Estimating the E¤ect of Student Aid on College
Enrollment: Evidence from a Government Grant
Policy Reform
(Preliminary and Incomplete)
Helena Skyt Nielsena , Torben Sørensena & Christopher Taberb
a) School of Economics and Management, University of Aarhus
b) Department of Economics, Northwestern University

December, 2006

Abstract
The purpose of this paper is to investigate the responsiveness of the demand
for college to changes in student aid arising from a Danish reform. Student aid in
Denmark is means-tested, so accounting for borrowing contraints in the analysis
is crucial. We separately identify the e¤ect of aid from that of other observed and
unobserved variables such as parental income. For the Danish case, we exploit the
combination of a kinked aid scheme and the reform of the student aid scheme to
identify the e¤ect of direct costs on college enrollment. We …nd that enrollment
is less responsive than found in other studies and that the presence of borrowing
constraints is neither statistically or economically important.
Keywords: college attendance, educational subsidies, reform, kink regression.
JEL classi…cation: I22, J24.
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Introduction

An increase in educational subsidies is expected to increase college enrollment. Despite
the substantial educational subsidies are already in place, previous empirical work suggests the elasticity is large. Empirical studies for the U.S. …nd that the magnitude of the
e¤ect is such that a $1000 increase in the annual educational subsidy increases enrollment by roughly 3-5 percentage points (see e.g. Dynarski, 2003; Lesslie and Brinkman,
1988; Manski and Wise, 1983; McPherson and Shapiro, 1991). The purpose of this paper is to investigate the responsiveness of the demand for college to changes in student
aid by exploiting some useful exogenous variation in Danish data.
The crucial issue in studies of the e¤ect of …nancial aid on enrollment is to separately identify the e¤ect of aid from that of other observed and unobserved variables
such as parental background. First, student aid is most often means tested against
parental income and other socioeconomic variables. Second, responsiveness of demand
for college to changes in student aid is likely to vary with parental background for many
reasons. In particular, one might expect college enrollment to be particularly responsive to educational subsidies among families who are borrowing constrained (see e.g.
Cameron and Taber, 2004). In this paper we exploit the combination of a kinked aid
scheme and a reform of the student aid scheme to identify the e¤ect of direct costs on
college enrollment accounting for borrowing constraints.
We exploit two data characteristics to identify the e¤ect of educational subsidy
separately from the e¤ect of parental income. First, we use the nonlinear relationship
between the income of the parents and the amount of aid for which students are eligible.
Second, we use information about an extensive reform of the educational grant system
which was implemented for the cohort starting at university September 1st, 1988. We
show that, theoretically, the …rst characteristic is su¢ cient to identify the e¤ect of
interest, although, we …nd that the variation caused by the reform aids identi…cation
in practice.
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The reform consisted of two major changes: it reduced the age limit above which
you could receive grants independently of parental income and –most importantly - it
raised the levels of grants by more than 25% for all students above 19 years of age. The
exact amount and relative change in aid varied a lot depending on the income of the
parents. After the reform, educational subsidies universally covered almost all students
throughout their college education at a generous level1 .
Children with poor parents (henceforth: poor kids) are often found to be more
responsive to educational subsidies than the children of rich parents (henceforth: rich
kids). This …nding may work through (at least) three di¤erent channels. (1) Poor kids
are likely to be borrowing constrained, therefore, they would be more a¤ected by an
increase in subsidies than rich kids. (2) Poor kids may receive lower schooling contingent
transfers from their parents. Public transfers likely crowd out some schooling contingent
transfers from parents. That would lead to a lower college enrollment response of rich
kids to a reduction in public transfers than that for poor kids. (3) Poor kids receive
less non-labor income over their life time than the rich kids. That may be due to lower
non-contingent transfers from their family when they are young or due to less bequests.
This implies that the marginal utility of income is higher for poor kids than for rich kids
who have higher non-labor income. As a result, they are more sensitive to a reduction
in costs.
We adopt the low liquid asset measure, which was suggested by Zeldes (1989) and
succesfully applied by Leth-Pedersen (2004), to control for borrowing constraints. Their
argument is that the ratio of liquid assets to income indicates whether the household
face a binding credit constraint - either due to an adverse income shock or due to the
fact that assets have been run down in the past.
We use Danish register-based data for the cohorts graduating from high school in
1985 to 1990. In this way we have data both before and after the reform. We rank
1

We use the terms grant, stipend and student aid interchangeably.
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individuals according to the index of parental income which determines eligibility for
student aid, and match post-reform individuals with pre-reform individuals at the same
place in the income distribution.2 The fact that the relationship between this measure
of parental income - and hence the rank in the distribution of parental income - and
the stipend is nonlinear helps us to identify the relationship of interest. We show formally that the relationship between family income and college enrollment should jump
at the kink point which allows us to identify the e¤ect of the reform. Basically, we analyze whether the family income/college enrollment relationship changed systematically
di¤erently around the kink points.
We …nd that the subsidy did increase college enrollment, but at a lower rate than
in previous work. The point estimates indicate that a $1,000 increase in the stipend
increases college enrollment by 1-3 percentage points. The con…dence band rules out
estimates as large as found in the previous literature. To analyze whether this is partly
due to the fact that part of the students are borrowing constrained whereas others are
not, we introduce the low liquid asset indicator. We …nd some evidence that borrowing
constraints deter enrollment. The reported results are conditional on an assumption
that the supply is completely ‡exible. If a supply constraint has been binding, a demand increase should show up in ’prices’ which (in the Danish case) would be entry
requirements in terms of GPA. We argue that demand response did not a¤ect prices
signi…cantly.
Our next goal is to interpret the …ndings in the context of a simple structural model
allowing for borrowing constraints. Our point estimates from a preliminary version
of the model indicate that borrowing constrained individuals face interest rates only
slightly higher than other individuals.
2

This avoids making restrictive untestable assumptions about income growth for the parents over

the six year period, We are implicilty making the assumption that (counterfactual) eligibility for
student aid for the post-reform individuals had they graduated from high school before the reform, is
determined by their place in the income distribution.
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The remainder of this paper is organized as follows: Section 2 surveys the literature.
Section 3 describes the reform while section 4 documents the data. Section 5 presents
the empirical analysis and section 6 concludes the paper.

