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Abstract

Studies show that school starting age affects school performance and labor market out-
comes. As the channels for long-term effects are not yet clear, we analyze the effect of
student age on their sorting into academic and vocational education in adolescence. In re-
gression discontinuity estimations using several full cohorts of Swiss adolescents, we show
that students that started school at a younger age are 16 percent less likely to attend
baccalaureate school and more likely to attend vocational education. Effects hardly differ
by parental background and sex, but by institutions in Swiss cantons. We apply an IV
mediation approach in the RD setting to analyze how ability tracking of students in lower
secondary school mediates the effect of school starting age on later sorting into academic
and vocational programs. We find an indirect effect of school starting age operating via
early tracking of about one third of the total age effect. The remaining direct effect is
consistent with an important effect of adolescents’ age at the time of sorting into academic
and vocational education. We thus underline the importance of age in educational sorting
during adolescence.
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1 Introduction

It is well established that younger students achieve lower test scores in compulsory schooling
relative to their older classmates. However, the evidence is mixed on whether school starting age
differences continue to affect students’ lives after compulsory schooling and which mechanisms
could cause such mid- to long-term effects.

In this paper, we focus on the effect of age on an incisive education decision, namely the
choice between academic and vocational education at upper secondary education. We study
the case of Switzerland, where adolescents and their parents start choosing between academic
education and vocational programs at the end of compulsory schooling at around age 14 (con-
trary to Germany, where the academic track starts at age 10 already). This high-stakes choice
makes Switzerland an interesting case to study age effects in adolescence. Also, a majority of
Swiss students attend apprenticeship programs, whereas a quarter of students attend highly
selective baccalaureate schools at upper secondary level. Therefore, the choice is between two
important tracks of good reputation, not between a main track and a clearly inferior and minor
one, as is the case in many countries when it comes to vocational education.

There is no consensus in the literature about the labor market effects of academic versus
vocational education attendance yet. In Switzerland, graduates of vocational programs show
a slight advantage over their academic peers in terms of labor market participation and un-
employment, whereas academic graduates earn higher mean wages if one does not account for
different years of education (see Aepli, Kuhn, and Schweri, 2021). Also in terms of occupations
and job tasks, the careers of graduates from academic and from vocational education differ
strongly. Therefore, an effect of age on attending academic and vocational education will likely
transmit to individuals’ short- and even long-term labor market careers.

There are two main reasons why we expect that age matters for the type of education, aca-
demic or vocational, individuals will attend. First, several gate-keepers for education programs
use students’ current physical and/or mental maturity as criterion in their decisions. As for
academic education, entry to a baccalaureate school (broadly similar to grammar schools in
the UK) requires either a recommendation from compulsory school teachers, who must assess
students’ suitability and maturity for baccalaureate school; or passing entrance exams, where

age may affect performance. Similarly, when recruiting apprentices, companies assess their



suitability and maturity in order to select good apprentices and to prevent premature contract
terminations. Therefore, age at the moment of choice is likely to matter for both types of
education programs because older students are more likely to convince gate-keepers of their
maturity.!

Secondly, school starting age differences may affect individuals’ learning before they enter
secondary education, e.g. their achievement in early grades. In addition, early tracking in Swiss
compulsory schooling (starting in grade 6 at age 12) based on performance may also depend on
school starting age and thus influence the later sorting into academic and vocational programs.
It is a priori unclear whether the later sorting would offset age effects of early tracking, at least
partially, or whether it would rather perpetuate and increase early differences.

We use register data on the full population of students including exact birth dates, combined
with information on different school starting date cut-off rules in Swiss cantons (i.e., the 26
states of the Swiss confederation) to estimate age effects in a fuzzy regression discontinuity
(RD) design. We find that being born right before a cut-off date, thus being up to one year
younger than peers born after the cut-off, decreases baccalaureate school attendance by 3.9
percentage points and increases the likelihood of making an apprenticeship by almost the same
amount. We probe the robustness of these results and discuss heterogenous effects.

In addition, we use an instrumental variable (IV) mediation analysis to assess the role of
early tracking as a mechanism which might predetermine later sorting into vocational and
academic education. This analysis is important to clarify whether policies aimed at reducing
age effects should be mainly directed at early tracking, or whether they should also focus on the
selection process leading to academic or vocational education. We find a substantial indirect
effect of school starting age via early tracking, which accounts for about a third of the total age
effect. The remaining direct effect is consistent with a substantial effect of age at the moment
of choosing between academic and vocational education.

Our paper contributes to the broader literature on age effects in education. We show that the

early effects of school starting age may be perpetuated and increased in a system with sorting

INot surprisingly, the role of adolescents’ age in education choice has been addressed in Swiss media reports.
They discussed our title question whether students are too young to choose between tracks at ages 14 and 15,
in particular because of recent cantonal reforms in school entry dates leading to even younger students and
apprentices at upper secondary level. See e.g. “Aargauer Zeitung” (2017-11-11), “20 Minuten” (2019-01-31),
“SWR info” (2019-04-15).



into academic and vocational education at upper secondary level. In addition, we disentangle
the effect of age on earlier tracking in grade 6 from the age effect on the subsequent sorting
into academic and vocational education. We use a mediation approach that combines the
regression discontinuity design with an instrumental variable for the mediator (early tracking)
and find evidence compatible with an effect of age at the time of choice for upper secondary
education, i.e., in adolescence. This teen-age effect comes on top of the earlier effects caused by
school starting age differences. We conclude that when analyzing effects of age on educational
attainment, we should not restrict our focus on years of education, but also consider the type

of education attained.

2 Literature on age effects in education and on the out-
comes of vocational education

The effects of school starting age (SSA) on students’ cognitive and non-cognitive development
in school are well documented.? Older students typically obtain better test score results than
their younger peers in the same class. In much of the literature, this age effect is a combination
of the effects of relative age compared to class mates and absolute age, because both depend
on the combination of birthdate and school starting cutoff dates in education laws.

It is less clear whether and how these age effects persist into adult life.®> Black, Devereux, and
Salvanes (2011) find modest effects of SSA on years of education for adults in Norway, while
Fredriksson and Ockert (2014) find more substantive effects in Sweden. The latter authors
also point to the importance of tracking in school as a mechanism for perpetuating early age
effects. They show that a school reform that postponed tracking reduced the effect of SSA on
educational attainment.

Early tracking plays a prominent role in Germany*, where students are tracked in school at

age 10, including the selection into the academic track (Gymnasium) that lasts until the end

2See, for example: Bedard and Dhuey (2006), Puhani and Weber (2007), Elder and Lubotsky (2009), Lubot-
sky and Kaestner (2016), Sprietsma (2010), Navarro, Garcia-Rubio, and Olivares (2015), Attar and Cohen-Zada
(2018), Dhuey, Figlio, Karbownik, and Roth (2019), Balestra, Eugster, and Liebert (2020).

3Some studies find SSA effects on health outcomes, e.g. Bahrs and Schumann (2020) and Johansen (2021).
School enrollment cutoffs may also affect the family, e.g. mothers’ labor market attachment (Gangl and Huber,
2021).

4Qosterbeek et al. (2021) show an effect of school starting age on tracking in the Netherlands.



of upper secondary schooling (Matthewes, 2021). Miihlenweg and Puhani (2010) show that
students born in July, i.e. after the cutoff, in the German state of Hessen are considerably
more likely to attend the highest track, i.e. Gymnasium. However, the later possibility to enter
vocational education at age 16 attenuates the age effect on achievement. Dustmann, Puhani,
and Schénberg (2017) use the SSA effects on early tracking in Germany as an instrumental
variable to analyze the long-term effects of early tracking. They find that early tracking has no
impact on wages, unemployment and occupational choice for marginal students, who are close
to the threshold between two tracks. They provide evidence that this is because the education
system offers mismatched individuals several possibilities to upgrade or downgrade. In line with
this argument, they find no effect of SSA on the probability of adults to hold an apprenticeship
diploma. Gorlitz, Penny, and Tamm (2022) confirm this result using different data, showing
that SSA has no statistically significant impact on completing an apprenticeship or college.

These results suggest that SSA has a strong effect on early tracking, but that the completion
of academic versus vocational education is hardly affected in Germany. As we discuss in the
next section, the sorting in academic versus vocational education is split into several decisions
at different ages in Germany. In Switzerland, this sorting happens at the end of compulsory
school when students are in adolescence.

To date, there is only one paper on SSA effects in Switzerland. Balestra, Eugster, and
Liebert (2020) study the Swiss canton of St. Gall and find that children with higher SSA develop
less special educational needs during compulsory. They do not find an effect of SSA on choosing
an academic or vocational track, but a higher probability for a high-quality apprenticeship. We
will show that, in line with Balestra, Eugster, and Liebert’s (2020) findings, we do not find
SSA effect on the choice of academic vs. vocational education in the canton of St. Gall, but
substantial effects in many other cantons and in Switzerland as a whole.

