariates is that they are by construction endoge-
nous. For example, the amount of student aid is meaningfully defined only until the student
graduates. Also the student aid reform can only influence the older cohorts if they stay at
the university until the reform date. The observed time path of the covariates, therefore,
depends on the spell duration®. We solve this endogeneity problem by replacing the time-

varying covariates by their averages over the first four years of study’. We calculate this

3 Another possibility for modeling unobserved heterogeneity would assume that there are discrete types of
students, as in van Ours and Ridder (2003). This could be specified so that it allows correlation across com-
pletion and dropout hazards. Because we cannot identify dropouts in any reliable way the choice of the func-
tional form for the unobserved heterogeneity appears less important and we choose Gamma distribution for its
simplicity.

* Kalbfeisch and Prentice (1980) refer to covariates that are defined only until the termination of a spell as
internal.

’ The time-varying variables are children, female*children, married, student-teacher ratio, local unemploy-
ment rate, unemployment rate of the study field, and study field dummies.
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average for each student, irrespective of whether she is still enrolled or not. This way the
observed covariate path is independent of the spell duration. This approach also makes the
graduation hazard a function of not just the current, but also the past values of the covari-
ates. Our results could also be interpreted as the effect of an average exposure to some co-

variate values during the first four years®.

5. Empirical results

5.1 Descriptive analysis

The Ministry of Education follows the duration of university studies by tabulating the me-
dian duration of the completed degrees. We begin our analysis by calculating the same sta-
tistic for our sample, and present the numbers in Table 1. The results show that the median
duration of completed degrees has slightly declined over time, but is still almost six years
in 2000. The average length of complete spells is higher and more volatile, reflecting the

influence of a few very long durations.

The change in the median length of the completed spells tells little about the changes in the
duration of university education. First, possible changes in the dropout rates influence the
numbers. Second, an increase in the inflow of new students increases the fraction of short,
on-going spells, and creates a downward trend in the length of the completed spells. Fi-
nally, any policy change that would increase graduation hazards of those with long on-
going durations, would generate a temporary increase in the average length of the com-

pleted spells.

A better statistic is the median length of completed degrees by the year of entry. We present
this at the lower part of Table 1. The median is calculated for the whole entry cohort, effec-
tively defining the dropouts as not yet graduated. Also the median duration by the year of

¢ Another possibility would be to assume that the graduation hazard is a function of the cumulative average of
the covariate values up to the graduation date. This could be a better measure of the average exposure, par-
ticularly for those with long spells, but cumulative average is not exogenous with respect to the spell duration.
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Table 1. Times-to-degree.

Median and average duration of completed degrees 1987-2000

Graduation year 1987 1988 1989 1990 1991 1992 1993
Median duration (months) 79 75 77 77 74 74 74
Average duration (months) 86 93 84 89 79 81 81
Graduation year 1994 1995 1996 1997 1998 1999 2000
Median duration (months) 74 74 73 74 74 74 71
Average duration (months) 80 77 81 82 83 85 83

Median duration of completed degrees by the year of entry

Entry year 1987 1988 1989 1990 1991 1992 1993

Median duration (months) 90 92 87 89 92 87 86

entry shows that the graduation times have become slightly shorter. The median has de-
clined by four months from 1987 to 1993. Interestingly, the cohorts that entered after the
student aid reform (1992 and 1993) have the shortest median times-to-degree. We do not
know whether the declining trend continues in the later cohorts, because the median student

from the 1994 entry cohort did not graduate by the end of our observation period.

The slight decline in the median duration may, of course, be due to other factors than the
student aid reform. The student composition has changed because of an increase in admis-
sions. Also the changes in the labor market opportunities and in the distribution of students
across fields may influence the median graduation times. We will try to isolate these effects
in the next section. Before that, it is useful to examine the distribution of graduation in

more detail.

Figure 2 plots the Kaplan-Meyer survival functions in the five largest fields: education,
business, engineering, natural sciences, and humanities. Variation across the fields is, in-
deed, substantial. Half of the students in teacher education, but less than ten percent of the
students in humanities, graduate in five years. The median graduation time in humanities is

almost eight years. Survival rates are also high in natural sciences and engineering.
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Figure 2. Kaplan-Meier survival estimates by study field.
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Figure 3 plots the empirical hazard rate for the whole sample. It is immediately obvious that
the hazard is highly non-monotonous. The estimated hazard of graduation is almost zero for
the first three years.” It then increases rapidly until the seventh study year. If a student is
still enrolled after seven years, the conditional probability of graduating starts to decrease.
A likely explanation for the non-monotonous hazard function is heterogeneity across indi-
viduals. Those who are left after seven years are those who had lower graduation hazards to
begin with. A full life table behind the hazard function estimates is presented in Table 2. In
addition to displaying the hazard rate, the table shows that half of the students graduate
within seven years, and 83 percent during the 13-year observation period. The mode in the
graduation times is between five and six years, but there are a substantial number of stu-
dents who graduate later than seven years after entering university. The fraction of the cen-
sored observations is rather high, particularly after the fifth year. This is mainly due to the

incomplete spells at the last observation date.

7 Most observations with times-to-degree less than two years probably involve some studies in open univer-
sity or abroad before the official entry date, but this could not be observed in the data. On the other hand,
graduating in two years is quite possible, though uncommon.
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Figure3. Empirical hazard rate.
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Note: To estimate the empirical hazard the data have been split into 12 month intervals. The estimated hazard
rate is the number of graduates during the year divided by the population at risk at the beginning of the year.
The lines around the hazard indicate the 95% confidence intervals.

Table 2. Life table.

Study Year  Population at risk ~ Censored  Graduates Hazard Cumulative Graduation
0-1 9,403 110 5 0.0005 0.0005
1-2 9,288 130 25 0.0027 0.0032
2-3 9,133 277 52 0.0057 0.0089
3-4 8,804 153 351 0.0399 0.0484
4-5 8,300 973 889 0.1071 0.1503
5-6 6,438 732 1,321 0.2052 0.3247
6-7 4,385 531 1,099 0.2506 0.4939
7-8 2,755 418 654 0.2374 0.6141
8-9 1,683 327 361 0.2145 0.6968

9-10 995 222 185 0.1859 0.7532
10-11 588 176 83 0.1412 0.7880
11-12 329 148 38 0.1155 0.8125
12-13 143 126 17 0.1189 0.8348
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5.2 Duration model

First we estimate a duration model with dummy variables for each entry cohort. To capture
the differences across the study fields, we also add twenty dummy variables indicating the
field of study. The other included covariates are gender, presence of children, interaction of
the presence of children and the gender, marital status, language group, age at entry, stu-
dent-teacher -ratio, and an indicator if the student has changed field of study during the first
four years. As described in the previous section, we estimate the model with piece-wise
constant baseline hazard and Gamma frailty. The results are presented as hazard ratios; co-

efficients greater than one indicate that the covariate increases the graduation hazard.

In the interest of saving space, we do not report the coefficients of the field dummies. How-
ever, we should point out that differences across fields are large, even after accounting for
the student composition. Graduation hazards are particularly low in humanities, natural
sciences, music, theology, and arts. Graduation hazards are highest in education, business,
law, and health care. Other coefficient estimates are in Table 3. We find that older, married,
and female students have higher completion hazards. The presence of children does not
have a statistically significant effect; the point estimates suggest that the effect could be
negative for women. Swedish speakers have lower graduation hazards. A higher student-
teacher ratio lowers the graduation hazard. Estimates at the bottom of the table indicate that

there is substantial unobserved heterogeneity across students.

The year dummies in column 1 show an interesting pattern. The coefficients for the entry
year dummies for 1988-1991 are not significantly different from the omitted category,
1987. In contrast, all the coefficients for 1992-1995 are significant, and roughly equal in
size. The result indicates that, all else equal, the cohorts that entered after the student aid

reform in 1992 have significantly higher graduation hazards.

In column 2, we replace the entry cohort dummies with a reform dummy that equals one for
the post 1992 entry cohorts. The post 1992 dummy is significant, and shows that the

graduation hazards are higher for the students who entered under the reformed student aid
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system. As the model in column 2 is nested in the model of column 1, we can test for the
parameter restrictions. The hypothesis that the time pattern is adequately described by the
post 1992 dummy only, is not rejected (p-value = 0.62).

