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1. Introduction

The education system has the grand tasks of fostering informed and responsible citizens and
providing a productive labour force. How best to design it is a million-dollar question for
policy makers around the world — not least when it comes to the upper secondary level, where
there are plenty of possible routes. Among OCED-countries, there is substantial variation in
features such as starting age, duration of studies, and the degree to which upper secondary
students choose among specializations (Stronati, 2023). In Sweden, students choose among a
large set of academic, non-academic general, and vocational upper secondary programs. !
Selection into oversubscribed programs is determined based on the final lower secondary
school grades. As a result, the combination of students’ choices, grades, and the supply of
programs in relation to local cohort sizes determines what program a student gains access to.
Since the degree of specialization is high, admission to an upper secondary track has strong

implications also for access to tertiary education.

The long-term importance of upper secondary education is underlined by Figure 1, which
shows substantial variation in adult earnings across individuals who graduated from different

upper secondary fields, or who had not graduated from secondary school, by age 20.

Figure 1. Average annual earnings at age 41-43 of cohorts that were 16 years old in
1975-86, by upper secondary graduation status measured at age 20.
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Academic program students are in the top, while students of vocational
welfare/health/consumption related programs have the lowest earnings among the upper
secondary graduates. Not having graduated at all by age 20 is associated with the lowest

levels of average earnings.

Although these patterns can reflect differences between groups of students that go beyond
their field of education, for example in personal interests and abilities, they still point to the
relevance of studying upper secondary education, and motivate the research question of this
study: Is expansion of upper secondary education — and in particular of programs that are
associated with higher pay-off in the labour market — a viable route for increasing the future

average earnings of local youth?

This study? contributes to answering this question by evaluating how changes in the local
supply of upper secondary programs, in Swedish school regions in the 1970s and -80s,
affected the educational and labour market trajectories of local youth. This is done by
comparing the outcomes of school age youth who resided in the same school region, but
faced different supply due to changes in the available program slots per school age resident
from one year to another. In order to capture differences in impacts across fields, I estimate
separate coefficients for each of the four categories of upper secondary programs shown in

Figure 1 (academic, non-academic general, and two categories of vocational programs).

The identifying variation stems from an arguably exogenous and policy-relevant source of
variation in the form of expansions and contractions of the number of slots offered per
program and school region, during a period when these decisions were highly centralized and
made public prior to students’ applications to upper secondary school. The supply variables
are constructed by dividing the number of available program slots by the projected local
school age cohort size, in order to take into account that access is determined by the level of

supply in relation to the number of potential students.

In order to gain a broad understanding of how the local youth were affected by changes in the
supply of the four upper secondary program groups, I investigate a range of short- medium-
and long-run outcomes. Firstly, to gauge the short-term impacts, I study admissions to —and
graduations from — upper secondary school, as well as the alternative activity being employed

as a youth. Secondly, I analyse a number of outcomes related to the upper secondary school

2 An informal pre-plan analysis for this project can be found at https://osf.io/pxmfd/, and revisions to the plan
are documented here https://osf.io/4ctga/. Appendix section Al.1 lists additional revisions made thereafter.
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environment, such as class size and school peer academic ability. Thirdly, I investigate
aspects related to the application process, in the form of the likelihood to apply to different
programs, and to be admitted to one’s top listed choice. Finally, I follow individuals until
their early 40ies, and measure the long-term impact on field and level of education, and on

earnings, wages and employment.

The study thus takes a broad approach and studies the overall, or “reduced form”, effects of
the local educational supply on several education- and labour market related outcomes. It is

consequently related to various strands of the literature on the impact of access to education.’

First, a large literature uses distance to schools, or institutional variations in aspects such as
the minimum school leaving age, as instrumental variables for educational attainment. Card
(2001) includes an overview of early studies, which overall suggest fairly large earnings
effects of schooling. More recent studies find that reduced travel time to Norwegian upper
secondary schools positively impacts the graduation rate (Falch et al., 2013), and that
geographical proximity affects the type of educational institution an individual attends in the
UK, but not participation rates per se (Gibbons and Vignoles, 2012). Grau et al. (2018) find
that decreased access, measured as school closures in Chile, increases the probability of high-

school dropout.*

Another strand of literature makes use of variation from policy reforms that affect the
duration and/or content of the education system, for example the introduction of nine years of
compulsory comprehensive education in Sweden (see Holmlund, 2020, for an overview of
articles evaluating the reform), and the prolongation of the compulsory instruction time in
Swedish primary schools (Fischer et al., 2020). The evidence from these reforms suggests
that access to more education (in terms of more years or more instruction time) at the primary
and lower secondary level is beneficial for students’ long-term earnings. On the other hand, a
reform that prolonged the duration of the vocational upper secondary tracks in Sweden, while
at the same time increasing their theoretical subject content, had mixed results. Whereas it did
increase the average years of education, it did not affect earnings (Hall, 2012). Among

students with low academic ability, it furthermore led to higher dropout rates (Hall, 2012) and

3 As the literature is vast, I will make no attempt to cover it all, but will focus on references that are more closely
related. The current study can also be related to the research on school funding, peer effects, class sizes, etcetera.
I will abstain from reviewing those literatures in the introduction, but will add comments on relates articles
throughout the paper.

4 Other studies related to education supply include e.g. Lovén et al., 2020, Kelchtermans and Verboven (2010a
and 2010b).



a higher risk for unemployment later in life (Hall, 2016).° ¢ Overall, a large set of studies thus
suggest that that better access to education improves education levels, and often earnings. But
there is also evidence that more is not always better; for example, that longer and more

theoretical specializations do not always benefit low-ability students.

A third line of research compares students around admission thresholds to study the impact of
educational specializations. Kirkeboen et al. (2016) evaluate the impact field of education at
the college level in Norway, by comparing the outcomes among students who were
marginally accepted into one field instead of another. Their results suggest large differences
in the labour market payoffs across fields, and that estimated payoffs are higher for the fields
in which students have a comparative advantage.’” Two recent articles, that are closely related
to the present study, use regression discontinuity (RD) design to evaluate admissions to
different types of upper secondary programs.® Silliman and Virtanen (2022) study upper
secondary tracks in Finland, and find that admission to a vocational instead of non-vocational
program had a persistent positive impact on earnings. Dahl et al. (2023) analyse the impact of
different types of academic programs in Sweden. They report that admission to the academic
Natural Science, Engineering and Business programs had mostly positive, and the academic
Social Science and Humanities programs mostly negative, effects on adult earnings, when the
fall-back option was another academic program. Among students whose fall-back option was
a non-academic general or a vocational program, the impact of admission to an academic
program was however often negative, or zero — a finding broadly in line with the positive

impact of vocational studies found by Silliman and Virtanen (2022).

The present study provides an interesting complement to the above articles, by levying a
source of identifying variation that enables estimation of other types of effects and for a
broader group of students. Whereas RD-type studies respond to the question of how a student
near the admission threshold is affected by just getting in to her top choice compared to the

fall-back option, the present study analyses the average effect on all local school age youth of

5 The reform’s impacts on a host of additional outcomes has been evaluated, including transition to university,
teenage pregnancies, voting participation, and network effects on employment; an overview is available at:
https://www.ifau.se/Press/Forskningssammanfattningar/effekter-av-trearigt-yrkesgymnasium/

® Héméldinen and Uusitalo (2008) study a reform that was similar in character in the sense that it led to an
upgrading of the level and duration of the education, but at the tertiary level; namely the transformation of
Finnish vocational colleges so polytechnics. They estimate positive earnings effects on graduates of the schools.
7 There are also studies using RD to study the impact of admission to a particular form of education. Goodman
et al. (2017) find that admission to a 4-year instead of a 2-year college increased the likelihood of completing a
bachelor degree, Ockert (2010) reports a long-term positive impact on years of education of admission to
Swedish colleges and finds no evidence of earnings effects.

