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A B S T R A C T

In Germany, .students are streamed at age fen into an academic or rum-

academic track. We demonstrate that the randomly allocated dixadvanta^e

of beirtf! bom just before as opposed to just after the cutoff date for school

entry leads to suhxtantially ilijferem schoolinfi experiences. Relatively

youn^ students are initially only two-thirds as likely to be a.ssigned to the

academic track. The possibility to defer tracking lo age Í2 does not atten-

uate school-entiy age's effect on track attendance. Some mitigation of the

effect occurs only at the second time when educational institutions facili-

tate track modification when students are about age ¡6.
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I. Introduction

Recent research in education suggests that early human capital in-
vestment is crucial because of dynamic self-productivity and the complementarities
of acquired skills and abilities (Cunha et al. 2006). This role of the path dependencies
of human capital investment is particularly important tor the case of education in
countries tracking students early in their secondary schooling career to different^
more or less academic—school types. Tracking ages differ widely across industri-
alized countries. Several central European countries have very early tracking at ages
ten or 11 like Geniiany (Brunello and Checchi 2006, p. 45). Some countries track
at ages 12 or 13 (among them China and Mexico). Other countries track later, in
the middle or toward the end of adolescence, for example, at ages 15 and 18 (like
Japan and the United States, respectively).

In this paper, we view the school-entry age effect as a randomly allocated dis-
advantage (via birth month) and analyze in what way segregation of students after
grade four (at age ten) creates path dependency in Germany where "tracking" means
selection of students into academic or vocational secondary schools. We show that
early tracking leads to substantially different schooling experience.s for younger
school entrants for at least six years of secondary schooling. After grade four, when
tracking occurs, early school entrants are only two-thirds as likely to enter the highest
track as late entrants. Attending the highest track is associated with a more academic
curriculum, a higher-ability peer group and academically more qualilied (higher
paid) teachers. We also find that the fact that some schools offer to defer the tracking
decision to age 12 (after Grade 6) has no impact on the school-entry age effect on
track attendance. Only at age 16 (after Grade 10) when the German school system
generally facilitates mobility between tracks, the school-entry age effect on track
attendance is mitigated both through disproportionate upgrading of younger .school
entrants and disproportionate downgrading of older school entrants.' However, even
in this period—-corresponding to the senior high school period in the United States—
young German school entrants are still les,s likely to attend a highest track .school
than late school entrants. It is only through a .special type of higher track schools
that younger school entrants manage to catch up in terms of college entry certificates
with otder school entrants. Unlike the highest track schools, these schools typically
offer restricted (by subject of degree) access to universities. In sum, we find thai
early tracking in Geniiaiiy leads to different experiences between disadvantaged
(younger school entrants) and advantaged students (older school entrants) that persist
throughout secondary schooling.

Recent evidence for a wide set of countries suggests that later school entry raises
test scores in elementary and secondary school or improves the quality of school
attended (Allen and Bamsley 1993: Bedard and Dhuey 2006; Black, Devereu.\ and
Salvanes 2008; Fredriksson and Öckert 2006; McEwan and Shapiro 2008; Puhani

t. None or these pallem.s are driven by interactions between school-^niry age and compulsory schooling
requirements. The ininitnuiti required duraiion of schooling in Germany is determined by years in school
and not hy an .'ige limil, a.s is the case in the Untieil Slates (Angrist and Krueger 1992).
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and Weber 2(X)7a).̂  There is also evidence that school-entry age effects on test
scores or other educational outcomes become smaller or even disappear with the
duration of schooling (Angrist and Krueger 1992; Dobkin and Ferreira 2007; Elder
and Lubotsky 2009). However, there is little evidence on which institutional factors
might he responsible for perpetuating or potentially eliminating the school-entry age
effect. If. however, test score differences related to school-entry age tend Io dissolve
over the educational career, early tracking is likely to perpetuate these differences
by limiting Ihe scope for convergence through less challenging curricula and peers
for disadvantaged students.

We are not aware of any study that explicitly traces the school-entry age effect
for given cohorts in a tracking system. There is some evidence thai tracking increases
test score inequality (Hanushek and WöBmann 2006) and increases the impact of
family background on educational outcomes (Bauer and Riphahn 2006: Brunello
and Checchi 2(X)6. Dustmann 2004; Meghir and Palme 2005). However, these fmd-
ings have been challenged recently by Waldinger (2007) questioning the robustness
of some of the estimated effects a.s well as by Maurin and McNally (2(X)7) who find
no such evidence. The study by Fredriksson and Öckert (2006) is also of interest
for our purpose since it shows thai the school-entry age effect on years of schtwiing
is larger for earlier cohorts, who were still subject to a school tracking system
(similar to Ihe current German one), which was replaced in the late iy60s with a
comprehensive school system. However, their cross-cohort comparison may be con-
founded by other time-varying factors. Probably for this reason, Fredriksson and
Öckert (2(K)6) du not put emphasis on the relationship between tracking and the
school-entry age effect in their study.

Rigorous tracking with a later second chance to revise the choice of educational
path is an interesting setup for studying the school-entry age effect, which is driven
by birth month and an enrollment cutoff (end of June). As shown below, an early
school-entry age can he viewed as a randomly allocated disadvantage concerning
track choice. Observing how educational institutions interact with this disadvantage
is important, because it has a bearing on the implications of tracking on other dis-
advantages like those driven by family background. The latter may be harder lo
isolaic from innate ability than pure relative age or maturity effects. This is not only
relevant for applied econometricians, but also for elementary school teachers, who
make recommendations on school choice, and for parents, who in most German
stales have the final word on that choice. Therefore, an educational system that does
not eliminate the school-entry age effect is also unlikely to neutralize other disad-
vantages such as disadvantaged family background.

This paper is slruclured as follows. Section ÍI describes the administrative data
sets. As only the German state of Hessen has provided us with all the required
information on students in all types of schools, we focus on analyzing the effects
for students in this state.' We begin with stylized facts drawn from the database,
preceded by a short overview of key institutional features of the Hessen school

2. Norwegian IQ tesi data used by Black. rJevereux. and Salvanes (2O()8) suggesi ihai this finding i.s
explained hy an oldtr testing age of laie schiwl entranLs.
.Í. Among the 16 German stales, Hessen, which inctudes liie city of Frankfurt/Main, has the fifth largesi
population and the seventh largest area.
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system as they compare to Germany as a whole. Section fll presents the estimates
of the causal impact of school-entry age on track attended, with separate estimates
for each school-entry cohort and each school year. Section IV concludes the paper.

n. Institutional Facts and the Administrative Data
Source

A. Segregated Schools as an Extreme Form of Tracking in Germany

In general, "tracking" in Germany means that at a relatively early point in their
educational career (Grade 4, age ten), students are streamed into three types of
secondary school. Thus, in Germany, unlike the United States, tracking implies the
physical segregation of students into different schools. The underlying rationale is
that a student's proficiency and elementary school performance will determine the
choice of secondary school track. At the end of elementary school, teachers make
a recommendation as to the (ype of school the student .should attend from Grade 5
onwards, Parents, however, may override that recommendation in most states.''