Attending vocational or academic education potentially leads to very different individual
life courses. The increasing literature on labor market outcomes of vocational education is
inconclusive, however. One prominent argument holds that vocational education helps to in-
tegrate young adults swiftly into the labor market, but that vocational skills become obsolete
at a faster rate than academic skills, leading to better outcomes for academic graduates in the

long-run. Several studies found such a trade-off between short-run and long-run results for



vocational graduates.” On the contrary, studies focussing on particular cases providing natural
experiments for single countries often find that vocational graduates have similar outcomes like
academic graduates, i.e., controlling for different years of education and selectivity.® These dif-
ferent assessments likely stem from the differences in countries included and their institutional
settings (e.g., the quality of vocational education), and differences in estimation designs.

In Switzerland, descriptive numbers on labor force participation and unemployment favor
vocational graduates throughout careers (Aepli, Kuhn, and Schweri, 2021; Korber and Oesch,
2019). Wages are higher for academic graduates, on average, but rates of return are rather
below average when compared to other countries (Saltiel, 2021; Wolter, Cattaneo, Denzler,
Diem, Hof, Meier, and Oggenfuss, 2018). In short, it is not clear whether students that are
on the margin between academic and vocational education profit more from being sorted into
one or the other route, but as the next chapter shows, these routes lead to different learning

environments and prepare for different careers.

3 Education system and student age in Switzerland

3.1 School system

Compulsory schooling is quite diverse between Switzerland’s 26 cantons (states). In the time
period relevant for our study, school cut-off dates varied from from 31 December in the Canton
of Ticino — meaning that each child turning 6 in the respective year goes to 1st grade — to 28th
February in the Canton of Zug — meaning that only children turning 6 before this date go to
school in the respective year.

Students have to attend primary school in the community of residence after kindergarten.
Compulsory schooling lasts full nine years, independently of students’ age. Again depending
on canton, students are tracked after 4th, 5th or 6th grade” into typically two tracks, one with

standard requirements and one with extended requirements. This tracking is based on school

5See Chuan and Ibsen (2022); Golsteyn and Stenberg (2017); Hanushek, Schwerdt, Woessmann, and Zhang
(2017).

6See Bertrand, Mogstad, and Mountjoy (2021); Birkelund and van de Werfhorst (2022); Hartog, Raposo,
and Reis (2022); Malamud and Pop-Eleches (2010); Silliman and Virtanen (2022).

"Throughout this paper, we use the grade counts valid before 2015, with 1st grade starting after kindergarten.
As of 2015, kindergarten attendance is compulsory and counts as grades 1 and 2, such that the former 1st grade
has become 3rd grade.



grades in languages and mathematics, and teacher assessments of students’ performance and
potential. About x percent attended the lower track in the relevant time period, y percent the
higher track. In most cases, students in the higher track form own classes, either in the same
school building or in a separate school (Sekundarschule).

After 9th grade, i.e. after completing lower secondary school, compulsory schooling ends
and students are free to enter the labor market. However, more than 90 percent enter an upper
secondary education program immediately or within few years. There are many education
programs available at upper secondary level, which can be divided into two main categories:
vocational and academic education (also see Figure A1l in the appendix).

The main pillar of vocational education are firm-based apprenticeships.® More than 60
percent of a cohort complete an apprenticeship in Switzerland by age 25 (FSO 2022). These
last between two and four years and are regulated by a federal training ordinance each, ensuring
nation-wide recognition in the education system and on labor markets.” Companies provide
training places voluntarily and finance the in-company part of the training, whilst also profiting
from apprentices’” work (Schweri, Aepli, and Kuhn, 2021). Cantons run vocational schools,
which apprentices attend during one to two days a week. Apprenticeships aim at preparing
learners to enter the labor market as skilled workers directly. However, there are various
possibilities to acquire tertiary level credentials afterwards, in particular in higher vocational
education and in universities of applied sciences.

The main pillar of academic education are baccalaureate schools (Gymnasium/lycée/liceo),
attended by roughly one quarter of a birth cohort. Successful completion is awarded with
the baccalaureate (Maturitdt/maturité/maturita), which grants direct access to all academic
universities and almost all fields of studies. The second type of academic upper secondary
school is specialized school, which prepares mainly for careers in social and health care or in
teaching. These schools account for few percent of all students of a cohort.

Most students enter baccalaureate school after 8th or 9th grade. This is in stark contrast

8Vocational education is also offered as full-time school programs, leading to the same federal diploma as
firm-based apprenticeships. However, diploma from full-time schools make up only about 10 percent of all
vocational diploma awarded, in total.

9Vocational ordinances specify the name of the training occupation, the skills to be acquired, the final exam
and the federal diploma granted after completion (Schweri, Aepli, and Kuhn, 2021). Ordinances are enacted by
the confederation and updated every five years.



to the German model, where Gymnasium usually starts after 5th grade.!® The principal choice
between academic and vocational programs thus happens later in Switzerland than in Germany,
which is why we focus on the transition from lower to upper secondary education during ado-
lescence. Swiss federal framework curricula require that students receive “career orientation”
lessons in grades 7 and 8, i.e. at a typical age range of 12 to 15 years, to help them decide

which path to choose.

3.2 Age and the sorting into academic and vocational programs

Adolescents undergo fast mental and physical development at the age of choosing between

1.1 Age differences of up to one

academic and vocational programs at upper secondary leve
year, as introduced by school entry cutoff dates, matter a lot in terms of adolescents’ maturity.

Admission mechanisms for the different programs place great emphasis on the maturity,
and thus also age, of adolescents. Admission to baccalaureate schools depends on cantonal
rules, either requiring a recommendation of teachers in grade 8, and/or passing an entrance
exam organized by the canton.These requirements are supposed to select students for bac-
calaureate school that have the potential to study at a university later.!? In the case of teacher
recommendations, teachers should not only consider performance in certain subjects, but also
students’ engagement, planning and reflection, use of learning strategies, and autonomy and
concentration in solving tasks.'® Older students likely convey more of this desired behavior
than younger students, which may prompt teachers to recommend older students more often
for baccalaureate school, even conditional on their actual performance. In the case of entrance
exams, older students may simply do better at the exam.

Admission to apprenticeships depends largely on firms, which offer training places. Re-

cruiters look for apprentices that fit into the team, become productive quickly and can be

10Some cantons also know “long” baccalaureate schools (Langgymnasium), which start with grade 7 instead
of 9. We account for these in the subgroup analyses in section 6.3.

HTargo, Gasser, Prader, Stuetzle, and Huber (1978) report mean ages for the adolescent growth spurt of 12.2
years for Swiss girls and 13.9 years for boys, with age ranges of 5.7 (girls) and 3.8 years (boys). Peak height
velocity reaches 7.1 cm per year for girls and 9 cm for boys.

12The canton of Bern states: “Teachers do not primarily assess students’ past performance, but their
potential with regard to the requirements of baccalaureate school and the attainment of maturity for
university studies. [own translation and italics]” (https://www.bkd.be.ch/de/start/themen/bildung-im-
kanton-bern/mittelschulen/gymnasium/aufnahmeverfahren-gymnasium/aufnahmeverfahren-in-das-erste-jahr-
des-gymnasialen-bildungsgangs-gym1-.html)

13See e.g. the Mittelschuldirektionsverordnung (MiSDV, 2017) in the canton of Bern.



expected to do well in vocational school. This helps to minimize the risk of premature ap-
prenticeship terminations (Rohrbach-Schmidt and Uhly, 2015). Apprenticeship applicants of
young age run the risk of appearing not sufficiently mature in the eyes of recruiters in training
firms. This was confirmed by Imdorf (2012), who conducted interviews with Swiss SMEs and
found that these prefer candidates that are not too young. In addition, younger students may
themselves feel more uncertain which training firm and training occupation to choose, which in-
creases their likelihood to postpone the search for an apprenticeship by entering an intermediate
program offered to youngsters with difficulties in finding an apprenticeship position.

Because maturity matters for the admission to both academic and vocational education,
it is unclear a priori how age affects sorting into programs. While baccalaureate schools and
firms offering apprenticeship positions are interested in more able and more mature students,
admission requirements for baccalaureate schools are particularly high. Therefore, we hypoth-
esize that older students are more likely to attend baccalaureate schools, ceteris paribus, which
would mean that relatively more younger students enter apprenticeships. This hypothesis en-
compasses two kinds of age effects: First, as argued above, age at the time of selection into
academic or vocational programs is a visible, outward signal for maturity and thus matters
for program admission. Secondly, school starting age differences lead to early performance
differences, reflected in the early tracking of students in lower secondary school. Therefore,
older students are also more likely to attend a higher track, which provides them with higher

probability to attend baccalaureate school later.