In column 3, we add unemployment rates to the model. To capture the student employment
opportunities, we measure the unemployment rate at each university location. We also try
to account for the graduation incentives by inserting to the model the unemployment rate of
recent graduates in the same field of study. We find that higher local unemployment rate
significantly increases the graduation hazard. In contrast, the unemployment rate among the
recent graduates has a negative, though not statistically significant, effect. Local unem-
ployment rate remains significant even if entry year dummies are included and the effect of
local unemployment is identified from differences in the changes of unemployment across
different university locations (not reported in the table). After adding the labor market vari-
ables, the coefficient of the post 1992 dummy declines, and is no longer significant. Our
interpretation of this result is that shorter graduation times for the post-reform entry cohorts
are fully explained by higher unemployment that decreased employment opportunities. An-
other interesting observation is that the effect of the student-teacher ratio is robust to
changes in specification. Higher student-teacher ratio lowers the graduation hazard in all

specifications.

The results do not change in column 4 where we include ability measures and parents in-
come. A higher score in the matriculation exam increases the graduation hazard, but has
little influence on the other coefficients. Also parents’ income has a small, but insignificant

positive effect on the graduation hazards.
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Table3. Determinants of the graduation hazard.

@ 2 3) “
Age at the beginning of studies 1.07 1.07 1.07 1.08
(5.72)** (5.74)** (5.56)** (1.80)
Female 1.50 1.50 1.51 1.61
(5.32)** (5.39)** (5.48)** (5.08)**
Female*children 0.54 0.52 0.54 0.17
(1.47) (1.55) (1.46) (1.62)
Children 1.02 1.05 0.99 1.77
(0.06) (0.13) (0.02) (0.60)
Married 3.41 3.34 3.35 2.98
(5.97)** (5.91)** (5.96)** (3.06)**
Swedish speaking 0.64 0.64 0.69 0.80
(3.50)** (3.40)** (2.93)** (1.51)
Changed study field 0.33 0.33 0.34 0.38
(8.87)** (8.86)** (8.67)%* (7.12)**
Students-teacher —ratio 0.49 0.51 0.52 0.56
(5.92)** (5.85)** (5.64)** (3.70)**
Starting year 88 0.81
(1.48)
Starting year 89 0.95
0.37)
Starting year 90 0.92
(0.59)
Starting year 91 1.03
(0.18)
Starting year 92 1.35
(2.04)*
Starting year 93 1.39
(2.21)*
Starting year 94 1.59
(3.01)**
Starting year 95 1.57
(2.67)**
Post92 1.53 1.11 0.91
(5.58)** (0.93) (0.68)
Local unemployment rate 1.04 1.08
(3.85)** (5.48)**
Unemployment rate of the study field 0.98 0.95
(1.45) (1.54)

Table 3 continues on the next page.
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Table 3 continues from the previous page.

@ 2 3 “
Mean score in Matriculation Examination 1.27
(4.07)**
Parents' income 2™ quartile 1.13
(0.51)
Parents' income 3™ quartile 1.39
(1.43)
Parents' income 4" quartile 1.20
(0.81)
Variance of unobs. Heterogeneity (67) 0.46 0.46 0.45 0.28
(26.98)** (27.23)**  (27.02)**  (16.20)**
Observations 61,579 61,579 61,579 28,113
LogL -4,055.34 -4,058.01 -4,049.93 -1,444.80
Number of Students 9,350 9,350 9,350 4,600
Number of Graduates 5,042 5,042 5,042 2,038

The reported coefficients are hazard ratios. Absolute value of z-statistics in parentheses. * indicates statistical
significance at the 5% level; ** significance at 1% level. All models are based on the piece-wise constant
baseline hazard and are estimated with the Gamma frailty. All equations also include 20 dummy variables
indicating the field of study.

The fundamental identification problem in evaluating the effects of the student aid reform
is the lack of cross-sectional variation in the student aid system. Simply including the un-
employment rate may not be sufficient to control for the different labor market situation
faced by the different entry cohorts. More convincing evidence on the effects of the student
aid reform can be found by examining the differences in the changes of the graduation haz-
ards across different groups of students. It can be argued that, even though the change in the
student aid was similar in all groups, the reform could have stronger effects in some groups
than others. For example, the students with less wealthy parents are probably more depend-
ent on the student aid. The effect of the reform should, therefore, be larger for the students
from poor families. Also the effect of restricting the duration of student aid should be

stronger in the fields where the average graduation times are longer.

We test these ideas by re-estimating the model interacting the reform dummy with the par-
ents’ income and the average study duration of the field. We create a dummy variable

“Poor parents” equal to one if the parents’ income is in the lowest quartile, and add it to the
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model interacted with the reform dummy®. Similarly, we define a dummy that equals one if

the average graduation time in the field exceeds the maximum duration of the student aid.

Table 4 presents the results of the models with the interaction terms. As before, we first
present the results without the labor market measures in column 1, add the unemployment
rates in column 2, and re-estimate the model with the smaller sample that contains the ma-
triculation exam results in column 3. The results indicate that the interactions between par-
ents' income and post 1992 dummy are small and insignificant. In contrast, the interaction
between the average study time and the reform dummy is positive and significant. The stu-
dent aid reform appears to have shortened the graduation times in the fields where gradua-
tion times are long. The threat effect of the student aid running out seems responsible for

the slight decrease in the graduation times.

¥ We experimented with different measures of parental income but these did not change the results much.
Choosing the lowest quartile for the interactions is motivated by the results in Table 3 which show that the
lowest quartile has slightly lower hazard rates, but there is little difference between the other quartiles. It
should also be noted that the quartiles are calculated from the sample used in the estimations and refers to the
lowest quartile among the parents of the university students, not to the lowest quartile in population.
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Table 4. Piecewise linear estimates with interaction terms.

@ @) 3
Age at the beginning of studies 1.02 1.01 1.10
(0.80) (0.35) (2.00)*
Female 1.47 1.48 1.61
(5.31)** (5.53)** (5.03)**
Female*children 0.28 0.30 0.18
(2.68)** (2.60)** (1.59)
Children 1.72 1.64 1.70
(1.23) (1.15) (0.55)
Married 3.05 2.95 3.04
(5.17)** (5.13)** (3.12)**
Swedish speaking 0.67 0.73 0.80
(3.32)** (2.65)** (1.48)
Changed study field 0.34 0.36 0.37
(8.66)** (8.41)** (7.19)**
Students/teachers 0.51 0.53 0.58
(6.00)** (5.63)** (3.52)**
Post92 1.14 0.72 0.78
(1.14) (2.29)* (1.26)
Long study-times*post92 1.55 1.75 1.41
(3.13)** (3.88)** (1.60)
Poor parents 0.88 0.85 1.12
(1.24) (1.67) (0.61)
Poor parents*Post92 1.13 1.16 0.84
(0.83) (1.02) (0.82)
Local unemployment rate 1.06 1.08
(5.40)** (5.53)**
Unemployment rate of the study field 0.95 0.93
(2.85)** (2.48)*
Mean score in Matriculation Examination 1.26
(4.02)**
Variance of unobs. heterogeneity (G%) 0.42 0.40 0.29
(22.50)** (22.06)** (16.51)**
Observations 59,776 59,776 28,113
LogL -3,763.14 -3,748.56 -1,444.35
Number of Students 9,044 9,044 4,600
Number of Graduates 4910 4910 2,038

The reported coefficients are hazard ratios. Absolute value of z-statistics in parentheses. * indicates statistical
significance at the 5% level; ** significance at 1% level. All models are based on the piece-wise constant
baseline hazard and are estimated with the Gamma frailty. All equations also include 20 dummy variables
indicating the field of study. The number of observations differs from table 3 because parental information
and matriculation examination scores were not available for all students.
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6. Conclusion

Median duration of university studies in Finland currently exceeds the planned duration by
one and a half years. Considerable efficiency gains could be achieved if the students accu-
mulated same amount of knowledge in five years than what they currently do in six or
seven years. The difficult question is whether there are feasible policy options that would

shorten the graduation times.

Our results indicate that the student aid reform had only a modest effect on the graduation
times. The effect was concentrated in the fields with long average duration. This suggests
that the limits in the aid duration were more important than a switch from the loan-based to
the grant-based system. However, the most important reason for the slight decline in the
times-to-degree appears to be the increase in unemployment that decreased student em-
ployment opportunities. Unfortunately, the large changes in the unemployment make the
evaluation of the effect of the student aid reform that occurred at the onset of recession dif-

ficult, and our results should be read with that in mind.

Changing the parameters of the student aid system is not the only policy option for the gov-
ernment aiming to produce more graduates at a faster rate. Our results indicate that an in-
crease in the university resources could have a considerable effect. Lowering the student-
teacher ratio increases the graduation hazards. However, this policy could be rather expen-
sive, and it is not clear whether the benefits of shorter graduation times would be sufficient

to cover the increase in the expenditure.
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Appendix

Table A1. Descriptive statistics.