8 For further reviews on the impact of field of education, see for example Altonji et al. (2016).



changes in their school regions’ educational supply. As mentioned above, this means that a
host of aspects are relevant to study — including not only the effects related to increased
chances of getting into an expanding track, but also effects related to potentially fewer
students attending the other available tracks, and changing peer compositions or class sizes.
Ultimately, the estimated long-term impacts on earnings, wages and employment will reflect
the aggregate of these potential channels — including the impacts that go through track
attendance as well as those that go through peer composition, class sizes, the likelihood to
attend upper secondary school at all, etcetera. The aim of this paper is thus twofold: 1) to
provide evidence on such intermediate channels, and ii) to evaluate how the long-term labour
market prospects of local youth are affected by increases and decreases in the local supply of

different upper secondary specializations.

As was briefly explained above, the analysis is based on comparing cohorts of school age
youth who reside in the same school region, but face different upper secondary supply due to
changes over time in the available slots per school age resident. By limiting the analysis to
comparisons two year-windows of data, in a stacked regression setting, I make sure that the
analysis is not affected by long term regional labour market trends that could be associated
with both educational supply and student outcomes. In order to isolate specific track effects, |
analyse the impact of supply changes for each program group (academic, non-academic
general, vocational welfare/health/consumption, and vocational

technical/industry/agriculture), while holding constant for supply changes to the other groups.

The results suggest that students responded to increases in the number of available program
slots per school age youth by listing the program type as top choice in their upper secondary
applications more often, and that students were more often admitted to, and graduated from,
the programs that became more widely available. There is also evidence of reshuffling of
students across programs; for example, more admissions to the non-academic general studies
as more slots in that sector opened up, came at the cost of a reduction in admissions to
vocational programs in the welfare/health/consumption sectors. Increased supply of general
programs (academic and non-academic) furthermore led to higher chances that local school
age individuals were accepted to any upper secondary program, but that the impact on having
graduated from any upper secondary school program by age 20 was higher if the supply
increase came in form of (the generally shorter and academically easier) vocational program
slots. There is also evidence that increased supply of upper secondary programs contributed

to decreasing class sizes, as well as to a reduction of the average GPA of the school peers.



Finally, overall, there is no substantial evidence that changes to the supply of different types
of upper secondary programs affected students adult labour market outcomes, measured as

earnings, wages and employment in their early 40ies.

I also estimate the impact of supply for each of the five academic programs that were studied
by Dabhl et al. (2023). The results are generally in line with those for the broader program
groups: positive impacts on admissions, and mostly non-significant effects on long-term
labour market outcomes. There is an indication that more supply of the Business program
was harmful for students’ long-term wages and earnings, but only in cases where the supply

increase took place from already low admission threshold levels.

The overall non-significant results of supply of upper secondary programs on long term
labour market outcomes contrast to the strong evidence of upper secondary field-effects on
long-run earnings that were found by the RD-studies of Dahl et al. (2023) and Silliman and
Virtanen (2022). Although the results of this study are not precise enough to rule out the
presence of supply effects, and although some evidence was found for a negative supply
effect of the Business program when admission thresholds were already low, the mostly non-
significant results serve as a reminder for caution regarding the generalizability of RD-based
studies. Specifically, this paper has demonstrated that RD-estimates of upper secondary
program admission may not translate directly to the effects of changing the supply of the
program. The comprehensive reduced form type analysis of this paper thus provides a

valuable complement to that literature.

The remaining sections of the paper present the background institutional setting (section 2),

the data and empirical method (section 3), and the results (section 4). Section 5 concludes.
2. Upper secondary education in Sweden in the 1970s and 1980s

During the 1970s and -80s, the organization of Swedish secondary education was strongly
centralized. The local (municipal) level of government was responsible for providing
education, but was subject to detailed national regulation. Planning and funding decisions
were to a large extent made at the national level or by the 24 counties, and teachers and
principals were national government employees. This section gives an overview of the
content and local supply of upper secondary educational programs during the period (more

detailed information is given in Appendix section A1.2).

2.1 Upper secondary admissions and educational program content



Students entering upper secondary education could choose among over 20 educational
programs. The application process started during the spring, when students submitted an
ordered list of preferred programs to their school region. There was no option to choose
among schools. Admissions were determined by the final grade point average from lower
secondary school, and students competed on equal basis within their school region. After
students were accepted to a program, they were assigned to a school based on travel time and

in order to make effective use of facilities and other resources.’® '°

The educational programs consisted of five 3-year long academic tracks (among which one
had the option of taking a fourth year of Engineering studies); five 2-year non-academic
general programs; and seventeen 2-year vocational programs (see Appendix section Al.2 for
a complete list of programs).!! The programs varied greatly in character. Among the

academic programs, the Engineering and Natural Science programs had, as the names

suggest, a strong focus on Math and Science, and the Natural Science program was the
broadest in content, giving eligibility to all university educations. The Social Science,
Humanities and Business programs were also university-preparatory, but gave eligibility to a
narrower set of university educations, excluding Engineering, Science and Medicine. The 2-

vear non-academic general programs were directed towards Business; Engineering; Social

studies; Music; and Arts. Compared to the 3-year programs, these programs placed less
emphasis on preparing for tertiary studies, although students were eligible for some post-
secondary educations, and placed relatively more emphasis on preparing for labour market

entry/practical skills. A broad variety of 2-yvear vocational programs prepared students for

vocations within e.g. the industry; transportation; agriculture and forestry; social service;
nursing; trade and administration. In the analysis, they are grouped into two broad categories:

vocational technical/industry/agriculture and welfare/health/consumption.

Students in the academic programs tended to have higher grades from lower secondary
school and more educated parents (Table 1). Female students are starkly under-represented in
vocational technical/industry/agriculture programs (10 percent) and strongly overrepresented

in vocational welfare/health/consumption programs (87 percent). In the academic and non-

% See e.g. SOU 1973:48, and government bills Prop. 1985/86:10; Prop. 1981/82:157 and Prop. 1973:77.

10 A special regulation was in place for the school regions of Stockholm county, which formed a joint admission
region (see Appendix section A1.2 for details). This makes the link between the school region supply and the
admissions a bit unclear for these school regions, and they are therefore excluded from the analysis presented in
this paper. Results when adding them, treated as one joint region, are presented in the Appendix section A3.

! The number of 2-year programs varied during the study period; the number of non-academic general
programs grew from three to five, and the number of vocational programs grew from 13 to 17.



academic general program groups, the gender distribution is fairly even, although there were
variations among the programs within the groups. (Appendix section A2.1 includes a table

showing student background per program).