4 Empirical strategy

4.1 Regression discontinuity design

Our starting point is to compare education choices at upper secondary level between students
who were born just before and after the cutoff date for school enrollment. The regression
discontinuity (RD) design allows us to quantify this effect at the cutoff while controlling for

covariates (Calonico, Cattaneo, Farrell, and Titiunik, 2019):
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Program dummies P;; describe student i’s education program choice j with j = (1,2, 3,4)
representing non-entrance, apprenticeship, baccalaureate school, and specialized school. We
regress these dummies separately on an “after cutoff” dummy AC; being one (zero) if student 4
was born after (before) the cutoff in student i’s canton. The RD setup also requires controlling
for the number of days (d;) lying between student i’s birthday and the cutoff, our running
variable in the RD design. We include the interaction between the running variable and the
AC dummy, AC; x d;, thus allowing for different linear trends before and after the cutoff.

Estimations are implemented as local linear regressions (Calonico, Cattaneo, Farrell, and
Titiunik, 2019).If being born before or after the cutoff is as good as random, the AC dummy
coefficient is a causal estimate of the “reduced form” effect, that is the effect of being born
before or after the cutoff on education choices at upper secondary level (see subsection 4.2).

To increase estimation precision, we also include a vector of student characteristics X: per-
sonal characteristics encompass gender and Swiss citizen dummies, geographic characteristics
control for the type of municipality (urban, intermediate, rural) and the language region (Ger-
man, French, Ttalian) students lived in when leaving compulsory school. We further control for

canton fixed effects (¢.) to account for institutional differences across cantons.

4.2 Identification and RD parameter choices

The reduced form effect measured by «y is causal if assignment to the treatment (being born
after cutoff) is as good as random. This assumption would be violated if parents manipulated
birth dates with respect to cantonal school enrollment cutoffs. While planing a birth precisely to
a date just before or after the cutoff would be hard to do because of the variation in conception
periods and gestation length, manipulation is feasible when the birth process starts in the
final hours before the cutoff day, in which case birth could be accelerated or delayed around
midnight. Since Swiss parents can easily delay or bring forward school entry of their children
by one year, such behavior seems very unlikely. Nonetheless, we show that our results do not
change in a donut specification excluding students born within one day from the cutoff.
Random treatment assignment is also violated if seasonal birth patterns correlate with
parent characteristics, such that students from different types of parents are over-represented

on one side of the cutoff. Our relatively narrow bandwidth of 30 days around the cutoff mitigates



issues due to seasonal birth patterns, which occur between spring and late autumn/winter in
Switzerland.'* In addition, we base our analysis on different cantonal cutoff dates (see table 1)
and thus on observations of students born in different seasons. As a more general test, we will
show that observable covariates do not jump at the cutoff (section 6.5), which is consistent with
random assignment at the cutoff.

Because students born after the cutoff are older when starting school, we expect a positive
coefficient for oy in the regression for baccalaureate school according to the hypothesis formu-
lated in the previous section. Interpreting the reduced form effect as an age effect assumes that
cutoff rules are a valid instrument for school starting age.'

Figure 1 confirms that there is a strong jump in age at the cutoff directly at school start,
which propagates to the end of compulsory schooling.!® However, the upper part (a) of the
figure also shows that compliance is far from perfect and that there are early and late entries,

which curb the age means close to the cutoff.
Figure 1 around here g.rd.ssa.labb.pdf and g.rd.ageatleaving.pdf

This considerable amount of non-compliance with the cutoff rule is not a problem for the
reduced form setting, at least at first view. It is implausible that someone would want to enter
school early when born after the cutoff, yet would want to enter late when born before the
cutoff. Therefore, we can safely exclude the existence of such defiers. However, if we want to
interpret the cutoff effect as an age effect, we treat the cutoff discontinuity as an instrument
for school starting age. This instrument likely violates the monotonicity assumption (Angrist,
Imbens, and Rubin, 1996; Angrist and Krueger, 1992) necessary for identifying the local average
treatment effect of age. As e.g. Barua and Lang (2016) argue, students who are born after the

cutoff and enter school early are now defiers: they go to school together with the “treated”,

14Gee for example Eriksson and Fellman (2000) or the official numbers published by the Federal Statistical
Office: https://www.bfs.admin.ch/asset/de/23328842 [retrieved on 16 November 2022]. Similarly, we observe
slightly lower birth rates in the last three months of the year among students in our sample.

5Note that we refrain from using cutoff rules to implement a fuzzy RD two-stage least squares (2SLS)
regression, which would estimate the local average treatment effect of a one year difference in school starting
age. The main reason is that we do not observe students’ school start in our data, which happens about nine
years before the end of compulsory school. We could use younger cohorts in the LAES data for whom we
observe school start to estimate two sample two-stage least squares models. However, these younger cohorts
have already been affected by recent school reforms coordinated among many cantons (“Harmos”), which have
changed cutoff rules and introduced compulsory kindergarten. This may also have affected compliance with the
cutoff rules.

16The samples for the two different points in time differ, as explained in section 5.1.
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who were born in the same year, but before the cutoff. This means that these defiers enter
school at a younger instead of an older age than the treated. We need the cutoff instrument
to make students born after the cutoff older, yet some also become younger when they enter
school. The same violation of monotonicity is present in reverse when students born before
the cutoff delay their school entry (“redshirting”) and enter school at an older age than the
“non-treated”, who were born after the cutoff and go to school next year.

This is a problem for the classical estimation approach, which used all students born at
any date throughout the year and uses predicted school starting age as instrument for actual
starting age. Fiorini and Stevens (2021) show that the RD design offers a solution to the
monotonicity problem in the particular setting of birthday cutoffs affecting age. When we
restrict the analysis to students born shortly before or after the cutoff, the defiers differ only by
few days in age compared to their counterfactual school starting age. In contrast, the compliers
differ by almost one year in age. Thus, an RD design with small bandwiths ensures that the
age variance is almost completely due to compliers and the monotonicity problem becomes
negligible.!” We will therefore interpret the reduced form RD effect as caused by age.

As is the case in most of the literature, it is not clear whether coefficient o is driven by an
absolute age effect, a relative age effect (being older than one’s peers in class), or a combination
of the two. We will differentiate between absolute and relative age effects by exploiting the
different timing of cutoffs among cantons, even though this approach is limited by institutional
differences between cantons.

In RD designs, an important choice concerns the optimal bandwidth around the discontinu-
ity (see for example Cattaneo, Idrobo, and Titiunik, 2019; Imbens and Lemieux, 2008). While
many authors favor a data driven process to choose the optimal bandwidth (Calonico, Cat-
taneo, Farrell, and Titiunik, 2017; Imbens and Kalyanaraman, 2012), our setting profits from
the use of small bandwidths to dispel the monotonicity concerns discussed above. We choose a
bandwidth (bw) of 30 days around the cantonal cutoff dates for our main specifications. How-
ever, our results are robust to smaller bandwidths and to larger ones, also those proposed by

the data driven approach of Calonico, Cattaneo, Farrell, and Titiunik (2017). In addition, we

17The bias due to monotonicity in a fuzzy RD design vanishes if the effect is identified exactly at the cutoff,
that is when the trends at the left and right of the cutoff are correctly specified in the estimation model.
However, the narrower the bandwith, the less unbiased estimation depends on the specification of the trend.

11



try quadratic and fourth order polynomials of the running variable d; in our estimations instead
of the linear specification in equation 1.

Being born before or after the cantonal cutoff date affects school starting age (SSA) and
thus also the age at which students leave compulsory school. Yet, we cannot instrument school
leaving age with cutoff discontinuities because school starting age affects students already in
compulsory school. Therefore, SSA may affect education program choice at upper secondary
level via different mechanisms. As explained in section 3, a likely mechanism is early tracking
at lower secondary school. This performance tracking happens between school start and upper
secondary education choice. Hence, we consider early tracking as a mediator of the age effect
on later education choice.

The goal of our mediation analysis is to decompose the reduced form effect from equation 1
into an indirect effect that runs via early tracking and a remaining direct effect of age. The
indirect effect can be estimated from the following two equations (ignoring X and cantonal

fixed effects for simplicity):

Py = Bo+ B1AC; + Pod; + B3AC; x d; + BuT; +mi; ¥V i € {i:|di| < bw} (2)

T, =70 + AC; + v2d; + v3AC; X di +74Z; +6; ¥V i € {i:|d;| < bw} (3)

B4 and 7, together identify the indirect effect of SSA on P;; that runs through the mediator
T; (Baron and Kenny, 1986). Equation 1 yields the total effect of SSA on P;, the direct effect
is given by the difference between total and indirect effect.

