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1 Introduction

Common sense suggests that reducing class size may be a means of improving the quality
of education. Reducing the number of students in a class has the potential of affecting
how much is learned in a number of different ways, including (i) less disruptive behaviour
in the classroom!, (ii) enabling the teacher to employ different teaching methods?, (iii)
students receiving more individualized attention, and (iv) teachers having closer contact
with parents. It is a convenient policy instrument as it is a parameter parents care a lot
about and as it is one of the simplest variables to manipulate. However, student outcomes
are dependent on many different factors and the existing evidence of the effectiveness of
reducing class size on student outcomes is mixed (see, e.g., Hanushek 1996, and Krueger
2003).

In the present study we analyse effects of class size and the number of students per
weekly teacher hour on early career employment and wages. To eliminate bias due to
the endogeneity of school resources both between schools and grades, we use a regression-

discontinuity design with discontinuities induced by administrative rules as instruments.

The number of students per weekly teacher hour is not equivalent to class size due to
variation in the number of weekly lessons and in the number of lessons with more than
one teacher. For instance, compensatory allocation of extra teacher hours to larger classes
implies that the number of students per teacher hour varies less than class size. If it is
the amount of teacher resources per pupil, and not the number of students in the class
room that matters for outcomes, compensatory teacher hours will lower the estimated
class size effects, and thus bias the class size effect downward. Below we motivate why it
is important to analyse effects on early career outcomes such as employment and wages
and why it may be important to use instruments for class size and other measures of

school resources.

The overwhelming part of the class size evaluation literature examines the impact
of class size on basic skills in, for instance, reading and math measured by test scores.
However, economists have long argued that a major role of elementary and secondary
education is to prepare students for participation in the labour market, and that the
effectiveness of class-size reductions should also be measured by the impact on labour
market outcomes such as earnings and employment. Class size may influence outcomes
other than test scores, because smaller classes are compatible with a learning environment
and teaching methods that may also enhance other skills such as teamwork, creativity and

leadership skills that may be valued in the labour market and thus have impact on labour

'See Lazear (2001).
?See Borghans (2002); Betts and Shkolnik (1999); Blatchford and Martin (1998); and Rice (1999).



market outcomes later in life. Zahorik et al. (2000) argue that possible positive effects
of reducing class size may work through more instruction time, less need of discipline,
more teacher enthusiasm, more hands-on activities, more class participation, and more
student self-direction and responsibility. In big classes, to establish and maintain order in
the classroom, most of the class time is typically devoted to activities that can be easily
monitored and which keep most students busy, such as lecture and seatwork. When class

size drops, a change of balance between different instructional methods becomes feasible?.

A few recent studies examine class-size effects on outcomes after compulsory school
such as educational attainment, wages and unemployment experiences, see Dearden et al.
(2002), Dustmann et al. (2003), Browning and Heinesen (2005), and Boozer and Maloney
(2001). Dustmann et al. find significant negative effects of increasing class size on the
probability of staying on at school at age 16, and this decision in turn affects wages later in
life, whereas Dearden et al. using the same data set (but unlike Dustman et al. estimating
reduced form regressions) find no effects on educational qualifications or male wages, but
negative effects on female wages (at age 33). Browning and Heinesen find negative and
(marginally) significant class-size effects on years of education. Boozer and Maloney find
statistically and economically significant negative effects of class size on both test score

growth and on early adult outcomes such as completed education and unemployment.

The key methodological challenge when estimating causal effects of class size is the
potential endogeneity of the class size variable. It has long been recognized that class
size may be endogenous to outcomes due to such different sources as parents choosing
schools by choosing their residences, and educators at the school level pursuing compen-
satory policies by placing students who have specific problems or are simply doing poorly
in smaller classes. Recent findings by West and Wéssmann (2005) indicate substantial
compensatory sorting of weaker students into smaller classes in many countries. Thus,

endogeneity may severely bias naive estimates of the class-size effect.

The majority of studies estimating class-size effects has either ignored endogeneity
issues or tried to take account of them by controlling for a large number of important co-
variates and/or by using measures of class size at a high level of aggregation (for instance,
using average class size at school level controls for endogeneity related to within-school

allocation decisions). In more recent work, a variety of other approaches has been used to

3Borghans (2002) argues that a possible explanation for the often observed missing class-size effect on
test scores in the education literature might be that, generally, when class size is reduced, the time used for
class teaching decreases while the time for individual instruction increases. Since each pupil only receives
a fraction of the individual instruction provided by the teacher, the total teaching time per pupil may
decrease. And, as a consequence, achievement measured by test scores may also go down. However, if
individual instruction stimulates non-cognitive skills more than class teaching (and if these are valued in
the labour market), this change in the instructional regime might affect labour-market outcomes positively,
even though cognitive skill acquisition may be detrimentally affected.



deal with endogeneity problems. Ideally, we would like to conduct explicit experiments,
randomly assigning students and teachers to class rooms of different sizes. In his study of
the Project STAR experiment, Krueger (1999) finds significant positive effects of smaller
classes on test scores in the early grades. However, in practice, experiments also have dis-
advantages (see Hoxby, 2000; Todd and Wolpin, 2003; and see also Heckman et al., 1999,
for a related discussion of advantages and disadvantages of using experiments in the evalu-
ation of labour market programmes), and they are out of reach of most researchers. Other
methods to control for endogeneity include value-added models and quasi-experimental
methods. Studies estimating value-added models, where achievement is related to prior
achievement, do, on the whole, not find strong evidence in favour of class-size reduction in
US data (Hanushek, 1997). However, value-added models impose strong assumptions on
the underlying production technology and they are highly susceptible to endogeneity bias,
see Todd and Wolpin (2003). Studies using quasi-experimental methods have employed
exogenous population variation (Hoxby, 2000), and maximum class-size rules (Angrist and
Lavy, 1999). Hoxby rules out even small class-size effects on test scores, whereas Angrist

and Lavy find significant effects for 5" graders, but not for 3"% or 4" graders.

The present study basically follows the identification approach used by Angrist and
Lavy (1999) who use variation in school enrolments combined with an administrative
maximum class-size rule that governs class size as a function of enrolment. This rule does
not predict the actual class size perfectly because many factors affect class size, but, as
Angrist and Lavy show, predicted class sizes fit the actual data reasonably well, as average
class size clearly displays a ”saw-toothed pattern” induced by the rule. This ”regression-
discontinuity design” is different from conventional IV methods because the instruments
are derived from non-linearities or discontinuities in the relationship between the regressor
of interest and a control variable. The analysis of this paper differs in several important
respects from that of Angrist and Lavy (1999): Our outcome measure is not test scores,
but early career employment and wages; we estimate effects of both class size and the
number of students per weekly teacher hour; we use micro data for student outcomes and
parental background (whereas Angrist and Lavy use class averages); we use a very large set
of controls for family background at the individual level and socioeconomic conditions at
the local authority level (whereas Angrist and Lavy use only one control variable, namely
the percentage of students from disadvantaged backgrounds at school level); finally, using
Danish data we estimate effects of reducing class size from an average level of 20, compared
to an average level of 32 in the Israeli data set used by Angrist and Lavy. The regression
discontinuity approach can eliminate bias due to endogeneity of school resources between

schools and grades, and between classes within grades.

We use the same panel data set as in Browning and Heinesen (2005). Data are merged



from several administrative registers by use of personal civil registration numbers and
cover all eight cohorts of 8" graders in public schools in Denmark for the period of 1985-
92. Our results suggest that smaller class sizes do not seem to produce benefits that
translate into significantly higher early career employment or wages. However, a tentative
analysis on outcomes later in the career suggests that there might be effects of class size

and teacher resources on wages for more experienced workers.

The paper proceeds as follows. The next section presents the empirical framework.
Section 3 presents the data set and descriptive statistics. Section 4 reports estimation

results. The last section concludes.

2 The empirical framework

To identify causal effects of school resources on student outcomes, we use discontinuities,
induced by administrative rules, in the relationship between school resources and enrol-
ment. We use the fact that when grade enrolment crosses a critical value, this will trigger
the establishment of another class in that grade, causing average class size to fall abruptly.
This means that at enrolment counts just before the discontinuity point, average class size
in the grade will be large, while at enrolments just after the discontinuity points, it will
be small. We use the variation around these ’discontinuity points’ to instrument class size

and students per teacher hour.

The outcome variables studied in this paper are the mean employment rates* and the
log of mean hourly wages in the first three years after ended education, i.e. the fraction of
this three-year period the person is employed, and the mean hourly wage earned during
this period. We discuss these variables in more detail in section 3. Our basic model for

estimating the causal effect of class size on employment and wage is given by
Yiskt = XisktS1 + XsktBo + XitB3 + XeBy + aniskt + Eisk (1)

Niskt = XisktV1 T XsktVo + XetVz + Xevg + 75D vkt + Ciope (2)

where: y;sk¢ is the employment rate/the log of hourly wages for individual 7 of cohort ¢
in school s of municipality k; the cohort index ¢ indicates the year in which student ¢

started in 8"

grade; X;sr¢ are characteristics of student i (education, gender and family
background); X are characteristics of cohort ¢ in school s in municipality & (dummies for
enrolment segment and variables for mean parental background); Xy are characteristics of

municipality k for cohort ¢ (e.g., the unemployment rate in years relevant for cohort t); X;

‘The employment rate measures the percentage of the years where the individual is employed (and thus
is not unemployed, enrolled in education or otherwise not active in the labour market).



is a dummy for cohort t; n;sr: is average class size for cohort ¢ in school s of municipality
k; D _ivgy is a set of dummies indicating whether enrolment is just to the left or just to
the right of the enrolment discontinuity points; and ;5 and (; ; are error terms. The
model for estimating the effect of the number of students per weekly teacher hour, h;sks,
on the employment rate is similar: In (1) and (2) n;s is replaced by h;skt, while the set
of instruments remains the same as the discontinuities arise at the same enrolment counts
for both school resource measures. We do not include both class size and the number
of students per teacher hour simultaneously in the model since it turns out that these

variables are too highly correlated in our data set to be entered jointly.