Table 1. Background characteristics of students admitted to upper secondary programs,
1975-1986

Final GPA
lower Parent Parent post-
secondary secondary secondary
Type of program Observations school Female education education

Academic 442 253 38.64 0.49 0.59 0.47
Non-Academic General 174127 32.52 0.59 0.61 0.27
Vocational
Welfare/Health/Consumption 239712 30.98 0.87 0.58 0.16
Vocational
Technical/Industry/
Agriculture 311333 28.23 0.10 0.58 0.15

Note: The sample consists of admitted students who turn 16 the year of admission (the regular school age). The
final GPA lower secondary school represents the average GPA among admitted students, whereas the female
and parental education variables measure shares. The information on parental education is measured in year
1990, which is the first year for which this information is available in the project data, and they represent the
share of students with at least one parent with the respective education level.

2.2 Upper secondary program supply

The supply of educational programs within school regions was determined by the National
Board of Education, and, from the early 1980s, the process was partly decentralized to the
County Boards of Education. The supply decisions were made public in December prior to
each school year, in a publication that listed the coming school year’s allotted number of
classes per program and upper secondary school region.!? A class encompassed a maximum
of 30 students, or, for many of the vocational programs, 16 students. The supply decisions
came with full funding, which was allocated to the school regions in the form of targeted

grants.

After the December publication of the coming school year’s supply, modifications could be
made, based on proposals from the local level to either scale up programs that, during the
spring application process, proved to be high in demand, or scale down programs with few

applicants. These modifications imply that the supply information used in the empirical

12 The publication, Réda boken, is available at the Swedish National Archives. I am grateful to Sebastian
Ekberg, Malin Tall&s-Ahlzén and Ellinor Edvardsson for excellent research assistance in collecting the
information, as well as to Anders Stenberg for generously sharing large amounts of information on local supply
and upper secondary regulation.



specification (the December decisions) will not correspond 1:1 to the de facto supplied
programs. Figure 2 shows that the December-decisions still correlate strongly with the
number of admitted students. The exception is the Vocational programs within
Welfare/Health/Consumption, where the number of supplied slots were constantly larger than
the admissions. This suggests that the modifications implemented during the spring were, at

least for most programs, probably relatively minor.!?

Figure 2. Number of slots (December decisions) and number of admitted students per

program group 1975-1986.
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As explained in the introduction, the empirical strategy builds on the idea that the supply
variation from one year to another within a school region can be viewed as exogenous to
students’ subsequent outcomes, conditional on controls for the factors that were known to
influence the Board’s supply decisions. It is therefore important to know which these factors

were. As described in a detailed exposé of the process in Appendix section Al.2, the decision

13 A higher number of slots than admitted can also be a result of over-supply.



to increase, reduce, or keep constant the number of classes for a program in a school region
was guided by the National government’s overall funding available for upper secondary
education, and by information supplied to the Board by the local and regional levels of
government. In particular, the Board paid attention to the expected demand for upper
secondary schooling in the form of the projected number of school age individuals in the
school regions; the previous years’ number of first-hand applicants per available slot; and the
previous years’ number of enrolled students per available slot. These factors are observed in

the data available for this project, and will be flexibly controlled for in the empirical analysis.

In addition to the above-mentioned factors, the National Board received statements from the
County Employment Boards and local employer/industry organizations on the need for and
design of programs relevant to the local industry. One aspect of relevance for this study, is
the extent to which supply expansion of a certain program reflected statements indicating
higher local demand for the type of labour produced by the program. Such an impact would
risk to give rise to a positive correlation between program supply and labour market
outcomes driven by the demand-side rather than the program supply. While I cannot observe
and control for the local statements, the empirical specification will include school-region by
2-year period fixed effects, which probably to a large extent capture local labour market
chocks. A balance analysis presented in Appendix A2.2 indeed confirms that there is no
association between the identifying supply variation used in the regression analysis and local
labour market conditions measured by the students’ parental earnings.'* This suggests that
the empirical specification successfully controls for otherwise potentially confounding effects

of local labour market trends. !>
3. Empirical strategy and data

This section explains the regression model, the potential types of effects that the estimates

capture and the outcome variables that are used to measure these effects.

3.1 Estimation model

14 The idea is that if the supply decision was a response of better labour market prospects in the form of, say, the
location of a big firm to a region, then this would likely result in higher observed earnings among the parents of
the students.

13 In the earlier versions of this paper, I chose to focus on the academic programs as they are likely to have a
weaker connection to the local labour market, and hence run a smaller risk for this type of omitted variable bias.
However, this was probably overly prudent, and estimates for the non-academic programs are therefore now
presented along with the results for the academic programs.



As explained in earlier sections, I restructure the data to a stacked 2-year format, and estimate
the impact of educational school region supply changes within each school region by 2-year

“round” of data (see equation 1 below for the detailed specification).
The regression equation is the following:

P
Slotsge

Yigrpt+j = Wr + 7 + Up + ZP IBP ( ' 100) +CC)+ Xi,t—1,5 + Egrp,t+j (D),

Popl154t—1

where yg,p 4 18 the average outcome of the individuals i of school region g, and school
region by 2-year “round” r. p indicates if the observation is the first or the second of the two
periods within a round. As indicated by the equation, the regression includes fixed effects at
the level of round (note that school region fixed effects are omitted as they are captured by
the round fixed effects), w,., year, 7, and time period (1 or 2) within round, u,. Standard
errors are clustered at the “round” level. The baseline results presented in the article are
weighted by the number of students per year and school region; and results when each school
region and year is given equal weight are presented in the Appendix section A4. !¢ The
outcome year is indicated t + j, where year ¢ is the year the individual turns 16, and j denotes
the number of years after this that the outcome is measured. As shall soon become clear, the

analysis will cover a broad range of outcomes measured from age 16 to age 43.

BFmeasures the estimated impact of changes in the local upper secondary program supply,

P
measured as the number of slots per 100 local school age individuals (PS:I’% 100). 17
o g.t—1

Separate coefficients are estimated for each of the groups (P) of academic programs; non-
academic general programs; vocational welfare/health/consumption programs; vocational
technical/industry/agriculture programs. (In later sections I will furthermore report separate
coefficients for each of the academic programs: Natural Science, Engineering, Social

Science, Humanities and Business). As previously explained, the local school age population

16 The regression was run after collapsing the data to school region by year level averages, and weighting with
the number of individuals, in order to speed up the estimations. The baseline results omit Stockholm school
regions, since they formed a joint admission region during the studied period, which makes it cumbersome to
link supply changes in specific school regions to the admission chances in the joint region. Adding them does
not substantially alter results (see Appendix section A3).

17 Appendix section A2.1 shows figures for the distribution of the supply variables for the four groups of
programs, as well as the residual variation in the supply variables when all other right-hand-side variables are
accounted for. The latter figure shows that the identifying supply variation is bell-shaped with few observations
exceeding 2 in absolute value. Residuals of absolute value around 1 are fairly common, meaning that the supply
effects are identified out of variation that is often of the magnitude of around +0.5 to 1 more slot per 100 school
age youth. Given that the supply distributions are centred around 15-25, depending on program group, the
identifying variation is fairly large.



is measured as the number of 15-year-olds residing in the school region at the end of year t-1,
and the number of slots is measured according to the December decisions by the Educational

Board (i.e. prior to students applications to upper secondary education).

The fact that the supply variable is generated by normalizing the number of slots by the local
school-age population, means that part of the identifying variation will stem from population
changes over time. Figure 3 illustrates the development of both sources of variation — slots
and population size — together with the constructed supply-per-school-age-population
variables, for the group of academic programs in Linkdping — a mid-sized school region in
southern Sweden. The figure clearly shows that the development of the generated supply-per-
population variable reflects changes in both the number of classes and the population size.
The figure furthermore suggests that the number of available classes responds to changes in
the population size — as one would expect considering that a growing/shrinking school region

needs to adjust its supply.