A key assumption for causal interpretation of these effects is sequential ignorability (Imai,
Keele, and Yamamoto, 2010). It requires that 7;; and 6, are uncorrelated. This assumption
is hard to justify in our case because unobserved variables that are correlated with tracking
would likely also be correlated with later education choice. Our RD design does not address
this problem.

Instrumenting the mediator provides a way to causal estimation (Huber, 2021). When we
assume that Z; in equation 3 is an instrument, i.e. uncorrelated with 6;, we can estimate the

two equations as a two-stage least squares model.'® Hence, equation 2 is at the same time a

8Non-parametric estimation of this IV mediation model would be hard to do in our setting. Frélich and
Huber (2017) discuss non-parametric estimation of natural effects with a discrete mediator and a continuous
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reduced form RD equation, as we use AC; instead of the endogenous variable SSA in a sample of
adolescents born around the cutoff, and a 2SLS second stage equation, because we instrument
the mediator 7;. The instrument is described in the data section, together with the sample

available for the mediation analysis.

5 Data

5.1 Longitudinal analyses in the educational sector

We use educational register data named “Longitudinal analyses in the educational sector
(LAES)” provided by the Swiss Federal Statistical Office. The data contains the educational
history of every student in formal education in Switzerland since the start of the schooling
year 2011/2012. We can thus observe every student’s transition from lower to upper secondary
level between 2012 and 2018, including the education program they attend at either level, and
where the program takes place (municipality). Moreover, LAES contains detailed demographic
information on every student, such as their exact birth date, gender, migration status, and —
through linking LAES with the Swiss Population and Households Statistics — students’ can-
tons of residence and birth. We transform the LAES spell data into data with students as
units of observation. The main variable of interest is students’ education program at the upper
secondary level, i.e. either non-entrance, starting an apprenticeship, entering a baccalaureate

school, or a specialized school.

Main sample: school leaving cohorts

Our analyses focus on the cohorts of students in the data who leave compulsory school. As
some students are faster in progressing from start to end of compulsory school than others,
these school leaving cohorts are not balanced in birth years. We cannot observe the fastest
students of early birth cohorts nor the slowest students of later birth cohorts in the available
time window of six years. Therefore, we assume that program choice behavior and the effect

of school starting age on progression in compulsory school have not changed between birth

instrument, but the approach has not been implemented to date. Note also that the propensity score weighting
approach used for the estimators presented in Frolich and Huber (2017) will not work in an RD setting where
the running variable is included in the estimation, because the propensity score becomes deterministic in the
running variable, which violates the common support assumption for the mediator.

13



cohorts. We also show that results based on birth cohorts are similar despite lower numbers of
observations available.

We define “first” entry into an education program at upper secondary level as an entry
within one year after completing lower secondary school. Students that have not entered a

9 This requires excluding students

program within one year are considered as non-entries.!
who completed compulsory schooling in 2018 (the last year recorded in our data set) from the
analysis, because we do not observe a full year after completion for them. Moreover, we exclude
very few students entering a non-official educational path at upper secondary level, including
some foreign programs.

Table 1 describes the sample. Because we run most estimations with the 74,007 students
born within 30 days from the cutoff date (rd sample), table 1 describes both the full and the
rd sample with a bandwith of 30 days. Table 1 confirms that starting an apprenticeship after
compulsory schooling is by far the most important upper secondary education in Switzerland,
chosen by over 60% of all students. Almost one quarter enters a baccalaureate school and
roughly 5% a specialized school, while 9% have not entered any track within one year after
completing compulsory schooling. A little less than half of our sample are female students and

about 86% are Swiss citizens. Students are almost 16 years old when they start their upper

secondary education.
Table 1 around here table.desc

The regression discontinuity design (see section 4) relies on a running variable, in our case
the number of days between students’ birthdate and the cutoff date for school entrance. To
construct this variable, we merge the cantonal cutoff dates (see appendix thc) to every student
based on her or his first recorded canton of residence. Unfortunately, the data does neither
identify canton of residence at birth nor canton of residence at school entry for all observations?.
Therefore, we use students’ first recorded canton of residence in school to determine the relevant

cutoff date. Most students appear in the LAES data before their transition to the upper

secondary level and thus their canton of residence is observed some years prior to finishing

9Table A.1 in the appendix shows that most program choices happen within the time span of one year.

20The LAES contains canton of birth. However, this does not always correspond to the canton of residence
at birth, because mothers can give birth in a hospital in a neighboring canton, which happens often in small
cantons.
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compulsory schooling. In addition, the Swiss Population and Households Statistics records the
canton of residence five years ago for roughly two thirds of all students. This allows us to
identify their canton of residence at a younger age in many cases. On average, students were
a little older than nine years when we first observe their canton of residence. As a robustness

check, we will also show estimation results based on recorded canton of birth.

School entrance sample

As the LAES data started in 2011, the time-span covered per person is insufficient to observe
both school start and transition into upper secondary level. This is one reason why we rely on
reduced form estimations, where we look at the effect of being born before or after the cutoff
(instead of school starting age) on transition probabilities (see section 4.1).

However, we observe younger individuals in LAES who entered school from 2011 to 2018.
This second sample is helpful to study compliance with cutoff rules. We observe 485,125
students entering school between 2011 and 2017. Again, we identify students’ first recorded
canton of residence to attach the relevant school starting cutoff information. Table A.2 describes

this sample among the 85,231 students born within 30 days of the cutoff.

Mediation sample

In most Swiss cantons, the transition from lower to upper secondary education is preceded by
tracking in lower secondary schooling after grade six. This first tracking likely affects students’
upper secondary education.The time period available in our LAES data allows us to observe
lower secondary track for a subset of the main sample described above. With this subsample,
we perform a mediation analysis to assess how much of the overall age effect on the education
program decision at upper secondary level works through the early tracking happening at lower
secondary level. The sample consists of 118,372 students in grade six in the years 2011 or
2012, who finish compulsory schooling between 2013 and 2017. After excluding students from
the cantons without early tracking (Obwalden, Ticino and Vallais) and reducing to those born
within 30 days from the cutoff, our mediation sample consists of 17,894 students. Roughly 70%
of these students attended the advanced track at the lower secondary level, 27% the basic track

and very few students attended classes with no level distinction. In the mediation analysis (see
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section 4.2, the mediated variable is a dummy indicating students who attend the advanced
track at lower secondary school.

We instrument the endogenous variable of our mediation analysis, the dummy being one for
students attending the advanced track in lower secondary school, with the municipality share of
students attending the advanced track. Specifically, the instrument for the mediator of student

1 is calculated as follows:

Studentslowsec:advanced

Vet = : 4
] Studentséowsectotal ( )

The instrument for student i attending primary school (grade six) in municipality j equals
the share of students entering the advanced track of all students attending primary school
(grade six) in municipality j (see table A.9). In order to have sufficient observations also
for small municipalities, we rely on all students promoting from grade six to seven between
2011 and 2018. In case we still observe less than 50 promoting students in a municipality, we
calculate the instrument on the level of the district (Bezirk).?! We assume that the regional
variation of this instrument is mainly driven by exogenous factors affecting the availability of
the advanced track including politically defined quota and availability of schooling facilities. To
account for possible endogenous factors affecting the share of students entering the advanced
track, we control for the municipality share of parents with secondary and tertiary education,
respectively. This captures differences in preferences for higher education and different social-

economic backgrounds that can affect students’ entrance probability into the advanced track.

6 Results

We first discuss how being born on either side of the cutoff affects students transition prob-
abilities into upper secondary level programs. Section 6.2 and 6.3 and look at the results in
subsamples by personal characteristics (e.g., sex) and by cantons, which feature different insti-
tutional setups. Sections 6.4 analyzes how enrollment in different apprenticeship programs and

occupations is affected by age. We then check whether our results are robust to different choices

2INote that the instrument is not time-variant; this would be possible but leads to a decrease in the observa-
tions per municipality and thus increasing measurement error in the instrument.
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in sample definition, RD bandwidth and the specification of trends in section 6.5. Finally, we
study the role of early tracking in lower secondary school as a mediator of the age effect on

upper secondary program choice.

6.1 Main results

First evidence comes from looking at upper secondary program choices of adolescents born
before and after the cutoff. Figure 2 shows their program choices against the running variable,
i.e. their birthdate relative to the school enrollment cutoff date in their canton. Each dot in
the figure represents the mean share of the respective program among individuals born on the

same day. Program choice was observed up to one year after leaving compulsory school.