In the following presentation, for brevity, we focus on estimation and interpretation of
the model with class size as school resource measure, but the interpretation is similar and
valid for models using the number of students per teacher hour instead. The average causal
effect of changes in class size, indicated by «, is the parameter of main interest. Todd
and Wolpin (2003) suggest that this causal effect should be understood as a ”total policy
effect”, because it embodies parental responses to different class sizes. For instance, par-
ents whose children attend smaller classes might invest less of their time in their children’s
education, or just the opposite, they may see the small class as an incentive to promote
learning even more. Another important point is that the interpretation of the causal effect
a is the "local average treatment effect” (LATE) interpretation. The LATE interpreta-
tion differs from the average treatment effect on the treated (ATET) of a randomized
experiment if those who are sensitive to the instrument (i.e. those whose treatment sta-
tus is sensitive to variation in the instrument) are not a representative subsample of the
total population (see Angrist and Lavy, 1999; and Angrist and Imbens, 1995). For the
parameter « to be identified by instrumental variables techniques, a necessary assumption
is that wage/employment outcomes and instruments are only correlated because of the

correlation between instruments and class size (conditioning on the X variables).

We instrument class size with dummies indicating the discontinuity in the relationship
between enrolment and class size which is triggered by a maximum class-size rule as in
Angrist and Lavy (1999) and Browning and Heinesen (2005). In Denmark, national law
sets the maximum class-size permitted at 28 students. However, municipalities may have
their own administrative rules determining class sizes (as long as this does not exceed
the maximum of 28). In practice, some municipalities have a formal maximum class-size
rule of e.g. 23, 24 or 25 applying to all grades, but even municipalities without formal
maximum class-size rules will usually be cautious to fill classes up to the maximum of 28
in order to have some scope to accomodate a few additional children in the classes without

being forced to add another class.

Thus, what we utilize in our main identification strategy is that, in practice, an addi-



tional class is typically added as soon as enrolment exceeds 24, 48 and higher multiples
of 24. Figure Al in the appendix displays class size as predicted by this maximum class-
size rule, and observed average class size by enrolment. As can be seen, the maximum
class-size rule of 24 fits the data well. For students per teacher hour, we use an adminis-
trative rule for the largest municipality, Copenhagen; see Browning and Heinesen (2005)
for details. Figure A2 in the appendix shows the observed average number of students per
teacher hour for each value of enrolment and fitted values from a regression of students
per teacher hour on the instrument based on the Copenhagen administrative rule. It will
be seen that (due to compensatory allocation of extra teacher hours to larger classes),
the drop in the number of students per teacher hour at the discontinuity points is less
sharp than for class size. Figures A1 and A2 suggest also that predicted school resources
fit observed resources quite well, especially for enrolments below 100. Therefore, in the

empirical analysis we restrict the sample to the lowest four discontinuity points.

Figure 1 shows the drop in average class size and students per teacher hour between
the intervals just below and just above the four smallest discontinuity points for five
different discontinuity samples ranging from a rather broad interval of 45 enrolment counts
around the discontinuity points to the narrowest possible sample of +1 students around the
discontinuity points. Average observed school resources are higher in a small interval to
the left of these points than in a small interval to the right at the four lower discontinuity
points, and especially for the two lowest points. This is a necessary condition for the
regression-discontinuity design to be able to identify the parameters of interest. As is
seen, the drop in average class size is largest for the broadest sample (£5), and decreases
steadily for more narrow samples (except for the discontinuity point at enrolment count
96)°. Ideally, one would prefer narrow definitions of the estimation subsamples around
the discontinuity points, e.g. the £1 discontinuity sample including only students in
school/cohort cells with enrolments in 24/25, 48/49, 72/73 and 96/97, but in our data,
observed average school resources do not consistently drop just at the discontinuity points.
For this reason, we have chosen to focus on discontinuity samples of £5, +4,and £3 around
the discontinuity points. Also, we see, that the drop in average class size is largest at the

lowest two discontinuity points at enrolments of 24 and 48%. Therefore, while the main

’ The school resource variation around the discontinuity point at an enrolment of 96 is different from the
three lowest discontinuity points both because the average school resource difference between the treatment
and control group is similar for all five discontinuity samples (i.e. for £5, £4,+3,+2,and +1 samples),
and because the difference is greater than at the third lowest discontinuity point. These patterns can also
be seen from Figures A1&A2.

This is not surprising given the maximum class-size rule: at the smallest discontinuity point, when
enrolment changes from 24 to 25, expected average class size drops from 24 (one class) to 12.5 (=25/2;
two classes) - a drop of 11.5 students. At the next discontinuity point, when enrolment increases from
48 to 49, expected average class size drops from 24 (2x24=48) to 16.3 (=49/3; three classes) - a drop of
only 7.7 students. Similarly, for the discontinuity points of 72 and 96, the drop is only 24-(73/4)=5.8 and
24-(97/5)=4.6 students.



analysis uses variation at all four lowest discontinuity points (i.e. around enrolments of
24, 48, 72, and 96), additional results using only the lowest 2 discontinuity points (for

which the instruments are most powerful) are provided in section 4.3.3.

[Figure 1 about here.]

The instruments are entered as a set of dummy variables indicating treatment (just
above the discontinuity point) and control status (just below the discontinuity point) for
each discontinuity segment separately (e.g., for the +3 discontinuity sample, z1 = 1 for
25 < e < 27 and otherwise z1 = 0; 22 = 1 for 49 < e < 51 and otherwise 22 = 0;
etc.). We include different dummy instruments for each segment because the expected
class-size reduction at the discontinuity points is larger for lower segments than for higher
segments according to the expected class-size function. Moreover, enrolment controls are
entered as dummy variables for each enrolment segment (e.g., for the +3 discontinuity
sample, d1 = 1 for 22 < e < 27 (otherwise d1 = 0), d2 = 1 for 46 < e < 51 (otherwise
d2 = 0), etc.). Thus, the only information from the instruments used is that expected
class size (or students per teacher hour) is smaller to the right of the discontinuity points
than to the left of these points. This specification focuses explicitly on the variation at
the discontinuity points and thus highlights the quasi-experimental identification strategy
of the regression-discontinuity design: When enrolment is to the right of the discontinuity
points we have a high probability of treatment (the expected class size is small), otherwise
a low probability of treatment (the expected class size is large)”. This is similar to the
Wald estimator discussed in Hahn et al. (2001). Yet, in our analysis there are multiple

discontinuity points and also additional controls.

As the number of students enrolled in a grade may be related to student outcomes for
reasons beyond the effects of varying school resources, the key identifying assumption is
that the X variables adequately control for any other effects of enrolement on outcomes.
This assumption may not seem undue, as we have a broad set of controls for family
background and socioeconomic conditions in the municipalities (see section 3). In addition,
we include a set of dummy indicators for enrolment discontinuity segments to help ensure
that the estimated class-size effect is identified by the discontinuities in the instrument
alone. Moreover, enrolment controls are entered as dummy variables for each enrolment
segment (e.g., for the +3 discontinuity sample, d1 = 1 for 22 < e < 27 (otherwise d1 = 0),
d2 =1 for 46 < e < 51 (otherwise d2 = 0), etc.).

"This is a ’fuzzy’ regression-discontinuity design meaning that the rule assigning treatment status is
not deterministic, but that it affects the probability of being treated. Yet, treatment is not guaranteed.



Another identifying assumption is the conditional independence assumption: Treat-
ment of student i is independent of «; conditional on enrolment (and other covariates)
near discontinuity points, see Hahn et al. (2001), i.e. parents do not systematically use
the maximum class-size rules to place their children in schools with high school resource
levels (in i.e. small classes or few students per weekly teacher hour). It is not unreason-
able to assume that this holds, as one cannot perfectly predict whether enrolment will be
just above or just below a certain cutoff point. Even if there were, it would be difficult
for parents to find an alternative school for their children due to rather restricted school
choice options within the public sector, and only a rather small private school sector in

Denmark in the eighties and early nineties.

While the wage rate distribution is approximately symmetric (but with a slightly fat
right tail), unsurprisingly, the distribution of the employment rate has a high frequency
of observations of full employment (44%) suggesting the use of Tobit models. Because the
employment rates are bounded between 0 and 100 (in percentage terms), an appropriate
model is the two-limit version of the Tobit model. Let Y;* be the underlying latent
variable: Y* = 8X; + ¢;. The observed variable Y; is equal to 0 if Y;* < 0, Y; is equal
to 100 if ¥Y;* > 100, and Y; is equal to Y;* if 0 < ¥;* < 100. Thus, the distribution
that applies to the sample data is a mixture of discrete and continuous distributions.
For the instrumental variables Tobit specification, Newey (1987) proposed an estimator
based on Amemiyas Generalized Least Squares (AGLS) and this is the estimator used
here including the proposed adjustment of the standard errors therein®. We estimate the
model by two-stage least squares correcting the standard errors for intra-school correlation

in employment outcomes (Moulton, 1990).

3 Data, descriptive statistics and instruments

We use Danish micro data based on administrative registers for the full sample (about
453,000 persons) of the eight cohorts who finished 8" grade in public schools in the
summer of 1985-92, and their parents?. We have yearly panel data for the period 1985-
2002. These micro data on employment and controls are linked with data on enrolment
and school resources for each grade at each school, and data on socioeconomic conditions
in the municipalities. For each year we have data on about 1,100 public schools. First,
we discuss data on hourly wages and the employment rate which are used as outcome

variables; next we discuss data on school resources, and finally data on control variables.