Figure 3. Example of the variation in supply and school age population over time in a
school region.
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Let us now return to equation 1, where the component C(-) denotes a control function for the
factors that were influential for Educational Boards’ “December decisions” on the school
region supply. These factors include the projected school age population size and recent
trends in local demand as reflected in applications and admission, in relation to available

slots, and they are measured as follows:

1. The projected number of 16-year olds is measured as the natural log of the number of
15-year old students, In(pop15,), who resided in the region measured at December 31
the year prior to the start of the school year in question.

ii.  The number of first preference applicants to each program group P as a share of the

. Appllg
> P
Slotsg

number of available program slots in the region
iii.  The extent to which classes were filled, which is measured as the number of admitted

P
students to program group P as share of the number of available program slots; /;‘Z';Sl,f .
g

These school region (g) level variables are added measured in years #-/ and -2 in order to
capture potential lagged impacts, and they are included both in levels and squared in order to

allow for potential non-linear effects.!'® The control function takes the following form:

P P 2 P P 2
Applly i p (Appllg . ; p (Admlg,_; p [Admlg,_;
CO) =Y, ZpyP (=) + 3,07 (—2) + 3,6 L)+ Yppi | —) +
() Jj=1 PYj Slots;t_]- PYj Slotsg‘t_j PYj Slots;;‘t_j PPj Slotsg‘t_j

2
pin(pop15,,_;) + 6 (In(pop154.-;)) ) 2)

Finally, the regression equation includes a set of student background individual level
covariates (X;;_1), measured at age 15; the year before entering upper secondary education.
These mainly serve to increase efficiency; a balance analysis below will show that they are
by large uncorrelated with program supply changes conditional on the school region controls

listed above.
3.2 Interpretation of the regression coefficients

The estimated BP-coefficients reflect the reduced form effect of adding one more program

group slot per 100 potential students, according to the Education Board’s supply decisions as

18 Additional regressions, with the supply variables as outcomes and the school region control variables along
with the fixed effects as right-hand-side variables, are available upon request. They indicate that in particular the
variables for earlier years’ number of admitted per available slots are relevant to include — they tend to be
positively correlated with the current supply-variable. The projected number of 16-year olds, measured as last
year’s number of 15-year olds, is often negatively correlated with the supply per population — not unexpectedly,
since the same variable is used as denominator for the supply-variables.



of December prior to each school year. As explained in earlier sections, I use the December
supply decisions as they provide variation that is exogenous to students’ later applications to
upper secondary school. During the spring, local supply adjustments could be made, meaning
that the supply variation used in the regressions is a proxy for the (unobserved) realized

number of available slots.

It shall be noted that the local program supply affects not only access to the program group
itself, but potentially also other aspects such as the overall access to upper secondary
education in the school region; program peer composition (possibly in all programs, as
students are reshuftled as a result of the changing access of some program/s/); teacher
quality; class size; student motivation during the final term of lower secondary school; and
students’ applications to upper secondary school. Consequently, the treatment effect may

comprise a long list of impacts.

Figure 4 lists the expected channels of impacts of an increase in the local supply of, say,
program A, starting with the expected effects related to admission; “Direct effects on
program A”. An obvious such mechanism is that expansion of program A is likely to give
more students access to the study content of the program. As admission is grade based, access
is in particular expanded for students with lower grades than the earlier admission threshold.
In Figure 4, expected sign of these effects is denoted as unknown, because it will likely vary
across programs, and potentially also across student—program combinations. Some programs
may benefit certain groups of students but not others. Admitting lower-grade students to
program A will furthermore affect the students that would have been admitted to the program
in absence of the supply increase, through surrounding them with on average lower-ability
peers. The expected impact of this is also unknown; whereas there is plenty of evidence
suggesting that being surrounded by on average higher ability peers benefits student
achievement (e.g. Epple and Romano, 2011), there is also recent evidence that students can
benefit from ranking academically higher than their peers (Delaney and Devereux, 2022).
Expanding a program also means hiring more teachers, and will potentially result in lower
average teacher quality (under the assumption that incumbent teachers are more qualified
than the new hires).!” The impact of teachers may be related to the ability of the admitted
students; if program expansion means that classes become more heterogeneous with respect

to academic ability, teaching may become harder. On the other hand, program expansion

19 Since the supply changes evaluated in this paper are rather small, compared to larger scale educational
expansions, the teacher quality channel is probably rather limited.



could enable grouping teachers and students in ways that facilitate teaching and learning.
Program expansion is furthermore likely to give rise to on average smaller classes, if some of

tZO

the added slots remain vacant.”” Leuven and Oosterbeck (2018) summarize the empirical

estimates on reducing class size in Europe as ranging from zero to large positive effects.

Second, expansion of program A can have ripple-effects in the form of decreased competition
for other programs (Gandil, 2022), making these programs accessible for students with lower
grades. The expected impacts are unknown, and may very well differ across programs,
students, and across student—program combinations, just as was the case for program A. The

aggregate expected impact is therefore unknown.

20 Changing supply generally took the form of adding or subtracting one or half of a class, and a full class
normally comprised 30 students.



Figure 4. Illustration of potential channels of effects of increased program supply
(expected sign of effect in parenthesis)

1. Direct effects on program A

e  More students, with lower GPA, admitted to
program A. (?)

e Lower teacher quality/harder teach more
diverse group of students. (—)

e FEasier group/match teachers—students. (+)

e Smaller average class size. (0/+)

2. Ripple-effects on other programs

e Slots freed up in other programs are filled by
students, with lower GPA, who did not
previously get access. (?)

3. Other admission related effects |:>
Increased e  More students, with lower GPA, admitted to Wagle, eaming?s,
supply upper secondary education. (?) employment (?)
A o
program A Fewer individuals employed at age 16. (?)

More students get access to one of their more
highly ranked program choices. (+)

4. “Early” effects

e Students exert less effort during final spring
term of lower secondary school. (—)

e Students more likely to list program A as their
top choice. (?)

Third, more supply of program A implies an expansion of the total number of upper
secondary education slots. More students consequently get access to upper secondary
education, which, in the Swedish context of grade-based admission, lowers the average
academic ability of upper secondary students, and plausibly delays labour market entry;
decreasing the number of 16-year olds in employment. The aggregate expected impact of
these aspects, denoted “Other effects” in the figure, are unknown, as they relate to the student
— program match, as well as to peer, teacher and potential class size effects, and the labour
market trajectory of individuals with and without upper secondary education. The expansion
of upper secondary school also means that more students will get access to an educational

program that they prefer more strongly, which I assume will have a beneficial impact.

Fourth, expansion of program A can impact students already during their final term of lower

secondary education, denoted “Early effects” in the figure.?! An announced expansion of the

2l Recall that the supply changes for an upcoming school year were announced in December.



number of slots may induce local students to exert less effort, since it decreases competition
(Fidjeland, 2023, Tilley, 2021). In Figure 4, I assume that the long-term impact of such
reduced effort is negative. Expanding supply of a program may also affect students’
application behaviour. A likely scenario is that more students find it worthwhile to add the
program to their application list when it is more accessible. The expected long-term effects of

such a mechanism are ambiguous.