Figure 1 stylizes the key features of the German secondary education system and
the possible transitions to tertiary education. Supposedly, the most prolicient students
attend the highest secondary track, the academic Gynmasiiun (grammar school),
which lasts for nine years and prepares students for tertiary studies at institutions
like five- or four-year universities or "Universities of Applied Sciences" (the latter
are the equivalent of the former British polytechnics)."' Alternatively to the highest
secondary track, lower and intermediate level secondary school tracks lasting five
or six years are provided by schools called Hatipt,schule and Realschule, respec-
tively. Education at the latter two school types is nonacadetnic and typically prepares
students for apprenticeships, which implies subsequent partlime secondary education
at vocational schools. The conceptual differences between the lower and intermediate
level trucks are stnall: Students in the lower-level track may simply stay another
year to obtain the same certificate as students in the intermediate track, and recent
political tendencies even combine the two.*

4. Regulations differ between iht- 16 German stales regarding the importance of parents' preferred choices,
school marks, and poiential entry exams for the |>os.sibility of a child i» deviate from the elementary
school's recommendation concerning i.-hoice of educational path. For enample, parents have (he final word
in ten out of 16 states (Berlin. Brandenburg, Bremen, Haniburg, Hessen, Mecklenburg-Vorpommern, Nied-
ersach.sen. Nordrhcin-Wesifaten, Rheinland-Pfalz, and Schleswig-Holstein). In the remaining six states
(Baden-Wiirtleniberg. Bayern, Saarland, Sachsen, ,Sachsen-Anhah, and Ttiiiringenl. student.s have to fulfil
it requireniiini concerning schiwl mark.*, or oiherwise pa.ss a special lest if they want to deviate from the
teacher committee's recommendaiion concerning school choice (information retrieved from http://
www.kmk,org/doc/publ/ueberg.pdf on November 27, 2008).
5. Recently, there has heen a tendency to shorten the traditional higher track duration to eight years,
6. In addition, the modem German schon! system includes comprehensive schtwls {Gesamtschule), de-
veloped as an alternative Hi the three traditional institutions. Some of these schools have wiihin-school
tracking similar to the traditional system. In this case, they are coded In the data just as the traditional
tracks and ciinnol he identiüed as comprehensive schmils. Comprehensive schools without internal tracking
are coded as intermediate rather than highest track. In fact, information provided by the Federal Statistical
Office indii:ates that oiiJy 7 percent of students in integrated comprehensive schools aituin a highest track
certificate, partly because many of these schools only provide education until tenth grade. Hence, measuring
integrated comprehensive schools as intermediate track when in or below tcnih grade seems justified.
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Figure 1
Stylized Representation of the Education System in Germany
Noie: Bold arrows itidicate traditional pathways. In some schools offering .so-called ""supporl stages" track-
Ing rakes place after Grade 6 inslead of Grade 4. Additionally. comprehensive schools exist (not shown
here for .simplicity). As indicated in Table I, about 31 pea'enl of students attend Gymna.sium, 26 perceni
Realschule and 22 percent Hauplscliule in Grade 8. The rest are in comprehensive or special types of
schiHiis, From the 2(H)4 Gennan SociivEconomic Panel, we litid thul among 2f>-40 year olds. 40 percent
of persons with an unrestricled higher track certifícale have obtaitied a utiiversity degree and 14 percent
have obtained a degree from a "liniversity of Applied Sciences" (i-achhwhschule). Of those persons who
have obtained a higher track certiticate restricted by subject of speciali/ation. only 4 percent hold a uni-
versity degree, but 33 percent have obtained a degree from a '"University of Applied Sciences." Of Ihose
who graduated from the lower secondary truck, Rtraischiile or Hiiuptschule, 92 and 77 perceni have obiained
an apprenticeship cenilicate. respectively. The share of graduates from Ihe higher track with apprenticeship
ccrtifcates is also high: 49 and S3 perceni for highe.st track and Ihe higher track awarding restricied degrxxs
respectively. The latter number is so high because many graduates from lower track schools complete an
apprenticeship and then g« on to a higher track secondary school at)d teniary studies. Hence, in Gennany.
il is not unc()mmon lo have both a teniary and an apprenticeship degree.
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The highest track substantially differs from the lower two tracks in several ways.
The Programme for Inlemational Student Assessment (PISA) score differences be-
tween ninth graders in the highest and the lower tracks are between 1.2 and 1.3
standard deviations for reading, math, and science (according to own calculations
based on the sample for Hessen in the "Extended Programme for international Stu-
dent Assessment"' (PISA-E 2(XX)) data for Germany). Apart from different peer
groups associated with the tracking outcome, there are also marked differences in
the curricula. Although the subjects taught are almost the same, there are distinctions
concerning the academic level. Salient differences in mathematics up to Grade 10
in the state of Hessen are. for example, that .statistical inference and mathematical
proofs are only taught at the highe.st track (information obtained from publicly avail-
able curricula published by the Hessen Ministry of Education).

In tenns of expenditure per student, they are even higher in the lowest track: at
the highest track school in Hessen in 2(X)2. expenditure (personnel and other) per
student was €6,917. whereas it was at €6.816 and €7.884 in the lower intemiediate
and lowest secondary track, respectively. However, the high expenditure per student
in the lowest track is more than explained by differences in class sizes: They were
28.0. 26.1. and 19.5 in the highest and the two lower tracks in Hessen in 2002/03.
respectively (probably because of fewer disciplinary problems in the higher track
schools). Personnel costs per teacher are in fact higher in the highest track schools
(€49.530 per teacher in 2007) than in the two lower track schools (€46.872 per
teacher).^ Hence, at least to the extent that teaching has a public good character,
students in the highest track experience higher quality teaching.

To illustrate the importance of the different educational paths. Table 1 displays
the shares of different school types attended in eighth grade during the 2005/2006
school year. The shares of the three traditional tracks range between one-fifth for
the lower-level secondary schools to one third for the highest level schools, while
a minority of about 15 percent of all German students attend comprehensive schools.
The distribution for the West Gemian state of Hessen (the focus of this study) is
representative of the pattem for Germany as a whole, although compared to the
average VVf.vV Germán state. Hessen's proportion of comprehensive school graduates
is relatively high (15, 15, and 9 percent in Hessen. Germany, and West Germany,
respectively), in addition, Hessen is known for the flexibility of its secondary school
system. That is, some Hessen schools offer so-called "support stages" that provide
comprehensive education during the fifth and sixth grades, thereby delaying tracking
for two years. Hence, these children are given two more years to mature before
reaching an appropriate tracking decision. According to our calculations from the
administrative data, nearly 30 percent of all fifth graders in Hessen attend these
delayed tracking schools.