2

Literature survey

The literature attempting to identify the e¤ect of costs on college attendance is long
and diverse. In an older review of the literature, Leslie and Brinkman (1988) conclude
that the estimated e¤ect on college attendance of a $1000 dollar aid increase ranges
from three to …ve percentage points. The results from the earlier studies are, however,
likely to be ‡awed by poor identi…cation, as aid is correlated with numerous observable
and unobservable variables.
Comparing enrollment rates across states, Kane (1995) …nds that a $1000 dollar
di¤erence in costs of public 2-year college is associated with a 19-29% di¤erence in enrollment rates (8-16 percentage points) among 18-19 year-olds. Conditioning on 2-year
tuition, the e¤ect of tuition in public 4-year college is positive, although insigni…cant,
indicating that the marginal price determining whether or not people attend college at
all is public 2-year college tuition and not 4-year college tuition. The major weakness
of this cross-state comparison is that identi…cation is based upon di¤erences between
states which have been fairly stable over time, making it di¢ cult to separate the e¤ect
of tuition from other …xed between-state di¤erences. Exploiting within-state di¤erences
in public tuition increases since 1980, the same study estimates a 3.5 percentage point
drop in public undergraduate enrollment following a $1000 dollar increase in public 2year tuition. Furthermore, the gap in enrollment between high- and low-income youth
grew the most in the states with the largest tuition increases, hinting at the presence of
borrowing constraints. Surprisingly, the study …nds no signi…cant e¤ect of implementing the federal means-tested Pell Grant programme in the mid-seventies, leading to the
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hypothesis of supply constraints muting the e¤ect of the supposedly increased college
demand on actual enrollment. This …nding is consistent with the in‡uential study of
Hansen (1983). Later, Turner (1998) rationalized this missing e¤ect by large aid budget
institutions “undoing”the targeting of the federal grants.
McPherson and Schapiro (1991) exploit the availability of 11 years of observations
and …nd a signi…cant e¤ect of changes of the Pell Grant. A $1000 dollar increase in net
costs (1978-1979 dollars) is estimated to reduce the enrollment of low-income students
by 6.8 percentage points.
Exploiting annual micro-data from the CPS, Seftor and Turner (2002) examine the
e¤ect of changes in the Pell Grant programme on mature students, and …nd this group
to be more responsive to changes than traditional college-goers. More severe borrowing
constraints for the mature students might justify this.
The elimination of the Social Security Student Bene…t Program, which subsidized
students of deceased, disabled, or retired parents, provides Dynarski (2003) with a
source of exogenous variation in schooling costs. The e¤ect of a $1000 dollar subsidy on
the enrollment probability is estimated to be 3.6 percentage points using a “di¤erencein-di¤erences”identi…cation strategy.
The previously mentioned results mainly apply to students from low-income families, in that the youth subsidized by the Pell programme and to a large extent also those
subsidized by the Social Security Student Bene…t Program comes from low-income families. Dynarski (2000) studies the Georgia HOPE programme, which mainly a¤ected
middle- and upper-income students because any federal (means-tested) grants were deducted from the HOPE stipends. This programme allowed free attendance at Georgia’s
public colleges for state residents with at least a B average in high school. Using out-ofstate as well as in-state control groups, Dynarski estimates that a $1000 dollar subsidy
increase raise enrollment rates of middle- and upper-income students by 4-6 percentage
points.

6

When focus shifts to the relationship between a single educational institution’s grant
and tuition scheme and enrollment into the institution, the results are mixed. Linsemeir, Rosen and Rouse (2006) …nd a small, insigni…cant e¤ect on low-income youth of
converting subsidized loans into pure grants, although there might be a signi…cant effect on minorities. Shin and Milton (2006) argue that the observed empirical anomaly
that tuition and enrollment have rising together over a time span is due to omitted
variables. They perform their analysis at the college level, including competitive institutions tuition level and the wage premium as control variables, and …nd the enrollment
changes during 1998-2002 to be una¤ected by tuition and …nancial aid. Van der Klaauw
(2002) exploits discontinuities in the relation between a university’s …nancial aid o¤er
and a continuous ability measure. Based on the regression discontinuities, Van der
Klaauw reveals an enrollment elasticity of 8.6% for applicants who also …led for federal
aid, whereas the elasticity for non-…lers is estimated to be 1.3%. This di¤erence in
responsiveness is taken as an indication of borrowing constraints.
In a European context, Baumgartner and Steiner (2006) implement a di¤erencein-di¤erences estimator in a discrete-time hazard rate model to evaluate the e¤ect of
the German student aid reform of 2001, which both increased the amount of subsidy
received and the coverage of the programme. Based on a fairly small sample, they …nd
small and insigni…cant e¤ects.
Changes of educational policy often a¤ect a signi…cant part of the population.
Therefore, it is crucial to consider the supply side of the sector and not only the demand side, and in addition, general equilibrium e¤ects might ‡aw the results derived
from a partial analysis. Supply side considerations are rarely discussed explicitly in
the studies, although e.g. Turner (1998) and Kane (1995) point to supply side e¤ects
as causing otherwise non-intuitive results. General equilibrium e¤ects are analyzed by
Heckman, Lochner and Taber (1998), who …nd that taking into account the tax …nancing of the college grant and the e¤ect on relative wages, may reduce the e¤ect of tuition
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on enrollment by a factor 10.

3

The Reform

To identify the e¤ect of educational subsidies on enrollment into college, we exploit the
reform of the Danish Government Grant Policy which took place in 1988. In Denmark,
three types of college education are available: short-cycle, medium-cycle and long-cycle
higher education programmes. Table 1 gives a brief overview of the three. In this paper,
we focus on enrollment into any college education.
All colleges are public institutions and free of charge. Student grants and loans
are universal in the sense that they are given to all students admitted to recognized
educational institutions independently of their quali…cations. Grants are means-tested
for students below a certain age limit, whereas students above the age limit receive
grants independently of their parents’ income. For the present research project, we
have access to the means-testing algorithm, and the exact income measures needed to
check for eligibility.
Before the reform the subsidy was means-tested based on the following index, X;
for all individuals below a certain age limit:

X = Mother’s Income + Father’s Income
a

(1)

Number of Siblings + f (Parent’s Wealth);

where Income is taxable income, Number of Siblings denotes the number of siblings
below the age limit who are undertaking education, a is annually adjusted to account
for in‡ation, and f () is a nonlinear function of parents’wealth which also varies over
time. If parents are divorced, we assume that the individual is associated with the
parent with the lowest taxable income. Until 1987, the subsidy was means-tested for
individuals below the age limit 22. That is, before age 22 the amount of the subsidy
8

depended on the index X; but all students age 22 and higher are eligible for the full
subsidy. As a …rst step before the major reform of the student aid system, the subsidy
was means-tested only for individuals below the age limit 20 in 1987.3
The actual reform was announced in 1987 and it was implemented for the cohort
starting at college September 1st, 1988.4 After the reform, educational subsidies universally covered almost all students throughout their college education. The level of
economic support was high enough to su¢ ce for living. The reform consisted of two
major changes: First, it reduced the age limit above which you could receive grants
independently of X to 19 years. This meant that only the very few students who were
born after August 1st and followed the fastest possible way through the educational
system were means-tested for the …rst one or two quarters of their studies5 . Second,
and most importantly, the reform raised the levels of grants by more than 25% for all
students above 19 years of age. The increase was largest for those who were not eligible
before the reform. Those with the largest parental incomes - and therefore the largest
values of X - went from no grant at all (as long as they were under the age of 22) to
48.968 DDK per year (2001 prices), which roughly compares to $8000 per year.
In Figure 1, we sketch the in‡uence of the reform on the aid scheme. The main
content of the reform was to universally increase the level of the stipend. The lower line
(beginning at s1 ) represents the initial stipend while the higher (at level s2 ) represents
the post reform stipend. One can see that prior to the reform individuals with X < x1
were eligible for the maximum bene…t of s1 : This bene…t started to phase out at level
3

The 1987 change was …rst negotiated in February 1986 and it was passed in June 1986 in due time

to in‡uence the decisions of the 1986 cohort.
4
According to the Parliament’s yearbooks the law was …rst proposed in Parliament on 18/11-1986,
whereas it was …nally agreed upon on 23/4-1987 (see the Parliament’s yearbook 1985-1986 and the
Parliament’s yearbook 1986-1987). Hence the 1987-cohort of high school graduates were the …rst ones
to know about the reform when they made their career decisions.
5
We exclude individuals who do not turn 19 in the year they graduate from high school. This group
is small and they are likely to have a systematically di¤erent behaviour.
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x1 until level x2 . Students from families with X > x1 received no stipend. After the
reform everyone was eligible for the higher level. As a result, one can see that the net
e¤ect of the reform was larger for individuals for whom the pre-reform means-test was
binding (i.e. X > x1 ) but that the reform a¤ected everyone.