8To implement this estimator, we use the Stata Version 9 command ?ivtobit”.

9We do not have data on school resources for private schools, and must therefore exclude private school
students from the analysis.



Outcomes: Wage and Employment rate We measure the impact of class size on
hourly wages and the employment rate for entrants in the labour market. We observe the
eight cohorts of students in our sample up to 10 to 17 years after the year they attended
8" grade. For almost all of the students, this corresponds to age 25-32. The reason
why we restrict the main analysis to measuring outcomes for labour market entrants is
because the individuals in our sample are still quite young. This constraint is important,
particularly for individuals with a tertiary education who, naturally, are older when they
enter the labour market. Also, in an international comparison, individuals in Denmark
are on average older than their counterparts in many other countries before completing
their education and being ready to enter the labour market: at age 25, 35% of the Danish
population is still enrolled in education, compared to 22% in the UK and only 16% in the
US (OECD, 2005).

Our data from administrative registers is particularly well suited for the purpose of
studying entrants as it is a panel with yearly observations on both ongoing and completed
education. We measure the outcomes of labour-market entrants over a three-year period
after ended education. Thus, for each person we use information on the three years
following the last completed education spell we observe (given that re-enrolling for another

education spell does not take place).

We use as the outcome measure the wage and employment rates during the first three
years after ended education, i.e. the outcome measures for each person are the log of
the 3-year-average hourly wage rate (measured at the wage level of year 2000 using a
general wage index) and the 3-year-average fraction of the year the person was employed
in the labour market, respectively. The requirement of a three-year spell in the labour
market without re-enrolling results in dropping about 81,000 out of 453,000 cases (leaving
372,000) - or almost 18% of the sample, and it has the implication that older cohorts are
more likely to be in the estimation sample, a feature which we take account of by including
cohort dummies in the estimations. We lose another 9,000/77,000 observations (leaving
363,000/295,000) for the employment/wage regressions due to missing information on
the employment/wage rate!’. The estimation sample for the wage analysis is somewhat
smaller than the estimation sample for the employment outcome, because - be nature - only

the employed have information on hourly wages'!'12. The number of observations referred

19We require at least two years out of the three-year-spell to have valid employment/wage information.
Otherwise the individual is not included in the employment/wage regressions. Individuals with more than
one year (out of three) of employment data missing are mainly individuals who are permanently inactive
in the labour market, either because they have chosen so (housewives), or because they are permanently
unemployed (social assistance or unemployment benefits).

"'Moreover, hourly wages from self-employment are generally unreliable, and self-employed are therefore
not included in the analysis.

"2 The hourly wages are information constructed/estimated from registerdata. A non-trivial share of the
wage information is of low reliability. As the results are insensitive to the inclusion of observations with

10



to above are for the full samples of the employment/wage analyses; the corresponding

discontinuity samples are of course smaller (see sections 3 and 4 for details).

[Table 1 about here.]

The distribution of the students by 8 grade cohort in our data is shown in Table 1
which also shows descriptive statistics for the other variables in the analysis. While 16%
of the total number of students included in the main estimation sample come from the
oldest 8" grade cohort (1985), only 8% come from the youngest cohort (1992) compared
to 14% (1985) and 11% (1992) in the full sample. Table 2 shows the distribution of
completed education in 2002 for the eight cohorts. Clearly, there are more lower educated
individuals in the younger cohorts. Yet, while older cohorts are overrepresented in the
estimation sample, both grade enrolment, class size and student per teacher hour are very
close to the levels in the full sample (see Table 1). Also, the share of immigrants from
the 1% and 2"? generation are virtually the same, as is the male/female ratio. Differences
between the two samples become apparent when we look at parental background, as the
young adults from more disadvantaged backgrounds are slightly overrepresented in the
estimation sample (lower parental education and employment). This is not surprising, as
young adults with low levels of education are overrepresented in the estimation sample, and
parental socioeconomic status tends to be correlated with child education level. However,
as Tables 1 and 2 also show, for the three oldest cohorts (1985-87), the summary statistics
do virtually not differ for the full sample for 1985-1992 and the estimation sample for these
cohorts. Therefore, in addition to results for the full sample, we also present results for
the three oldest cohorts only (section 4.3.1) to make sure that our results are not driven

by the use of a selective sample.

[Table 2 about here.]

School resources: Class size and students per teacher hour Average class size in
Danish primary and lower secondary schools of 19-20 students is low in an international
perspective. In the comparisons of OECD (2002) only Luxemburg and Iceland have aver-
age class sizes lower than Denmark, and with respect to students per teacher, Denmark
has the second lowest ratio after Italy. Therefore, one may expect relatively low marginal

effects of reducing class size in Denmark compared to most other countries.

inferior quality (see section 4.3.2), we have chosen to keep them in the main estimation sample, because
dropping them results in a reduction of the number of observations of about 50,000.

11



In our data set class size, teacher hours and enrolment are recorded at the beginning
of the school year (September) and collected by the Ministry of Education. The class-size
measure is not actual class size, but school-by-grade average class size, as we have only
information on enrolment by grade for each school and the number of classes by grade.
The same applies to our other school resource measure, students per teacher hour. This is
not a problem for the analysis since the instruments predict school-by-grade average class

size and pupils per teacher hour given enrolment.

We have data for each person on which school he/she attended in the 8" grade, but
we have no such information for earlier grades. In the statistical analysis, we therefore
only use data for school resources at the 8" grade. However, class size at the 8" grade

will for most students be highly correlated with class size at earlier grades!'?.

Table 3 shows summary statistics for school level data for enrolment, classes and
teacher hours at the 8 grade for all public schools in Denmark in the school years
starting in the summer of 1985-1992. The averages for enrolment, class size and students
per weekly teacher hour are 52, 19.5 and 0.54, respectively. The distribution of class size
is rather concentrated around the mean with 10% of students in classes with less than
16 students and 10% of students in classes with more than 23 students. The distribution
of students per teacher hour is even more concentrated around the mean due to the

compensatory policy of allocating more teacher hours to larger classes.

[Table 3 about here.]

Controls In the estimations we use a broad set of controls. In all estimations, we control
for cohort dummies and a set of dummies for enrolment segments. In estimations control-
ling for background characteristics we moreover include students’ gender, ethnicity and
the highest qualification obtained (based on both school and post-school qualifications),
and family structure, housing conditions and parents’ education, income, wealth, unem-
ployment and labour-market status. Moreover, we control for average family background
at the school/cohort cell (years of education, unemployment, and income). We also con-
trol for the unemployment rate in the municipalities. All family background variables are
measured at the age 15 of the student. The municipal unemployment rate is measured

for the year the student attended 8" grade. Descriptive statistics for the explanatory

13We have also information on grades 9 and 10, but we have chosen to use 8th grade resources as our
measure, because (i) while most students attend the same school from preschool to 8th grade (and thus,
for most students school resources in 8th grade are correlated with school resources in earlier grades), it is
rather common to change school between 8th and 9th grade (mainly to private (boarding) schools), and
because (ii) grade 10 is an optional extra year at lower secondary school and we therefore only have school
resource information on a (selective) subsample of 10th graders.

12



variables in the two main estimation samples are shown in Table Al in the Appendix
(together with estimated parameters for all controls). The background characteristics for
the wage estimation sample are slightly more advantaged. However, this is not surprising,
because, as explained above, the wage sample is a subsample of the employment sample

composed of those individuals who are in (salaried) employment.

4 Estimation results

In this section, we present results from the empirical analysis. Tables 4 and 5 show the
main estimation results: Table 4 shows OLS and 2SLS results for the effect of class size
and the number of students per teacher hour on the hourly wage rate, and Table 5 shows
Tobit and IV-Tobit results for the effect on the employment rate. Each model is estimated
with and without background controls for the three discontinuity samples (£5, +4, +3)
at the four lower enrolment segments around the discontinuity points of 24, 48, 72 and 96,
and the OLS and Tobit models are also estimated for the full sample. The standard errors
are corrected for potential within-school correlations of the error terms which is important
since school inputs are measured at the school level (not individual level). For variables
to be valid as instruments, a necessary condition is that they are significant predictors
of the variables to be instrumented. The first-stage F-statistics displayed in the lower
panels of Tables 4 and 5 test the hypothesis that the identifying instruments (i.e. the four
dummies indicating treatment status - one for each discontinuity segment) do not enter
the first-stage regression. The F-statistics indicate a strong correlation between the set
of instruments and observed class size. For students per teacher hour this is also true
for the +5 discontinuity sample, but there may be some indication of weak instrument
problems for the +4 and £3 discontinuity samples. Thus, according to the literature on
weak instruments (Bound et al., 1995; Staiger and Stock, 1997) a rule of thumb is that
the F-statistic should be larger than 10, or at least larger than 5'*. The low F-statistics
in the students per teacher hour regressions are particularly due to the fact that the
instruments for the third and fourth discontinuity points are rarely significant (results not
shown), which underlines the need of additional analysis including only observations with
enrolment around the first two discontinuity points. Such results are reported in section
4.3.3.

We focus on the effects of class size and teacher hours, but first we discuss briefly the
parameter estimates of the controls. Table Al in the appendix shows full results for the
main models for wage and employment (the 2SLS-model for wage and the IV-Tobit for

employment for the +5 discontinuity sample with class size as school resource measure).

1 The F-statistic is calculated using robust standard errors adjusted for within-school and grade clus-
tering.
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In general, the estimates of the control variables are similar whether school resources
are measured by class size or students per teacher hour, and whether the +5, 4 or 3

discontinuity sample is used.

The dummy indicators for the discontinuity segments are not significant at the 5%
level. The effect of the students’ own educational level is highly significant: A higher edu-
cational level implies higher employment rates and wages as expected. Even controlling for
the students’ own education, many parameters of the family background characteristics
are significant with the expected signs, especially in the employment regression. How-
ever, it is not surprising that some family background controls are insignificant, or have
asymmetric effects on the two outcomes, when the very important intervening variables
of students’ own education are included. Excluding these variables increases the size and

significance of parental background effects.