Besides. Hessen's tracking system includes two other important sources of flexi-
bility. First, according to school law, students may modify track selection in all
grades and all types of secondary school; however, in practice, such modification is
complicated because school curricula differ and the school from which the student
is transferring must agree to the transfer. Nonetheless, the tracking system potentially

7. AU Klatistics in Ihts paragraph were provided by the Ministry of Educatíon in Hessen.
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22
26
31
15
1
5

26
29
31
9
1
5

17
11
35
15
1
5

Table 1
Eighth Grade Attendance in German School Tracks in 2005/2006 (in percentages)

Gennany West Germany Hessen

Lower track {Hauptschule)
Intermediate track [Realschule)
Highest track {Gymnasium)
Comprehensive schools (Gesamtschule)
Special schools (Sonderschule)
Free Waldorf schools (private)

Source: Federal Statistical Office (2006). Fachscrie 11.1,
Note: Comprehensive schocils include further combined sch(K>l types. Special Schools suppon chiltiren
with special needs, itinstly due to physical or mental disabilitiei,. Free Waldurf schools follow a special
educalional philosophy and may lead lo differem secondary diplomas.

provides further flexibility in that successftil students may correct their initial choice
by deciding alter graduation from a lower or Intermediate secondary school to con-
tinue their education at either a highest track school (Gymtiasium or berufliches
Gymnasium in German) or another type of higher track school {called Fachober-
schule).^ The latter higher track schools award a similar degree, which gives access
to so-called "Universities of Applied Sciences" and gives restricted (by subject of
specialization) access to general universities. These higher track schools also have
a slightly different curriculum. In mathematics, for example, the product, quotient,
and chain rules of calculus are not part of the mandatory curriculum, neither is
hypothesis testing. In this paper, we include all types of higher track schools in our
dclinition of ihe "higher track.*' whereas the term "highest track school" indicates
that we explicitly consider those higher track schools which award unrestricted ac-
cess to all universities.

B. Administrative Student-Level Data for the State of Hessen

This present study draws on five waves of administrative data from the state of
Hessen that cover the universe of students in this state (both in general and in
vocational schtxils) for the school years 2002/2003 through 2006/2007. In our data.
the following variables are collected for each student: grade level and school type,
grade level and school type in ihe previous school year, region, gender, nalionality.

K. We aggregaie two lypcs of highesl track SCIHKIIS. whidi are ihe iradiiiotial Gymrm.iium and the poly-
technic version (the so-called herujliches Gytnna.^iiim) which formally yield iht- same degree. Resull.s are
robust if the polytechnic schools are not aggrcgaiL-d inio the "highest irack" category, Sitnilarly, ihe higher
track also includes schools called (Iierufs-]Fiirh.\vhule il the student aitenditigi0cru/i-)A'm-/),v<7n(/cindicates
to hold a ccrtilicaie from an iniennediaie secondary school called Reahchule. Iti Ihls case, the {Beruß-
)Furhstltiile can aci like a Faibobcrschiilv ami award the same higher track certificate. But the students
have to lake ati extra exam to obtain ihal certificate. Not all üludenis do so (we cannot tell frotii the data
who doe.s). but. in any tase, our results are robuNt to the exclusion of all sttJdems attending
Faclischule from Ihc "higher track" detïnition.
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month and year of birth, and month and year of school entry. Because there is no
person identifier across years, we do not have panel data; however, based on the
previous school type variable, we can retrospectively observe changes in track. This
information on previous track, gleaned by combining the administrative data on
genera! and vocational schools and following cohorts in nil iracks, provides insight
into track modification that may be crucial for determining the educational effects
of school starting age.

The information contained in the Hessen administrative data is exceptionally valu-
able ibr analyzing the effects of school-entry age during the period of secondary
schooling. We group students by school-entry cohort and follow these cohorts over
time, until 12 or 13 years after school entry. This technique is equivalent to following
cohorts across grades if students do not repeat or skip them.'̂  To give an example
for the school-entry cohort 1997. nine years after school entry, 67.5 perceni of June-
bom and 70.1 percent of July-bom students reached Grade 9 as they were supposed
to; 26.4 and 24.5 percent of these June- and July-bom students were in Grade 8,
respectively. The remaining students either jumped a grade (not quite 2 percent) or
lag further behind (around 4 percent).'"

The different cohorts and grades studied are summarized in Table 2, which shows
ihat (ignoring grade repetitions and grade skipping) the cohort of students entering
school in 1998 (Cohort I in the table) is in fifth grade by the 2002/03 school year
and can be tracked up to ninth grade in 2006. Similarly, the cohort of students that
started first grade in 1993 (Cohort 6) should have reached the tenth year of schooling
in Ihe 2(JO2 data wave and can be tracked up to the thirteenth year of schilling
(when some students are still in general schools but others are in vocational schools).

It should be noted, however, that individuals who leave the school system drop
out of our data set. Given that Hessen's school law requires students to attend at
least nine years of general schooling plus, for ihose noi attending Ihe higher track,
two or three years of vocational schooling (depending un ihe length of the appren-
ticeship chosen), those dropping out of the data before the thirteenth grade will
generally not be students in higher secondary schools. Such a sludenl is typified by
an individual who completes ihe lowest secondary track after ninth grade and a two-
year apprenticeship after eleventh grade. Students may also drop out after ihe ninth
or tenth grade if they are not even doing an apprenticeship (this would be contrary
10 the law but is not strictly enforced).

In order to account for students who are part of our cohorts of interest, but leave
ihe data set because they are not in school any more, we simulate these observations
back into our data. Due lo the nature of our empirical analysis (a regression discon-
tinuity design based on students bom in either June or July, around the school
enrollment cutoff June 30"", see Section III below), this simulation has to take ac-
count of the birth month and Ihe age of school entry of the students. Hence, in a

9. In general schools, we also know Ihc actual grade a siudeiU mtends. bul for some vocational schools
ufter Grade ') or 10. the grade accounting changes and KO it is difticult to simulate a continuous grade
accnunling afu-r Grade 9.
10. Siudcnis in ilie higher track are more likely lo reach Graded in time: Of the 1997 school-entry cohort.
79.8 perceni tit" higher track and 6.1.4 percent of lower track sludenis are in Grade 9 at the time corre-

to nine ycar.s after school entry.
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Table 2
Grade Levels for School Entry Cohorts

Cohon I
Cohort 2
Cohort 3
Cohort 4
Cohort 5
Cohort 6

(Entry Year)

(1998)
(1997)
(1996)
(1995)
(1994)
(1993)

2002/03

r 5
6 jg
7
8
9

10

2003/04

6
J •?

8
9

10
11

2004/05

7
8
9

10
11
12

2005/06

8
9

10
II
12
13

2006/07

9
10
11
12
13
—

Note: Grades refer to the supposed grade levels (if grades are not repeated or skipped) of students who
entered school in the itidicated year and are observed between 2002/03 and 2006/07.