4

Data

4.1

Data source

We use a register-based data set covering 10% of the Danish population in the period
1984-2004. To this data set, we add information about educational event histories of
individuals enrolled at educational institutions in the period 1973-2004. For the main
part of the empirical analysis, we select a subsample consisting of high school students
graduating in 1985-1990. We use only individuals who graduate at “normal”ages, which
we de…ne as 19-20 years.6 This data set contains information about the individuals,
their parental background and grade point average from high school (GPA).
We augment the data with a prediction of the amount of grant which each individual
would be eligible for, if they enter college immediately after high school graduation. We
apply the algorithm which the authorities have used to compute grants for the students
(see Section 3).
In order to account for potential borrowing constraints, we add information about
the parents’liquid assets: the amount of assets held in cash, stocks, bonds, mortgage
deeds and other assets.
6

We are going to supplement this dataset with the individuals who do not enroll in high school

after the 9th grade. We would like to check whether the conclusions are similar if we do not condition
on high school graduation.
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4.2

Data description

In Table 2 we present enrollment rates at college for each of the high school graduation
cohorts 1985-1990 by year. One can see that delaying college enrollment in Denmark is
common. The table illustrates that roughly one half of the individuals who enroll within
a …ve year period do that within the …rst year after graduation (32.6% out of 64.1% for
all cohorts). In the empirical analysis, we focus on accumulated enrollment one year
after high school graduation so that pre-reform cohorts’enrollment decision occur prior
to the announcement of the reform. For the same reason, we disregard the 1986 and
1987 cohorts in the analysis. The reform of 1988 was announced in time for cohort 1987
to adjust their behavior, and it was preceded by a change in the age of eligibility for
full grant independently of parental income (or more precisely: independently of the
variable X which was de…ned above) which was announced in time for cohort 1986 to
adjust their behavior.
Table 2 indicates that the reform of 1988 has in‡uenced enrollment since enrollment
of cohorts graduating in years 1988 and 1990 were systematically higher one year after
high school graduation and onwards. However, the level was larger in 1990 than earlier
on.
In Table 3, we present summary statistics for the micro data set by graduation
year. We exclude the 7-8% of individuals for whom information about the parents is
unavailable. They are no di¤erent than the rest of the sample in terms of high school
graduation age and college enrollment rates. Table 3 shows that the average high school
graduation age is stable around 19.4 years. Average GPA is unobserved for 20–30% of
the sample, and therefore we create an indicator for missing GPA and include that in
the estimations. If observed, the average GPA is just above 8 and slightly increasing
over the cohorts, which probably indicates grade in‡ation.7
7

The Danish grade scale is as follows: 0, 3, 5, 6, 7, 8, 9, 10, 11, and 13. The grades 6 and above

are passed, and a medium performance is graded 8.
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In Table 3, we report two low liquid asset indicators, D1 and D2. Liquid assets
include all non-housing assets, that is cash, shares, bonds, mortgage deeds, shares in
ships and other assets.8 The basic indicator, D1, takes the value one if parents’liquid
assets falls short of one months’ income, whereas the extreme indicator, D2, takes
the value one if the parents’liquid assets falls short of two months’income. Roughly
50% of the sample have liquid assets below one months income, and roughly 60% have
liquid assets below two months income. Those are the parents we regard as potentially
borrowing constrained. However, for parents who are self-employed, the amount of
liquid assets is not registered, therefore, we separately account for this in the empirical
analysis by two alternative approaches: Whenever we use the low liquid asset indicator,
we include an indicator for whether one’s parents were self-employed in the year before
graduation or we exclude the self-employed from the analysis.
In Table 4, we present the average composition of the parents’ portfolio by high
school graduation cohort. Cash dominates the portfolio and takes up roughly half of
the portfolio in most years, whereas other assets (such as yachts, cars, campers and
other taxable assets) is the second largest element. In Table 5, we present the average
composition of the parents’portfolio by the two low liquid asset indicators. It is seen
that the potentially borrowing constrained individuals - with D1=1 or D2=1 - hold a
much higher proportion of their wealth in cash. The parents who have liquid assets of
less than one months’income, and thereby falls short of the basic split, hold as much
as 84% of their wealth in cash. The parents who have liquid assets of less than two
months’income, and thereby falls short of the extreme split, hold 74% of their wealth
in cash. The least constrained group with D2=0 hold only 30% in cash, 36% in other
assets and roughly 11% in mortgage deeds, 12% in bonds and 12% in shares. It seems
reasonable to us that a group with this portfolio composition would not be borrowing
8

For shares in ships we only have access to the net value of assets placed in shares in ships, that

is the value of assets minus liabilities. We use this net value as a replacement for the value of liquid
assets.
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constrained.

5

Empirical Results

To exploit the variation provided by the reform, we need to predict whether individuals
who are observed post-reform would be eligible for student aid had they graduated prereform. To avoid restrictive untestable assumptions about income growth for the parents
over the six year period, we make the assumption that (counterfactual) eligibility for
student aid for the post-reform individuals had they graduated from high school before
the reform, is determined by their place in the income distribution. Therefore, we rank
individuals according to the measure of parental income, X, which determines eligibility
for student aid, and predict the amount of aid an individual would have been eligible
for before the reform by assuming that his parents would have been at the same point
in the income distribution at that time. Thus, we are able to predict the magnitude
of the “treatment” provided by the reform for each individual. In a sense we are just
controlling for the distribution of income and not allowing it to determine the e¤ect of
the reform.
Speci…cally we de…ne the variable, Si to be the proportion of the maximum stipend
for which the individual would be eligible in 19859 . Thus, for an individual from a
pre-reform cohort, Si is exactly the stipend that individual would have received if he
or she had gone to college. That is, we have the same administrative data used to
determine the subsidy so we know this variable exactly. For an individual post reform
9

We take one year of grant as our measure of stipend. Due to the age limit, the total stipend

received during college is in general not just a scaling of the one-year stipend. Hence, the planning
horizon of the individual could be of relevance. In our present analysis, however, we treat the di¤erent
lengths of education alike, so there are no natural measure for total stipend during education. We are
going to look into this issue and in general distinguish between the di¤erent educational types and
lengths.
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we use the following procedure:
1. Calculate Xi
2. Determine the quantile of Xi for the current cohort
3. Obtain the corresponding quantile of X for the pre-reform cohort, call it xpre
i :
using the 1985 rule.
4. Calculate Si as the subsidy corresponding to X = xpre
i
Since it is de…ned as the proportion of the maximum stipend it varies from zero to
one. This is the key variable in our analysis.

5.1

Standard di¤erence-in-di¤erence estimation

The design of the grant scheme and the reform of the grant system provides us with
some di¤erent sources of variation as is clear from Figure 1. Before the reform, the grant
varied within each cohort across X. However, this variation is clearly not exogenous as
the level of grant was tightly linked to the …nancial situation of the parents, which for
many reasons are likely to be correlated with the individuals educational behavior. The
reform of the grant system is, however, exogenous in the sense that those graduating
from high school before the reform most likely are very similar to those graduating
after the reform. The reform provides variation over time, and since we are going
to exclude the two high school graduation cohorts to avoid announcement e¤ects, we
end up with a considerable time span between the treatment group (post-reform high
school graduates) and the control group (pre-reform graduates). Ideally one would like
a control group not exposed to the reform to facilitate a di¤erence-in-di¤erence strategy
to prevent macro or year e¤ects from driving the results. However, the universal nature
of the grant system and the reform preclude such a control, since all potential students
are a¤ected by the reform. Although we have no group who are una¤ected by the
reform, we still have variation in the treatment provided by the reform. As seen in
14