Variable All students Graduates

Obs Mean Obs Mean
Female 9,403 0.54 5,080 0.56
Children 9,403 0.05 5,080 0.04
Married 9,398 0.08 5,075 0.07
Unemployment rate of graduates in field 9,403 7.35 5,080 6,34
Local unemployment rate 9,403 13.58 5,080 12.23
Swedish speaking 9,386 0.08 5,069 0.07
Age at the beginning of studies 9,403 21.23 5,080 20.91
Changed study field during the first four years 9,403 0.09 5,080 0.09
Parents' income 9,090 51,644 4,942 52,387
Mean score in Matriculation Examination 4,638 5.08 2,058 5.15
Student-teacher ratio 9,372 19.27 5,058 18.37
Median graduation time 9,403 6.64 5,080 6.51
Humanities 9,403 0.167 5,080 0.127
Theology 9,403 0.014 5,080 0.012
Industrial Arts 9,403 0.009 5,080 0.008
Music 9,403 0.010 5,080 0.007
Theatre 9,403 0.003 5,080 0.005
Visual Arts 9,403 0.001 5,080 0.001
Physical Education 9,403 0.005 5,080 0.008
Social Sciences 9,403 0.095 5,080 0.089
Psychology 9,403 0.010 5,080 0.011
Healthcare 9,403 0.003 5,080 0.004
Dentistry 9,403 0.007 5,080 0.012
Veterinary 9,403 0.004 5,080 0.005
Law 9,403 0.034 5,080 0.039
Business 9,403 0.095 5,080 0.121
Natural Sciences 9,403 0.156 5,080 0.138
Pharmacy 9,403 0.021 5,080 0.009
Agriculture and Forestry 9,403 0.022 5,080 0.022
Engineering 9,403 0.191 5,080 0.194
Medicine 9,403 0.032 5,080 0.046
Education 9,403 0.119 5,080 0.140
Started studies during the new system 9,403 0.46 5,080 0.58
Entry year 87 9,403 0.106 5,080 0.141
Entry year 88 9,403 0.108 5,080 0.137
Entry year 89 9,403 0.110 5,080 0.145
Entry year 90 9,403 0.108 5,080 0.139
Entry year 91 9,403 0.111 5,080 0.123
Entry year 92 9,403 0.111 5,080 0.115
Entry year 93 9,403 0.114 5,080 0.101
Entry year 94 9,403 0.111 5,080 0.065
Entry year 95 9,403 0.121 5,080 0.034
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Essay IV
Working While Enrolled in a University: Does it Pay?”

1. Introduction

Working while studying is everyday life for a substantial proportion of European university
students. The fraction of students in employment varies from 48 percent in France to 77
percent in the Netherlands. On average, European working students spend 11 hours per
week in paid employment and receive between 31 and 54 percent of their total income from
employment (Euro Student, 2000). Finland is no exception what comes to student employ-
ment. Roughly half of the Finnish students work while enrolled in a university. Students
who work spend about 20 hours a week in employment and cover about half of their living

expenses by income from employment.

Students are a noteworthy part of the labor force, and student employment is a highly de-
bated issue because of the gains and losses it generates for the individuals as well as the
society. From the society's point of view, students provide a flexible reserve for labor. Stu-
dent workers often work part-time and can adjust their working hours to the current labor
market situation. Students tend to increase their labor supply during the economic booms
when jobs are easier to find, and reduce working during the downturns when the labor mar-

kets slacken.

"I thank Per-Anders Edin, Tuulia Hakola, Oskar Nordstrom Skans, Mérten Palme, Roope Uusitalo, and the
seminar participants at Uppsala University, University of Helsinki, Aarhus School of Business, Labour Insti-
tute for Economic Research in Helsinki, and the ESPE 2004 conference for helpful comments. This essay is
produced as a part of the Research Training Network "New Techniques for the Evaluation of European La-
bour Market Policies", funded by the European Commission (contract no HPRN-CT-2000-00071). Additional
financial support from Yrjo Jahnsson foundation and the Finnish Cultural Foundation is gratefully acknowl-
edged.
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An individual may choose to enter the labor market prior to graduation for several reasons.
Many students are dependent on the extra income, but employment may also be a chance to
invest in income-enhancing skills that are not provided at university. Work experience in
the field of study may complement the formal education and improve study motivation.
Student workers might also improve their job search and interpersonal skills, get familiar-
ized with the world of work and gain sense of responsibility, all of which are valuable skills
also in their later career. Potential future employers might regard work experience as a sig-
nal for other attributes, e.g. high motivation and ability, and labor market contacts improve
employment opportunities after graduation. In most fields of study, university education
does not prepare students for one specific job and therefore appropriate work experience
may be essential for finding a job after graduation. In a survey on students at the University
of Helsinki, labor market contacts were reported as the most important reason for working
during the enrollment, and 42 percent of those who worked had a job related to the study
field (Héarkonen, 2001).

Student employment has also negative effects. There is a time-use trade-off between work-
ing and studying. Students engaged in working use considerably less time on their studies.
Finnish university students who do not work use 35 hours per week on study-related activi-
ties, whereas working students use only 19 hours per week on studying (Lempinen and
Tiilikainen, 2001). Work during the semesters may interfere with learning and academic
performance, and may even encourage students to drop out. If the length of enrollment in

the university is not restricted, working usually leads to longer times-to-degree.

The times-to-degree in Finland have shortened slightly in the 1990s, but the median com-
pletion time of a Master's degree is still more than one year longer than the target duration.
Hakkinen and Uusitalo (2003) found that working is one of the main reasons for prolonged
studies and the decrease in times-to-degree is mainly due to the higher unemployment that
decreased students' employment opportunities. Long times-to-degree create an extra burden
on the university resources and private costs for the students. Students' part-time employ-
ment also decreases the total labor supply because long times-to-degree shorten the career

after graduation.
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The essential question is whether the gains from working are larger than the distortion ef-
fect it has on achievement at university and on study time. This study estimates the return
to in-school work experience at the beginning of the post-graduate working career using a
rich panel data set of about 3,900 individuals. The data are constructed from the Employ-
ment Statistics of Statistics Finland and include students from 1987-1995 university entry
cohorts. Individuals in the data are followed from the first enrollment to 1998. The results
show that all OLS models predict positive returns to working. However, the amount of
work students choose is not exogenous. Local unemployment rate during the enrollment is
used as an instrument for the work experience acquisition. Using IV and comparing gradu-
ates with equal times-to-degree, the study finds that working yields a considerable increase
in earnings one year after graduation, and the effect is positive but smaller and statistically
insignificant in the later years. In IV models which take into account that working increases
the times-to-degree, the effect of work experience on earnings is much lower and statisti-
cally insignificant for all years. There are no statistically significant effects on employment

if instrumental variable technique is used.

The rest of the paper is organized as follows. Section 2 provides a summary of previous
literature on the returns to in-school work. Section 3 describes the data set used. The fea-
tures of student employment in Finland are presented in Section 4. The econometric meth-
ods are described in Section 5. Section 6 provides the estimation results and Section 7

concludes.

2. Previous literature

Ruhm (1997) provides a thorough survey of the effects of working during school on subse-
quent labor market outcome. Most of this literature considers the effects of high school
employment and typically finds that work in high school is associated with higher future
earnings. However, it is important to examine whether these estimated effects are causal or
simply spurious correlations. Many of these studies do not adequately (or at all) control for

the potential endogeneity of the work decision or the number of hours worked. The esti-
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mated effects might merely reflect the persistent role of unobservable differences in ability
or preferences that influence both the likelihood of working in high school and the later
success in labor market. This could explain why many studies have found very persistent
returns to in-school work even though the returns should diminish as individuals get more

experience in the graduate labor market.

Less research has been done on the effects of working during higher education even though
working is more common at an older age and work experience acquired near the entry to
the graduates' labor market is probably more important factor determining the success in
the later career than early work experience. Light (2001) attempts to separate the effects of
schooling and in-school work experience on post-school wages and finds that men who
accumulate work experience while in school begin their post-school careers earning 10 - 18
percent more than their counterparts who gain no in-school work experience. Hotz et al.
(2002) study the effects of working while in high school or college on subsequent wages of
men by estimating a dynamic discrete choice model. Hotz et al. find that including a rela-
tively rich set of background conditions and indicators of labor market conditions in wage
equations reproduces the positive effects of working while in school on subsequent wages
found in previous studies. However, the effects are diminished in magnitude and statistical
significance once the unobserved heterogeneity is taken into account using a random effects

specification.