In the rest of this section we first report OLS and 2SLS results for the wage outcome,
and then Tobit and IV-Tobit results for the employment outcome. Last, we present some
sensitivity results and a tentative analysis of school resource effects on later labour market

outcomes.

4.1 Early career (hourly) wage

Table 4 shows results for regressions where the log hourly wage rate (measured in the wage
level of the year 2000 using a general wage index) during the individuals’ first three years
in the labour market is the dependent variable. Estimates that are significant at the 5%
are in bold. Table 4 (and the following tables) only reports school resource effects. The
upper panel of Table 4 displays results for simple least squares regressions of class size
and students per teacher hour on the log of hourly wages. Only the full sample results
without additional controls are significantly different from zero: class size is positively
related to hourly wages, while students per teacher hour is negatively related to hourly
wages. However, when controls are added, the estimates are numerically smaller and
insignificant. Moreover, all estimates for the three discontinuity samples are insignificant,
whether controls are added or not. However, as explained above, we are suspicious that
the coefficients estimated by simple models may be biased due to the endogeneity of school

resources.

[Table 4 about here.]

The lower panel of Table 4 shows results from estimations using the regression discon-
tinuity design to account for endogeneity of the class size and students per teacher hour

variables. Results are shown for the three discontinuity samples (as the specification only
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uses observations around the discontinuity points, there are - by definition - no full sample
results for the IV-regressions). Estimates from models both with and without background
controls are negative and increase in absolute size the narrower the sample is around the
discontinuity points. Parameters of models without background controls are all numeri-
cally larger than parameters of models with controls. However, none of the estimates are

significantly different from zero.

4.2 Early career employment

Table 5 presents results for the models of the employment rate of labour-market entrants.
The structure is similar to that of Table 4. The upper panel of Table 5 displays results
from simple Tobit models (i.e. without correction for potential endogeneity of class size
and student per teacher hour) for the full sample and for the three discontinuity sam-
ples. Estimates from models without controls indicate a positive and significant relation
between class size and students per teacher hour on the one hand and employment rates
on the other hand. Controlling for background characteristics reduces the coefficient esti-
mates. However, the estimates are still positive for all regressions and remain significant

throughout.

The lower panel of Table 5 shows results from the corresponding IV Tobit models.
For models excluding background controls, point estimates for class size and students per
teacher hour are consistently negative, but they are imprecisely estimated. Estimates
from models controlling for background variables are positive for all but one out of six

regressions, but insignificant for all estimations.

[Table 5 about here.]

To sum up, results from simple models display a significantly positive effect of larger
classes and a higher pupil/teacher hour ratio on early career employment even after condi-
tioning on background controls. However, taking account of potential endogeneity of the
class size and teacher hours measures by using regression discontinuity techniques generally
reduces the point estimates and none of the estimated coefficients is significantly different
from zero. The regression above includes individuals’ completed education as controls.
However, the education level might also be influenced by school resources (see Browning
& Heinesen, 2005). We have therefore rerun the main regressions without including the

individuals’ own education level as control. Yet, the results are virtually unchanged.
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4.3 Sensitivity analyses

In order to assess the reliability of the results found in the main empirical analysis above,
we present results from a number of different model specifications for the baseline 2SLS and
IV-Tobit models from above. Furthermore, we present results from a tentative analysis of

potential school resource effects on outcomes later in the labour market career.

4.3.1 Estimations using the three oldest cohorts only As argued in section 3
above, the estimation sample for all eight cohorts is rather selective, as students with
shorter educations are more likely to be included in the estimation sample. Therefore, we
also present results using the three oldest cohorts only, where selectivity is much less severe
compared to the full sample. Restricting the sample to only three out of eight cohorts
implies of course a significant drop in the number of observations: for example, in the £5
discontinuity sample, the number of observations is reduced from 115,956 to 52,118 for
the wage regression, and from 142,700 to 63,546 for the employment regression, and the
standard errors of the estimated school resource coefficients are substantially increased.
Results for the main specifications (the 2SLS for wage and IV-Tobit for employment from
sections 4.1 and 4.2) are shown in Table 6. The main results are unchanged: as for the
1985-1992 cohort estimation sample, there are no significant class size or teacher hour

effects on early career employment or wage.

[Table 6 about here.]

4.3.2 Estimations excluding low quality wage information The variable for
hourly wage is calculated by Statistics Denmark using data from administrative registers.
Estimates for hourly wages are based on earned wages and an estimate of hours worked.
For some persons, the number of hours worked is imprecisely estimated, and therefore,
the estimate of the hourly wage rate is somewhat less reliable. Therefore, as a supplement
for the hourly wage variable, Statistics Denmark provides a variable indicating the quality
of each hourly wage observation. Statistics Denmark suggest a cutoff value of 50 for this
quality indicator, where individual hourly wage observations with an indicator of less than
50 are considered of acceptable quality. In the main estimation sample in section 4.1, we
have kept all observations irrespective of wage data quality, because dropping observation
with low-quality wage data would result in a substantial reduction of the estimation sample
(from 295,000 to 241,000 observations in the full dataset for wage estimations). However,

before deciding to include all observations in the main estimation data, we made sure that
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this would not qualitatively affect our main conclusions. We present the results of this

sensitivity check in Table 7.

Table 7 presents results for the dataset without low quality wage observations for the
main wage estimation model (2SLS) from section 4.1. The results suggest that while
the precision of the estimates is slightly increased inspite of the reduced sample, and the
predictive power (R-squared) in the estimations with controls is substantially increased
(from around 0.25 to 0.35), dropping low quality wage observations from the estimation
does not affect the conclusions on the school resource effects that remain insignificant

throughout.

[Table 7 about here.]

4.3.3 Estimations using only the two lowest discontinuity segments As laid
out in section 2 above, the drop in school resources at the two higher discontinuity segments
(at enrolments of 72 and 96) is small and here the instruments seem rather weak, especially
in predicting students per teacher hour. Since the instruments have stronger predictive
power at the lower discontinuity points, we estimate the model for the two lowest segments
of the discontinuity samples. This substantially reduces the number of observations (e.g.
for the +5 discontinuity sample from 115,956 to 64,536 for the wage regression, and
from 142,700 to 80,031 for the employment regression). Table 8 shows the estimation
results. The larger F-statistics for the first stage regressions confirm that the instruments
in the reduced sample have substantially stronger predictive power than when all four
discontinuity points are used as in sections 4.1 and 4.2. Thus, despite the substantially
reduced sample size, the standard errors of the estimated school resource coefficients are
not increased very much. The point estimates in Table 8 are not systematically different
from results in the main models. Qualitatively, the results from the reestimated main

models remain unchanged: no effects are significantly different from zero.

[Table 8 about here.]

4.3.4 Later labour market outcomes The main analysis above is restricted to early
labour market outcomes, because, as explained, many individuals (especially the higher
educated) of the younger generations in our sample have not progressed far enough in

their labour market careers to be observed at later stages. Therefore, our main analysis is
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for entrants’ employment and wages. However, the effects of class size (and students per
teacher hour) might only become apparent at later stages of the career. To investigate
this, we provide a tentative analysis of later labour market outcomes for the oldest cohort

8" graders of 1985 - because the oldest cohort can be tracked for more years of

only -
their careers. As we are interested in later stages of the labour market career, we include
only individuals of the 1985 cohort who have entered the labour market at least 12 years
prior to the last year of data (2002). This reduces the sample to mainly individuals with
lower educations: about 60% of the sample have no education beyond lower secondary
school, and the remaining 40% has an upper secondary education. Only 0.3% of the
sample has more than upper secondary education. All in all, of the 1985-cohort of 61,400
students, only 17,000 have been in the labour market for at least 12 years. Of these, about
16,000 individuals have information on employment rates and for about 11,000 individuals
there is wage information in each year. However, these samples are further reduced, as
we can only use observations around the discontinuity points for the regressions: in the

+5 discontinuity samples about 4,000-6,000 are available, and only 2,500-4,000 in the 43

discontinuity samples.

Figure 2 presents results from regressions for the oldest cohort. In the upper panel, for
each of the three discontinuity samples, regressions of class size (and controls) on wages
earned in each of the first 12 years in the labour market are estimated separately (all in all,
36 separate regressions). Figure 2 suggests that class size might have stronger and more
significant impacts on wages at later stages of the career. Many estimates are numerically
larger for years 4 to 12 than for the first three years. Moreover, three of the estimates are
significant in the +5 discontinuity sample, and the estimates of year 7 are significant for all
three discontinuity samples. Yet, most estimates are not significant. The corresponding
results for students per teacher hour (lower panel of Figure 2) show a similar tendency,
but are more mixed and imprecisely estimated throughout. Results for the employment

outcome (not reported) do not display the pattern observed for wages.

[Figure 2 about here.]

In an attempt to increase the precision of the results, we have split the labour market
career in two: the first three years, and the remaining period (years 4 to 12). We then
use average wages for each of the two periods as dependent variables. Results from these
estimations are shown in Tables 9 and 10 and confirm the pattern observed above that
class-size effects might be more important at later stages of the career. However, it is
important to recall the fact that this is a sample almost exclusively based on individuals

with at most secondary education. The estimated effects of the second column of Table
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9 suggest that a decrease in the class size by 1 (i.e. by about 5% since average class
size is about 20) increases mean wages in later years (year 4-12) by about 0.6%. The
point estimates for students per teacher hour suggest a larger effect (a fall of 5%, i.e. of
0.05 x 0.55 = 0.03, increases wages by 0.9-1.5%), but they are not significant at the 5%

level.