Figure 1, the magnitude of the treatment is tied to the grant which an individual would
have been eligible for before the reform. Therefore, we compare individuals based on
the amount of grant eligible for before the reform, and then expect those who would
have received lower grants to respond more strongly to the reform, since they experience
larger treatments.
That is we can estimate the model
Pr(Ci = 1) =

(

0

+

1 Si

+

2

(Si

Ri ) +

0
3 Gi

+

4 Xi

+

0
5 Zi ) ;

(2)

where Ci is a dummy variable indicating college enrollment within one year of graduation, Ri is a dummy variable determining whether the individual was a member of
a post-reform cohort, Gi is a full array of cohort dummy variables, Xi is the index of
parent’s income that determine the subsidy, Zi is a vector other socioeconomic variables
that were controlled for, and
key variable in the analysis is

is the c.d.f. of a standard Normal random variable. The
2

which should be negative as the individuals receiving

the smallest subsidies ex-ante were the largest bene…ciaries of the reform (see Figure
1).
Table 6 summarizes the results from probit models based on equation (2) for the
sample of 19-20 year old high school graduates from the cohorts 1985, 1988-90. In
speci…cation (1), the interaction between the reform dummy and the predicted prereform grant identi…es the di¤erence in responsiveness to the reform between those who
got a large treatment and those who got a small treatment (i.e.

2

in equation 2). The

di¤erence between the smallest and largest treatment amounts to approximately $4,000
dollars per year. Since the predicted grant is normalized to have a maximum of one, we
…nd that a change in grants of $4,000 dollars per year leads to a change in enrollment
of 6-7 percentage points. This e¤ect is small compared to the previous literature.
Both the pre-reform grant and the magnitude of the treatment induced by the reform
are tightly linked to the …nancial situation of the parents. In speci…cation (1) in Table
15

6, we include the income percentile of the parents in the probit regression, and we see
a 8.6 percentage point higher enrollment for the individuals at the top of the income
distribution compared to the individual at the very bottom of the distribution. Hence,
we allowed children of “rich”parents to have a di¤erent, presumably higher, enrollment
rate than children of “poor”parents. However, we assumed that they for a given change
in the stipend respond to the same extent. In other word, we allowed the rich and poor
to di¤er in levels, but not in their sensitivity to net costs of college.
This is a major issue if one is worried about borrowing constraints, di¤erent income
e¤ects, and contingent parental transfers. All of these arguments suggest that the
responsiveness to changes in net costs might depend on the …nancial conditions of the
family. If this is the case, since individuals with higher values of Xi bene…tted more
from the program we are understating the true e¤ect of stipend on the demand for
college. To income to have a di¤erent e¤ect after the reform than before the reform10 .

5.2

Accounting for borrowing constraints: A regression kink
design

We control for the parents’ …nancial situation by including their position in the income distribution. If we believe that, for instance, borrowing constraints or contingent
parental transfers have a signi…cant e¤ect on enrollment, then it is crucial to allow the
response to the subsidy to vary with income. However, allowing for this hinges on being
able to separate the e¤ect of the subsidy from that of the parents’…nancial conditions.
In our case, pre-reform stipend (and the treatment following the reform) and parents’
income are strongly correlated, as the former is a function of the latter. Generally, this
would force identi…cation to come from an assumption about the functional relationship
between income and enrollment. However, the means-testing algorithm provide us with
10

Whenever parents’income or …nancial situation is mentioned, the empirical counterpart we have

in mind is the index determining the subsidy.
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a kink in the relationship between parents’income and the grant eligible for. This kink
could be exploited for non-parametric identi…cation.
Consider the following general speci…cation in which Yi represents a generic dependent variable,
Yi = g(Xi ; Si ) + ui
where Xi is a continuous variable and Si is the treatment variable which we treat as
continuous here. The main issue for identi…cation is that Si is completely determined
Xi (i.e. Si = S(Xi )): The standard problem one faces in this type of analysis is that ui is
correlated with Xi (and thus Si ): However, suppose that there is a kink in the function
S at some value x , but not in the function g(Xi ; ) or the function E (ui j Xi ). To

simplify, we assume that g(Xi ; ) and E (ui j Xi ) are continuous di¤erentiable. De…ne
d0 and d1 such that

@S(x)
x"x
@x
@S(x)
lim
x#x
@x

d0

lim

d1
Then
limx#x

@E(Yi jXi =x)
@x

limx#x

@g(x;S(x))
@x

limx"x
d0

d1
=

@g(x ;S(x ))
@x

@g(x;S(x))
@x

+

+

d0

@g(x ; S(x ))
@s
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@E(ui jXi =x)
@x

d0
+

d0
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+ @E(ui@x

d1 d0
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d0
@s
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+

@g(x;S(x)) @S(x)
@s
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@g(x ;S(x ))
d1
@s

@g(x ;S(x ))
@x

=
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d1
limx"x

=

+

@E(Yi jXi =x)
@x

@E(ui jXi =x)
@x

)

@E(ui jXi =x )
@x

Hence, this treatment e¤ect is nonparametrically identi…ed at the kink points. In
practice, one must use more parameterized models to obtain reasonable precision. But
still, the di¤erence in sensitivity to income changes between those just to the left of
the kink point and those just to the right of it, can provide identi…cation. Thus,
theoretically, the treatment e¤ect is identi…ed even when we allow the e¤ect of parental
income to be di¤erent after the reform. In practice, data will determine whether we
have su¢ cient power to separate Si from parental income Xi :
In Figure 3, we will show kernel regressions of enrollment on the income percentile
of the parents cohort by cohort together with a kernel regression of the 1985 stipend on
income percentile.11 Before discussing what one actually sees in the data, …rst consider
what one would expect to see if borrowing constraints were important. In Figure 2 we
have superimposed the college enrollment rates onto Figure 1. The two dashed lines
present the patterns one would expect if borrowing contraints were important. Consider
…rst the pre-reform patterns shown as the lower of the two dashed lines. In the area
to the left of x1 ; all individuals receive the maximum subsidy so we would expect
enrollment rates to increase with income due to the borrowing constraints (where in
this …gure we have assumed the relationship is linear). In the segment between x1 and
x2 there are two counteracting forces. As before we have borrowing constraints but
balancing that is the fact that the subsidy is phasing out which should lead to a more
negative slope. We have drawn the …gure so the second e¤ect dominates and the slope
is negative which it does not have to be. What is crucial is the slope in this segment
should be less steep than in the segment with X < x1: Finally, when X > x2 the subsidy
is zero, so again all that should matter is the borrowing constraints thus this should
again be increasing. In particular the slope should jump right around the kink point x2 :
The higher of the dotted lines represents the post-reform response. This should have
three properties: a) it should be smooth since there are no kink points in the subsidy,
11

We use the LOWESS command in Stata to create this …gure.
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b) it should be higher than in the previous line because the subsidy has increase for
everyone, c) if borrowing constraints are important, the slope of the line should be
less steep because the subsidy should have alleviated borrowing constraints lowering
the relationship between income and enrollment. Thus if borrowing constraints are
important we should see a bigger impact of the program when we compare individuals
with very low income to those with X

x1 and we should also see a bigger impact of

the program when we compare individuals with X

x2 to those with high income.