There are also a few studies that have looked on how working affects academic perform-
ance or the quality of jobs after graduation. Paul (1982) and Stinebrickner and Stinebrick-
ner (2003) find that working is detrimental to academic performance in college, Hood et al.
(1992) find that grade point averages are highest among students with moderate amounts of
work, and Ehrenberg and Sherman (1987) find positive effects of working in on-campus
jobs but negative effects of working in off-campus jobs. Hékkinen and Uusitalo (2003)
studied the student financial aid reform and the changes in times-to-degree in Finland and
found that working has a negative effect on graduation. Himéldinen (2003) states that in-
school work experience may have a non-linear effect on the quality of employment after

graduation. Her results show that Finnish university graduates with moderate amounts of
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in-school work experience in the field of study have jobs that match their education, but
having more than 33 months of in-school work experience in the field has a negative im-
pact on the job match. Time-to-degree or number of credits achieved at the university has

no effect on the quality of employment in the study of Hdméldinen (2003).

In contrast to the previous studies that have used representative cohort data, this paper con-
centrates on the employment decisions of the university students. This is a restrictive sam-
pling decision, but it is still very interesting to look at the working behavior and returns of
the individuals given that they have decided to pursue university studies. The vast majority
of previous studies, including Light (2001) and Hotz et al. (2002), have considered the re-
turn of in-school work experience for men. Since more than half of the university students
in Finland are female, studying only the effects of working for men is not justified. In addi-
tion, most of the previous studies do not control for the field of study. The amount of work
experience the student is able to acquire during the enrollment depends on the field of study
because the employment possibilities are not uniform across the fields and the organization
of the course work affects the possibility of working during the academic year. More im-
portantly, labor market prospects after graduation vary enormously across the fields. There
is strong empirical evidence that graduates from the more professionally oriented disci-
plines, such as engineering and business, tend to have consistently higher than average
earnings.! If the field of study is not controlled for, the returns to student employment

might be driven by the field specific labor market characteristics rather than real returns.

3. Data

The study uses data from the Employment Statistics (ES) of Statistics Finland. The ES
cover the whole population and contain information on individual income, employment,
education, household composition etc. All data in the ES are register based. This study uses

a research database that the Statistics Finland has created by drawing a random sample of

! For empirical results on the economic returns to college major, see e.g. Rumberger and Thomas (1993) and
Finnie and Frenette (2003).
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350,000 individuals, aged between 12 and 74 in 1990, from the ES. This sample is repre-
sentative and includes approximately eight percent of the population in the relevant age.
The research database is a panel and individuals in the data are followed from 1987 to

1998.

For this study, all university students who started their studies between 1987 and 1995 are
selected from the ES sample. The study concentrates on university students because other
students cannot be identified from the ES data but also because university students are more
interesting in the sense that their working decisions are not affected by restrictions on the
length of enrollment as in secondary and non-university tertiary education. 1987 is the first
university entry cohort for whom the work experience during the enrollment can be calcu-

lated from the ES data. The data include labor market outcomes of 3,700 graduates.

Excluding dropouts from the analysis and concentrating on graduates might be sensible
because the labor markets of graduates and dropouts are different, and thus, dropouts are a
poor comparison group to graduates. However, a student with a good job that does not re-
quire a completed degree may not graduate at all or working may affect the timing of the
graduation. Therefore, this study examines also the labor market outcome of the entire en-
try cohort, regardless of the graduation status, eight and ten years after the first enrollment
year. Eight years after the first enrollment year, these models are based on the entry cohorts
of 1987-1990 (roughly 3,900 individuals). Ten years after the first enrollment year, these
models are based on the entry cohorts of 1987 and 1988 (roughly 1,900 individuals).

Information is collected on each student's months of employment, total annual earnings,
enrollment information, name of the university where enrolled, field of study, graduation
date, and the degree achieved. In addition, student's gender, age, marital status, presence of
children, and area of residence are recorded. For the time-variant variables, data are col-
lected for each year between 1987 and 1998. Data on the parents' income and education are
available for most of the students. The incomes of both parents are added up. To decrease

the measurement error, parents' average income during the first three study years is used.
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Information on local labor market conditions was available from the regional database of
Statistics Finland (ALTIKA). Municipality-level unemployment rates, income per inhabi-
tant, number of jobs, and regional industrial mix for each year at each university location
are obtained from this database and matched to the students at the corresponding universi-
ties. Local unemployment rates after the graduation refer to the area where the graduate is

living on the last day of the observation year.

Work experience variable is the sum of months worked during the enrollment converted
into years of experience. Enrollment is defined as the period from the university entry to
graduation. Students whose initial education in the first enrollment year is higher than up-
per secondary education are excluded from the sample. The work experience acquired be-
fore the university studies cannot be controlled for, but after controlling for age and

excluding individuals with prior tertiary level education this should be a minor problem.

In the source register, working is recorded as the number of work months during the calen-
dar year and, thus, it is impossible to distinguish work during the terms and work during
summer vacations or other holidays. There is no information on the quality of the job or
any employer information in the data. Further, it is not possible to make a distinction be-
tween part-time employment and full employment or control the number of hours worked.
This is particularly problematic when looking at student employment because many stu-
dents work part-time or have shorter than one-month's employment spells. There are some
irregularities in the registered work months. For example, short-time LEL-insured® em-
ployment contracts are categorically marked to last for one month, irrespective of their ac-
tual duration (Hakola 2002, p. 29). This means that if a student has worked for two days,
this can be registered as one month's work. Students of different fields may work in differ-
ent sectors and part-time employment or short employment spells are not necessarily regis-
tered uniformly between different sectors in the ES. To some extent, this can be controlled
for by including dummies for the field of study in the estimated equations. However, meas-

urement errors lead to overestimation of the actual work months. The classic result is that

2 LEL stands for temporary employees' pension act.
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the OLS estimate of a mismeasured regressor is downward biased.® This is taken into ac-
count in the estimation by using instrumental variable technique discussed in Section 5.

Descriptive statistics of the data set are presented in the Appendix in Table Al.

4. Student employment in Finland

Most of the students selected for universities are admitted to courses leading to a Master's
degree, which consists of 160-180 credits including a major and one or more minor sub-
jects. Education is free, as there are no tuition fees. Most programs are designed so that it is
possible to graduate in five years. However, students can, in principle, stay enrolled as long
as they wish. The median time-to-degree in Master's programs is slightly more than six

years.

Students are entitled to financial aid. Prior to 1992, the student financial aid system was
mainly based on subsidized student loans. In 1992, the system was profoundly reformed.*
Government subsidies on loans were abolished, but the amount of direct aid, the study
grant, was more than doubled. The maximum amount of study grant and housing supple-
ment after the reform was about 400 euro per month and the maximum amount of student
loan (with market interest rate) was nearly 220 euro per month. The maximum duration of
student aid was reduced from seven years to 55 months, which was an effective reduction
of about one year since the length of a study year is nine months (from September to May).
In order to keep receiving student aid, a student has to progress in studies and get 2.5 cred-
its per aid month. However, the credit requirement is not really binding: fulfilling minimum
requirements yields 137.5 credits during the maximum aid period, which is still 22.5 credits
short of the graduation requirement. Similar credit requirement was in effect also before the
1992 reform.

¥ See e.g. Green (2000) or Hausman (2001) for a discussion on the direction of bias caused by badly measured
regressors.

* For a more detailed description of the student aid reform, see Hikkinen and Uusitalo (2003).
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Removing the interest subsidy made the student loans unpopular. The interest rates of the
student loans rose from 4.5 percent to about 9 percent when the interest rate subsidy was
abolished. Before the reform, roughly half of the students took out a loan but after 1992 this
fraction was less than a third. Rather than taking out the loan, most students have preferred
to add to their income by working. There are income limits for student earnings to ensure
that the aid is used to finance full-time studies. A student is allowed to earn 505 euro per
aid month before the aid is cut. Parental income does not affect the amount of student aid at

tertiary level.

It is possible to combine work and studies since no strict limits on the duration of studies
are imposed. Roughly 50 percent of the university students work, most of them part-time.
Students' employment decisions are clearly affected by the availability of student jobs.
Working is more common in the Helsinki capital area where there are more student jobs
available. According to a recent survey on the students at the University of Helsinki, 75
percent of students worked during the semester 2000-2001 (Hérkonen, 2001). In smaller
towns student jobs are hard to find and jobs are more seldom related to the student's field of
study. There is also considerable time-variation in working during the studies (Figure 1).
Both students' earnings and months of employment decreased substantially as the unem-
ployment rate increased in the early 1990s. The student employment increased again as the

economy recovered from the recession.