In sum, Figure 4 illustrates that the aggregate impact of expansion of an upper secondary
program on long-term wages, earnings and employment are ambiguous, as there are several,
potentially contradicting, forces at play. In order to gain a full understanding regarding what
is driving any aggregate estimated effects, it is useful to study a broad list of potential
mediators. One contribution of this paper is to provide estimates on a broad range of

outcomes, including many of the possible effects listed above.
3.3 Data, variables and sources

This section describes the outcome variables, the regression sample and covariates (more
details, including a full list of the outcome variables, are presented in Appendix section Al).
The program supply variables, as well as the school region covariates related to the supply
decisions, were thoroughly explained in section 3.1 and are thus omitted here. The regression
sample is based on the 16-year-old population residing in each school region. As previously
explained, the school regions in Stockholm county are excluded from the regression sample,
since they were subject to a special joint admission regulation, which weakens the link
between student admissions and school region supply changes. Results when including the

Stockholm school regions treated as one joint unit, are presented in the Appendix section A3.

I generate four labour market outcome variables that capture various degrees of
intensive/extensive margin effects. The first is the natural log of the full-time equivalent
monthly wage at age 42, from Statistics Sweden’s “Structural wage register”
(Lonestrukturstatistiken). This covers all public sector workers; all private sector workers in
large firms; and a subsample of private sector workers in small firms. The wage regressions
are weighted with the inverse of the response rate.?? A second complementary variable, in the

form of the natural log of a 3-year average of annual earnings above the 35" percentile of the

22 In order to avoid that a small number of extremely large weights have a very strong influence on the
estimates, the main results used weights after replacing values above 10 with that value, which approximately
corresponds to the 99" percentile of the distribution. Results using no sampling probability weights, or not
replacing values above 10, respectively, are shown in Appendix Section A2.3.



earnings distribution, is added in order to facilitate comparison with Dahl et al. (2023), who
use that measure of earnings as their main outcome variable.?* Third, I generate the natural
log of annual earnings without excluding lowest 35% of observations. For this measure, I
replace very small values, below 15 000 SEK — approx. 1500€ — with that amount before
taking logs in order avoid very large jumps in the natural log-function for observations near
zero. Fourth, an employment indicator capturing a reasonably strong attachment to the labour
market at age 42 is added as a measure of the extensive margin effect. It is defined as having
annual earnings corresponding to at least 50% of the median annual earnings among 45-year
olds.?* The earnings and employment variables are based on population level register data

from Statistics Sweden.

Table 3 shows the average values of the wage, earnings and employment variables by
program group. The highest wages, earnings and employment levels are found among
students of the academic programs (with the highest levels within this group for students of
Natural Science and Engineering, followed by Business, Social Science and Humanities;
these figures are available upon request). Among the non-academic programs, the vocational
technical/industry/agriculture sectors have the highest levels of wages, earnings and
employment, followed by the non-academic general programs. The lowest levels of
employment, earnings and wages can be found among the welfare/health/consumption
sectors.

Table 2. Average wage, earnings and employment measures by program category,
among students starting upper secondary education in 1975-1986.

Academic Non-academic  Vocational Welfare Vocationa!

general /Health/Cons Tech/Ind/Agri

Wage 37412 28 490 25 828 29 386
Earnings>35pctile 457 695 345 660 298 436 362 396
Earnings 391 511 288 355 242 076 305 366
Employed 0.86 0.80 0.76 0.83
Number of students 442 253 174 127 239712 311333

Note: Wages and earnings are measured in SEK (1 SEK approximately equals 0.1€) and in year 2018 monetary
value. The wage information is available for a subsample of the population. The table shows the average wage
based on the available observations.

2 Dahl et al. (2023) study earnings at age 37-39, whereas I measure earnings at age 41-43.
24 This variable was inspired by Erikson et al. (2007), who propose it as a measure of a reasonably strong labour
market connection. It was also used by e.g. Forslund et al. (2017).



In addition to the labour market outcomes described above, a large number of additional

outcomes will be analysed. They include variables related to:

1) Admission and graduation from upper secondary educations: dummy variables for

admission to and graduation from upper secondary school — over all and by
program group.

i1) Youth employment: a dummy variable for having a relatively substantial amount

of yearly earnings at age 16. Small yearly earnings are counted as non-
employment, since the aim is to capture employment as an alternative to upper
secondary education.?®

1i1) Application choices, motivation and matching: dummy variables for listing a

program as top choice in the application to upper secondary school; dummy
variables for being admitted to the most preferred (measured as top listed)
program; and a continuous variable for students’ final GPA from lower secondary
school (grade 9).2°

v) The classroom environment: the average lower secondary (grade 9) final GPA of

the students that are admitted to the same program and school region (peer effects)
and the number of students admitted per class (proxied for by the number of
admitted students per number of classes per program, year and school region
according to the December-decisions; the actual class allocation is unobserved).

V) Long-run educational impacts: Dummy variables for the field and level of

education attained by the age of 42.

Needless to say, the list of outcomes is long, which means that by chance, some of the
coefficient estimates will turn up statistically significant in the regression analysis. I address
this by interpreting the results with caution; focusing on the joint patterns for groups of

similar outcomes rather than on isolated occurrences of statistical significance.

Finally, student background variables will be employed to test if the empirical strategy is
sound in a balance-on-covariates type analysis, and will later be added as covariates to the

regression analysis in order to increase the efficiency of the estimations. These variables

25 Another alternative to upper secondary education is taking part in shorter courses, so called “special courses”.
Whereas I have access to some information on such course taking, the quality varies over the years, and I will
therefore not make use of the data.

26 The information on lower secondary final GPA available in the data is limited to students who have applied to
upper secondary education. Data on the approximately 10 percent of individuals with missing final GPA is
therefore imputed based on the observable student background characteristics, using the STATA mi command
and taking the average over 20 imputed values.



include parental earned income; parental employment status; the age of the parents at the
birth of the student; indicators for marriage status of the parents; indicators for being born in
Sweden or not, for students and parents; and student gender. The time-varying student
background variables are measured at age 15 of the student, the year prior to the normal

upper secondary school start age when they are included as covariates in the regressions.
4. Results

The below section starts by showing evidence in support of the conditional exogeneity of the
upper secondary program supply variation, and then moves on to present the estimated
impacts of increased supply on students’ admissions and graduations, other short-term and

intermediate outcomes, and long-term wages, earnings and employment.
4.1 Balance-on-covariates analysis

As previously mentioned, a causal interpretation of the estimated supply effects of this paper
requires that the variation in local supply of academic programs is exogenous conditional on
the fixed effects and school region control variables of equation (1). While the conditional
exogeneity assumption cannot be fully tested, the available data can be used to perform an
informal check by replacing the outcome variable of equation (1) with pre-determined student
characteristics. Precisely estimated zero supply-coefficients will be viewed as support for the

exogeneity assumption, whereas non-zero estimates are a cause for worry.

I carry out this type of “balance-on-covariates”-analysis in two ways: First, I run the above
regression for each of the available student covariates separately. This yields very small and
precisely estimated coefficients (results are presented in the Appendix section A2.2).?’ It can
be noted that this analysis presents estimates for the parents’ earnings and employment
measured both as students are 15 (the year prior to starting upper secondary school), and 16
(the upper secondary school start age). If upper secondary program supply changes were
correlated with local labour market changes, such as a new factory location influencing the
supply of a related educational track, and this is not sufficiently controlled for by the
covariates and fixed effects of the regression equation, we would expect this to show up in

the earnings and employment of the local adult population — including the students’ parents.