In Figure 3 we present kernel estimates of the analogous to the predictions in Figure
2. One can see no evidence of many of the patterns we predicted in Figure 2. The three
fattest lines are the post-reform regressions. In the two cohorts 1988 and 1990, the
increase with income percentile is relatively abrupt and steep after roughly the 60th
percentile, but for the cohort 1989, the gap between the cohort and the pre-reform
cohort is large around the …rst kink but then the gap declines.
To implement this in our probit model, we account for this problem by allowing the
slope on Parent’s income to vary with the reform

Pr(Ci = 1) =

(

0

+

1 Si

+

2

(Si

Ri ) +

0
3 Gi

+

4 Xi

+

0
5 Zi

+

6

(Xi

Ri )) : (3)

Clearly this is not nonparametric, but we will see that even this restricted model was
too imprecise to draw broad conclusions.
The probit regression in speci…cation (2) in Table 6 is based on equation (3). The
coe¢ cients of interest change dramatically, but we also see a considerable cut in precision. This indicate that we lack the power in our data to separate the e¤ect of stipend
from that of parents’income. The upper bound of the con…dence interval is 0.158 which
corresponds to an e¤ect that an increase in $1000 subsidy should increase college enrollment by about 4 percentage points. One can also see that the interaction between
Income Percentile and Reform is not signi…cant at conventional levels and goes in the
opposite of the predicted direction.
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In speci…cation (3) and (4) we exclude youth with at least one self-employed parent.
This leave the qualitative conclusions unchanged although the magnitudes of the e¤ects
are smaller. In speci…cation (2) and (4), we allowed borrowing constraints to be picked
up by the measure of parents’ income. One could argue that a better measure also
would take the parents assets and the degree of liquidity of these assets into account.
That we will pursue in the next subsection.

5.3

Accounting for borrowing constraints: Using low liquid
assets

We adopt a measure of borrowing constraints develped by Zeldes (1989) and used in
this Danish data by Leth-Pedersen (2004). The idea is that the borrowing constraint
is binding for some households who choose not to build up their liquid wealth in the
past or who faced an adverse income shock that forced them to run down liquid assets.
We construct a basic and an extreme indicator for being borrowing constrained: The
basic indicator takes the value one if parents’ liquid assets falls short of one months’
income, whereas the extreme indicator takes the value one if the parents’liquid assets
falls short of two months’income. For self-employed the amount of liquid assets is not
registered. Therefore, whenever we account for low liquid assets, we either include an
indicator for whether the parents were self-employed the year before graduation or we
exclude individuals with self-employed parents.
In Table 7, we present the results of an estimation of the probit model where we
control for low liquid assets and interact the low liquid asset indicator with the reform
indicator to check whether borrowing constrained individuals reacted di¤erently to the
reform than others. We still include the measure of parental income (the position in
the income distribution) though we presume that conditional on the indicator of liquid
assets the e¤ect of parents income is constant across the reform. Thus the equation
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now takes the form
Pr(Ci = 1) =

(

0

+

1 Si

+

2

(Si

Ri ) +

0
3 Gi

+

4 Xi

+

0
5 Zi

+

6

(Di

Ri ) +

7 Di ) ;

(4)
where Di is an indicator of being borrowing constrained (either D1 or D2).
In speci…cation (1) in Table 7, we see that the basic low liquid asset indicator, D1,
has a negative coe¢ cient, which may be interpreted as evidence of binding borrowing
constraints. We would expect the reform to reduce the extent of borrowing constraints,
and this is also what the coe¢ cient to the interaction term between D1 and the reform
indicator shows. However, precision is low and the coe¢ cients are not signi…cant at
conventional signi…cance levels. In speci…cation (2) we use the extreme low liquid asset
indicator, D2, which has a signi…cantly negative e¤ect on enrollment, which disappears
after the reform, although the latter result is not signi…cant at normal levels. The
indicator for having at least one parent who are self-employed seem to have a similar
e¤ect as D1 = 0 or D2 = 0, which means that a self-employed business is like a
type of a liquid asset. Therefore, to achieve higher precision, in speci…cation (3) we
construct a combined measure of being borrowing constrained which takes the value
one for individuals who have (extremely) low liquid assets, i.e. D2 = 1, or no selfemployed parent. The coe¢ cient to this borrowing constraint indicator is -.053 and the
e¤ect disappears after the reform - and both e¤ects are signi…cant at normal levels. In
speci…cation (4) and (5), we exclude the self-employed, and …nd results that are similar
to speci…cation (1) and (2).
The point estimates of the e¤ects suggest that borrowing constraints may matter,
although most coe¢ cients are not statistically signi…cant at conventional levels. The
overall e¤ect of the key variable,

2,

of the reform. The point estimate of

is modest, suggesting a relatively modest e¤ect
2

depends on how we handle the self-employed

parents. When kept in the analysis and singled out by an dummy variable, as in
speci…cation (1)-(3), we …nd that a change in grants by $4,000 dollars a year change
21

enrollment by 6 percentage points. When the self-employed are entirely omitted from
the analysis we estimate an e¤ect of 3 percentage points, cf. speci…cation (4) and (5).

5.4

Analysis of capacity constraints

The e¤ect of a change in demand on the observed quantity depends crucially on the
supply side (that is the number of openings for students throughout the country). This
is also the case in the market for education. To derive the change in demand from
changes in observed college enrollment and attainment, we need to know something
about the supply side of the educational market or at least make our results conditional
on assumptions about supply. The existing literature have, most often, implicitly,
assumed a totally ‡exible supply of education, thereby equating demand changes to
observed changes in quantities. This approach seems reasonable when studying e¤ects
on a limited subset of the population, but when whole cohorts are a¤ected, as in our case,
the supply of education might no longer adjust fully to match the increased demand.
Generally, if supply is not perfectly elastic, an increase in demand would lead to price
increases. In the Danish educational system, however, education is publicly provided,
so there are no direct price mechanism in the educational sector to observe. Thus, we
need another observable variable to somehow gauge the elasticity or ‡exibility of the
supply. When the demand for a particular education exceeds the study places supplied,
the applicants are to a large extent sorted by their high school GPA12 . When the net
return to education increases, we would expect the demand for education to increase
for high school graduates with low as well as high GPA. If the supply is totally elastic
and follows demand, the composition of those being induced to take further education
decide whether the average GPA of enrolled students goes up or down. However, if the
supply is …xed we would expect the average GPA of enrolled students to increase, as
12

A (varying) fraction of the study places are reserved for so called second-quota-applicants, who

can supplement their GPA with e.g. work experience, folk high school.

22

GPA is the main sorting instrument.
In Figure 4, which is based on a gross data set for a longer time period, we plot
the average high school GPA of …rst-year students for all colleges and for university
college. We do not see an unambiguous e¤ect of the reform on the average GPA of
enrolled students, but there seem to be a upward trend from 1984 with a slight drop
in 1988 and a jump afterwards. This observation might indicate an increased excess
demand for education, and, therefore, a wedge between the increase in demand and the
increase in actual enrollment. However, the increased average GPA of enrolled students
in Figure 4 might just be a result of a time-varying distribution of high school GPA. To
accommodate this potential problem, we normalize each student’s GPA by the average
in his or her high school cohort. Still, the …gures are vulnerable to changes in other
moments in the distribution of high school GPA. In Figure 5 we plot the averages of these
relative GPAs for …rst-year students. Now the series seem more stationary - still with
a slight drop in 1988 and a jump up in 1989 - indicating that the increased enrollment
following the reform was not to a considerably extent dampened by an in‡exible supply.
To conclude, potential supply constraints do not seem to have changed the composition
of enrolled students with respect to high school GPA. This analysis is, of course, not
perfectly capable of identifying the elasticity of the supply, but with Figure 4 in mind,
we are more con…dent in directly linking changes in observed enrollment to changes in
demand for education.