Before discussing the effects of student work on labor market outcomes, it is instructive to
look at the determinants of the decision to work while enrolled. Student's months of em-

ployment can be written as

E, =¢, +ﬁXit W+ s (1

where E is the number of months worked; X is a vector of individual characteristics, e.g.
age, gender, family background and field of study; and U is a vector of labor market char-
acteristics, e.g. the availability of student jobs at the university location. Index i refers to

individual, u to university location and ¢ to time. To get a representative picture of em-
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Figure 1. Unemployment rate, students' annual earnings and months of employment in
1987-1999.
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ployment decision among the enrolled students in Finland, equation (1) is estimated using
the ES database without restricting the first enrollment year to 1987. Thus, this sample dif-

fers from the entry cohorts sample used in the rest of the paper.

Random effects panel regression estimates are presented in Table 1°. The results show that
older and female students without children work more during the studies. Women with
children work less but having children increases work months for men. The local unem-
ployment rate at each university location is included in the estimation to capture the student
employment opportunities. High unemployment significantly decreases the student em-
ployment. Working also increases with study years. Students who have been enrolled for

more than seven years work more than any other class. In the estimations also first year

’ Both fixed effects model and random effects tobit model produce estimates that are very close to random
effects estimates.
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students (the base category) seem to work a lot, but this is mainly because the months of
employment are recorded by calendar year and many first year students have been working

before entering the university at the beginning of the academic year in September.

In the interest of saving space, the coefficients of the field and year dummies are not re-
ported in the table. However, it should be pointed out that differences across fields are
large, even after accounting for the student composition. Working is most common in engi-
neering, healthcare, business, and pharmacy. Students in medicine, dentistry, veterinary,
and theology work the least. There is considerable time variation in student employment.
During the severe recession at the beginning of the 1990s student employment decreased.
After 1992 student employment has increased considerably even if the local unemployment
rate is controlled for. In addition to the changes in the labor market, also the changes in the
student aid reform may have affected the employment decisions (see Hékkinen and Uusi-
talo, 2003). Especially the loosening of the income limits of the student financial aid and
high interest rates of the student loans could have drawn more students to the labor market.
However, very large simultaneous changes in the unemployment rates make the evaluation

of the effects of the student aid reform difficult.

In column 2, information on parents' income and university location dummies are added to
the model. Results suggest that students with parents whose income is in the lowest quar-
tile® work less than other students. One explanation for this could be that students with
poorer parents do not have the same contact network in the labor market as students with
wealthier parents. This might also suggest that the need of extra income to cover the costs
of living is not the only motivation for student employment, although the differences in the

working behavior of students with different family background are not very large.

University town dummies are not reported in the table, but students in Helsinki work more

than students elsewhere, even when the unemployment rate and the study field are

% The quartiles are calculated from the sample used in the estimation and refer to the lowest quartile among
the parents of the university students, not to the lowest quartile in population. Experiments using different
measures of parental income did not change the results significantly.
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Table 1. Determinants of student employment. Random effects panel estimates.

Dependent variable: Months of employment (1) 2)
Local unemployment rate -0.164 -0.228
(0.008)** (0.022)**
2" study year (base group 1% study year) -0.348 -0.359
(0.045)** (0.053)**
3" study year -0.381 -0.423
(0.048)** (0.060)**
4" study year -0.439 -0.445
(0.053)** (0.071)**
5" study year -0.344 -0.451
(0.060)** (0.084)**
6" study year -0.153 -0.309
(0.067)* (0.098)**
7" study year 0.015 -0.232
(0.076) (0.114)*
> 7" study year 0.386 0.058
(0.083)** (0.132)
Age 0.904 1.019
(0.030)** (0.047)**
Age2 -0.010 -0.012
(0.000)** (0.001)**
In military service -1.054 -0.878
(0.177)** (0.220)**
Female 0.227 0.260
(0.053)** (0.066)**
Female*children -2.596 -2.728
(0.111)** (0.149)**
Children 0.368 0.298
(0.086)** (0.116)*
Parents' income below 25" percentile - -0.157
(0.071)*
Field of study dummies Yes Yes
Year dummies Yes Yes
University town dummies No Yes
Number of observations 78,454 50,971
Number of students 17,547 9,344

Standard errors in parentheses. * significant at 5%; ** significant at 1%. Sample used is a representative ran-
dom sample of all Finnish university students. The number of observations in this table is larger than in the

other tables because entry year is not restricted in this sample.

controlled for. Costs of living, especially cost of housing, are higher in Helsinki than in

other university locations, but the housing supplement and the study grant are the same

regardless of the place of residence. Diversified economic structure and large labor market

in Helsinki also provide more job opportunities for students. The estimates in column 2 are

based on a smaller sample because the parental information was not available for all stu-

dents.
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5. Econometric methods

The traditional models of human capital investment like Ben-Porath (1967) or Becker
(1962) do not consider working during the enrollment as an investment in human capital.
However, one can assume that students allocate their time between acquiring formal educa-
tion at university and job skills at work. The same person-specific factors that influence the
traditional school vs. work decision also affect the decision to combine studies and work-
ing, and the model including the in-school work experience is basically the same as the
traditional Mincer (1974) earnings model. Light (2001) and Hotz et al. (2002) use the same
kind of approach in their studies.

Besides the effect on wages, acquired in-school work experience may play an important
role in getting the first job after graduation. Those with work experience may get more
steady jobs or avoid searching for employment by staying with the same employer as prior
to graduation. Merely looking at the earnings of the employed may not give the right pic-
ture of the effects if the in-school work experience has a large effect on employment prob-
ability after graduation. Therefore, graduate employment probability models are estimated.
The true employment probability is nonlinear but accounting for the endogeneity of the
work experience in a nonlinear model is problematic because nonlinear second-stage esti-
mates of continuous or multivalued regressors require a correctly specified functional form
in order to be interpreted easily.” Since we are only interested in the net effect of a change
in work experience on the probability of being employed, linear models can be thought of
as reasonable approximation of the true nonlinear model. The linear probability to be em-

ployed is given by
Employed, = o, + B X, + B,S, + B,U,, + B,D, + SEXP, + ¢, 2)

where Employed is a binary variable indicating if the individual was employed for at least

six months in the observation year; X is a vector of individual characteristics; S is the years

7 See Angrist and Krueger (2001).
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of schooling; U is the local unemployment rate; D is a set of dummy variables for the field
of study; EXP is the accumulated work experience during the studies; and € is the distur-

bance term. Index i refers to the individual, t refers to time, and u refers to location.
The earnings model is a modified version of the traditional Mincer equation.
InW,=a,+pBX,+B,S,+BU,+B.D,+p;nM, +EXP +¢,,, 3)

where W is annual wage earnings; M is the number of work months during the observation
year; and other variables are as in equation (2). The earnings equation estimates are condi-
tional on working, i.e. graduates who are unemployed or outside the labor force are ex-
cluded from the earnings equations. 65 percent of the graduates work at least six months
and 44 percent of the graduates work 12 months during the year following the graduation.
Two and three years from the graduation two thirds of the graduates are employed at least

half a year and more than half of the graduates work full 12 months.

Since all individuals studied are university graduates with equal amount of schooling (Mas-
ter's degree), the years of schooling variable can be dropped from the estimations. At the
time of observation, 1-3 years after graduation, the current employment status is highly
correlated with the work experience acquired after graduation. Thus, work experience after
graduation is not controlled for in the equations.® Because the data does not include
monthly wages, the study uses the natural logarithm of annual earnings as the dependent
variable and includes the logarithm of work months in the explanatory variables.” Monthly
wages could be calculated from the data, but this would be a more restrictive approach.'
The in-school work experience is the sum of months worked during the enrollment divided

by 12, which gives the total work experience in years.

8 Including work experience after graduation diminishes the OLS coefficients slightly but the IV estimates are
unchanged. The work experience after graduation is not statistically significant in the IV models.

o Thus, theoretically, the coefficient of logarithm of work months should be equal to one. However, monthly
wages can be correlated with work months and also the measurement error affects the coefficient.

' However, using monthly wages as the dependent variable results in identical coefficient estimates and only
slightly different standard errors.
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The effect of the accumulated work experience should diminish when graduates get more
experience in the labor market. Therefore, employment and earnings equations are esti-
mated separately one, two and three years following the graduation year. The month of
graduation is added into the explanatory variables, because students who have graduated at
the beginning of the year have had more time to look for a job and have potentially more
post-graduate work experience one year after graduation than those who have graduated at

the end of the year.