[Tables 9 and 10 about here.]

To examine whether the effects are heterogenous by educational level, we have esti-
mated the model above for individuals with lower and upper secondary education sepa-
rately, see the last four colmuns of Tables 9 and 10. The point estimates for years 4 to 12
for these two subgroups are not significantly different, but the estimates are significantly
different from zero only for individuals with upper secondary schooling (and only in +5
and £4 discontinuity samples for class size, and in the +5 discontinuity sample for stu-
dents per teacher hour). We have also conducted a similar analysis for males and females,

but there does not seem to be heterogeneity by gender in the school resource effects.

Using a regression discontinuity design, large differences in estimated effects depend-
ing on whether background controls are included or not may indicate that the identifying
assumptions are not valid so that the distribution of pupils between schools with enrol-
ment counts just to the right and just to the left of discontinuity points, respectively, is
not random. Therefore, we have investigated, whether these significant results hold in es-
timations without controls for student background. Such results for the wage estimations
are shown in Table A2. Both the point estimates and the standard errors are slightly
increased compared to the results from estimations that control for student background
(Tables 9 and 10). Nevertheless, the results are not very sensitive to whether or not we

include background controls.

To sum up, this - rather tentative - analysis for later years of the labour market career
suggests that while there are no significant class size effects on wages for entrants in the
labour market, there might be some impact of class-size on wages later in the career.
Additional results suggest that the significant class-size effect might be mainly driven
by individuals with upper secondary schooling. For lower education levels, the point
estimates are imprecisely estimated and often smaller. The estimated effect of an increase
in school resources by 5% on wages during later labour market years (4-12) estimated in
the discontinuity sample with the most precise estimates (the £5 discontinuity sample) is
an increase of 0.6% for class size and 1.5% for students per teacher hour. These results
suggest that teacher resources per student have a much larger impact than mere variation

in class size on labour market outcomes. This pattern is also found in the study by
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Browning and Heinesen (2005), who report that the number of students per teacher hour
has a substantially larger effect than class size on years of education and the probability

of completing upper secondary education.

5 Conclusion

We have estimated the effect of class size and students per teacher hour at 8"

grade
of compulsory school on the employment rate and hourly wage level during individuals’
first three years in the labour market after ended education. We have taken the potential
endogeneity of the school resources into account by using a regression-discontinuity design
which resembles the method used by Angrist and Lavy (1999). In addition to Least
Squares models for wages, we have estimated IV-Tobit models to allow for the censored

character of the employment outcome.

e We find no significant effects of school resources on labour market outcomes (employ-
ment or wage rate) in the first three years in the labour market. The insignificance of
the estimated effects applies across a variety of different model specifications. This
'negative’ finding is not caused by very large standard errors on the parameters of
school inputs. For instance, looking at the main estimation results controlling for
background characteristics for the +5 discontinuity sample, the standard error of
the class size coefficient of the wage regression is 0.001. This implies that we can in
our dataset detect a wage effect of reducing class size by 1 student (i.e. by 5%) as
small as 0.2%. In the corresponding employment regression the standard error of
the class-size coefficient is 0.077 implying that we can detect an employment effect

of a 1 pupil (5%) reduction in class size as small as 0.15 percentage points.

e A tentative analysis of class size effects at later stages of the career suggests that
there might be effects for more experienced workers. Also, the results suggest that
these effects are more significant for individuals with upper secondary education
compared to those with less than upper secondary education. However, these results
are highly tentative, because (due to data limitations) they are based on workers
with an education at the secondary level only (not tertiary) and because they are
restricted to the oldest cohort!®. In some years, when more individuals of our dataset
will have reached later stages of their labour market career, further analysis of this

will be possible.

15We did not find this trend for the two subsequent cohorts of 1986 and 1987, but this may be due to
even smaller sample sizes for these cohorts.

20



Our results may be compared to the results reported in Dustman et al. (2003) who
examine the effects of pupil-teacher ratios on wages using the British National Child Devel-
opment Survey (NCDS). They find that school resources, measured by the pupil/teacher
ratio has no impact on wages at age 23, but has significant effects on wages at age 33.
Their estimates suggest that a reduction in class size (pupils per teacher) of 1 increases
wages (at 33) by about 0.3%. This effect is only about half the size of the effect indicated
by the analysis of the present paper.
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Table 1: Descriptive statistics

1985-1992 1985-1987

Main estimation sample Full sample |[[Estimation sample Full sample
Mean Std. Dev Min Max Mean Mean Mean
Employment rate 90.119 16.520 0 100 90.119 87.318 87.318
No. of obs. 362,847 362,847 166,179 166,179
Hourly wages (year 2000-prices) 131.749 49.902 3.072 3288 131.749 136.082 136.082
No. of obs. 294,823 294,823 135,322 135,322
Enrolment 60.162 21.866 6 168 59.934 62.544 62.575
Class size 19.729 2.722 6 315 19.789 19.476 19.487
Teacher hours per student 0.552 0.061 0.194 0.871 0.554 0.544 0.544
Own education: Lower secondary education 0.222 0.416 0 1 0.187 0.196 0.185
Own education: Upper secondary education 0.549 0.498 0 1 0.519 0.500 0.479
Own education: Short college education 0.061 0.240 0 1 0.062 0.072 0.070
Own education: Long college education 0.131 0.337 0 1 0.169 0.166 0.174
Own education: University education 0.037 0.190 0 1 0.064 0.066 0.092
8th grade cohort of 1985 0.159 0.365 0 1 0.136 0.346 0.337
8th grade cohort of 1986 0.157 0.363 0 1 0.137 0.341 0.341
8th grade cohort of 1987 0.144 0.351 0 1 0.130 0.313 0.323
8th grade cohort of 1988 0.134 0.341 0 1 0.127 0.000 0.000
8th grade cohort of 1989 0.128 0.334 0 1 0.129 0.000 0.000
8th grade cohort of 1990 0.108 0.310 0 1 0.118 0.000 0.000
8th grade cohort of 1991 0.092 0.289 0 1 0.112 0.000 0.000
8th grade cohort of 1992 0.079 0.270 0 1 0.111 0.000 0.000
Female 0.485 0.500 0 1 0.495 0.495 0.495
Danish native 0.938 0.241 0 1 0.941 0.943 0.944
Immigrant 0.015 0.120 0 1 0.015 0.010 0.010
Second generation immigrant 0.008 0.089 0 1 0.009 0.004 0.004
No. Siblings 0.902 0.857 0 11 0.904 0.908 0.910
No. of younger siblings 0.488 0.500 0 1 0.493 0.498 0.500
Lives with both parents 0.716 0.451 0 1 0.725 0.738 0.740
Lives with single mother 0.131 0.337 0 1 0.128 0.120 0.120
Lives with single mother&stepdad 0.093 0.290 0 1 0.089 0.085 0.084
Lives with single father 0.026 0.161 0 1 0.026 0.024 0.024
Lives with single father&stepmum 0.018 0.134 0 1 0.018 0.017 0.017
Lives without natural parent 0.016 0.125 0 1 0.015 0.016 0.016
Lives without natural parent, 0.001 0.038 0 1 0.001 0.002 0.002
but natural parents live together




Data on mother missing 0.015 0.123 0 1 0.015 0.015 0.015
Data on father missing 0.051 0.220 0 1 0.049 0.054 0.054
Teen-mum 0.095 0.294 0 1 0.087 0.091 0.088
Teen-dad 0.022 0.146 0 1 0.020 0.021 0.020
Both parents only lower secondary education 0.235 0.424 0 1 0.212 0.249 0.239
At least one parent has upper secondary educ. 0.493 0.500 0 1 0.475 0.479 0.469
At least one parent has short college education 0.048 0.215 0 1 0.051 0.047 0.047
One parent has long college or university educ. 0.140 0.347 0 1 0.160 0.142 0.152
Both parents have long college or university educ. 0.058 0.234 0 1 0.080 0.062 0.073
Parental education missing 0.022 0.146 0 1 0.021 0.017 0.017
Mother wage earner 0.777 0.416 0 1 0.787 0.764 0.766
Father wage earner 0.737 0.440 0 1 0.744 0.734 0.735
Mother student 0.090 0.286 0 1 0.088 0.101 0.100
Father student 0.160 0.367 0 1 0.159 0.169 0.168
Mother self-employed 0.005 0.070 0 1 0.005 0.005 0.005
Father self-employed 0.001 0.035 0 1 0.001 0.001 0.001
Mother social benefits 0.015 0.123 0 1 0.014 0.012 0.011
Father social benefits 0.009 0.093 0 1 0.008 0.005 0.005
Mother not active in labour market 0.097 0.297 0 1 0.091 0.105 0.102
Father not active in labour market 0.041 0.199 0 1 0.039 0.037 0.036
Mother's income 13.446 10.121 0 196 14.044 13.000 13.223
Father's income 21.626 18.195 0 2466 22.414 22.441 22.785
Mother's unemployment rate 7.770 20.911 0 100 7.382 6.886 6.716
Father's unemployment rate 4919 16.323 0 100 4.707 3.923 3.824
Mother's wealth 0.340 5.153 -939.2 1311 0.397 0.513 0.551
Father's wealth 1.982 35.828 -371.5 20850 2.057 2.829 2.918
Lives in owned dwelling 0.725 0.447 0 1 0.741 0.736 0.741
Lives in rented dwelling 0.235 0.424 0 1 0.220 0.223 0.217
Other type of dwelling 0.016 0.127 0 1 0.017 0.016 0.017
Type of dwelling missing 0.008 0.090 0 1 0.008 0.009 0.009
Rooms per person 1.207 0.458 0 7.5 1.222 1.208 1.214
Rooms per person unknown 0.004 0.067 0 1 0.004 0.005 0.005
Peers: Mean parental years of schooling 11.508 0.706 9 14.875 11.557 11.432 11.453
Peers: Mean parental unemployment rate 6.013 3.233 0 29.876 6.044 5.308 5.270
Peers: Mean parental income 18.066 3.780 0 52.291 18.229 17.929 18.004
Unemployment rate in municipality (year of 8th grade) 9.246 3.005 1.9688 23.287 9.440 7.939 7.929
No. of obs. 372,182 453,076 170,772 182,446