first step, we define four cells by birth month (June/July) and early/Iate school entry
(age six or earlier and age seven or later). Table 3 displays the growth rates of the
number of observations in these cells over time (which is measured as years since
school entry). Ideally, these growth rates should consistently be zero. This would
be the case if we were able to observe the same set of students over lime, like in a
balanced panel. As the first three columns of the table show, the eel! growth rates
until Grade 9 are at least very elose to zero." After Grade 9, but even more so after
Grude 10, cell growth rates tum consistently negative due to student drop out. Ten
years after .school entry, il is systematically [he case that .students who entered school
late (age .seven or later) have higher dropout rates. !n addition, July-bom students
who did not comply with the assigntnent rule by entering school too early (at age
six instead of age seven), have the lowest dropout rates. As these are likely to be
more proficient students, this is an expected result. In the following, we add dropouts
back into the data such that growth rates in the four cells are set to zero after ten

11. Especially after six years of schooling, ceils with students who entered school al seven years of age
(or later) grow somewhat more than those with students who entered Jt age six or earlier. This would be
consistent with weaker students, who Tend to enter .school later, having a tendency to immigrate as students
into Hessen. Especially in the south of Hes.sen. mate borders cross metropolitan areas, .so thai it would be
possible for a student living in another south Gentian state to switch tu a schw»! in Hessen. Because ihe
Hessen school system iraditionally has ihe image of lieing easier lo pass than the one of the neighboring
south German states, this could be an explitnation of small differences in cell growth grates. Unfortunately,
our data contain no information on the location of the school the student fUtended in the previous year.
Hence, migrants cannot be identified.

Data fKim the population regisiers indicate a net-migration rate for the age group 6-17 years in Hessen as
- I percent compared to + 12 percent fur ages 18-25. The high net-immigration rate for ages 18-25 is
probably driven by college/university students and young workers. Note, however, that these figures do
not include educational inigrants who m i ^ t not be residents, but cross stale borders only for school
attendance.
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Table 3
Cell Growth without Simulated Dropouts

Years after School Entry 6-7 7-8 8-9 9-10 iO-U 11-12 12-13

Bom June / Entry at 6 -O.tX)3 -0.004 -0.004 -0.015 -Ö.(H6 -0.Ö41 -0.095
Bom June / Entry at 7 0.022 0.006 0.012 -0.032 -0.108 -0.193 -0.149
Born July / Entry at 6 0.005 -O.ÍKM -0.005 -0.028 -0.028 -0.026 -0.048
Bom July/Entry at 7 0.015 O.Qll 0.000 -0.031 -0.107-0.141 -0.113
Number of Cohom 2 3 4 4 4 3 2

Source: Student-level daia of the ,'itiitistics on general and vocational SCIKXJIS for tbe suite of Hessen 2002/
03 to 2006/07 provided by tbe Bureau »{ Statistics of the State of Hessen (Hessisches Statistisches Lan-
desamt). Autbors' own calculations.
Note; Growih rates Tor the number of observations refer to fourcell.-; defined by birth month (June or July)
and sfhool-fnlry age (about age six or seven) observed in the Data Waves 6-13 years after school entry
for sch(H)l-entry cohorts 1993-98.

years of schooling.'^" Dropouts who are added back in are always allocated to the
lower track (under the presumption that they would be in the data if they attended
a higher irack secondary institulion).

Table 4 summarizes the entry and exit rates to and from the higher track schools.
Entry rates are defined as the number of students entering the higher track schools
(from a tower level) in a given grade divided hy the total number of students in the
higher track in the previous grade. '•* Exit rates are defined as the number of students
leaving the higher track in a given grade divided by the total number of students in
the higher track in the previous grade.

As shown in Table 4. the entry rate for the 1998 school-entry cohort amounts to
9 percent, while between school years 2002/03 and 2003/04 (corresponding to the
time when students have attained five and six years of schooling respectively), 2

12, In taci. we work with eight ceils: wo relinc the way lo add dropouts back into the data by splitting
each of ihe four cells inlo (wo groups. Within each cell, we define two subcelts according to the track
students are reponed lo have attended In tbe previous year, Tbe number of observations in each of Ihese
subcells is then sitnulated lo match ihe number of observations actually observed in tJie highesl/bigher
(lower) track in Ihe data wave of the preceding school yeai' for llie same schtml-entry cohort. This refine-
nient lo eighl cells is only necessary for tJie regres.sion,'. with "track upgrading" and "downgrading" as Ihe
outcome variable. Unlike the four cells shown in Table 3. the eight cells would not luive zero growth rates
even in the ab,sence of dropouts. The reason is that because of the way ihexe eighl cells are defined, their
growth rates between Grades 11 and 12, lor example, are alfectcd by tbe amount of tipgradinp and down-
grading between Grades H) and 11, Hence, Table 3 is based on dala from eight cells where we build pairs
of two cells lo report growth raies ol' ibe remaining four cells. The gttiwih rates of these four cells catl be
compared to a benchmark ol' a ¿eio growih rate and are more easily interpreted.

13, Becatise adding in dropoui.s already afler nine years of schooling would make us lose one eohon for
our analysis and because there is no crucial difference in our results when starting adding dropouts back
in only after ten years of sebooUng. we will in the following present resutts based on dau with the iatter
method.

14, This definition of entry rate makes the dilïcrencc between the entry rjtc and the exit rate equal to (lie
rate of increa.sc of students in the higher track. It al.so should be noted that as defined the entry rate may
in theory exceed one.
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Table 4
Higher Track

Entry Rates

Cohon 1
Cohort 2
Cohort 3
Cohort 4
Cohort 5
Cohort 6

Exit rates

Cohon 1
Cohort 2
Cohort 3
Cohort 4
Cohort 5
Cohort 6

Entry and Exit

(Entry Year)

(1998)
(1997)
(1996)
(1995)
(1994)
(1993)

(Entry Year)

(1998)
(1997)
(1996)
(1995)
(1994)
(1993)

Rates

2002/03

.0.13
0.17
0.04
0.00
0.01

2002/03

0.04
0.03
0.04
0.05
0.05

2003/04

0.09
0.23
0.03
0.01
0.02
0.44

2003/04

0.02
0.02
0.03
0.04
0.06

2004/05

0.17
0.02
0.01
0.01
0.46
0.16

2004/05

0.02
0.02
0.03
0.03
0.06
0.05

2005/06

0.02
0.01
0.01
0.44
0.17
0.07

2005/06

0.02
0.03
0.03
0.04
0.05
0.13

2(X)6/07

O.Ol
0.01
0.42
0.18
0.08
—

2006/07

{».02
0.03
0.04
0.05
0.13
—

Note: The entry raies into higher track school;, arc so high beiween grades ten and II because they also
capliire students Irom comprehensive schc.x)ls who stay on In obtain the university em.ry certificiuc. Eniry
rales are dctineJ as the raiiu oí students entering ihe higher track (frotn a lower track level) in a given
grade related to the total number of sludenis wlio had bt-i-n in the higher track in Ihe previous grade. Exit
mtes i\ie detincd ils the number of students leaving tbe higher secondary track in a given grade divided by
the liiiiil number oí studeni.s in Ihis track in the previous grade. All rates refer lo the estimation scitnpte
(sludenis bom in June or July).
Source: Student-level daia of ihi; sialislics on general and vitcational schools for ihe state o í Hessen 2(H)2/
(13 to 2(K)6/07 provided by the Bureau of Statistics oí the Slate of Hessen (Hessisches Stalisüsches t-an-
desamt). Authors' own calculations. Data on students who are supposed to be in Grades 11-13 include
impuicd ubserviiUons (.see Secüun IIB).