In the light of the results in Table 1, it is clearly not random who works and who does not
work while studying at university. In addition to student's ability and preferences, local
employment possibilities and labor market conditions during the studies define whether a
student enters the labor market prior to graduation. Simply looking at returns to work ex-
perience without correcting for the selection would yield biased estimates. If the students
who benefit more from the work experience or the students with higher unobserved ability
work more during the enrollment, the selection would bias the OLS estimates upwards. On
the other hand, the measurement error in the work months will bias the OLS estimates
downwards and thus, the total bias is ambiguous. To diminish the selection bias and the
measurement error bias in in-school work experience, this study uses instrumental variable

technique.'!

An instrumental variable must be correlated with the included endogenous variable(s) and it
must be orthogonal to the error term. The data include a set of regional variables, local un-
employment rate, number of jobs per capita, income per capita and regional industry mix,
which measure the local student employment opportunities and which should be uncorre-
lated with the outcome variables. However, these regional variables are highly correlated
with each other (correlations between 0.47 and 0.84) and including more than one instru-
ment does not increase the R? of the first-stage. Thus, the set of regional variables cannot be

used as instruments simultaneously without running into problems with multicollinearity.

! Previous studies have added controls for ability and family background to diminish the endogeneity and
selection bias (e.g., Ruhm, 1997). Light (2001) uses also unemployment rate, percent of urban population and
median per capita family income as instruments for in-school work experience.
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When these regional variables are used as instruments separately, they yield very similar
results. The presented results use the local unemployment rate because it captures the em-
ployment opportunities and changes in the local labor market reasonably well, and, of the

regional variables, unemployment rate has most variation in time and across the regions.

Students who studied in the late 1980s had very good job opportunities during the enroll-
ment compared to students enrolled in the mid 1990s. Taking the extreme as an example, in
Helsinki the unemployment rate at the end of the 1980s was less than 2 percent whereas the
unemployment rate in Rovaniemi was about 8 percent. Due to the recession in the early
1990s, the unemployment rate had climbed up to 18 percent in Helsinki and up to 26 per-

cent in Rovaniemi in 1995.

The unemployment rate at the university location during the studies has a strong negative
effect on students' work months. The F-test of significance of the instrument shows that the
local unemployment rate during the studies is a strong instrument in all estimated models.
The orthogonality assumption is satisfied if the unemployment rate at the university loca-
tion during the studies does not have a direct effect on employment status or annual earn-
ings after graduation. This assumption cannot be tested without having more valid
instruments, but it should hold provided that the local unemployment rate after graduation
is controlled for. IV models do not include controls for the universities because some uni-
versities only provide education in one field and therefore field of study dummies partly
define the university. The first-stage estimates of the IV models one year after graduation
are presented in the Appendix in Table A2. The first-stage results two and three years after

graduation are very similar (not presented in the table).

6. Results

The main question of interest is how the work experience acquired during the studies af-
fects employment and earnings after graduation. Linear employment probability models

and earnings equations at different points in time are estimated for graduates using OLS
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and IV. To check the robustness of the results, same models are estimated for the entire

entry cohort rather than just the graduates.

Since working is likely to affect the study intensity and thus, the timing of graduation, the
models are estimated both with and without controlling for the elapsed time-to-degree. The
interpretation of the coefficient of the work experience is different in these two specifica-
tions. Controlling for the time-to-degree, we measure the return to work experience given
that the time-to-degree is not affected by working. This would be reasonable if a student
only worked during the holidays. When the time-to-degree is not controlled for, the coeffi-
cient of the work experience can be interpreted as a joint effect of investing in job skills and
prolonging the studies. This specification is more intuitive if we are interested in the distor-
tion effect of working. For the employment probabilities these two specifications give very
similar results, but the returns to working measured as earnings are much lower when the
time-to-degree is not controlled for. In the interest of saving space, only the estimates of in-

school work in different models are reported in the tables.

6.1 Employment probability

Table 2 presents the estimates of the effect of in-school work experience on employment
one, two, and three years after the graduation. The dependent variable is one if the individ-
ual has worked at least six months and zero otherwise.'? OLS estimates show that acquired
in-school work experience has a positive but decreasing effect on employment probability
after graduation.'® The effect of in-school work experience diminishes over time when
graduates get more post-graduate experience and more permanent jobs. Keeping everything

else equal, one additional year of in-school work experience increases the probability to be

12 Because of the measurement errors in the work months, there are some observations with at least six work
months but zero income. Therefore, individuals who earn less than 3,000 euro per year are not defined as
employed.

' Estimated marginal effects (calculated at means) of a standard probit model are slightly higher than the
OLS estimates, but qualitatively probit models are very similar to OLS models. The mean predicted employ-
ment probability is about 70 percent.
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employed one year after graduation by 5.6 percentage points. The effect is 4.2 percentage

points two years and 3.7 percentage points three years after graduation.

Instrumental variable technique is used in order to assess the importance of endogeneity
and measurement errors. The instrument used in the IV models is the local unemployment
rate during the enrollment. The point estimates of the work experience are smaller in the [V
models, but the coefficient is not precisely estimated and it is not statistically significant.
The Hausman test is performed to check the exogeneity of work experience acquired during
the enrollment. Because the standard errors in the IV models are much larger than in the
OLS models and the coefficient is not statistically significant, the Hausman test could not
reject the null hypothesis that all covariates are exogenous and that OLS is a consistent es-

timator for the employment probability equation (p-values from 0.16 to 0.88).

Working might affect the timing of the graduation or lead to dropping out. Also, students
may postpone their graduation until they get a job to avoid becoming unemployed because
employers may treat unemployment spells as a negative signal of the graduate's ability.
Therefore, in Table 3, the employment probabilities are estimated for the entire entry cohort
rather than just the graduates. The models are estimated eight and ten years after the entry
to the university. 34 percent of the students have not completed their Master's degree within
ten years. Ten years from the first enrollment year, graduates have on average 2.2 years of
in-school work experience and 2.8 years of work experience after graduation. Non-
graduates, on the other hand, have acquired 5.6 years of work experience in ten years. Thus,
graduates have on average seven months less work experience than those who have not

graduated in ten years.

Models with and without a dummy variable for graduates are estimated, but the results in
Table 3 are not sensitive to this change in the specification. In the OLS models, eight years
after the first enrollment year, one additional year of work experience increases the em-
ployment probability by about 10 percentage points. Ten years after starting the university
studies, the effect of undergraduate work experience is about 8 percentage points. The point

estimate of the undergraduate work experience drops into half when using the IV model
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Table 2. The effect of working during the enrollment on employment.

Including only graduates

Coefficient of years of work while enrolled

Dependent variable: Employed at least 6 1  year after 2 years after 3 years after
months graduation graduation graduation
(1) Control for the time-to-degree:
OLS 0.056 0.042 0.037
(0.006)** (0.007)** (0.009)**
v 0.045 -0.002 0.050
(0.049) (0.063) (0.066)
Hausman statistic 0.04 0.43 0.03
(p-value) (0.84) (0.51) (0.86)
(2) No control for the time-to-degree:
OLS 0.051 0.040 0.037
(0.006)** (0.006)** (0.009)**
v 0.027 0.015 0.042
(0.017) (0.022) (0.030)
Hausman statistic 1.98 1.24 0.02
(p-value) (0.16) (0.26) (0.88)
Sample size 2,984 2,299 1,617

Robust standard errors in parentheses. * significant at 5%; ** significant at 1%. The other included variables
are local unemployment rate, graduation month, age, female, female*children, married, a set of dummy vari-
ables for the field of study and graduation year. The instrument in the IV models is the mean local unem-

ployment rate during the enrollment.

Table 3. The effect of working during the enrollment on employment. Robustness checks
using all students 8 and 10 years after entry to the university.

Including all individuals

Coefficient of years of work while enrolled

Dependent variable: Employed at least 6 months

8 years from the start

10 years from the start

(1) Control for graduates:
OLS

v

Hausman statistic
(p-value)

(2) No control for graduates:
OLS

v
Hausman statistic

(p-value)
Sample size

0.096
(0.003)**
0.035
(0.041)
231
(0.13)

0.101
(0.003)**
0.051
(0.034)
2.14
(0.14)
3,935

0.074
(0.004)**
0.047
(0.034)
0.57
(0.45)

0.079
(0.003)**
0.047
(0.034)
0.85
(0.36)
1,930

Robust standard errors in parentheses. * significant at 5%; ** significant at 1%. The other included variables
are local unemployment rate, work experience after graduation, age, female, female*children, married, a set
of dummy variables for the field of study, and the first enrollment year. The instrument in the IV models is

the mean local unemployment rate during the enrollment.
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and the coefficient is not statistically significant. Working during the enrollment has higher
effect on employment when the estimates are based on the entire entry cohort instead of

restricting the analysis to graduates.