27 Some of the coefficients are statistically significantly different from zero, but the 95% confidence intervals
are always very small in relation to the average variable value.



It is therefore reassuring that these coefficients — measured both the year prior to and during

the upper secondary school start age — are precisely estimated around zero.

Second, in order to aggregate all student background information in a way that is relevant for
the ultimate outcomes of this study — the labour market variables — I run regressions for the
predicted values for each of the four wage, earnings and employment measures. The
predicted values are based on all student background covariates that are predetermined in
relation to the treatment (i.e. measures that are either time-invariant or measured the year
students turn 15 — the year prior to the regular upper secondary school start age), with the aim
to generate a set of composite indices of students background that are relevant for the main
outcome variables.?®

Figure 5. Upper secondary program supply impact on students’ predicted future labour
market outcomes.

Predicted labour market outcomes
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Academic - Academic -
MNon-ac gen. - Non-ac gen. sl
Voc WHC - Voc WHC L gl
Voc TIA - Voc TIA -
-.004 -.002 0 002 004 -.004 -.002 0 002 004
In(Earnings) Employed
Academic e Academic -
MNon-ac gen —— Non-ac gen -
Voc WHC e Voc WHC -
Voc TIA - Voc TIA -
-.004 -.002 0 002 004 -004 -.002 0 002 004

95% confidence intervals, based on standard errors clustered at admission round level. Voo WHC denotes Vocational Welfare/Health/Consumption, and Voc TIA Viocational
Techindustry/Agriculture related programs.

School regions by year observations are weighted according to school age population size. Stockholm school regions are excluded.

The iables were predicted based on the followi : Dummy iables for parental mamriage status, employment, age at birth of child, whether or not born in Sweden,
dummy variables for child gender and whether or not born in Sweden. logged earnings of father. and logged joint earnings of both parents. All fime-varying variables are measured at age 15
of child. The regressions include fixed effects for year, 2-year school region round, and time period within round, school region variables for lagged local school age population,

lagged admissions and applications per slot.

The estimated coefficients (Figure 5) are close to zero and precisely estimated (the
coefficients and their confidence intervals are presented with the same x-scale as will be used
for most of the other outcomes, in order to facilitate comparison). The exception is the non-
academic general program group, for which a supply increase is statistically significantly

negatively associated with the labour market outcomes, although the estimated coefficients

28 The predictions were based on linear regression models, and the list of predictors is reported in the Appendix
section A2.2. The results from alternative prediction models, which for example allowed the coefficients to vary
between the gender, yielded very similar results, as can be seen in the Appendix section A2.2.



are small and precisely estimated. Overall, I interpret the results as providing strong support
for the conditional exogeneity assumption for the groups of academic and vocational
programs, and relatively strong support in case of the non-academic general group of
programs, where the estimated coefficients in Figure 5 are admittedly statistically different

from zero, but still precisely estimated close to zero.
4.2 Impact on upper secondary admissions and graduation rates

In this section, I start by investigating how upper secondary admissions and graduations were

affected by increased program supply.

The results in Figure 6 (black markers) first of all show that the impact of supply expansion
on admissions goes in the expected direction: more supply of a program increases the
admission likelihood to the same program. The impact of the non-academic general program
group is the strongest. It also seems to give rise of a re-shuffling of students from the
academic and vocational technical/industry/agriculture sectors. For the latter group, a reverse
cross-effect, in the form of a negative impact on the non-academic general program
attendance, is also visible. The estimated own-program coefficients for the vocational
programs are smaller, possibly due to lower demand in relation to supply for these programs
(recall that Figure 2 indicated over-supply, in the form of a high number of planned slots in

relation to admissions, for the vocational welfare/health/consumption program group).

Figure 6 also shows the impact on the likelihood to graduate from the program group (grey
markers). The estimates are, as expected, similar to the admission coefficients — although a
bit smaller in size (although not significantly different) among the non-vocational programs.
Possibly, this reflects that students who were admitted to the more theoretical academic and
non-academic general programs, as a result of expanding supply, did not manage to graduate

in the same proportion.

Over all, the estimated effect sizes are rather small. The local supply variables are defined as
number of slots per 100 prospective students, meaning that the coefficients reflect the impact
of one more slot per 100 students. A 1:1 correspondence between changes in slots and
admission likelihood would thus result in a 0.01-coefficient — almost four times the largest of
the estimated coefficients in Figure 6. There are however plenty of reasons to expect
coefficients of smaller magnitude than 0.01. First, the supply variables are likely to be

measured with error, since they reflect the December-decisions and not the final allocations



(recall that the supply decisions could be modified during the spring). 2° To the extent that
such measurement errors are classical they cause downward bias, resulting in smaller
coefficients. Second, not all new slots may have been filled when a new class was added to a
school region. Conversely, down-sizing probably tended to occur when classes could not be
filled. Such patterns would also give rise to a weaker link between supply expansion and
admissions. Third, attendance is measured in the fall term, after some students may have

dropped out or changes tracks.

Figure 6: Upper secondary program supply impact on admission and graduation rates.

Program admission (black) and graduation (grey)
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5% confidence intervals, based on standard errors clustered at admission round level. Voo WHC denotes Ifare/Health/C: and Voc TIA W
Tech/Industry/Agriculture related programs.
School regions by year i are wei ing to school age lion size. school regions are excluded.

The regressions include fixed effects for year, 2-year school region round, and fime period within round, school region variables for lagged local school age population. lagged admissions
and applications per slot, local taxable income, individual levels covariates for gender and immigrant status, and parental immigrant, employment and marital status, age at birth of child,
and family income.

Figure 7 shows how increased program supply affected the chances that local youth were
accepted to any upper secondary program (left-hand panel); had graduated from any upper
secondary program by age 20 (mid panel); or were employed with reasonably substantial
earnings at age 16 (right-hand panel). The figure shows that, whereas more supply of the
academic and non-academic general groups of programs had a positive impact on upper
secondary school admissions, there is no significant indication that they increased the overall

upper secondary graduation rate. For the vocational programs there is on the other hand no

2 Another cause for measurement error is that the supply variable denominator, the local student age
population, is measured at the end of year t-1 and some students may move during the spring. The link between
student and school region is furthermore associated with some uncertainty for students residing in small
municipalities that lack own upper secondary school (see Appendix section A1.3 for details). This means that
the school region-variable itself is measured with error for these programs, since these programs catered also to
students in other regions. This issue is particularly relevant for the groups of vocational programs, as they
included some programs that were too small to be offered in all school regions — something that may explain the
smaller coefficients for these program groups.



discernable effect on overall admission rates — but a positive impact on the upper secondary
graduation rate. Possibly, this reflects the lower theoretical content of the vocational
programs. They are also shorter than the academic programs. None of the program types
seem to have affected the employment participation among local youth (right-hand panel of

Figure 7).

Figure 7. Upper secondary program supply impact on admission and graduation from

any upper secondary program.
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85% confidence intervals, based on standard errors clustered at admission round level. Voo WHC denotes Ifare/Health/C. and Voc TIA Vocational
Tech/Industry/Agriculture related programs.

School regions by year cbservations are weighted according to school age population size. Stockholm school regions are excluded.