5.5

Estimation of Structural Model

In our evidence to this point we have found no strong evidence that borrowing constraints are particularly important and also the reform does not appear to be particularly e¤ective in promoting education. However, without structure it is hard to interpret
the estimates that we have. Does our lack of evidence on borrowing constraints result
because they are not important or because we have little precision? By putting some
23

simple structure on the model we can gain some insight to this question. In this section
we will discuss our extension of this model into a simple structural framework based on
Cameron and Taber (2004). At the time of this writing, we only estimated a preliminary
version this model.
5.5.1

Basic Model

Individuals derive utility from consumption and tastes for nonpecuniary aspects of
schooling. These nonpecuniary tastes could represent the utility or disutility from
school itself or preferences for the menu of jobs available at each level of schooling.
Assuming agents have log utility over consumption in each period, lifetime utility for
schooling level S is given by
Vs =

1
X

t

log (ct ) +

S

t=0

where ct is consumption at time t, TS represents nonpecuniary tastes for schooling
level S,

is the subjective rate of time preference. Note that we have abstracted from

uncertainty in the model.
De…ning the set of possible schooling choices by S, individuals choose S out of this

set so that

S = arg max fVS j S 2 Sg :
We follow Cameron and Taber by assuming that people borrow and lend at rate

1

after school, but that while in school students borrow at a rate R that is potentially
higher than the market rate. Under schooling level S this yields the budget constraint
S 1
X
t=0

1
R

t

ct +

1
R

1
SX

t S

t=S

ct

WS
RS

S 1
X
1
Rt
t=0

St+1 ;

where WS is the present value of earnings associated with schooling level S discounted
to time S and

St

represents direct costs of schooling at time t associated with schooling

level S net of the subsidy.
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Solving for the optimal levels of consumption and plugging back into the utility
function yields the following indirect utility function (conditional on schooling):

VS

1

log (1
)
=
+
1
"S 1
X
t
+
t+

1

log

t=0

#

S

S log ( R) +

1

t=0

S 1
X

WS
RS

1
R

t
St+1

!

S

Our goal is to estimate this model where we allow for heterogeneity in R;

St ;

and

S:

5.5.2

Intuition for Identi…cation

In order to gain an intuition for identi…cation in this model we consider a simple case.
In particular we assume that there are only two levels of schooling,
C =f0; 1g:
We keep things simple by supposing there are two periods (Ti 2 f0; 1)g), two income

types (Xi 2 f0; 1)g), and two levels of Asset wealth (Di 2 f0; 1)g). This means that
there are a total of 8 di¤erent groups of people. We suppose further that W1 and W0

are known but do not vary across time periods or individuals. What is crucial about
the model is that we know the form of the subsidy which depends on Ii and Ti ; let this
be S(Ii ; Ti ).
The general model is
V1i

1

V0i =

log

1
+
0

1i

log( Ri ) +

1
+

W1
Ri

1

log

W1
Ri

1i
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1i

log(W0 )
0i :

log(W0 ) +

2

log(Ri ) + vi

where we have denoted variables that vary across individuals with i subscripts:An individual chooses schooling level 1 if V1i

V0i > 0:

Clearly if we allow assets, time, and income to enter R; v;and

in a general way

there is no way that the model is going to be identi…ed. We need some exclusion
restrictions. Lets assume that we can write

log(Ri ) =

0

+

1 Ai

i

=

0

+

1 Ti

1i

=

0

+ S(Ii ; Ti ) +

+

2 Ai

+

3 Ii

+ "i

1 Ii

where "i has a standard normal distribution.
Lets put this altogether:
V1i

V0i =

0

+

+
= [

0

+

0

+
0

+

log W1 e

1

1 Ti
1

+

2 Ai

0

1 Ai

+

3 Ii

log(W0 ) +

1 Ti

+(

+

1

1 Ti

+

2 0

+

log y1 e
2 Ai

+

2 0

2 ) Ai

3 Ii

1 Ii

log(W0 ) +

2( 0

+

1 Ai )

+ "i

+

+

0 + 1 Ai

S(Ii ; Ti )

0

0]
3 Ii

0

+

1

log W1 e

0

1 Ai

0

S(Ii ; Ti )

1 Ii

+ "i

+ S(Ii ; Ti ) +

1 Ii

+ "i :

One could estimate this model using a nonlinear probit. However it has 9 parameters
(

0;

1;

0;

1; 0; 1;

1;

2;

3)

but only 8 degrees of freedom. We can …x that problem

in the same way as Cameron and Taber (2004), namely taking

0

as known. That is

they assume that the group with high assets is not borrowing constrained (and represent
them as the Ai = 0 group). This means that once can estimate

1

but not

0:

This allows

us to estimate not the level of the borrowing rate, but rather the ratios of borrowing
rates for the constrained and unconstrained groups.
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5.5.3

Implementation

We will estimate a slightly more complicated version of model that was exposited in
the previous section. In particular we will allow for more than two levels of schooling.
We will also include additional variables like test scores and parent’s education into
the model and allow it to a¤ect both earnings and tastes for schooling. Denote these
variables by Xi : We will have more than two groups of time periods and income. Let
income be a continuous variable and let time now be a vector of dummy variables.
Thus, we will estimate a model similar to
log(Ri ) =

0

+

1 Ai

si

=

0

+

0
1 Ti

si

=

0

+ S(Ii ; Ti ) +

log(Wsi ) =

0

+

1 Ii

+

+

2 Ai

0
2 Xi

+

3 Ii

+

0
4 Xi

+ "si

s1 Ii

+

3 Expi

+

2
4 Expi

+ ui

where Expi represents experience. The joint distribution of ("0i ; :::; "Si ) can be speci…ed
in a number of ways, for example a nested logit (as in Cameron and Taber, 2004).
Estimating the model will be done in two steps. We …rst estimate the present value
of earnings by estimating a wage equation and then integrating across time. We then
take the predicted values from that regression and estimate the rest of the model using
a nonlinear discrete choice model. Once the model is estimated we can look at the ratio
of the borrowing rate for the constrained and unconstrained group. This gives us some
sense of magnitude and allows us to judge whether our lack of signi…cance results from
imprecision or from small e¤ects. We can also use the model to simulate the reaction
of enrollment to alternative subsidy programs.
5.5.4

Results

The …rst preliminary results from estimation of the structural model are shown in Table
8. In the …rst step we predict net present values from a log income regression of annual
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income on GPA, parental education and gender. In the second step, we estimate a
probit model. The market interest rate is assumed to be 4%, and we impose the
following restrictions:

0

=

1

=

2

= 0: We …nd an interest rate gap,

1;

of 0.6%,

which is small and economically insigni…cant. This result is very preliminary and more
work needs to be done before drawing conclusions from these results.

6

Conclusion

Empirical studies across time and countries …nd a strong intergenerational correlation
in schooling, and more generally a strong relationship between family background and
schooling. To make the educational attainment less dependent of the parental background, educational subsidies which are means-tested against parental income have
been introduced all over the world. We devote this paper to study how those subsidies
in‡uence the demand for college education.
We …nd that college enrollment increases with increasing subsidy. The point estimate indicate that a $1,000 increase in the stipend increases college enrollment by
1-3 percentage points, which is a signi…cantly lower response than found in the earlier
literature. To analyze whether this is partly due to the fact that part of the students
are borrowing constrained whereas others are not, we control for low liquid assets and
we …nd some evidence that borrowing constraints deter enrollment. The e¤ect is from
a statistical point of view borderline signi…cant. To get some idea of whether it is economically signi…cant we estimate a structural model. When we interpret the …ndings
in the context of a simple structural model, which allows for borrowing constraints by
assuming that constrained students face a higher borrowing rate of interest while undertaking education, our preliminary results suggest that constrained individuals face
interest rates slightly higher than other individuals. As in the reduced form model,
from a statistical point of view, the gap is borderline signi…cant, but the size of the gap
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indicates that it is not economically signi…cant. We are cautious to warn the reader
that this is a very preliminary result that we will explore much more thoroughly.