Figure 2 around here rdplot.tracks

The share of students entering a baccalaureate school jumps at the cutoff (panel ¢ in fig-
ure 2). This means that being born after the cutoff increases the likelihood of entering bac-
calaureate school. In turn, the share of students starting an apprenticeship drops at the cutoff
(panel b). For the remaining less frequent options, non-entrances and specialized school, there

are no clearly visible jumps in the figure.

Table 2 around here rdest.track.rdrobust.bw30

This interpretation of the graphical evidence is confirmed by table 2, which shows estimates
of ay; from equation 1. Being born after the school enrollment cutoff, thus being older at school
start on average, lowers the chances to start an apprenticeship by 3.5 percentage points, while
it increases the probability to enter baccalaureate school by 4 percentage points (columns 5
and 6 of table 2). In relative terms, the cutoff effect on choosing baccalaureate school is 16%.
As expected, controlling for additional covariates (in columns 2, 4, 6 and 8) does not matter

for the RD coefficient estimates.

Table 3 around here rdest.track.robust2
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The effects on non-entrance or entering a specialized school are close to zero. This changes,
however, if we look at program choices that happen right after the end of compulsory schooling,
i.e. in the same year. Table 3 shows that being born after the cutoff raises the probability to
attend baccalaureate school immediately, but not the probability for apprenticeships. Instead,
there are more students that do not yet start an upper secondary education (“no entry”). This
result suggests that firms are also sensitive to the age of apprenticeship candidates and shy
away from recruiting very young adolescents. Younger students are thus at a higher risk of
having to wait a year until they can enter into a formal upper secondary program. In contrast,
the results two years after the end of compulsory school, shown in columns (5) to (8) in Table 3,

are almost identical to the results after one year.

Figure 3 around here ivdesc.personal

The findings above are driven by the students and parents who comply with the cutoff
rule, so the effects hold only for this group. Therefore, we would like to know who are these
compliers, compared to the students who always enroll early (always-takers) or late (never-
takers). As noted before, we can look at school entry only in younger cohorts than those used
in the reduced form estimations. Keeping this caveat in mind, figure 3 presents characteristic
means for the three compliance groups based on Marbach and Hangartner (2020).22 Among the
never-takers (i.e. redshirters), men, Swiss nationals and students who speak the local language
as first language are overrepresented compared to the full sample, whereas always-takers are
more often women and foreigners. Among compliers, students who speak the local language as

first language are slightly underrepresented.

6.2 Subgroup results by personal characteristics

Men are more likely to start an apprenticeship than women, who are comparatively more likely
to attend a baccalaureate school, as indicated by the sample means in table 4. Nevertheless,

there is little difference in the reduced form coefficients for program choice by sex.

Table 4 around here rdest.track.parentbackground

22Recall that in the reduced form setting, we assume that there are no defiers, see the discussion in section 4.2.
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Differences are slightly more pronounced between students who speak the local language as
first language and students who speak a foreign language. While the pattern is the same for
both groups, students speaking the local language have higher effects at the cutoff. A possible
explanation is that foreign speaking students often belong to groups that are not at the margin
between academic and vocational education. Children of expats often attend baccalaureate
school (lit.), whereas other immigrant families have more difficulties to excel in the school
system and do not gain access to baccalaureate schools, which is reflected in the lower sample
mean (lit.).

Finally, table 4 shows results by parents’ education, which is available for a subsample only.?
We distinguish between parents that completed compulsory or upper secondary education as
highest education, and those where at least one parent has completed tertiary education. A
bit surprisingly, we find no clear picture, as the point estimates for students from parents with
tertiary education are higher, but the effects are estimated less precisely and not statistically
different from those of the other students.

Altogether, we find similar age effects in different subgroups, implying that effect hetero-

geneity is limited when it comes to (observable) personal characteristics.

6.3 Subgroup results by cantonal institutions

In the literature on school starting age, one particular challenge is to distinguish between relative
and absolute age effects (Pena, 2020). The age effects found in table 2 may be due to the fact
that students born after the cutoff are older in absolute age than their counterparts born before
the cutoff. However, the effects may also be due to the relative age difference between students
within classes, because age relative to peers in class may affect students’ development. Since
cutoff dates differ by cantons, we observe students of different absolute ages in our RD sample,
whereas in countries with one national cutoff, absolute and relative age are collinear and the
two effects thus indistinguishable.

We compare cantons with an early (May or before) and late (after May) school enrollment

cutoff in the first four columns of table 5. Implementing an early cutoff means that students are

23The information on parents’ education has been merged from the Swiss “structural census”, which is a
random draw from the population.
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1.24 The coefficients displayed in table 5 show that point

younger on average when starting schoo
estimates are substantially higher for cantons with late cutoff, i.e. in cantons where students
are younger on average. This finding is consistent with an effect of absolute age, even if the
95% confidence intervals for the estimators (columns 1 and 3, columns 2 and 4) overlap. As an
additional caveat, cantons enjoy substantial leeway in the implementation of their educational
systems (e.g. on the amount and location of different types of schools at upper secondary and
tertiary level), which makes it difficult to disentangle differences in students’ absolute age from

institutional differences between cantons. This difficulty exists also with the two next analyses

on cantonal heterogeneity in table 5.

Table 5 around here rdest.track.subsample

A key institutional difference between cantons is the type of admission procedure for bac-
calaureate schools. Columns (5) to (8) of table 5 split the sample between cantons with bac-
calaureate school entrance exams and those without, where teachers decide about recommend-
ing a student for baccalaureate school. The cutoff effect among these cantons amounts to 5.3
percentage points for baccalaureate school entrance, while the point estimate among cantons
with an entrance exam is substantially lower. A possible explanation is that teachers are more
sensitive to age differences between students than exam results. However, the point estimate
differences are not significant.

The last comparison in columns (9) to (12) in table 5 refers to cantons with and without
“long” baccalaureate schools. These schools start before grade 9, usually in grade 7. They
are more similar to the German model, where baccalaureate schools start in grade 5 already.
Cantons with such schools feature hybrid systems, i.e. one part of students enter baccalaureate
school early, another (and varying) part enters baccalaureate school later on. Our results show
that cutoff effects are stronger in cantons with a system that knows only “short” baccalaureate
schools. This is a bit surprising, because the sorting into academic and vocational education
happens (partly) earlier in students’ life in cantons with long baccalaureate school. On the other

hand, these result are in line with the German evidence that found no age effects on completing

24The school year starts after the summer holidays in all cantons. There is a small variation in the end date
of summer holidays that is not crucial for actual SSA.
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academic or vocational education (section 2). A possible explanation is that systems with both
short and long baccalaureate school offer students several points in time to enter, which may
attenuate age effects.

All interpretations of heterogeneity by cantonal institutions so far hinge on assuming that
there are no other differences between the respective two groups of cantons, which could drive
the results. In any case, the results in table 5 suggest considerable effect heterogenity across
cantons. In figure 5, we therefore look at the reduced form RD coefficients for the 13 largest
cantons, which represent 85 percent of all adolescents in our sample, in descending order by
sample size. With one exception (Argovia), the blue dots for apprenticeship are to the left of
those for baccalaureate school, reflecting our main result that starting an apprenticeship is less
likely when born after cutoff. However, the difference between the coefficients indeed varies by
canton. In the cantons of Argovia and Saint Gall, the point estimates for apprenticeship and
baccalaureate scholl are very close to zero. This is in line with Balestra, Fugster, and Liebert
(2020), who found no difference in program choice for Saint Gall. In contrast, differences are
substantial in the three largest cantons, where 95% confidence intervals do not overlap (Zurich
and Bern) or hardly overlap (Vaud). The smaller the number of observations, the wider the

intervals become.

Figure 4 around here coefplot.bb.gym.largecantons

Because cantons differ in many dimensions, it is difficult to explain the differences in cantonal
results conclusively. The institutional settings investigated in table 5 provide some explanation.
A further explanation is that populations in some cantons comply more with cutoff rules than
others. Table (tbc) in the appendix shows compliance rates by cantons in the school entry
sample, which vary between more than 80% (Graubunden, Neuchatel, Geneva) and less than
30% (Ticino, Lucerne, Uri) if we look at persons born in a 30 days window before and after
cutoff. These differences are a reflection of school systems that are rooted in cantonal history.
For our estimations, we conclude that the the RD cutoff effects are driven by varying parts of

the population in different cantons.
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6.4 Types of apprenticeship programs

The negative effect of being born after the cutoff on starting an apprenticeship might be more
pronounced in particular apprenticeship programs. In table 6, different types of apprenticeships
are the dependent (dummy) variables, thus decomposing the overall negative cutoff effect on
apprenticeship programs. Columns (1) to (4) show that the effect is strongest in the occupation
field of economic and commercial apprenticeships, and second strongest in service sector ap-
prenticeships. This makes sense from a learner’s perspective, because apprenticeship programs
to become a commercial employee have a good reputation (especially when served in banking
and insurance companies) and are widely considered a good alternative to baccalaureate school.
The four last columns use occupational demands in the training occupations as dependent vari-
able.?’ The training occupation demands most affected are analytical and social skills, whereas

programs demanding robust health or technical skills are hardly affected.