The regressions include fixed effects for year, 2-year school region round, and fime period within round, school region variables for lagged local school age population, lagged admissions
ang {_app!:ca_tlons per slot, local taxable income, individual levels covariates for gender and immigrant status, and parental immigrant, employment and marital status, age at birth of child
and family income.

4.3 Impact on applications, lower secondary final grades, school peer

composition and class sizes

As discussed around Figure 4, changing upper secondary program supply may affect aspects
such as student behaviour during the final term of lower secondary education, or the school
environment they meet when they enter upper secondary school. Figure 8 suggests that that
adding program slots led to students on average being surrounded by fewer (smaller class
sizes) and scholastically less able peers in school, as measured by their final GPA from lower
secondary education (peers are defined as those admitted to the same program and school
region). At least this is suggested by the coefficients in Figure 8, although most of the 95%
confidence intervals cover zero. Figure 9 shows statistically significant and larger class size

coefficients when separate regressions are run for the class size in each respective program



group. There is thus clear evidence that increased supply reduced average class sizes in the
same program group — although the reduced form impact when averaged over all students,
attending all types or programs, in Figure 8 is somewhat muted.

Figure 8. Upper secondary program supply impact on class size (proxied for by

admissions/December decision classes per program, year and school region) and school

peer grade 9 GPA (proxied for by students in the same program, year and school
region.
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Figure 9. Upper secondary program supply impact on class size per track type (proxied
for by admissions/December decision classes per program, year and school region).
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Higher supply furthermore increased the share of students that were admitted to the top listed
option (Figure 10), although not all coefficients are significant at the five percent level. It was
however also associated with a higher likelihood of listing the program in question as the top
choice, at least for the non-vocational programs (Figure 11) — something that would have
dampened the impact on being admitted to the top choice.?® There is no strong indication that
a higher supply affected the students’ own GPA from lower secondary school (all coefficients
are negative, but not statistically significantly different from zero, see Figure 10). This is
perhaps not surprising, given that many students may have been unaware about the planned
supply, and only had a limited time (the spring term) to react to the December supply

announcements.

Figure 10. Upper secondary program supply impact on being admitted to the top listed
program, and students’ final GPA from lower secondary school.

Admitted top choice, and grade 9 GPA

Adm. to top listed choice Final GPA lower sec school
Academic 1 ——— Academic - e
Non-ac gen. —_——— Non-ac gen. ——
Voc WHC + i Voc WHC ——
Voc TIA —— Voc TIA q ——
-.004 -.002 0 .002 .004 -.05 0 05

85% confidence intervals. based on standard errors clustered at admission round level. Voo WHC denoles Ifare/Health/C and Voc TIA Vocational
Tech/Industry/Agriculture related programs.

School regions by year are ing to school age population size. Stockholm school regions are excluded.

The regressions include fixed effects for year, 2-year school region round, and fime period within round, school region variables for lagged local school age population, lagged admissions
and applications per slot, local taxable income. individual levels covariates for gender and immigrant status, and parental immigrant, employment and marital status, age at birth of child
and family income.

30 Since students choose which program to list as top choice among all programs, a multinomial choice model
would in principle be a more appropriate model. Given the complicated structure of the regression model,
including several fixed effects, I have chosen the simpler alternative of estimating separate regressions for each
program group.



Figure 11. Upper secondary program supply impact on listing program as top choice.

Listing program as top choice

Academic Non-Ac General
Academic —— Academic —e—
MNon-ac gen. —— MNon-ac gen. ——
Voc WHC —— Voc WHC i
Voc TIA —— Voc TIA ——
T T T T T T T T T T
-.004 -.002 0 .002 {004 -.004 -.002 0 002 004
Voc Welf/Health/Cons Voc Tech/Ind/Agri
Academic —— Academic ——
MNon-ac gen. —— MNon-ac gen. i
Voc WHC —— Voc WHC ——
Voc TIA —— Voc TIA e
-.004 -.002 0 .002 .004 -.004 -.002 0 002 004

95% confidence intervals, based on standard errors clustered at admission round level. Voo WHC denotes Vocational Welfare/Health/C ion, and Voc TIA Vocal
TechiIndustry/Agriculture related programs.

School regions by year are to school age populafion size. Stockholm school regions are excluded.

The regressions include fixed effects for year, 2-year school region round, and fime period within round, school region variables for lagged local school age population, lagged admissions
ang T@pp\:ca_tlons per slot, local taxable income, individual levels covariates for gender and immigrant status, and parental immigrant, employment and marital status, age at birth of child,
and family income.

4.4 Long run impact on long terms wages, earnings and employment, and

level and field of education

The results in previous sections suggested that that program supply changes affected not only
the admission and graduation chances to the different tracks, but also aspects related to
student motivation (admission to the most preferred program), class sizes and the academic
ability of the school peers. In addition, vocational program supply was associated with higher
overall graduation rates, whereas non-vocational program supply led to overall more

admissions to upper secondary school, but not to more graduations.

The expected impacts of these aspects on the long term labour market outcomes can go in
different directions (Figure 4). It is therefore perhaps not surprising that the estimated average
effect of education program supply changes on the long-term labour market outcomes of
local youth are statistically insignificant (Figure 12). This holds for all four outcome
variables; the log of wages, the two log earnings variables, and employment. The estimates
are however not precise enough to be interpreted as zero effects: the 95% confidence
intervals in many cases encompass absolute values of 0.001, and sometimes approach 0.002
in absolute value. In order to illustrate what this means, let us consider the earnings effect of
the vocational technical/industry/agriculture related program group, for which the confidence

interval almost covers 0.002 (bottom left of Figure 12). An effect size of this magnitude



(0.002) means that adding one more slot per 100 local school age youth — an increase
amounting to approximately 5% of the average supply of the program group — raises the
average earnings of the school age youth of that school region cohort with 0.2 percent
measured around 25 years later.?! This may seem very small, but considering that the
estimate reflects the reduced form effect averaged over all local school age youth, it is
probably more reasonable to characterize it as fairly modest but non-trivial. The overall
message from Figure 12 is thus that there is no evidence of any long-term labour market
effects of the upper secondary program supply changes on local youth, but also that we

cannot rule out non-zero effects.

Additional results available in the Appendix section A2.3 show that the same pattern holds
for students’ highest level or field of education by age 42; most coefficinets are insignificant

but also too imprecise to rule out a zero impact.

Figure 12. Upper secondary program supply impact on wages, earning and
employment.

Earnings (age 41-43), wage and employment (age 42)

In(Wage) In(Earmings=>35pctile)
Academic ——— Academic —a—i
MNon-ac gen. —— Non-ac gen. —e—
Voc WHC —— Voc WHC ——
Voc TIA —— Voc TIA —e—
T T T T T T T T T T
-.004 -.002 0 .002 .004 -.004 -.002 0 002 004
In(Earnings) Employed
Academic —— Academic —a—
MNon-ac gen. —— MNon-ac gen. —a—
Voc WHC —— Voc WHC e
Voc TIA i Voc TIA ——
T T T T T T T T T T
-.004 -.002 0 .002 .004 -.004 -.002 0 002 004

95% confidence intervals, based on standard errors clustered at admission round level. Vioc WHC denotes i Ifare/Health/C: and Voc TIA
Tech/Industry/Agriculture related programs.

School regions by year i are weis ing to school age size. school regions are excluded.