Table 2: Cohorts of 8th graders in the estimation sample by completed education

Unskilled High-school Short college Long college University PhD All No. Obs % of cohort included in
/Voc. training estimation sample
1985 28% 52% 4% 9% 7% 0.2% 100% 59056 96%
1986 28% 53% 4% 9% 6% 0.2% 100% 58257 94%
1987 28% 54% 4% 9% 5% 0.1% 100% 53459 91%
1988 28% 57% 3% 8% 4% 0.0% 100% 50024 87%
1989 30% 58% 3% 7% 2% 0.0% 100% 47536 82%
1990 30% 61% 3% 5% 0.7% 0% 100% 40062 75%
1991 31% 63% 3% 2% 0.2% 0% 100% 34322 67%
1992 34% 64% 2% 0.6% 0.0% 0% 100% 29466 59%




Table 3: Summary statistics for all public schools 1985-92 (8,764 observations)

Variable Mean SD Min Max
Enrolment 51.99 20.4 6 168
Number of classes 2.68 0.98 1 8

Number of teacher hours/week 95.04 34.49 16 275
Class size 19.45 2.98 6 315
Students/teacher hour/week 0.54 0.07 0.19 0.87




Table 4: Estimation results for effects of school resources on wage

Discontinuity points 1-4

Sample Full sample +/-5 discontinuity sample +/-4 discontinuity sample +/-3 discontinuity sample
Background Without controls  With controls Without controls With controls Without controls With controls Without controls With controls
OLS

Observations 294,823/1128 115,956/1071 91,893/1031 68,623/950

Coef. (class size) 0.0006 0.0002 0.0003 0.0001 0.0005 0.0002 0.0002 0.0000
se 0.0003 0.0002 0.0003 0.0003 0.0003 0.0003 0.0004 0.0003
p-value 0.0300 0.3720 0.3260 0.6900 0.1370 0.4590 0.6660 0.9220
R-squared 0.0094 0.2531 0.0090 0.2509 0.0089 0.2498 0.0091 0.2494
Coef. (stud/teacher hour) -0.0288 -0.0118 0.0011 0.0065 0.0069 0.0068 -0.0094 -0.0032
se 0.0135 0.0111 0.0172 0.0149 0.0192 0.0163 0.0220 0.0182
p-value 0.0330 0.2880 0.9490 0.6640 0.7180 0.6760 0.6710 0.8600
R-squared 0.0094 0.2531 0.0090 0.2509 0.0089 0.2498 0.0091 0.2494
2SLS

Observations 115,956/1071 91,893/1031 68,623/950

Coef. (class size) -0.0012 0.0000 -0.0019 -0.0005 -0.0026 -0.0019
se 0.0011 0.0010 0.0015 0.0013 0.0021 0.0018
p-value 0.2650 0.9990 0.1950 0.6790 0.2110 0.2960
R-squared 0.0088 0.2509 0.0082 0.2497 0.0082 0.2490
F 1st stage 60.6 60.5 32.3 32.3 14.9 14
Coef. (stud/teacher hour) -0.1249 -0.0126 -0.1797 -0.0453 -0.1989 -0.1197
se 0.1141 0.1019 0.1472 0.1271 0.2081 0.1833
p-value 0.2740 0.9020 0.2220 0.7220 0.3390 0.5140
R-squared 0.0085 0.2509 0.0076 0.2497 0.0077 0.2489
F 1st stage 17.8 16.8 10.57 10.03 5.17 5.17

Note: Robust standard errors corrected for within-school correlation are reported. All regressions include a constant term, dummies for
the year of 8th grade school attendance, and dummy variables for enrolment segment. 'With controls' means inclusion of the full set of control variables
described in section 3 and as shown in Table Al. 'Observations' refer to the number of students/the number of schools.

The 'F 1st stage' refers to the F-statistics for the instrument in the first-stage regression; it uses standard errors clustered by school.

Significance at the 5%/10% levels is indicated by bold/italic types.



Table 5: Estimation results for effects of school resources on employment

Discontinuity points 1-4

Sample Full sample +/-5 discontinuity sample +/-4 discontinuity sample +/-3 discontinuity sample
Background Without controls  With controls  Without controls  With controls Without controls  With controls Without controls  With controls
Tobit

Observations 362,847 142,700/1,071 112994/1031 84389/951

Coef. (class size) 0.1325 0.0353 0.1486 0.0558 0.1722 0.0698 0.1813 0.0790
se 0.0176 0.0167 0.0211 0.0202 0.0229 0.0220 0.0259 0.0249
p-value 0.0000 0.0350 0.0000 0.0060 0.0000 0.0020 0.0000 0.0020
Pseudo R-sq. 0.0072 0.0232 0.0074 0.0232 0.0075 0.0233 0.0076 0.0238
Coef. (stud/teacher hour) 5.7891 3.2105 6.0027 3.2909 7.7972 4.5425 8.6637 5.5420
se 0.8218 0.7845 1.1502 1.1036 1.2685 1.2173 1.4428 1.3856
p-value 0.0000 0.0000 0.0000 0.0030 0.0000 0.0000 0.0000 0.0000
Pseudo R-sq. 0.0072 0.0232 0.0073 0.0232 0.0075 0.0233 0.0076 0.0238
IV-Tobit

Observations 142,700/1,071 112994/1031 84389/951

Coef. (class size) -0.0957 0.0295 -0.0710 0.0953 -0.1372 0.0280
se 0.0985 0.0771 0.1243 0.1000 0.1798 0.1504
p-value 0.3310 0.7020 0.5680 0.3410 0.4460 0.8520
Log pseudolikelihood -716611 -710121 -571943 -566621 -429474 -425291
F 1st stage 60.6 60.5 32.3 32.3 14.9 14
Coef. (stud/teacher hour) -9.3260 1.7410 -8.4646 7.3668 -21.3157 -4.1560
se 10.2030 8.1700 12.2513 10.0214 19.0860 15.9844
p-value 0.3610 0.8310 0.4900 0.4620 0.2640 0.7950
Log pseudolikelihood -148733 -141936 -119951.00000 -114501 -91004.00000 -86704
F 1st stage 17.8 16.8 10.6 10.03 5.2 4.5

Note: Robust standard errors corrected for within-school correlation are reported. All regressions include a constant term, dummies for

the year of 8th grade school attendance, and dummy variables for enrolment segment. "With controls’ means inclusion of the full set of control variables
described in section 3 and as shown in Table Al. 'Observations' refer to the number of students/the number of schools.

The 'F 1st stage’ refers to the F-statistic for the instruments in the first-stage regression; it uses standard errors clustered by school.

Significance at the 5%/10% levels is indicated by bold/italic types.



Table 6: Results for the oldest three cohorts: 1985-87

Discontinuity points 1-4

Sample +/-5 discontinuity sample  +/-4 discontinuity sample  +/-3 discontinuity sample
Background Without controls  With controls  Without controls  With controls  Without controls  With controls
Employment: IV-Tobit

Observations 63546/829 49667/715 37,083/578

Coef. (class size) -0.1408 0.0373 -0.1828 0.0895 -0.2202 0.1708
se 0.1389 0.1143 0.1740 0.1428 0.2466 0.2060
p-value 0.3110 0.7440 0.2930 0.5310 0.3720 0.4070
Coef. (stud/teacher hour) -23.1165 2.3130 -25.3090 12.9090 -39.8450 12.6811
se 19.9210 19.7150 20.7810 19.3720 29.9120 27.8711
p-value 0.2460 0.9070 0.2230 0.5050 0.1830 0.6490
Wage: 2SLS

Observations 52118/829 40733/715 30,450/577

Coef. (class size) 0.0003 0.0001 -0.0014 -0.0005 -0.0009 -0.0002
se 0.0018 0.0014 0.0023 0.0018 0.0032 0.0026
p-value 0.5370 0.7960 0.7800 0.9440
Coef. (stud/teacher hour) 0.0164 0.0830 -0.1879 0.1155 -0.2918 0.0431
se 0.2350 0.2112 0.2610 0.2252 0.3425 0.3256
p-value 0.9440 0.6940 0.4720 0.6080 0.3940 0.8950

Note: Robust standard errors corrected for within-school correlation are reported. All regressions include a constant term, dummies for
the year of 8th grade school attendance, and dummy variables for enrolment segment. 'With controls' is the full set of control variables
described in section 3 and as shown in Table Al. 'Observations' refer to the number of students/the number of schools.

The 'F 1st stage' refers to the F-statistic for the instrument in the first-stage regression; it uses standard errors clustered by school.
Significance at the 5%/10% levels is indicated by bold/italic types.



Table 7: Results for effect on wages without low-quality wage observations
Discontinuity points 1-4

Sample +/-5 discontinuity sample  +/-4 discontinuity sample  +/-3 discontinuity sample
Background Without controls _ With controls  Without controls  With controls  Without controls  With controls
Observations 94,692/1,071 75,016/1031 56,021/950

Coef. (class size) 0.0004 0.0015 0.0001 0.0012 -0.0015 -0.0009
se 0.0011 0.0009 0.0014 0.0012 0.0020 0.0016
p-value 0.6980 0.9400 0.9290 0.3150 0.4440 0.5950
R-squared 0.0059 0.3538 0.0058 0.3527 0.0053 0.3549
F 1st stage 60.6 60.5 32.3 32.3 14.9 14.0
Coef. (stud/teacher hour) 0.0583 0.1533 0.0393 0.1374 -0.0254 0.0207
se 0.1119 0.0948 0.1423 0.1192 0.2015 0.1696
p-value 0.6020 0.1060 0.7830 0.2490 0.9000 0.9030
R-squared 0.0056 0.3530 0.0057 0.3519 0.0058 0.3549
F 1st stage 17.8 16.8 10.6 10.0 5.2 4.5

Note: Robust standard errors corrected for within-school correlation are reported. All regressions include a constant term, dummies for
the year of 8th grade school attendance, and dummy variables for enrolment segment. 'With controls' is the full set of control variables
described in section 3 and as shown in Table Al. ‘Observations' refer to the number of students/the number of schools.