Table 6 around here rdest.track.occfields

In the appendix table A.5, we further show that the negative cutoff effect on entering ap-
prenticeships mainly concerns apprenticeships with three year duration (which are the majority
of programs) and apprenticeships without integrated vocational baccalaureate school. When
we distinguish between firm-based and purely school-based apprenticeships, the cutoff effect for
firm-based apprenticeships is almost the same as for all apprenticeship programs together, while
it is small in absolute value and insignificant for the small amount (about 10%) of school-based

apprenticeships (not shown).

6.5 Robustness results

First, we check whether our main results change when we include students based on birth
cohorts instead of school leaving cohorts (see section 5.1). Table A.3 uses the two birth cohorts

for which we have the most observations in the LAES data. Only students born in 1998 and

Z5For this purpose, we scraped the listed “demands” of the official Swiss portal for career guidance, berufsber-
atung.ch. It provides job postings for apprenticeships in all cantons and occupations. Additionally, it describes
every existing training occupation (tasks, learning content, prerequisites, occupational demands, institutional
framework). We sorted demands into four categories and one rest category. We then calculated an importance
measurement for each demand category and normalized this to mean zero and a standard deviation of one.
More precisely, we sum the listed demands for every category j = (1,2, 3,4,5) in occupation o and divide it by
the sum of all listed demands in occupation o: > djo/ > do.
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1999 are included. For both cohorts, we find the same pattern, i.e. students born before
cutoff are more likely to attend apprenticeships and less likely to attend baccalaureate school.
Point estimates are somewhat higher than in our main analysis, suggesting that we are not
overestimating coefficients by mixing several birth cohorts.

Next, we check whether covariates do not jump at the cutoff, which would violate the
local continuity assumption. In the appendix, table A.4 shows RD results using covariates as
dependent variables. The cutoff coefficients are not significant, except for marginal significance
(p = 0.098) in the case of Swiss citizenship. We consider this a random result and control
for citizenship in models among the personal characteristics. Dropping all foreigners from the
sample does not change our results in any substantive way.

Finally, the RD design involves choices on bandwith and the specification of the trends to the
left and the right of the cutoff. Figure 6 shows how cutoff effects estimated with and without
controls change depending on these parameters. The first takeaway is that in estimations
controlling for linear or quadratic polynomials of the running variable, we always find the same
pattern as in the main analysis: a significant positive effect of being born after the cutoff
on entering baccalaureate school, and an opposing negative effect on apprenticeships. This
holds for all bandwiths and whether including covariates in the estimation or not. Confidence
intervals of the two effects include zero only in “extreme” models, wich combine a fourth-
order polynomial with a bandwith below 10 days. Such models allow for a very flexible fit of
the trends around the cutoff in a relatively small sample, which is not recommended in the
literature (Gelman and Imbens, 2019). The second takeaway is that point estimates of the
cutoff effects increase in absolute value in specifications with small bandwiths of 20 days or
less. Our main specification with 30 days might thus underestimate the true cutoff effects,
because smaller bandwiths reduce the risk of misspecifying trends around the cutoff. However,

smaller bandwiths come at the cost of less precise estimates.?¢

26Tables in the appendix complete results on different specifications, e.g. for the optimal bandwith selection
procedure proposed by Calonico, Cattaneo, and Farrell (2020); Calonico, Cattaneo, Farrell, and Titiunik (2019).
They also show results for a donut specification (in case parents can manipulate birth before or after midnight
of the cutoff day), for a sample with students for whom we know the canton of residence before they turned
age ten, and for the canton of birth recorded (which can be the canton of the hospital instead of the canton of
parents’ residence at birth).
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7 Mediation analysis of early tracking

7.1 Early tracking

In most Swiss cantons, students are tracked after grade six at the intersection between primary
and lower secondary level. While in most cantons (mostly in the western, north-western, and
southern part of Switzerland) students are sorted into just two tracks (“real” and “secondary”
school) at the lower secondary level, students in some other cantons have the additional option

to enter a long-term baccalaureate school.

Figure 5 around here

Figure 5 shows the association between students’ birth date (again with respect to the
cantonal cutoff applying) and their lower secondary tracks. It becomes apparent that being
born after the cutoff decreases (increases) the chances to finish the lower secondary level in the
basic (advanced) track.?”

Table A.10 shows transition patters from the lower to the upper secondary level. Though the
links between the lower and the upper secondary tracks are not fixed, there are clear patterns:
90% of all baccalaureate school entrants stem from the higher track at lower secondary school.
However, visiting the high track does not guarantee baccalaureate school entrance: 20% start
an apprenticeship and a little more than 4% a specialized school. Apprentices, in contrast,
come from different tracks, with the basic and the advanced track delivering 41% and 50% of

all new apprentices.

Table A.10 around here

We assume that these associations operate through two channels: on the one hand, attending
the advanced track and thus being exposed to more able peers throughout lower secondary
school might increase students’ chances of entering baccalaureate school or a higher-quality

apprenticeship place. On the other hand, the lower secondary track is a negative signal for

2"Note that some students visit schools with no track distinction across classes, or attend schools for students
with special needs. Hence, the two shares in (a) and (b) of figure 5 do not sum up to one.
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teachers deciding about recommending students for baccalaureate school as well as for recruiters
in training firms.?
Overall, the strong association between students’ lower secondary track and their track

entrance probabilities on the upper secondary level requires to take the first tracking into

consideration when analyzing the latter transition.

7.2 Mediation analysis

In the mediation analysis, we divide the total reduced form age effect into an indirect effect
due to early tracking in lower secondary school, and a direct effect from school starting age
on the choice between academic and vocational education at upper secondary level. For this
purpose, we reduce the sample to students that were in lower secondary school in 2011 or 2012

(see section 5.1).

Table 7 around here medeff.track.x

The models estimated in Table 7 assume sequential ignorability (Imai, Keele, and Ya-
mamoto, 2010) of the treatment (being born before or after the cutoff) and the mediator (early
tracking in lower secondary school). The total or overall effect for baccalaureate school is 4.7
percentage points (in the specification with a bandwith of 30 days), a bit higher than the
reduced form estimates in our main specification. The tracking in lower secondary school is
statistically significant for the selection into baccalaureate school at upper secondary level. It
also accounts for 1.3 percentage points of the total effect on baccalaureate school. Thus, a bit
less than one third of the age effect is mediated by early tracking, while two thirds are a direct
effect. Direct effects comprise all further channels how school starting age affects track choice
at upper secondary level, apart from early tracking. A likely part of such a direct effect is the
effect of the age at the time of choosing between academic and vocational education, which is
strongly influenced by school starting age.

As described in secion 4.2, it seems unlikely that the assumption of sequential ignorability

is met. In order to eliminate a possible bias from unobserved variables correlated with the me-

28In this context, it is important to stress that the tracking after the primary level is usually not fixed
throughout the lower secondary level and students showing a positive (negative) development can switch to a
higher (lower) track, which should damp any effect related to the tracking. However, since we only observe the
lower secondary track at the end of compulsory schooling in our data, we take such switches into account.
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diator and the outcome (or cutoff and mediator), we instrument the mediator “lower secondary
track” with the share of students attending the advanced track in the municipality where a
student entered lower secondary school. The distribution of this variable is shown in figure A.1.
In addition, we control for the proportion of parents in the municipality that have an upper

secondary or tertiary degree, in order to account for residential sorting.

Table 8 around here ivregress.mediation

The first stage regression in Table 8 (column 1) shows, first, that being born after the
cutoff increases the likelihood of attending the advanced track. Secondly, it shows that the
municipality share of advanced track students affects the likelihood to enter the advanced track
strongly. In the models with program choice as dependent variable, the reduced form estimates
without mediator (columns 2 and 4) again show a cutoff effect of around 4.7 percentage points
on apprenticeships and baccalaureate school. In columns (4) and (5), we add the instrumented
dummy for attending the advanced track, which is highly significant. Using these models, we
calculate the indirect effect on apprenticeships as -0.017 and the direct effect as -0.029. The
indirect effect on baccalaureate school is 0.014, the direct effect 0.033. Thus, the indirect effect
again accounts for roughly one third of the overall effect. There remains a substantial direct

effect of the reduced form age effect on the sorting into upper secondary programs.