pereent of students previously in the higher secondary track decided to switch to a
lower track. Switching rates are especially high between the .sixth and seventh year
of schooling (the entry rate is between 17 and 23 percent for the observed cohorts)
because in some Hessen schools support stages allow deferral of tracking until Grade
6 (age 12). Similarly, students in their eleventh year of schooling show relatively
high entry rates (42^6 percent) to the higher track because graduates from the
intermediate or lower-level tracks may decide to continue education at any type of
the higher track schools to seek a university entry certificate. The fact that entry
rates into the higher track also seem relatively high (between 16 and 18 percent)
between the eleventh and twelfth grades results from the grouping of .students ac-
cording to school-entry year rather than actual grade levels. Hence, track upgrading
(switching to school types that allow access to academic tertiary institutions like
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universities) is related to institutional flexibility in the school system after the tenth
grade."

Given our central research problem of the effect of school-entry age on track level
as students progress through the secondary school system in the German state of
Hessen, any relationship between track mobility and school-entry age would be of
particular interest.

III. School-Entry Age Effects on Educational Paths in
Secondary School

A. Compliance with the Enrollment Cutoff

In the following subsections, we present two-stage least squares estimates of the
school-entry age effect on higher track attendance for six different cohorts over the
course of five school years.

As in most other OECD countries, in Gennany the school-entry age is effectively
assigned by an enrollment cutoff set by the school law. It says that children should
start school in August of the year in which they turn six years of age. as long as
their birthday is before the end of June. Children turning six in the second half of
the calendar year (between July and December) are supposed to wait unlil the fol-
lowing year before entering school. The law, however, explicitly allows early or late
school entry if the status of the child's development warrants it. The possibility to
deviate from the school-entry rule suggests that the actual school-entry age is en-
dogenous, implying that even if birth month and thus assigned school-entry age
were randomly assigned across children, the actual school-entry age would correlate
with the child's proficiency (with less proficient students entering later). For this
reason, we follow the literature in using assigned school-entry age as an instrument
for actual school-entry age thus estimating the school-entry age effect by two-stage
least squares. As shown in Imbens and Angrist (1994), the instrumental variables
estimator identifies the effect of interest for compilers with the enrollment cutoff.'*''''

15. High exit rales fnun the higher track (13 perceni) shown in TaWc 4 befweeti the twelfth and ihineenlh
year of schooling result from the faci thai some higher [rack schtxtls may finish and awmxl their certificates
after Grade 12. Their siuitenis subse(.|uenily drop out of the secondary s*:hml data. For ihJs rea.sun, we
later on fixrus ott the eslimales reiatitig to 12 rather than thirteen years aflcr sch<xii eniry. becatise (virlually)
all higher track sttidetits are still in the data at this titîie.
16. lnibtns and Angrist (1994) consider the case in which bolh the in,strument and the impact variable arc
binary. In this case, the lirsi-siage coefficient would be a consisient esiitnatc of the ^hure ol' compilers in
the popuiatiiin even though no single observalion can IK ideniitied as a complier. In otjr upplicalion, the
siluation is slightly more cotnplicaicd because each person can vao' Ihe age at school entry discretely by
one or more years in either direction. Thus, (lie first-stage estimate also is influenced hy .siudcni.s who
would generally enter school loo early bul who would enter at age five (rather than six) if bom in Jtinc
and al age six (insiead of seven) if bom in July. As only 6 percent ol' students enter school ver>' early (ai
age five) or very laic (at age cighn. we expect the firsi-stage coefficient to be roughly equal Io the share
of enrollnieni ctitol'l" compilers in tlie population of June- or July-bi)rn childfen,
17. Although Ihc distinction between ihe average und local average treatment effect.'; is not very important
in otjr context, we carried out some checks in tliis rcspecl. Empirically, this question cannot be answered
without further assumptions because individual complier ijtatus cannot be determined from ihe duta and
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Figure 2 displays the assigned and actual school-entry age. as well as the prob-
ability to attend the higher level secondary track, by birth month for all the school-
entry cohorts u.sed in this paper as they are oKserved during the 2()ü5/2()()6 school
year. As the figure shows, children born in June (who are supposed to enter school
at age six) tend to enter school later than a.ssigned. whereas children bom in July
(who are supposed to enter school at age seven) tend to cnier earlier. In addition,
within the share of students who deviate from their assigned school-entry age. the
closer a student's birth month to the cutoff date, the larger the deviation. Moreover,
not only does the actual school-entry age based on birth month jump upward between
June and July (albcil not to the same degree as assigned by the enrollment cutoff),
so too docs the probability to attend the higher track."* This latter suggests that
school-entry age drives track choice.

In order to estimate the causal effect of school-entry age on track attendance, we
apply a two-stage least squares estimator, where assigned schooi-enlry age acts as
an instrument for the actual entry age. A binary indicator for higher track is the
outcome variable. For assigned school-entry age to be a valid instrument for actual
school-entry age. birth month has to be randomly assigned. If. however, birth month
(and thus assigned school-entry age) were correlated with characteristics driving the
outcome "higher track attendance." assigned school-entry age would not be a valid
instrument for the actual entry age and the two-stage least squares estimates would
be inconsistent. In order to limit this possibility, we restrict the estimation sample
to the population of students bom in a narrow window around the enrollment cutoff,
in this case to students bom in June or July, and apply Ihe same two-stage least
squares procedure as jusi described to this restricted population. This is equivalent
to a fuzzy regression discontinuity design identification strategy (Campbell 1969;
Hahn, Todd, and Van der Klaauw ''̂