The regressions include fixed effects for year, 2-year school region round, and time period within round, school region variables for lagged local school age population, lagged admissions
and applications per slot, local taxable income, individual levels covariates for gender and immigrant status, and parental immigrant. employment and marital status, age at birth of child,
and family income:

4.5 Additional results

This section summarizes the results of additional estimations.

First, separate estimations by gender, available in Appendix section A2.4, show evidence of

gender patterns that are in line with expectations given the strong gender divide between the

31 The coefficients shown in the figures reflect a supply increase of 1 slot per 100 school age youth, and the
average supply of the vocational technical/industry/agriculture program group was around 20 slots per 100
school age residents (see Appendix section A2.1 for the distribution)



two groups of vocational programs that was shown in Table 2. Most notably, there is a
stronger admission response among male youth to increased supply in vocational
technical/industry/agriculture programs than among females. The “cross-effect” that emerged
from Figure 6 — that more supply of non-academic general programs reshuffled local youth
away from vocational welfare/health/consumption programs — is stronger among the female
youth. No strong patterns of impacts on the long-term labour market outcomes are detected
for any gender; the coefficient for academic program supply is negative and statistically
significant at the five percent level for employment among females in the baseline
specification (weighted with school age population size), but turns insignificant in alternative

specifications giving equal weight to all school regions (results available upon request).

Second, in order to investigate the impact of changing supply on earnings measured over the
age-profile, I estimated separate coefficients for the program supply variables on earnings>>
for each age from 16 to 43. The results, available in Appendix section A2.5, confirm the non-
significant patterns of results shown in Figure 12; the estimated coefficients are hardly ever

statistically significant at the five percent level.

Third, in order to investigate the impact of each program within the academic category, I
replaced the academic program group supply variable with separate supply variables for the
five academic programs Natural Science, Engineering, Social Science, Humanities, and
Business. As can be seen in Appendix section A2.6, the supply impacts on admissions to the
same program were stronger for the Social Science, Humanities and the Business programs
than for Natural Science and Engineering. Increased supply of the latter two did furthermore
not significantly affect the likelihood to graduate from the program — possibly a combination
of the small admission effect and the fact that these programs included more advanced Math
and Science courses. No strong patterns of effects were found for the long-term labour
market outcomes; a couple of coefficients were statistically significant at the five percent
level (Business program supply on wages, and Social Science on employment), but given the
large number of estimated coefficients, these shall be taken with a grain of salt. Over all,
there is no strong evidence of any positive impact of increased supply of the separate groups

of academic programs; possibly some, but weak, indication of a negative impact.

32 This set of regression uses a slightly different earnings measure than the main regressions, namely one that
excludes earnings relating from sickness and parental benefits, since this was not available for all ages. The
earnings measure for the age-coefficients was furthermore gathered from two data sources; for outcome years
until and including 1999, the IoT-register earnings variable was used, and from 2000 onwards the LISA-register
earnings variable.



Finally, I investigated if the impact of supply changes differed depending on whether the
change took place in a setting where the admission threshold to get into the program was high
— or low. This analysis was run for each of the Academic programs.** This was done by, for
each of the programs, generating two separate regression samples: one where the admission
threshold in the first of the two years of the stacked data rounds was high (defined as above
or at 3.0, i.e. approximately at the centre of the threshold distribution, see Appendix A2.6),

and one where it was low (below 3.0).%

The results are mostly insignificant. One exception is
a statistically significant negative effect of increased supply of the Business program on
wages and earnings in the sample where the increase took place from a low initial admission
threshold. Although this result shall be taken with a grain of salt — after all, hardly any other
statistically significant effects were found for the other cases — it is possible that expanding
this program when admission thresholds were already low, thereby allowing students with
very low grades to enter the program, had overall harmful effects on local youth’s labour

market outcomes.
5. Concluding discussion

To conclude, this study has found that changing supply of upper secondary programs in
Sweden during the 1970s and -80s affected several aspects related to local youth’s education:
More supply of a program group increased admissions to it, and sometimes decreased
admissions to other fields. This effect furthermore had a stark gender component: For female
students higher supply of non-academic general programs had a particularly strong positive
impact on admission rates to the same program group, and a negative cross-effect on
admissions to vocational welfare/health/consumption programs. The supply effect on
vocational industry/technical/agriculture programs was on the other hand only present among
male students. The positive impact of supply on admissions was in general also reflected in a

higher likelihood to graduate from the expanding program group.

Increased supply also raised the overall chances that local youth were admitted to, and
graduated from, any upper secondary program. Whereas the overall admission effect was
significant only for increased supply of the non-vocational program groups, the reverse held
for the overall graduation effect; this was only present for the vocational program supply. The

pattern might reflect that the vocational programs are shorter (than the academic programs)

33 I did not run these regressions for the other program groups, as they contain many, often smaller, programs.
34 The true admission thresholds are unobserved. I therefore use proxy variables measured as the GPA for the
last admitted student.



and likely academically easier to complete than the other more theoretical programs. The
result can be viewed as in line with Hall (2012), who found that increasing the duration and

theoretical content of (vocational) programs led to more dropouts among low ability students.

However, the study finds no clear evidence of an impact on long-run wages, earnings and
employment. This contrasts to the recent RD-based studies by Dahl et al. (2023) and Silliman
and Virtanen (2022), who both find that upper secondary field of study matters for long run
earnings. It shall however be underlined that the present study estimates another type of
effect, and for a broader group of youth. Whereas RD-studies estimate the impact of
admission to a certain program instead of another, they do not estimate the over-all effects on
local youth of changing the supply of an upper secondary program. They will hence not
estimate effects in the form of e.g. increasing the aggregate intake to and graduation from
upper secondary school; or ripple-effects on admissions to other programs. The RD-studies
are also limited to estimating the impact on students with a specific preference ordering
(depending on what field combination is studied), who are near the admission threshold, and
to cases where the admission threshold is binding (not all who apply are accepted). In the
Swedish upper secondary context, this implies relatively well- but often not top-performing

students.3®

This study, on the other hand, measures the impact of changing local program supply from
one year to another, on the full local school age population. This means that the estimated
effects of increased supply of, say, academic programs, on the local school age population,
contains not only the effect of increased admissions to the academic track, but also potential
ripple effects on other students who gain access to slots in other tracks that open up due to the
expansion of academic program slots. That such effects can be important is illustrated by
Gandil (2022), who shows that ripple effects account for a substantial share of the total
estimated earnings impact of local college supply changes in Denmark.?” As a result, a supply
change affects not only the program group in question, but potentially all students, as a result

of changing admission patterns and consequently also peer groups.

35 Angrist and Rokkanen (2015) discuss RD identification and estimation away from the admission threshold
with an application using data from Boston exam schools

36 Figure 2 in Dahl et al. (2023) shows that the distribution of the admission cutoffs used in their regression
analysis are centered a bit over 3, which is approximately equal to the average 9" grade GPA of students during
the period.

37 Dalla Zuanna et al. (2022) is another example of a study of groups of students who are “treated” in different
ways: they show that introducing grade-based admission to upper secondary schools in Norway benefited
students who gained access, but was detrimental for students who were crowded out of popular schools.



The non-significant long-term labour market results of this study may thus be a result of the
many short-term education-related effects working in different directions. That such aspects
are relevant to consider, was shown by the results of this study on e.g. school peers, class
sizes and upper secondary applications. An interesting field for future studies would be to
further investigate under which conditions increased access to education — in terms of level

and specialization — improves student outcomes, in monetary as well as social terms.
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