8 Discussion and conclusion

In this paper, we examine the effect of enrollment cutoffs and resulting age differences on
the choice between academic and vocational education in adolescence. We use a regression
discontinuity design with data on the universe of all Swiss students, which is available for
the time period 2012-2019. Reduced form estimations show substantial effects: being born
right before the respective cantonal cutoff date decreases the likelihood to attend baccalaureate
school by 3.6 percentage points (or 16%) and increases the likelihood for an apprenticeship by
3.3 percentage points. These findings are robust to varying bandwith choices, i.e. to more
extensive or restrictive sample choice with respect to the allowed distance between cutoff and

students’ birthday, as well as to different polynomial specifications.
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The results show no variation by gender and are similar by parental education. However,
the reduced form estimates are somewhat larger for students whose first language is the local
language. They are also larger in cantons with late cutoffs (and thus younger students at
enrollment) and in cantons without entry exams for baccalaureate schools, which use teacher
recommendations instead. The latter finding suggests that teachers use age as a signal of
maturity for baccalaureate school, even though results relying on cantonal differences have to
be treated with caution due to the many cantonal differences in educational systems.

Those marginal younger students that do not enter baccalaureate school often seem to at-
tend commercial and, to a lesser extent, other service sector apprenticeships. This is plausible
because commercial apprenticeships are considered as a good alternative to baccalaureate school
by many Swiss. This finding may also explain the difference to Germany, where several papers
have not found SSA effects on the likelihood to attain a vocational degree (Dustmann, Puhani,
and Schonberg, 2017; Gorlitz, Penny, and Tamm, 2022): in Germany, commercial employees
are often students who have completed baccalaureate school and then add a highly recognized
apprenticeship at a bank or insurance company, for example. This is very rare in Switzerland,
where students typically begin apprenticeships, even prestigious ones, after completing compul-
sory school without attending baccalaureate schools. Finally, our findings are also consistent
with the results in Balestra, Eugster, and Liebert (2020), who find no effect of SSA on upper
secondary track in the canton of St. Gall. Indeed, we do not find a significant effect in St. Gall
either, but we find sizeable effects in many other cantons, which sum to the reported effects for
Switzerland as a whole.

Given earlier results on the effect of age on early tracking in Germany, one may object
that the effects of age on the choice between academic and vocational education in adolescence
reported so far are predetermined in lower secondary school. There, students are already tracked
in a basic and an advanced track based on their school performance. When we plot early track
shares against the distance of birthday to cutoff, we indeed find a strong discontinuity at the
cutoff. Therefore, we perform a mediation analysis to find out how much of the total effect of
age on upper secondary program is due to an indirect effect of age on early tracking. We find
that early tracking also predicts education programs at upper secondary level to a considerable

extent and accounts for a third of the total age effect. The remaining direct effect thus accounts
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for almost two thirds of the age effect. Therefore, the moment of choice between academic
and vocational education in adolescence emerges as a junction in Swiss students’ lives that
is influenced by earlier tracking, but also by direct age effects caused by cutoff rules and the
one-year rhythm of school classes. This direct effect is consistent with an effect of age at the
time of choosing between academic and vocational education, especially with an effect of visible
“maturity” as a signal for teachers when making recommendations for baccalaureate schools,
and for firms when recruiting for apprenticeship positions.

The main takeaway from our paper is that seemingly small age differences may influence
decisions about educational pathways in adolescence, likely reinforced or mitigated by insti-
tutional settings. This does not necessarily mean that systems should not allow educational
decisions in adolescence. Deciding on one’s educational and occupational career is never easy,
and postponing such decisions may come with its own problems. However, it suggests that
adolescents need support in educational choices, that gate keepers need to account for the pro-
cess of adolescence, including the fact that maturity is still evolving and correlated with age in
adolescence, and that education systems need to be permeable to allow for trial and error and
correction of earlier decisions. Future research should address whether the age effect on sorting

into academic and vocational programs carries over to different labor market outcomes.
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Table 1: Descriptive statistics

Full sample Bandwidth 30 days

N Mean  s.d. N Mean  s.d.
Program choice at upper secondary level
(1 year after leaving comp. school):
No entry (yes=1) 447,949  0.088 74,007  0.087
Enters apprenticeship (yes=1) 447949  0.616 74,007 0.614
Enters baccalaureate school (yes=1) 447,949  0.244 74,007 0.247
Enters specialized school (yes=1) 447,949  0.052 74,007  0.052
Enters upper sec. level late (yes=1) 447,949 0.229 74,007 0.228

Age at entering upper secondary education® 423,465 16.1  0.900 69,998 16.1  0.869
Demographic information:

Female (yes=1) 447,949  0.486 74,007 0.487
Swiss citizen (yes=1) 447949  0.859 74,007  0.858
Not born in Switzerland (yes=1) 447,949  0.085 74,007  0.084
Local language = first language (yes=1) 447,516  0.786 73,929 0.784
Parents’ education: tertiary level (yes=1) 49,513  0.440 8,305  0.435
Information on cutoffs:

Days born before/after cutoff 447949 0485 105.2 74,007 -0.138 17.7
Born after cutoff (yes=1) 447,949  0.502 74,007 0.496
Cutoff January 1 (yes=1) 447,949  0.027 74,007 0.026
Cutoff May 1 (yes=1) 447,949  0.577 74,007  0.580
Cutoff June 1 (yes=1) 447,949  0.023 74,007 0.022
Cutoff July 1 (yes=1) 447949  0.091 74,007  0.094
Cutoff August 1 (yes=1) 447,949  0.073 74,007  0.074
Cutoff September 1 (yes=1) 447,949  0.024 74,007 0.023
Cutoff October 1 (yes=1) 447,949  0.040 74,007 0.040
Cutoff November 1 (yes=1) 447,949  0.106 74,007  0.103
Cutoff December 31 (yes=1) 447,949  0.038 74,007  0.037
Age when leaving compulsory school:

Comp. school leaving age in years 447,949 15.889 0.655 74,007 15.933 0.687
Predicted leaving age in years 447949 15536 0.364 74,007 15.532 0.508
Leaves school after predicted year (yes=1) 447,949  0.327 74,007 0.381
Leaves school before predicted year (yes=1) 447,949 0.028 74,007  0.049
Track at lower secondary school:

Special curriculum (yes=1) 447,949  0.038 74,007  0.037
Basic track (yes=1) 447,949  0.271 74,007 0.264
Advanced track (yes=1) 447949  0.645 74,007  0.652
Non-tracked (yes=1) 447,949  0.044 74,007 0.046
Region of lower secondary school:

School in urban area (yes=1) 447,949  0.571 74,007  0.571
School in intermediate area (yes=1) 447,949  0.240 74,007  0.241
School in rural area (yes=1) 447,949  0.188 74,007  0.187
School in German speaking region (yes=1) 447,949 0.713 74,007 0.713
School in French speaking region (yes=1) 447949  0.245 74,007  0.247
School in Italian speaking region (yes=1) 447,949  0.040 74,007 0.388

Notes: table.desc. Due to space restrictions we do not display all cantonal dummies, only the cantonal cutoff
dates, which group cantons. Sample restricted to students leaving school in 2012-2017.

* “Age at entering upper secondary education” has lower N due to people not entering upper secondary education
until the end of the observation period.
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10 Figures

Figure 1: Students’ age at start and end of compulsory school
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(b) School leaving age

Notes: The figure plots the students’ age in days when they (a) start and (b) leave compulsory school against the
difference between their birthdate and the cutoff date of their canton. Sample restricted to (a) students starting
school in 2011-2014 and (b) leaving school in 2012-2017 and entering the upper secondary level maximum one
year after finishing compulsory schooling.

Source: LAES data.
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Figure 2: Program choice
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(c) Baccalaureate school

(d) Specialised school

Notes: The figure plots the share of students — aggregated by date of birth in daily bins — entering different
tracks after compulsory schooling against the difference between their birthday and the cutoff date of the canton
they were born in. Sample restricted to students leaving school in 2012-2017 and entering the upper secondary
level maximum one year after finishing compulsory schooling.

Source: LABB data.
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whole sample -

complier -

never-taker -

always-taker—

with the STATA command ivdesc (Marbach and Hangartner 2020).