because such assumptions are nt-eded for identification »I" the average ireattnent effeci in ihc population.
The conirot function approach discussed In Garen i iy84l and Card (2()(11 ) propases a rundoni cwfficienls
iiuxlcl Ihai assutncs the deviation of the schtxil-cntry age effecl from the average ircaimeni effect for an
individual to be a linear lunclinn uf the residual ol' the Hrsi siage equation: thai is, a linear function of ihc
amount of iKincitiiiplianue, However, we believe Ihat this a.ssumplion is loo slrong lor our application
because of the symmetry resirictinn^thal is. late emry benefits chose entering school uxi laie in ihc same
linear way as il would have harmed those enlering too early. Nonetheless, we did prtKluce conlrol function
cslimiiies (noi shown), which were only slightly larger than (and in some cases identical lo) the local
average treatment effecLs given here.
Alternatively, we may compare the estimates for cohorts with higher compliance to those for cohorts with
lower comptiuncc. However, such comparison (sec the estimation results given below) gives no clear
directional indication, even though theoretically those who comply with the schiwl-cntry rule should be
lca.st affected by the schthil-eriiry age. thereby biasing the local average treatment eticci toward zero relative
to ihe average trcatmcni effecl.
18. The fact ihai the average outcome does noi change linearly with hirth month is likely to be related to
the fad that students are not forced to comply with ihe enrollment cutoff. The law says thai school and
pan;nts can agree on a different school-eniry age (decision-making is deccntralizedt. This effectively leads
fo ;i situation where some schools arc generous in allowing many July or August-bom children to enter
SC1K«I! in the yeiir they luni six (too early). This fact is illuslrated by looking ai the lirsi siage li-igure 2A):
aciual schoot-enlry age should decline as hinh month moves from July to September, tiut in fact il rises
from July to August and declines only a htile from August to September. Only after September, il declines
at about the rate it should. This enrollment behavior can explain why the average outcome (higher track
attendance) increases up lo September.
19, Results for the full population of student.s (bom in any month of the year) do not alter tívs conclusion.-!
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A. Actual and Assigned School Entry Ages by Birth Month

7.30

6.90

6.10

I 2 J .1 í (i 7 ti V H) 11 12

birth month

—•—actual age •••»•• assignedage

B. Higher Track Attendance by BItlh Month

10 II 12

hirlh morth
I

Figure 2
Birth Month and Attendance of Any Type of Higher Track School
Source: Student-level data of the statiniics on general and vocational schooLi for the state of Hesiten 2005/
06 provided by the Bureau of Statistics ol' the State of Hes.sen (He.ssiKche.s Statifiti.'jche.s LandesamO. cohorts
entering elementary sch<H)l in 1993-98. Authors' own calculations.
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Table 5 presents coefficients of separate regressions of observed student charac-
teristics, such as gender, region (county), and country of citizenship on ihe instru-
ment (assigned school-entry age) for the first two cohorts (that are not affected by
missing data), Results are shown for all five school years for the discontinuity popu-
lation (June- or July-bom). It shows that there are no economically significant effects
of ihe instrument on these student characteristics, which tentatively indicates that
birth month is random.

Coefficients of the first-stage regressions for the population of students bom in
June or July are displayed in Table 6. Here, and in the following section, we show
only the specifications without control variables because the estimates with and
without control variables are almost identical.*" Results also do not differ systemi-
cally by gender or immigrant status (not shown here, but see Puhani and Weber
2O()7a for such evidence), so that we confine ourselves to estimates for the student
population as a whole.

Estimates for ihe first stages of the two-stage least sqtiares regressions are pro-
vided by cohort and school year togeiher with ihe /^-statistics, which, if below ten,
indicate potential weak-instrument problems (Staiger and Stock 1997; Stock, Wright,
and Yogo 2002). As shown in the first column of Table 6, for the 2002/03 school
year, there is some variation in the degree of compliance across cohorts, bul—^as
expecied^virtuully not within cohorls. Whereas the 1995 school-entry cohort (Co-
hort 4 in the table) shows the lowest compliance with a flrsi-stage coefficient of
0.31. the 1997 school-entry cohort (Cohort 2) shows the highest with a coefficient
of 0.41, Nonetheless, none of the first-stage F-statistics point to a weak-instrumeni
problem.

B. School-Entry Age and Attendance of Highest Track Schools

The regression discontinuity design estimates (two-stage least squares based on the
population of students bom in June or July) are provided in Table 7. The binary
outcome variable refers to attendance of the highest secondary track schools. Thus.
students attending the type of higher track schools yielding restricted access to uni-
versities are coded as being in the low track. Il is remarkable that, in contrast lo the
significantly negative OLS estimates.^' all estimates for up to the tenth year o(
schooling (shown in the grey shaded areas) are positive and different from zero in
lenns of statistical significance. As the table shows, the regression discontinuity point
estimates up to the tenth year of schooling range between 0.08 and 0.19. but the
variation in the estimates is larger between than within cohorts (for example the

fmm lilis paper and arc in fact very similar even wiib résped to tbe poinl estimates. They are provided in
tbe appendix of the discussion paper version (Pubani and Weber 2007b).
211, If birth month, and liierefore ihc assigned school-entry age a.s lite instrument, is completely random.
no control variables are needed. Indeed including conirni variables ihat are nol exogenous could even make
tbi iwo-stuge least squares estimator incon.sÍMent, On the oiher hund. exogenous controls improve the
estimator s precision.
21, The OLS estimates are shown tn Table AI in the Appendix for a broader definition of the outcome
variable (all types of higher track schools; note diat the highw track school types awarding limited access
to tertiary institutions exist only from Grade 11 onwards .so thai up to Grade 10. the estimates are not
aflected by the detinition of the otitcomc variable).



422 The Joumal of Human Resources

Table 5
Regressions of Observed Variables on instrument; Means of Obser\>ahles

2002/03 2003/04 2004/05 2005/06 2006/07 All
Years'

Coefficient (Standard Errar)

Cohon

Male -Ü.Ü1 O.tW O.()Ü 0.0Ü
(0.01) (0.01) (0.01) (0.01) (0.01)

Regional indicators
Darmstadt

Frankt\irt

Offenbach, Offenbach-Land

Wiesbaden. Main-Taunus.
Rheingold-Taunus

Bcrgsiraßc. Odenwald,
Dicburg, GroB-Gerau

Hochtaunus. Wetterau

Main-Kinzig

Gießen. Lahn-Dill. Limburg-
Wcilburg

M arhurg-B iedenkopf.
Vogelsberg

Ka.ssel

Fulda. Hersfeld-Rotenburg

K:iíisei-Laiid and retnaining
areas

Nationality indicators
German-speak ing country

Turkey

Italy. Greece

Remaining counlries

0.50

0.030.00 0.00 0.00 0.00 0.00
(0.00) (0.00) (0.00) (0.00) (0.00)
0.00 0.00 0,00 0.00 0.00 0.08

(0.0!) (0.01) (0.0!) (0,01) (O.OI)
0.00 0.00 0.00 0.00 0.00 0.07

(0.01) (0.01) (0.01) (0.01) (O.OI)
0.00 0.00 0.00 0.00 0.00 0.10

(0.01) (0.0!) (O.OI) (0.01) (0.01)
0.00 0.00 0.00 0.00 0.00 0.15

(0.01) (0.01) (0.01) (0.01) (O.OI)
0.00 0.00 0.01 0.01 0.0! 0.09

(0.01) (0.01) (0.01) (0.01) (0.01)
0.00 0.00 0.00 0.00 O.(H) 0.07

(0.01) (O.OI) (O.OI) (0.01) (O.OI)
0.00 -0 .01 -O.OI -0 .01 -O.OI 0.13

(O.OI) (0.01) (0.01) (0.01) (0.01)
0.00 0.00 0.00 0.00 0.00 0,06

(0,00) (0,01) (0,01) (0.00) (0.01)
0.00 0.00 0.00 0.00 O.(K) 0.0.1

(0.00) (0.00) (0.00) (0.00) (0.00)
0,00 -O.OI -0 .01 -O.OI -0 .01 0.06

(O.OI) (0.0!) (0.01) (0.01) (O.OIJ
0.00 0.00 0.00 0.00 0.00 0.12

(O.OI) (0.01) (O.OI) (0.01) (0.01)