References
[1] Baumgartner and Steiner (2006), Does More Generous Student Aid Increase Enrolment Into Higher Education? Evaluating the German Student Aid Reform of
2001, IZA DP No. 2034.
[2] Becker and Tomes (1986), Human Capital and the Rise and Fall of Families, Journal of Labor Econmics 4: S1-S39.
[3] Cameron and Taber (2004), Estimation of Educational Borrowing Constraints Using Returns to Schooling, Journal of Political Economy 112: 132-182.
[4] Carneiro and Heckman (2002), The Evidence on Credit Constraints in Postsecondary Schooling, Economic Journal 112: 705-734.
[5] Card, D. (1999), The Causal E¤ect of Education on Earnings, in Handbook of
Labor Economics vol. 3A, edited by O. Ashenfelter and D. Card. Amsterdam:
Elsevier.
[6] Card, D. (2001), Estimating the Returns to Schooling: Progress n Some Persistent
Econometric Problems, Econometrica 69: 1127-60.
[7] Dynarski, S. (2003), Does Aid Matter? Measuring the E¤ect of Student Aid on
College Attendance and Completion, American Economic Review 93: 279-288.
[8] Dynarski, S. (2000), Hope for Whom? Financial Aid for the Middle Class and Its
Impact on College Attendace, National Tax Journal, 53: 629-661.

29

[9] Heckman, Lochner and Taber (1998), General Equilibrium Treatment E¤ects: A
Study of Tuition Policy, American Economic Review, 88: 381-386.
[10] Kane, T. (1995), Rising Public College Tuition and College Entry: How Well do
Public Subsidies Promote Access to College?, NBER WP No. 5164.
[11] Keane, M. P. and K. I. Wolpin (2001), The E¤ect of Parental Transfers and Borrowing Constraints on Educational Attainment, Internatinal Economic Review 42:
1051-1103.
[12] Leslie, L. and P. Brinkman (1988), The Economic Value of Higher Education, New
York: Macmillian.
[13] Leth-Pedersen, S. (2004), Intertemporal Consumption and Credit Constraints:
Does Total Expenditure Respond to An Exogenous Shock to Credit? AKF working
paper, Denmark.
[14] Linsemeier, Rosen, Rouse (2006), Financial Aid Packages and College Enrolment
Decisions: An Econometric Case Study, Review of Economics and Statistics 88:126145.
[15] McPherson and Schapiro (1991), Does Student Aid A¤ect College Enrolment? New
Evidence on a Persistent Controversy, American Economic Review 81: 309-318.
[16] Seftor and Turner (2002), Back to school: Federal Student Aid Policy and Adult
College Enrolment, The Journal of Human Resources37: 336-352.
[17] Shea, J. (2000), Does Parents’Money Matter?, Journal of Public Economics 77:
155-84.
[18] Shin and Milton (2006), Rethinking Tuition E¤ects on Enrolment in Public FourYear Colleges and Universities, The Review of Higher Education 29:213-237.
30

[19] Van der Klaauw (2002), Estimating the E¤ect of Financial Aid O¤ers on College
Enrolment: A Regression-Discontinuity Approach, International Economic Review
43: 1249-1287.
[20] Zeldes, S. P. (1989), Consumption and Liquidity Constraints: An Empirical Investigation, Journal of Political Economy 97: 305-346.

31

Educational Length

Examples

category
Short-cycle
higher

edu-

cation

2 years

The …elds of study include agriculture, textile and design, food industry, construction, hotel and tourism,
computer science, industrial production, laboratory
technician, IT and communication and international
marketing.

Mediumcycle
higher

edu-

cation

3 to 4 years Professional programmes like teacher training programmes, programmes in social work, journalism, nursing, engineering etc. and research-based Bachelor programmes.

Long-cycle
higher

edu-

5 to 6 years The candidatus programmes. The programmes qualify
students for occupational functions and scienti…c work.

cation
Table 1: Overview of higher education programmes in Denmark

2

College enrollment, Year X after graduation
High school
graduation cohort
1985
1986
1987
1988
1989
1990
All cohorts

Year 0

Year 1

Year 2

Year 3

Year 4

0.144
0.138
0.129
0.121
0.127
0.167
0.138

0.310
0.296
0.299
0.315
0.339
0.395
0.326

0.453
0.435
0.463
0.489
0.483
0.536
0.476

0.535
0.519
0.558
0.588
0.566
0.618
0.563

0.581
0.573
0.610
0.642
0.611
0.664
0.613

Year 5

Nobs

0.604 2229
0.600 2320
0.642 2132
0.668 2054
0.642 2208
0.694 2289
0.641 13232

Table 2: Dynamics of college enrollment for the high school graduation cohorts
1985-1990.

High school graduation age (years)
GPA
GPA missing (0/1)
Mothers education category 0 (basic school)
Mothers education category 1 (high school or similar)
Mothers education category 2 (vocational education)
Mothers education category 3 (short cycle higher education)
Mothers education category 4 (medium cycle higher education)
Mothers education category 5 (long cycle higher education)
Fathers education category 0 (basic school)
Fathers education category 1 (high school or similar)
Fathers education category 2 (vocational education)
Fathers education category 3 (short cycle higher education)
Fathers education category 4 (medium cycle higher education)
Fathers education category 5 (long cycle higher education)
D1: Parents' liquid assets exceed one month's income (0/1)*
D2: Parents' liquid assets exceed two month's income (0/1)*
At least one of the parents are self-employed (0/1)
Number of observations
* If liquid assets are registered and parents are not self-employed.

1985
19.35
8.01
0.235
0.441
0.019
0.332
0.034
0.152
0.022
0.370
0.019
0.353
0.029
0.135
0.095
0.472
0.366
0.277
2229

High school graduation cohort
1986
1987
1988
1989
19.43 19.43 19.43 19.43
8.10
8.15
8.19
8.21
0.256 0.258 0.264 0.309
0.421 0.374 0.360 0.353
0.013 0.014 0.016 0.018
0.360 0.363 0.367 0.369
0.040 0.042 0.043 0.042
0.147 0.184 0.191 0.192
0.019 0.023 0.024 0.027
0.330 0.339 0.316 0.296
0.019 0.023 0.019 0.024
0.398 0.363 0.370 0.381
0.030 0.037 0.037 0.039
0.141 0.155 0.156 0.162
0.082 0.083 0.102 0.098
0.460 0.453 0.541 0.480
0.359 0.366 0.442 0.388
0.274 0.292 0.259 0.292
2320
2132
2054
2208

Table 3: Means of central variables by high school graduation cohort.
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1990
19.39
8.30
0.278
0.315
0.021
0.375
0.047
0.204
0.038
0.284
0.025
0.370
0.038
0.172
0.111
0.472
0.367
0.256
2289

High school graduation age (years)
GPA
GPA missing (0/1)
Mothers education category 0 (basic school)
Mothers education category 1 (high school or similar)
Mothers education category 2 (vocational education)
Mothers education category 3 (short cycle higher education)
Mothers education category 4 (medium cycle higher education)
Mothers education category 5 (long cycle higher education)
Fathers education category 0 (basic school)
Fathers education category 1 (high school or similar)
Fathers education category 2 (vocational education)
Fathers education category 3 (short cycle higher education)
Fathers education category 4 (medium cycle higher education)
Fathers education category 5 (long cycle higher education)
D1: Parents' liquid assets less than one month's income (0/1)*
D2: Parents' liquid assets less than two month's income (0/1)*
At least one of the parents are self-employed (0/1)
Number of observations
* If liquid assets are registered and parents are not self-employed.