(a) Men

Source: LABB data.
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(b) Swiss

Notes: Figure plots the means of the respective personal characteristic by compliance group. Means calculated

Figure 3: Means of personal characteristics in compliance groups
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(c) First = local language

Figure 4: RD effects in the 13 largest cantons
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Notes: The figure shows point estimates and 95% confidence intervals from separate local polynomial regression
discontinuity estimations of program choice on cutoff variables and covariates, estimated separately for the 13
cantons with the largest number of observations. All other specifications are identical to those for the models in
table 2 that include covariates. Sample restricted to students leaving school in 2012-2017. Students that enter
the secondary track more than one year after completion of compulsory schooling are considered as no entries.
Source: LABB data.
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Figure 5: Early tracking in lower secondary school around cutoff
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Notes: The figure plots the share of students — aggregated by date of birth — being in the basic or advanced lower
secondary track against the difference between their birthday and the cutoff date of the canton they were born
in. Sample restricted to students leaving school in 2012-2017 and entering the upper secondary level maximum
one year after finishing compulsory schooling.

Source: LABB data.

46



Figure 6: RD coefficients for apprenticeship and bacc. school over bandwidth
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Notes: The figure shows reduced form estimates derived from equation 1 (with and without covariates) using the
rdrobust-command, applying different bandwidths around the cutoff and different polynomials of the running
variable (difference between students’ birthday and the cutoff in days).

Source: LABB data.

47



A Appendix: Additional tables and figures

48



Table A.1: Hazard rate by cohort

In year

2012 2013 2014 2015 2016 2017 2018

Leaving cohort 2012

No entry (yes=1) 2451 998 696 608 570 554 54l
Entering apprenticeship (yes=1) 48.42  61.73 64.64 65.52 65.89 66.05 66.17
Entering Gymnasium (yes=1) 23.16 23.81 23.87 23.88 23.88 23.89 23.89
Entering specialised school (yes=1)  3.91 4.47 4.52 4.53 4.53 4.53 4.53
Total 100.00 100.00 100.00 100.00 100.00 100.00 100.00
Leaving cohort 2013

No entry (yes=1) 23.19  8.58 5.64 4.78 4.43 4.27
Entering apprenticeship (yes=1) 49.28 62.66 65.51 66.37 66.71  66.87
Entering Gymnasium (yes=1) 23.30  23.94 2399 24.00 24.00 24.00
Entering specialised school (yes=1) 4.23 4.83 4.86 4.86 4.86 4.86
Total 100.00 100.00 100.00 100.00 100.00 100.00
Leaving cohort 2014

No entry (yes=1) 23.08  9.07 6.16 5.26 4.87
Entering apprenticeship (yes=1) 48.75  61.57 64.40 65.29  65.68
Entering Gymnasium (yes=1) 23.76 2439 24.43 2443 2443
Entering specialised school (yes=1) 4.41 4.97 5.01 5.01 5.02
Total 100.00 100.00 100.00 100.00 100.00
Leaving cohort 2015

No entry (yes=1) 22.70  8.60 5.65 4.77
Entering apprenticeship (yes=1) 48.81 61.69 64.52  65.39
Entering Gymnasium (yes=1) 23.85 2444 2451 2451
Entering specialised school (yes=1) 4.64 5.28 5.33 5.33
Total 100.00 100.00 100.00 100.00
Leaving cohort 2016

No entry (yes=1) 22.19  8.46 5.57
Entering apprenticeship (yes=1) 48.36  60.83  63.65
Entering Gymnasium (yes=1) 24.50  25.04  25.08
Entering specialised school (yes=1) 4.95 5.67 5.70
Total 100.00 100.00 100.00
Leaving cohort 2017

No entry (yes=1) 21.63  8.03
Entering apprenticeship (yes=1) 48.76  61.07
Entering Gymnasium (yes=1) 24.58  25.11
Entering specialised school (yes=1) 5.02 5.79
Total 100.00 100.00

Notes: .
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Table A.2: Descriptives — school entrants timing

Share of students starting school

Early On time Late
School starting age 6.114 6.670 7.181
Male (yes=1) 0.076 0.753 0.171
Female (yes=1) 0.099  0.776 0.125
Foreign citizen (yes=1) 0.104  0.767 0.129
Swiss citizen (yes=1) 0.082  0.764 0.154
German-speaking (yes=1) 0.073  0.752 0.175
French-speaking (yes=1) 0.091 0.817 0.092
Italian-speaking (yes=1) 0.299  0.626 0.075
Romansh-speaking (yes=1) 0.048  0.923 0.029
Urban-area (yes=1) 0.098  0.772 0.130
Intermediate-area (yes=1)Female (yes=1) 0.080  0.759 0.161
Rural-area 0.059 0.745 0.196
School entry 2011 (yes=1) 0.075  0.771 0.154
School entry 2012 (yes=1) 0.084  0.779 0.137
School entry 2013 (yes=1) 0.098  0.766 0.136
School entry 2014 (yes=1) 0.096  0.777 0.127
School entry 2015 (yes=1) 0.093  0.765 0.142
School entry 2016 (yes=1) 0.093  0.747 0.160
School entry 2017 (yes=1) 0.071  0.748 0.181
Zurich 0.121 0.757 0.122
Bern 0.051  0.803 0.146
Luzern 0.065 0.576 0.359
Uri 0.011 0.538 0.451
Schwyz 0.026 0.704 0.270
Obwalden 0.054 0.803 0.144
Nidwalden 0.033 0.806 0.161
Glarus 0.040 0.704 0.256
Zug 0.173  0.756 0.071
Fribourg 0.021 0.750 0.230
Solothurn 0.024  0.876 0.100
Basel-Stadt 0.158 0.773 0.069
Basel-Landschaft 0.088 0.829 0.082
Schaffhausen 0.022 0.858 0.120
Appenzell-Ausserhoden 0.063 0.795 0.141
Appenzell-Innerhoden 0.036 0.728 0.237
St. Gallen 0.014 0.730 0.257
Graubunden 0.040 0.919 0.041
Aargau 0.086  0.777 0.137
Thurgau 0.033  0.653 0.315
Ticino 0.307 0.615 0.078
Vaud 0.179 0.710 0.111
Vallais 0.007 0.862 0.131
Neuchatel 0.027  0.916 0.057
Geneva 0.057 0914 0.029
Jura 0.002 0.846 0.153
N 7.433 65,150 12,648

Notes: Sample restricted to students entering school in the years 2011-2017 and being born within 30 days of
the cutoff date. 50
Source: LABB data.
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Table A.9: Descriptives — instrument for mediator

Same municipality shares
entering the following lower secondary tracks

Basic  No level Advanced

track distinction track
Male (yes=1) 0.303 0.031 0.645
Female (yes=1) 0.302 0.032 0.646
Swiss citizen (yes=1) 0.302 0.030 0.648
Foreign citizen (yes=1) 0.308 0.039 0.631
In grade six in 2011 0.309 0.029 0.642
In grade six in 2012 0.297 0.034 0.650
Urban resident in grade six 0.303 0.037 0.638
Intermediate resident in grade six 0.303 0.012 0.666
Rural resident in grade six 0.302 0.036 0.643
German-speaking resident in grade six ~ 0.321 0.040 0.619
French-speaking resident in grade six 0.252 0.008 0.717
Italian-speaking resident in grade six 0.308 0.013 0.671
Romansh-speaking resident in grade six 0.347 0.012 0.628
Zurich 0.338 0.012 0.630
Bern 0.355 0.017 0.605
Luzern 0.256 0.060 0.673
Uri 0.304 0.011 0.668
Schwyz 0.292 0.002 0.681
Nidwalden 0.091 0.535 0.345
Glarus 0.421 0.003 0.566
Zug 0.251 0.002 0.727
Fribourg 0.198 0.001 0.789
Solothurn 0.344 0.013 0.626
Basel-Stadt 0.007 0.510 0.462
Schaffhausen 0.371 0.010 0.582
Appenzell-Ausserhoden 0.351 0.006 0.629
Appenzell-Innerhoden 0.321 0.000 0.679
Graubunden 0.320 0.004 0.665
Aargau 0.343 0.015 0.607
Thurgau 0.332 0.081 0.572
Vaud 0.227 0.014 0.737
Neuchatel 0.299 0.009 0.670
Geneva 0.328 0.002 0.637
Jura 0.209 0.005 0.771
N (students) 5,024 411 12,530

Notes: Sample restricted to students being in grade six in 2011-2012, leaving school 2017 or earlier, and being
born within 30 days of the cutoff date. The correlation within muncipality over the years is 0.956.
Source: LABB data.
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Figure A.1: Proportion of students entering the advanced lower secondary track per munici-
pality (Instrument for mediator)
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Notes: The figure shows the distribution of the proportions of students entering the advanced track on the lower
secondary level, calculatedd for every student in the sample for his or her muncipality (where student 7 attended
primary school). These values are used to instrument the mediator (students ¢ lower secondary schooling track:
basic or advanced). Sample restricted to students leaving compulsory schooling 2015-2017.

Source: LABB data.
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