Control variable estimates (not reported in the tables) are very similar in all model specifi-
cations. As expected, results show that high local unemployment rate decreases the em-
ployment probability. Older graduates have slightly higher employment probabilities and
presence of children decreases the employment probability for women. Marital status does
not have a significant effect on employment. There are large differences in employment
probabilities between the fields of study. Graduates in the fields of engineering, medicine,
law and business have the highest employment probabilities whereas humanities, theology,
teacher education and psychology have the lowest. The time-to-degree does not have a sig-

nificant effect on the employment probability in the models estimated using graduates.

6.2 Earnings equations

Figure 2 shows earnings profiles for graduates with more than 1.5 years of work experience
during the enrollment and graduates with less experience. Graduates with more work ex-
perience earn about 9 percent more one year after the graduation. The difference in earn-
ings seems to be quite persistent and it is still 8.8 percent five years from the graduation.
However, looking at the raw data one cannot rule out that these observed differences in
earnings simply reflect preexisting differences among individuals and a sorting process

rather than real returns from work experience.

The dependent variable in the earnings equations is the logarithm of total annual earnings in
each year and the estimations are restricted to individuals who are employed (using the
same definition of employment as in Section 6.1). Table 4 presents the effect of in-school
work experience on earnings for graduates one, two, and three years after graduation. Con-
trolling for the time-to-degree, OLS estimates on earnings show that one additional year of
in-school work experience gives 3.1 percent higher earnings one year after graduation. The

work experience has a positive effect of about same magnitude on earnings for all three
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Figure 2. Annual earnings after graduation by acquired in-school work experience.
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years after graduation. The effect of working on earnings is lower, about two percent, when
time-to-degree is not controlled for. Adding university dummies or dummies for the univer-
sity location into OLS models do not change the coefficients of any variables and these

dummies are mostly statistically insignificant.

IV earnings models estimate a considerably higher return to in-school work experience than
OLS models if the time-to-degree is controlled for. The IV estimates show that a student
who works about three years during the enrollment gets 17.9 percent higher earnings one
year after graduation than a student who has two years of in-school work experience. There
is a decreasing trend in the IV estimates, but they remain higher than OLS estimates for all
years. However, IV estimates are not statistically significant after the first year. The Haus-
man test rejects the OLS for the first year after graduation, but in later years when the IV

estimates are not statistically significant, the Hausman test cannot reject the OLS model.
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Table 4. The effect of working during the enrollment on earnings.

Including only graduates Coefficient of years of work while enrolled
Dependent variable: annual earnings 1 year after 2 years after 3  years after
graduation graduation graduation
(1) Control for the time-to-degree:
OLS 0.031 0.022 0.030
(0.007)** (0.008)** (0.010)**
v 0.179 0.103 0.06
(0.067)** (0.086) (0.091)
Hausman statistic 6.10 0.81 0.10
(p-value) (0.01) (0.37) (0.75)
(2) No control for the time-to-degree:
OLS 0.024 0.019 0.022
(0.006)** (0.008)** (0.009)**
v 0.029 0.018 -0.013
(0.017) (0.024) (0.036)
Hausman statistic 0.08 0.00 0.80
(p-value) (0.77) (0.97) (0.37)
Sample size 1,937 1,527 1,077

Robust standard errors in parentheses. * significant at 5%; ** significant at 1%. The included variables are
In(months of employment), local unemployment rate, graduation month, age, female, female*children, mar-
ried, a set of dummy variables for the field of study and graduation year. The instrument in the IV models is
the mean local unemployment rate during the enrollment.

If the time-to-degree variable is excluded from the IV model, the point estimates of in-
school work experience become smaller, about three percent one year after graduation and
two percent two years after graduation, which are fairly close to the OLS estimates without
the control for time-to-degree. None of the IV estimates are statistically significant when

time-to-degree is excluded and the Hausman test cannot reject OLS model.

Robustness checks using the data for the entire entry cohort (graduates and dropouts) are
presented in Table 5. Including a control for graduates, OLS estimates show that in-school
work experience increases earnings by 4.4 percent eight years and by 3.0 percent ten years
after the entry to the university. Dropping the dummy variable for graduates decreases the
OLS estimates. [V estimates (including a dummy for graduates) show that eight years after
the first enrollment year the return to in-school work experience is 14.7 percent. Ten years
after the university entry the point estimate of in-school work is 0.07, but the estimate is not
statistically significant. Dropping the dummy variable for graduates decreases the point
estimates for in-school work experience in the IV models and the estimates are not statisti-

cally significant. The estimates eight years after the first enrollment year are based on four
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Table 5. The effect of working during the enrollment on earnings: robustness checks using
all students 8 and 10 years after entry to the university.

Including all individuals Coefficient of years of work while enrolled
Dependent variable: annual earnings 8 years from the start 10 years from the start
(1) Control for graduates:
OLS 0.044 0.030
(0.006)** (0.007)**
v 0.147 0.071
(0.063)* (0.094)
Hausman statistic 3.52 0.18
(p-value) (0.06) (0.67)
(2) No control for graduates:
OLS 0.032 0.023
(0.006)** (0.007)**
v 0.059 0.021
(0.036) (0.039)
Hausman statistic 0.64 0.00
(p-value) (0.42) (0.96)
Sample size 2,459 1,341

Robust standard errors in parentheses. * significant at 5%; ** significant at 1%. The other included variables
are In(months of employment), local unemployment rate, work experience after graduation, age, female, fe-
male*children, married, county dummies, a set of dummy variables for the field of study and the first enroll-
ment year. The instrument in the IV models is the mean local unemployment rate during the enrollment.

entry cohorts (1987-1990) and the estimates after ten years are based on two entry cohorts
(1987 and 1988).

Control variable estimates (not reported in the tables) are very similar in all model specifi-
cations. Results show that in the first year following graduation women have about four
percent lower earnings than men and the earnings of men grow faster than women's earn-
ings. Three years later men earn roughly seven percent more than women with same char-
acteristics. The presence of children decreases the earnings of women even more. Marital
status does not have a significant effect on earnings. Graduates of medicine, business and
engineering have the highest earnings. The difference in earnings between graduates of
medicine and humanities is huge: 56-70 percent. The point estimates of the time-to-degree
are negative but not always statistically significant. The OLS model including the entire
entry cohort predicts that graduates earn 23 percent more than non-graduates eight years
from the university entry and 12.5 percent more ten years from the entry. The IV model
estimates show that graduates have 43 percent higher earnings than non-graduates eight

years after entering university. Ten years after the entry, the point estimate of the graduate
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dummy is 0.24, but it is statistically insignificant. Apart from possible wage gains from a
completed degree, graduates' higher earnings are explained by the larger number of work-

ing hours.

6.3 Robustness

Graduates with extremely long times-to-degree are missing from the used sample because
the first enrollment year was constrained to 1987. As an experiment, a sample of individu-
als who graduated between 1991 and 1996 (with no constraint on the entry year) was con-
structed from the ES research database and all models were re-estimated using this sample.
The whole in-school work experience could not be calculated for this sample so the work
experience of the last four study years was used as the measure of in-school work experi-
ence."* Work experience had a higher impact on the employment probability in this sample.
In the employment probability model, the OLS point estimate for in-school work experi-
ence varied from 0.10 in the first year to 0.06 in the fifth year after graduation. The IV
point estimates in the employment probability model varied from 0.12 to 0.08 and were
statistically significant for the first two years after graduation. Furthermore, the effect on
earnings is slightly higher in OLS models (from 6.5 % to 3.8 %) during the first five years
after graduation if the sample of 1991-1996 graduates is used. IV estimates of the earnings
equation resemble the previous results and they were not statistically significant. The in-
strument used in the IV models was the local unemployment rate during the last four years

of study.

The models were also estimated without the field dummies. Excluding the field dummies
produces much larger returns to work experience. This is expected since the students in the
fields with high graduate earnings tend to work more during the studies. To prevent pure
discipline effects from driving the results, field dummies should be included and the com-

parisons should be made within the field.

' This is of course highly endogenous because working affects the timing of the graduation and using the last
four study years makes the endogeneity problem even worse.
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Some other experiments were also performed to check the robustness of the results. The
amount of work experience is likely to increase with the duration of enrollment. Therefore,
the in-school work experience was redefined as the work experience acquired during the
first five years of study. The work experience was also split into two parts (up to three
months and 4-12 months per year'”) to the catch the possible nonlinear effects. Further, the
employment and earnings equations were estimated separately for men and women, and for
the largest fields of study. Models were also estimated including controls for parents' in-
come and education to capture the differences in attitudes towards working and studying
and the possible financial support from the parents. However, none of these experiments

did significantly change the results from the previous specifications.