0.0! 0,01 0.0! 0.01 0.00 0.85
(0.01) (0,01) (0.01) (0.01) (0.00)
-0 .01 -0 .01 -0 .01 -0 .01 - 0 . 0 1 * * 0.06
(O.OI) (0,01) (0.01) (O.OI) (0.01)
O.OO 0.00 0.00 0.00 0.00 0.02

(0.00) (0.00) (0.00) (0.00) (O.(K))
0.00 0.00 0.00 O.(X) O.(K) 0.06

(0.0!) (0.01) (0.01) (0.01) (0.01)

Observations 11,077 10,780 10,842 10,824 10.624 54.147

fconiintted)



Mühlenweg and Ptihani 423

Table 5 (continued)

Cohort 2

Male

Regiiinul indicators
Darmstadt

Frankfurt

Offcnbiich, Offenbach-Land

Wiesbaden, M:tin-Taunus,
Rheing,-Taun.

Bergstraße. Odenwald,
Dieburg. Groß-Gerau

Hochtaunus. Wetterau

Main-Kinzig

Gießen. Lahn-Dill. Limburg-
Weilburg

Marburg-Biedenkopf,
Vogelsberg

Kaüsel

Fulda, Hersfeld-Rotenburg

Kassel-Land and remaining
areas

Nationality indicators
German-speaking country

Turkey

Italy. Greece

Remaining countries

Observations

2002/03

-0 .01
(O.OI)

0.00
(0.00)
0.00

(0.01)
0.00

(0.01)
0.00

(0,01)
-O.OI
(0.01)
0.00

(0.01)
0.00

(0.01)
0.02**
(0.01)
0.00

(O.OI)
0.00

(0,00)
- 0 . 0 1
(0.01)
0.00

(0.01)

0.00
(0.01)
0.00

(0.01)
0.00

(0.00)
O.OI

(O.OI)

10,318

2003/04 20ÍW/05 2(K)5/06

Coefficient (Standard Error)

- 0 . 0 2 *
(0,01)

0.00
(0,00)
0.00

(O.OI)
O.(K)

(0.01)
0.00

(O.OI)
-O.OI
(0.01)
- 0 . 0 1
(O.OI)
0,00

(0,01)
0,02**
(O.OI)
0.00

(O.OI)
0.00

(0.00)
0.00

(0.01)

o.oo
(O.OI)

0,00
(0.01)
0.00

(0.01)
-O.OI**

(0.00)
0,01*
(O.OI)

10,412

- 0.02
(O.OI)

0.00
(0.00)
O.OI

(0,01)
0,00

(0.01)
0.00

(O.OI)
-O.OI*
(O.OI)
-0 .01
(O.OI)
-O.OI
(0.01)
0.02**
(0.01)
0,00

(0.01)
0,00

(0.00)
0.00

(O.OI)
0.00

(O.OI)

0.00
(0.01)
0.00

(0.01)
- 0 . 0 1
(0.00)
O.OI**
(0.01)

10.476

-0 ,01
(0.0!)

0.00
(0.00)
O.OI

(O.OI)
0.00

(0.01)
O.(X>

(0,01)
- 0 . 0 1 * *

(0,01)
- 0 . 0 1
(0.01)
-O.OI
(O.OI)
0.02**
(O.OI)
0.00

(0.00)
0.00

(O.(K))
0.00

(O.OI)
0.00

(O.OI)

0.00
(0.01)
0.00

(0.01)
-O.OI*
(0.00)
0.01**
(O.OI)

10.512

2006/07

- 0.02
(0.01)

0.00
(O.(X))
0,00

(0.01)
0.00

(0,01)
0.00

(0,0!)
-0 .01
(O.OI)
0.00

(O.OI)
0.00

(O.OI)

0.02**
(0.01)

0.00

(O.OI)
0.00

(0,00)

0.00
(0.01)

0,00
(0,01)

O.(M)

(0.01)

0.00
(0.00)

0.00

(0.00)

O.OI

(0.01)

10.192

All
Years
Mean

0.03

0,08

0,08

0.09

0.14

0.09

0.07

0.13

0,06

0.04

0.07

0.13

0.86

0.06

0.02

0.06

51.910

Source: Sludeni-level data of the statistics OQ general and vocational schools for the state of Hessen 2(H)2/
03 to 2(K)6/07 provided by the Bureau of Stalisiic; of ihe State of Hessen (Hessisches Statistisches Lan-
desamt). School-entry cohorts ol' 1998 and 1997. Authors' own calculations.
Note: Populalion of students bom in June or July (estimation sample).
* Significant at the l(t percent level. *• Signilicant al Ihe 5 percent level.
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Table 6
First-Sla,^e Results—Population of Students Bom in June or July

Cohort
(1998)

Cohort
(1997)

Cohort
(1996)

Cohort
(199.'i)

Cohort
(1994)

Cohort
(1993)

1

2

3

4

5

6

Coefficient
(F)
Observations
Coefficient
(F)
Observations
Coefficient
(F)
Observations
Coefficient
iF)
Observations
Coefficient
{F)
Observations
Coefficient
(F)
Observations

2002/03

0.40**
ÍU25)
11.077
0.41**
0.150}
10.3 IS
Ü.33**

(796)
10.923
0.3!**
(693)
11.061
0.33'" '̂'
(853)
10.744
0.34**
(784)
10.248

2003/04

Ö.42**
(1.306)
10.780
0.4 i **
(1.084)

': 10.412
0,33**
(780)
10.934
0.31**
(655)
11.069
0.34**
(820)
10.396
0.34**
(754)
10,248

2{H)4/05

0.42**
(1.216)
10.K42
0.42**
(1.146)
10,476
0.33**
(694)
11,044
0.31**
(672)
10.787
Q34.M:

(771)
10,396
0.34**
(723)
10.248

2005/06

0.41**
(1.147)
10,824
0.42**
(i.no)
10,512
0.33**
(667)
10,902
0.31**
(656)
10.787
0.34**
(764)
10.396
0.33**
(684)
10.248

2006/07

0.41**
(1.121)
10.624
0.41**
(1037)
10,192
0.31 **
(-599)
10.902
0.33**
(629)
10,787
0.34**
(686)
10,396

—
—
—

Source: Studeni-level data of the statistics on general and vocational schmls for tlic state of Hessen 2002/
03 to 2006/07 provided by llie Bureau of Statistics of the Swte of Hessen (Hessisches Statistisches Lan-
desaint). Authors' own calculations. Data on students who are supposed to be in Grades 11-13 include
imputed observations (see Section IIB).
Note: Ordinary least squares (OLSt regressions of schcKil-entry age on assigned school-entry age.
• Significant al the 10 percent level. ** Signiticant at the 5 percent level. Documented coefficient.s refer
to specilicalions without control variables. Eftects are robust if available control variables (gender, region.
and nationality) are inetuded.

range is between O.I I and 0.16 for the 1998 school-entry cohort and between 0.08
and 0.10 for the 1997 school-entry cohort). The median estimate in the grey-shaded
region (fifth to tenth grade) is 0.13, implying that the effect of entering school at
age seven instead of age six increases tbe probability of attending the highest sec-
ondary school track by 13 percentage points, which is large given that only slightly
over a third of all students attend the highest track. This effect comes into full force
for an enrollment culol f complier whose birthday is changed from June 30 to July
1 }^ The standard deviations of these estimates lie between 2 and 3 percentage points,
Including additional control variables changes the point estimates only slightly and
in all cases by less than one standard deviation of any estimate (not shown here).