The 'F 1st stage' refers to the F-statistic for the instrument in the first-stage regression; it uses standard errors clustered by school.
Significance at the 5%/10% levels is indicated by bold/italic types.



Table 8: Main results using only observations at the two first discontinuity segments (around 24 and 48)

Discontinuity points 1-2

Sample +/-5 discontinuity sample  +/-4 discontinuity sample  +/-3 discontinuity sample
Background Without controls  With controls  Without controls  With controls  Without controls  With controls
Employment: IV-Tobit

Observations 80,031 62,479 46,256

Coef. (class size) -0.0966 0.0232 -0.0697 0.0877 -0.1269 0.0386
se 0.103 0.0806 0.13 0.1054 0.18677 0.16
p-value 0.348 0.774 0.60 0.405 0.497 0.81
Log pseudolikelihood -413106 -409540 -325835 -322922 -243153 -240834
F 1st stage 109 108.6 57 56.1 25.9 24.4
Coef. (stud/teacher hour) -10.191 0.792 -7.6172 6.392 -15.522 -1.6857
se 10.27 8.49 12.49 10421 18.413 16.497
p-value 0.321 0.926 0.54 0.54 0.399 0.919
Log pseudolikelihood -90848 -87141 -73553 -70471 -55871 -53410
F 1st stage 34.1 32.07 20.2 190.1 9.7 8.5
Wage: 2SLS

Observations 64,536/865 50,393/813 37,327/732

Coef. (class size) -0.00145 0.00020 -0.00225 -0.00050 -0.00240 -0.0013
se 0.00127 0.0011 0.00166 0.0014 0.0024 0.002
p-value 0.254 0.852 0.175 0.716 0.309 0.531
R-squared 0.0005 0.276 . 0.2724 . 0.2725
F 1st stage 109 108.6 57 56.1 25.9 24.4
Coef. (stud/teacher hour) -0.1391 0.0165 -0.2127 -0.0599 -0.2093 -0.1039
se 0.127 0.1092 0.1637 0.1368 0.234 0.2006
p-value 0.274 0.88 0.194 0.662 0.371 0.605
R-squared 0.0001 0.276 . 0.2722 . 0.2722
F 1st stage 34.1 32.07 20.2 19.1 9.7 8.5

Note: Robust standard errors corrected for within-school correlation are reported. All regressions include a constant term, dummies for
the year of 8th grade school attendance, and dummy variables for enrolment segment. ‘With controls' is the full set of control variables
described in section 3 and as shown in Table Al. 'Observations' refer to the number of students/the number of schools.

The 'F 1st stage' refers to the F-statistic for the instrument in the first-stage regression; it uses standard errors clustered by school.
Significance at the 5%/10% levels is indicated by bold/italic types.



Table 9: Effect of class size on wage for later years (1-12)
All Lower secondary educ. Upper secondary educ.

Av. yearl-3 Av. Year4-12 Av. yearl-3 Av. Year4-12 Av. yearl-3 Av. Year4-12

+/-5 discontinuity sample

Observations 5,544/429  5,833/429 3,006/426  3,273/425 2,538/423  2,560/425
Coef. (class size) -0.0010 -0.0056 -0.0029 -0.0039 0.0010 -0.0075
se 0.0038 0.0026 0.0064 0.0036 0.0047 0.0030
p-value 0.7920 0.0320 0.6460 0.2780 0.828 0.0130
R-squared 0.1147 0.2411 0.0616 0.1879 0.1563 0.2860
+/-4 discontinuity sample

Observations 4,513/342  4,738/342 2,443/340  2,653/339 2,070/338  2,085/340
Coef. (class size) -0.0046 -0.0062 -0.0111 -0.0063 0.0010 -0.0068
se 0.0052 0.0034 0.0099 0.0053 0.0056 0.0034
p-value 0.3750 0.0690 0.2620 0.2380 0.8600 0.0470
R-squared 0.1170 0.2417 0.0515 0.1743 0.1530 0.2976
+/-3 discontinuity sample

Observations 3,405/262  3,571/262 1,849/262 2,001/260 1,556/258 1,570/260
Coef. (class size) -0.0062 -0.0055 -0.0137 -0.0067 0.0032 -0.0059
se 0.0064 0.0040 0.0112 0.0059 0.0064 0.0040
p-value 0.3340 0.1740 0.2230 0.2610 0.6240 0.1360
R-squared 0.1064 0.2438 0.0372 0.1829 0.1493 0.2922

Table 10: Effect of students per teacher hours on wage for later years (1-12)
All Lower secondary educ. Upper secondary educ.
Av. yearl-3 Av. Year4-12 Av. yearl-3 Av. Year4-12 Av.yearl-3 Av. Year4-12

+/-5 discontinuity

Observations 5,544/429  5,833/429 3,006/426  3,273/425  2,538/423  2,560/425
Coef. (stud/teacher hour) -0.3785 -0.5281 -1.6128 -0.3499 0.2420 -0.7907
se 0.5325 0.3613 1.2115 0.4532 0.5861 0.4457
p-value 0.4780 0.1450 0.1840 0.4400 0.6800 0.077
R-squared 0.1075 0.2220

+/-4 discontinuity

Observations 4,513/342  4,738/342 2,443/340  2,653/339  2,070/338  2,085/340
Coef. (stud/teacher hour) -0.6357 -0.3443 -2.5368 -0.2404 0.2828 -0.4132
se 0.6816 0.3655 2.0751 0.5609 0.6388 0.4021
p-value 0.3520 0.3470 0.2220 0.669 0.658 0.3050
R-squared 0.1010 0.2453 . 0.1851 0.1498 0.2986
+/-3 discontinuity

Observations 3,405/262  3,571/262 1,849/262  2,001/260  1,556/258  1,570/260
Coef. (stud/teacher hour) -0.8378 -0.2952 -1.6889 -0.3166 0.2969 -0.1738
se 0.6326 0.3130 1.0917 0.4067 0.6214 0.3698
p-value 0.1870 0.3470 0.1230 0.4370 0.6330 0.6390
R-squared 0.0796 0.2471 0.2953 0.1899 0.1492 0.3043

Note: Robust standard errors corrected for within-school correlation are reported. All regressions include a constant term, dummie
the year of 8th grade school attendance, and dummy variables for enrolment segment. ‘With controls' is the full set of control varia
described in section 3 and as shown in Table Al. 'Observations' refer to the number of students/the number of schools.

The 'F 1st stage' refers to the F-statistic for the instrument in the first-stage regression; it uses standard errors clustered by school.
Significance at the 5%/10% levels is indicated by bold/italic types.



Figure 1: Drop in mean school resources around discontinuity points
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Note: Based on individual-level data. The patterns look similar when based on school-level data.




Figure 2: Later career school resource effects on wage for the 1985-cohort
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Note: Each column displays the school resource estimate from a separate regression (= results from 36 regressions).

Insignificant results (at the 5% level) are indicated by stripes. All regressions include the full set of control variables
described in section 3 and as shown in Table Al. Source: Th. Al.



Table Al: Estimation results for basic wage and employment regressions (x5 discontinuity sample) and descriptive statistics for these samples

Wage regression (2SLS)

Employment regression (IV-tobit)

Descriptive statistics

Estimation results

Descriptive statistics

Estimation results

Robust Robust
Mean SD Min  Max Coef.  Std. Err  P>[t] Mean SD Min Max Coef. Std. Err  P>|z|