7. Conclusion

Working during the university studies is an investment in job skills that might generate
higher earnings or employment after graduation. On the other hand, working during the
studies may also interfere with academic achievement and lead to longer times-to-degree.
The essential question is whether the gains from employment are larger than the distortion
effect working has on the achievement in university. This study examines the effect of in-
school work on employment and earnings after graduation. OLS estimates show that work
experience during the enrollment is associated with higher employment probability and
higher annual earnings after graduation. However, the amount of work experience one
achieves during the studies is not exogenous and adding controls for individual background
might not solve the problem of the endogenously chosen amount of in-school work. In-
strumental variable technique can be used to correct for the endogeneity bias. Using the
local unemployment rate during the studies as an instrument and comparing graduates with
equal times-to-degree, the study finds that working yields considerable increase in earnings

one year after graduation, and the effect is positive and decreasing but statistically insig-

'S Even though it is not possible to distinguish work during the school year and work during the holidays,
more than three work months per year should indicate that student has also worked during the school year.
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nificant in the later years. However, it is likely that working delays graduation. If working
is allowed to affect the time-to-degree, the effect of work experience on earnings is much
lower and statistically insignificant for all years in the IV models. There are no significant
effects on the employment probability when instrumental variable technique is used. Re-
sults are similar if the models are estimated for the entire entry cohort rather than just

graduates. Graduates' earnings are considerably higher than earnings of dropouts.

The Ministry of Education in Finland is planning to restrict the maximum length of enroll-
ment to the theoretical length of the program plus two years. Thus, in most cases the maxi-
mum length of enrollment would be seven years. This restriction could increase students'
incentives to study more intensively and decrease the student employment, which could
have a negative effect on the graduates' earnings in the short term. However, the losses in

earnings should be weighted against the returns to shorter times-to-degree.
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Appendix

Table Al. Descriptive statistics of the data set.

Graduation year 1 year after 2 years after 3 years after
graduation graduation graduation

N Mean N Mean N Mean N Mean
Age 3,745 27.02 2,984 2794 2299 2883 1,614 29.19
Female 3,745  0.56 2,984 057 2,299 0.56 1,614  0.56
Female*Children 3,745 0.09 2,984 0.13 2,299 0.16 1,614 021
Children 3,745  0.15 2,984 021 2,299 029 1,614 037
Married 3,745 030 2,984 038 2,299 046 1,614 054
Months in employment 3,745  6.10 2,984  7.69 2,299  8.02 1,614  8.12
Annual earnings (Euro) 3,745 12,124 2,984 19,208 2,299 21,321 1,614 22,883
Local unemployment rate 3,745 17.24 2,984 16.89 2,299 16.44 1,614 16.01
Time-to-degree 3,745 590 2984 575 2,299 557 1,614 533

Local unemployment rate during 3,745 1333 2984 1225 2,299 11.04 1,614 9.53
studies

Years of work while enrolled 3,745 1.88 2,984 1.84 2,299 1.80 1,614 1.75
Work experience after graduation 3,745 0.50 2,984 1.13 2,299 1.75 1,614 237
(years)

Employed 3,745 0.52 2,984  0.65 2,299  0.66 1,614  0.67
Graduation year 1990 3,745 0.002 2,984 0.003 2,299 0.003 1,614 0.005
Graduation year 1991 3,745 0.016 2,984 0.020 2,299 0.027 1,614 0.038
Graduation year 1992 3,745 0.047 2,984 0.059 2,299 0.076 1,614 0.108
Graduation year 1993 3,745 0.095 2,984 0.118 2299 0.154 1,614 0217
Graduation year 1994 3,745  0.123 2,984 0.154 2299 0201 1,614 0.286
Graduation year 1995 3,745  0.151 2,984 0.189 2299 0.245 1,614 0.346
Graduation year 1996 3,745 0.182 2,984 0.228 2,299 0.294

Graduation year 1997 3,745 0.183 2984  0.229

Graduation year 1998 3,745 0.201 2,984

Arts 3,745 0.02 2,984  0.02 2,299  0.02 1,614  0.02
Humanities and Theology 3,745  0.13 2,984 0.13 2,299  0.12 1,614  0.10
Education and psychology 3,745  0.17 2,984  0.17 2,299  0.20 1,614 021
Social sciences 3,745 0.09 2,984  0.09 2,299  0.09 1,614 0.09
Other healthcare 3,745  0.03 2,984  0.03 2,299  0.03 1,614  0.03
Law 3,745  0.04 2,984  0.04 2,299  0.04 1,614  0.05
Business 3,745  0.13 2,984 0.14 2,299  0.14 1,614  0.15
Natural sciences 3,745  0.12 2,984  0.12 2,299  0.11 1,614  0.11
Agriculture and forestry 3,745  0.03 2,984  0.03 2,299  0.02 1,614  0.02
Engineering 3,745  0.18 2,984  0.17 2,299  0.17 1,614  0.16
Medicine 3,745 0.06 2,984  0.06 2,299  0.06 1,614  0.06
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Table A2. First-stage estimates of earnings equations one year after graduation.

Dependent variable: Years of work while enrolled (1) 2)
Employment and earnings are measured one year Including time-to-degree
after graduation

Employment Earnings

3) “)

Not including time-to-degree

Employment Earnings

Local unemployment rate during studies -0.066 -0.053
(0.010)** (0.012)**
Local unemployment rate -0.019 -0.022
(0.006)** (0.009)*
Time-to-degree 0.299 0.330
(0.026)** (0.031)**
Ln months of employment - 0.727
(0.155)**
Graduation month -0.030 -0.026
(0.007)** (0.009)**
Age 0.077 0.106
(0.009)** (0.010)**
Female 0.047 0.042
(0.055) (0.068)
Female*children -0.418 -0.364
(0.124)** (0.178)*
Children 0.188 0.185
(0.104) (0.131)
Married 0.121 0.128
(0.054)* (0.069)
Engineering 0.352 0.109
(0.090)** (0.124)
Arts 0.998 1.246
(0.251)** (0.289)**
Education and psychology 0.232 0.289
(0.093)* (0.156)
Social sciences 0.378 0.161
(0.107)** (0.145)
Other healthcare 0.327 0.008
(0.131)* (0.166)
Law 0.409 0.222
(0.156)** (0.179)
Business 0.365 0.220
(0.100)** (0.136)
Natural sciences 0.147 0.078
(0.095) (0.137)
Agriculture and forestry 0.306 0.192
(0.171) (0.216)
Medicine -0.432 -0.761

(0.110)%*  (0.142)**

20,146 20.138
(0.009)*  (0.011)**
0006 (0000
- 0.631
(0.157)%*
igﬁg%* Egﬁgég)
Oo10 o1z
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0®)  ©15%)
. e
OBy 166
PR A
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-0.448 20,792

(0.112)**  (0.142)**

Table continues on the next page
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Table continues from the previous page

(M @ 3) @)
Graduate year 91 0.747 0.797 0.979 0.935
(0.335)* (0.373)* (0.375)** (0.484)
Graduate year 92 0.786 0.756 1.262 1.183
(0.335)* (0.374)* (0.372)** (0.483)*
Graduate year 93 0.853 0.928 1.641 1.752
(0.333)* (0.371)* (0.368)** (0.477)**
Graduate year 94 0.963 0.821 2.098 1.991
(0.339)** (0.374)* (0.367)** (0.476)**
Graduate year 95 0.954 0.815 2411 2.331
(0.348)** (0.385)* (0.370)** (0.479)**
Graduate year 96 1.048 0.849 2.809 2.684
(0.358)** (0.398)* (0.374)** (0.486)**
Graduate year 97 1.154 0.820 3.153 2.932
(0.369)** (0.414)* (0.380)** (0.492)**
Constant -1.961 -4.388 -1.076 -3.208
(0.433)** (0.629)** (0.477)* (0.707)**
Observations 2,984 1,937 2,984 1,937
R-squared 0.24 0.27 0.20 0.23
Summary statistic from the first stage estimation:
Partial R-squared of excluded instruments 0.0139 0.0096 0.0999 0.0920
Test of excluded instruments 41.75 18.55 328.23 193.57
(p-value) (0.0000) (0.0000) (0.0000) (0.0000)

Robust standard errors in parentheses. * significant at 5%; ** significant at 1%
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