1985
19.35
8.01
0.235
0.441
0.019
0.332
0.034
0.152
0.022
0.370
0.019
0.353
0.029
0.135
0.095
0.528
0.634
0.277
2229

High school graduation cohort
1986
1987
1988
1989
19.43 19.43 19.43 19.43
8.10
8.15
8.19
8.21
0.256 0.258 0.264 0.309
0.421 0.374 0.360 0.353
0.013 0.014 0.016 0.018
0.360 0.363 0.367 0.369
0.040 0.042 0.043 0.042
0.147 0.184 0.191 0.192
0.019 0.023 0.024 0.027
0.330 0.339 0.316 0.296
0.019 0.023 0.019 0.024
0.398 0.363 0.370 0.381
0.030 0.037 0.037 0.039
0.141 0.155 0.156 0.162
0.082 0.083 0.102 0.098
0.540 0.547 0.459 0.520
0.641 0.634 0.558 0.612
0.274 0.292 0.259 0.292
2320
2132
2054
2208

1990
19.39
8.30
0.278
0.315
0.021
0.375
0.047
0.204
0.038
0.284
0.025
0.370
0.038
0.172
0.111
0.528
0.633
0.256
2289

Table 3: Means of central variables by high school graduation cohort.

Average proportion of portfolio in
Cash
Other
Mortgage deeds
Bonds
Shares
Shares in a ship
Total
Number of students with observed liquid assets of parents

1985
0.469
0.293
0.091
0.088
0.058
0.000
1.000
1543

High school graduation cohort
1986
1987
1988
1989
0.498 0.484 0.445 0.514
0.275 0.290 0.301 0.237
0.081 0.060 0.072 0.065
0.075 0.064 0.079 0.081
0.071 0.101 0.099 0.098
0.000 0.001 0.005 0.005
1.000 1.000 1.000 1.000
1594
1429
1532
1632

Table 4: Portfolio composition by high school graduation cohort.
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1990
0.560
0.227
0.046
0.067
0.098
0.002
1.000
1681

Average proportion of portfolio in
Cash
Other
Mortgage deeds
Bonds
Shares
Shares in a ship
Total
Number of students with observed liquid assets of parents

Low liquid asset split
Basic
Extreme
D1=1 D1=0 D2=1 D2=0
0.844 0.350 0.741 0.303
0.089 0.345 0.158 0.357
0.011 0.093 0.023 0.105
0.013 0.102 0.024 0.117
0.042 0.107 0.053 0.115
0.001 0.003 0.001 0.003
1.000 1.000 1.000 1.000
2786
6620
4146
5260

Table 5: Portfolio composition by low liquid asset split: Basic vs. extreme.
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6

*
*
*
*

0.011
0.041
0.029
0.052

0.013
0.048
0.034
0.063

6395

yes
yes
no
-3492

0.176 * 0.008
0.882 * 0.016
0.082 * 0.013

0.020
0.068
-0.043
0.146 *

6395

yes
yes
no
-3492

0.020
0.013
0.018
0.080
0.023
0.093
0.063
0.124
0.111
0.142
0.176 * 0.008
0.882 * 0.016
0.082 * 0.013

Table 6: Results from estimation of a probit model for college enrollment, cohorts 1985, 1988-90.

8771

8771

Number of observations

* 0.011
0.068
0.079
0.101
0.117
* 0.006
* 0.015
* 0.011

yes
yes
yes
-4792

0.019
0.021
-0.002
0.011
0.101
0.173
0.874
0.081

yes
yes
yes
-4793

0.173 * 0.006
0.874 * 0.015
0.081 * 0.011

0.019
0.068
-0.066
0.086

Indicators for graduation cohort included
Controls for parents' education included
Include self-employed
Log-likelihood

High school graduation age=20
Proportion of max stipend (1985 regime)
Reform * Proportion of max stipend (1985 regime)
Income Percentile
Reform * Income percentile
GPA
GPA missing (0/1)
Man (0/1)

Dep. var.: College enrollment

Marg.eff. Std.err. Marg.eff. Std.err. Marg.eff. Std.err. Marg.eff. Std.err.
(1)
(2)
(3)
(4)
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yes
yes
yes
-4434
8118

yes
yes
yes
-4436
8118

Indicators for graduation cohort included
Controls for parents' education included
Include self-employed
Log-likelihood

Number of observations

*
*
*
*
*

0.023
0.028
0.007
0.017
0.011

8118

yes
yes
yes
-4434

-0.053
0.046
0.171
0.870
0.078

0.016
0.012
0.064
0.043
-0.060 * 0.030
0.088
0.055

5742

yes
yes
no
-3136

0.176 * 0.008
0.879 * 0.018
0.079 * 0.013

0.017
0.014
0.068
0.052
-0.033
0.037
0.168 * 0.069
-0.030
0.028
0.045
0.034

0.014
0.052
0.037
0.070

5742

yes
yes
no
-3135

0.175 * 0.008
0.877 * 0.018
0.079 * 0.013

-0.048 * 0.027
0.039
0.031

0.016
0.065
-0.032
0.160 *

constraints, cohorts 1985, 1988-90.

Table 7: Results from estimation of a probit model for college enrollment with controls for borrowing

0.171 * 0.007
0.870 * 0.017
0.078 * 0.011

0.172 * 0.007
0.871 * 0.016
0.079 * 0.011

0.016
0.012
0.063
0.043
-0.058 * 0.030
0.088
0.056

0.054 * 0.032
-0.060 * 0.034

0.017
0.012
0.064
0.043
-0.059 * 0.030
0.093 * 0.055
-0.033
0.029
0.044
0.034
-0.051 * 0.027
0.040
0.031
0.059 * 0.029
-0.051
0.031

High school graduation age=20
Proportion of max stipend (1985 regime)
Reform * Proportion of max stipend (1985 regime)
Income Percentile
D1: low liquid assets indicator (0/1) (basic)
Reform * D1
D2: low liquid assets indicator (0/1) (extreme)
Reform * D2
Self-employed (0/1)
Reform * self-employed
Self-employed=0 or D2=1
Reform * (self-employed=0 or D2=1)
GPA
GPA missing (0/1)
Man (0/1)

Dep. var.: College enrollment

Marg.eff. Std.err. Marg.eff. Std.err. Marg.eff. Std.err. Marg.eff. Std.err. Marg.eff. Std.err.
(1)
(2)
(3)
(4)
(5)

Dependent variable
Enrollement in college Enrollment at univ college *
Parameter
Estimate
Std. err.
Estimate
Std. err.
a0
0.0611
0.1586
0.6867
*
0.1839
a1
1.6031 * 0.3159
3.3599
*
0.3711
g 1 (low liquid assets)
0.0064 * 0.0036
0.0032
*
0.0018
b 1 (reform dummy)
0.0630 * 0.0335
0.0333
0.0372
b 3 (income percentile)
0.4874 * 0.0483
0.5012
*
0.0524
* Those starting short- or medium cycle educations have been deleted.
Parameter restrictions: d 1 = d 0 = b 2 = 0.

Table 8. Results from estimation of a simple structural model.
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Figure 1: Illustration of the in‡uence of the reform on the stipend.
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Figure 2: The stipend rule and it’s relation to enrollment.

10

.8

1

.5

.2

.4
.6
stipend

Enrollment rate
.3
.4

0

.2

0

.2

.4
.6
Income percentile
enrollment1985
enrollment1989
stipend

.8

1

enrollment1988
enrollment1990

®

Figure 3: Kernel regression of college enrollment on income percentile.
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Figure 4: High school GPA of …rst-year students.
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Figure 5: High school GPA of …rst-year students relatively to high school cohort average.
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