Class size 20.039 3.470 10 29 0.000 0.001 0.876 | 20.006 3.487 10 29 0.101 0.079 0.199
8th grade cohort of 1985 0.154 0.361 0 1 0.071  0.005 0.000 0.154 0.361 0 1 -20.881 0.355 0.000
8th grade cohort of 1986 0.154 0.361 0 1 0.051 0.005 0.000 0.154 0.361 0 1 -19.491 0.347 0.000
8th grade cohort of 1987 0.138 0.345 0 1 0.044 0.005 0.000 0.137 0.344 0 1 -15.749 0.352 0.000
8th grade cohort of 1988 0.139 0.346 0 1 0.028 0.004 0.000 0.137 0.344 0 1 -12.083 0.332 0.000
8th grade cohort of 1989 0.125 0.331 0 1 0.015 0.004 0.000 0.125 0.330 0 1 -7.770 0.332 0.000
8th grade cohort of 1990 0.113 0.317 0 1 0.007 0.004 0.067 0.114 0.317 0 1 -3801 0.332 0.000
8th grade cohort of 1991 0.096 0.294 0 1 0.002 0.004 0.715 0.097 0.296 0 1 -1.638 0.341 0.000
8th grade cohort of 1992 0.081 0.273 0 1 Reference 0.082 0.275 0 1 Reference
Age 21.556 2.817 14 32 0.164 0.006 0.000 21.277 2.884 14 32 -9.050 0.444 0.000
Age-squared -0.003 0.000 0.000 0.210 0.010 0.000
Age>18 when entering labour market 0.934 0.248 0 1 0.037 0.006 0.000 0.913 0.282 0 1 -9.060 0.368 0.000
d24 (First discontinuity segment) 0.101 0.302 0 1 Reference 0.106 0.307 0 1 Reference
d48 (Second discontinuity segment) 0.452 0.498 0 1 0.000 0.003 0.999 0.455 0.498 0 1 -0.765 0.259 0.003
d72 (Third discontinuity segment) 0.327 0.469 0 1 -0.003 0.004 0.401 0.322 0.467 0 1 -0.397 0.288 0.169
d96 (Fourth discontinuity segment) 0.120 0.325 0 1 -0.007 0.004 0.104 0.117 0.321 0 1 -0477 0.335 0.155
Own education: Lower secondary education 0.204 0.403 0 1 Reference 0.270 0.444 0 1 Reference
Own education: Upper secondary education 0.635 0.481 0 1 0.066 0.003 0.000 0.590 0.492 0 1 13.175 0.207 0.000
Own education: Short college education 0.041 0.198 0 1 0.148 0.005 0.000 0.037 0.188 0 1 7.319 0.416 0.000
Own education: Long college education 0.089 0.285 0 1 0.196 0.004 0.000 0.077 0.267 0 1 10.850 0.360 0.000
Own education: University education 0.031 0.172 0 1 0.348 0.006 0.000 0.027 0.162 0 1 4.804 0.503 0.000
Female 0.465 0.499 0 1 -0.150 0.002  0.000 0.483 0.500 0 1 -4939 0.136 0.000
Danish native 0.967 0.179 0 1 Reference 0.955 0.208 0 1 Reference
Immigrant 0.009 0.096 0 1 0.044 0.010 0.000 0.015 0.121 0 1 -7990 0.599 0.000
Second generation immigrant 0.006 0.079 0 1 0.000 0.011 0.969 0.008 0.090 0 1 -2.718 0.759 0.000
No. Siblings 0.897 0.831 0 11 0.002 0.002 0.164 0.903 0.859 0 11 0.098 0.115 0.391
No. of younger siblings 0.491 0.500 0 1 -0.005 0.002 0.033 0.488 0.500 0 1 0.966 0.189 0.000
Lives with both parents 0.745 0.436 0 1 Reference 0.717 0.450 0 1 Reference
Lives with single mother 0.117 0.321 0 1 0.006 0.003 0.053 0.131 0.337 0 1 -3.199 0.247 0.000
Lives with single mother&stepdad 0.086 0.281 0 1 0.001 0.003 0.825 0.092 0.289 0 1 -3.107 0.252 0.000
Lives with single father 0.024 0.153 0 1 0.014 0.006 0.022 0.026 0.160 0 1 -3974 0.457 0.000
Lives with single father&stepmum 0.017 0.129 0 1 0.001 0.007 0.849 0.018 0.134 0 1 -4187 0.522 0.000
Lives without natural parent 0.010 o0.101 0 1 -0.023 0.011 0.031 0.016 0.124 0 1 -9.391 0.658 0.000
Lives without natural parent,
but natural parents live together 0.001 0.031 0 1 -0.049 0.028 0.079 0.002 0.040 0 1 0.477 1682 0.777
Data on mother missing 0.013 0.112 0 1 0.003 0.010 0.796 0.015 0.121 0 1 2129 0.679 0.002
Data on father missing 0.043 0.204 0 1 0.001 0.005 0.823 0.050 0.218 0 1 3.010 0.400 0.000




Teen-mum 0.090 0.286 0 1 0.007 0.003 0.040 0.097 0.296 0 1 -2502 0.248 0.000
Teen-dad 0.020 0.141 0 1 0.005 0.006 0.445 0.022 0.148 0 1 -1.208 0.471 0.010
Both parents with lower secondary education 0.223 0417 0 1 Reference 0.238 0.426 0 1 Reference

At least one parent has upper secondary educ. 0.513 0.500 0 1 -0.013 0.002 0.000 0.497 0.500 0 1 1.757 0.173 0.000
At least one parent has short college education 0.049 0.217 0 1 -0.024 0.004 0.000 0.048 0.214 0 1 2.357 0.349 0.000
One parent has long college or university educ. 0.139 0.346 0 1 -0.026  0.003 0.000 0.138 0.345 0 1 2.227 0.249 0.000
Both parents have long college or university educ. 0.055 0.228 0 1 -0.036 0.004 0.000 0.056 0.230 0 1 1.475 0.357 0.000
Parental education missing 0.017 0.129 0 1 0.000 0.007 0.984 0.021 0.142 0 1 -0.297 0.505 0.557
Mother wage earner 0.790 0.408 0 1 Reference 0.777 0.417 0 1 Reference

Father wage earner 0.748 0.434 0 1 Reference 0.737 0.440 0 1 Reference

Mother self-employed 0.094 0.292 0 1 0.008 0.004 0.051 0.091 0.287 0 1 2.834 0.336 0.000
Father self-employed 0.166 0.372 0 1 0.013 0.003 0.000 0.160 0.367 0 1 5.117 0.291 0.000
Mother student 0.004 0.064 0 1 0.004 0.015 0.813 0.005 0.069 0 1 -1.381 0.976 0.157
Father student 0.001 0.030 0 1 0.012 0.028 0.657 0.001 0.033 0 1 0.818 1985 0.680
Mother social benefits 0.010 o0.101 0 1 0.003 0.009 0.729 0.015 0.122 0 1 -5534 0.585 0.000
Father social benefits 0.006 0.078 0 1 0.006 0.012 0.621 0.009 0.093 0 1 -2521 0.736 0.001
Mother not active in labour market 0.089 0.285 0 1 -0.002 0.004 0.612 0.098 0.297 0 1 -1.779  0.307 0.000
Father not active in labour market 0.036 0.187 0 1 0.007 0.005 0.179 0.042 0.202 0 1 -1.084 0.378 0.004
Mother's income 13.790 9.934 0 127.6 0.001 0.000 0.000 | 13.393 10.055 0 127.6 0.069 0.012 0.000
Father's income 22.054 17.379 0 519 0.000 0.000 0.000 | 21.422 17.438 0 757.24 0.091 0.007 0.000
Mother's unemployment rate 7.164 20.071 0 100 0.000 0.000 0.085 7.914 21.130 0 100 -0.037 0.004 0.000
Father's unemployment rate 4.440 15.367 0 100 0.000 0.000 0.010 4994 16.419 0 100 -0.017 0.005 0.000
Mother's wealth 0.343 5595 -269 1311 0.000 0.000 0.585 0.328 5.247 -268.9 1311 0.127 0.026 0.000
Father's wealth 1.979 10.475 -230 1189 0.000 0.000 0.699 1.814 10.141 -371.5 1189.4 0.072 0.009 0.000
Lives in owned dwelling 0.759 0.428 0 1 Reference 0.727 0.446 0 1 Reference

Lives in rented dwelling 0.207 0.405 0 1 0.005 0.002 0.063 0.233 0.422 0 1 -2428 0.193 0.000
Other type of dwelling 0.016 0.124 0 1 0.009 0.007 0.214 0.017 0.128 0 1 -0.830 0538 0.123
Type of dwelling missing 0.008 0.090 0 1 0.006 0.012 0.598 0.008 0.091 0 1 -0.791 0.925 0.393
Rooms per person 1.219 0.446 0 6.67 -0.006 0.002 0.016 1.207 0.459 0 750 1456 0.188 0.000
Rooms per person unknown 0.005 0.068 0 1 -0.013 0.017 0.449 0.005 0.069 0 1 2814 1.235 0.023
Peers: Mean parental years of schooling 11.502 0.688 9.50 14.78 -0.017 0.002 0.000 11492 0.697 9.00 14.78 -0.107 0.169 0.527
Peers: Mean parental unemployment rate 5961 3.136 0 29.88 0.000 0.000 0.263 6.094 3.252 0 29.88 -0.063 0.030 0.037
Peers: Mean parental income 18.034 3.675 5.98 34.40 0.003 0.000 0.000| 17.955 3.696 0.00 34.40 -0.004 0.033 0.891
Unemployment rate in municipality 9.281 2963 1.97 23.29 -0.001 0.000 0.009 9.365 2978 197 2329 -0.550 0.032 0.000
Constant 3.050 0.071  0.000 207.946 5.095 0.000
No. Observations 115,956 142,700

R-squared / LogPseudoLikelihood 0.2135 -710121

Note: Significance at the 5% level are indicated by bold types.



Table A2: Without controls: Effect of class size on wage for later years (1-12)
All Lower secondary educ.  Upper secondary educ.

Av. yearl-3 Av. Year4-12  Av.yearl-3 Av. Year4-12 Av. yearl-3 Av. Year4-12
+/-5 discontinuity sample
Observations 5,544/429  5,833/429 3,006/426  3,273/425 2,538/423  2,560/425

Class size -0.0009 -0.0069 0.0000 -0.0045 0.0018 -0.0077
0.0042 0.0031 0.0069 0.0039 0.0049 0.0036

p= 0.8250 0.0260 0.9990 0.2530 0.7210 0.0320

+/-4 discontinuity sample

Class size -0.0041 -0.0092 -0.0065 -0.0101 0.0017 -0.0077
0.0052 0.0041 0.0099 0.0061 0.0056 0.0040

p= 0.4330 0.0270 0.5080 0.0960 0.7580 0.0580

+/-3 discontinuity sample

Observations 3,405/262  3,571/262 1,849/262  2,001/260 1,556/258  1,570/260

Class size -0.0038 -0.0070 -0.0098 -0.0083 0.0031 -0.0066

p= 0.5170 0.0930 0.3550 0.1470 0.6380 0.1760

Note: No controls included except for dummies for year of 8th grade attendance and discontinuity segment dummies.

Significance at the 5%/10% levels is indicated by bold/italic types.




Figure Al: Mean class size for each value of enrollment and expected class size
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Figure A2: Average number of pupils per teacher hour for each value of enroliment
and fitted values from a regression of this variable on the instrument.
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