22. Esitimates at the mean obtainctl from probit instrumental variable models arc almost niunericiilly iden-
tical to the linear probability model estimates presented here.



Mühlenweg and Puhani 425

Table 7
Second-Stage Results for Attendance of Highest Track Schools—Population of
Students Born in June or July

Cohort
(1998)

Cohort
(1997)

Cohort
(1996)

Cohort
(1995)

Cohort
(1994)

Cohort
(1993)

1

2

3

4

5

6

Coefficient 1
(standard error) 1
Observations I
Coefficient r
(standard erron
Observations
Coeflicieni
(standard error)
Observations
Coeffieient
(standard error)
Observations
Coefficient
(statidard error)
Observations
Coefficient
(standard error)
Observations

2002/03

r (0.02)
1: U.077
' 0.10**

(0.02)
10.318

(0.03)
10,923
0.19**
(0.03)
11.061
0.14**
(0.03)
10.744
0.16**
(0.03)
10.248

2003/04

(0.02)
10,780
0.09**
(0.03)
10.412
0.13**
(0.03)
10,934
0.15**
(0.03)
11.069
0,14**
(0.03)
10,396
0.06**
(0,03)
10.248

2004/05

I 0.16**
(0.03)
10.842
0,08**
(0.02)
10,476
0.12**
(0.03)
11,044
0.14**
(0.03)
10,787
0.12**
(0.03)
10,396
0.05*
(0.03)
10.248

2005/06

0,12**
(0.03)
10,824
0.08**
(0.02)
I0.5Í2
0.14**
(0,03)
10,902
0.09**
(0,03)
10,787
0.08**
(0.03)
10,396
0.08**
(0.03)
10,248

2006/2007

0.11**
(0.03)
10.624
0.08**
(0,03)
10,192
0.11**
(0.03)
10,902
0.07**
(0.03)
10,787
0.07**
(0.03)
10,396

—
—

—

Source: Student-level data of the statistics on general and vocational schools for the siaie of Hessen 2002/
0.1 to 2006/07 provided by ihc Bureau of Statistics of the State of Hessen (Hessisches Statistisches Lun-
dcsamt). Authors' own caJculations. Data on students who are supposed to be in Grades 11-13 include
imputed observations (see Sectioti IIB).
Note: Two-stage least squares regressions of a binaiy indicator for attending highest track schotils (leading
to an unrestricted university entry certiticale) on school-entry age, instrumented by assigned school-entry
aCL'

• Signiticant ul ihc 10 percent level. ** Significant at the 5 percent level. Documented coefficients refer
til specifications without control vanable.s. Effects are robust if available control variables (gender, region,
and nationality) ure included.

The reason for this seemingly large effect of school-entry age on track attendance
can be found in the impact of schooi-entry age on test scores at the end of elementary
school, jttst before the track choice is made. Bedard and Dhuey (2(K)6) find such
effects on tnathematics and science test scores for almost all industrialized countries
they study (Germany is not included in their .sample). In Puhani and Weber (2007a),
we show that entering school at age seven instead of age six increases reading
literacy test scores in Gennany by 0.4 standard deviations at the end of elementary
school (Grade 4), Hence, with such large differences in performance between early
and late school entrants, the large effect on track choice after eletnentary school is
not surprising. The question is, however, how persistent these effects of school entry
are during the course of secondary education.
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From the two grade transitions for which the tracking system exhibits ihe largest
mobility—that is, from the sixth to the seventh grade and the tenth to the eleventh
grade—there emerges a clear pattern. First, the later-tracking support stages provided
by some Hessen schools do not lead to a distinct change in the point estimate of
the school-eniry age effect between the si.\th and seventh year of schooling (sec the
estimates for the 1997 and 1998 school-entry cohorts in Table 7). Hence, the insti-
tutional mobility offered by these support stages in the form of a deferred track
choice at the age 12 instead of ten does not attenuate the school-entry age effect on
track choice.

In contrast, the possibility of correcting the tracking decision after tenth grade has
significant consequences. Because we group students according to year of school
entry, due to grade retention, some students are still in tenth grade 11 years after
school entry. Therefore, we focus on the e.stimates for 12 years after school entry.
Table 7 shows that 12 years afler school entry, the possibility of revisiting the
educational path decision tiiade after elementary school about halves the school-
entry age effect. The estimates decline from 0.14 to 0.07, from 0.14 to 0,08, and
from 0.16 to 0.05 in the 1995, 1994, and 1993 school-entry cohorts, respectively.
However, the effect of school-entry age on track choice is stiti signiiicaiU at between
5 to 8 percentage points, although attenuated by institutional flexibility.

C. School-Entry Age and Attendance of the Higher Track in General

In the following, we include all types of higher track schools in our definition of
the outcome variable in the two-stage least squares regressions while only the highest
track schools awaiding unrestricted access to universities have been included in the
previous section. Based on this more general definition of higher track schools. Table
8 demonstrates ihat the school-entry age effeci becomes mostly insignificant 12 years
afler school entry (with point estimates between - I and 6 pereentagc points). In-
deed, the decreases in the point esiimates between ten and 12 years of schooling are
very large and range between 8 and 17 percentage points, depending on the school-
entry cohort. No significant school-entry age effeci is observed for pupils in their
thirteenth year of schilling.

Despite the fact that school-entry age seems to have almost no significant effect
on obtaining any type of higher track certificate, the findings imply that the young
school entrants attend higher track schools of lower quality. They are still less likely
to attend hifihest track schools (awarding a university entry certificate unrestricted
to subject of degree). This implies that the school-entry age effect would show a
higher degree of persistence if the possibility of track revision through the other
types of higher track schools awarding restricted access to universities would not
exist.

Table 4 has shown that there is mas.sive "upgrading" starting ten years after school
entry with more limited "downgrading." This raises the question of ihe roles played
by upgrading and downgrading in the attenuation of the school-entry age effect. We
can directly answer this question because the administrative data register the school
type attended in the previous year.

In Tables 9 and 10, we present two-stage least squares estimates with track up-
grade and downgrade as the binary outcome variable, respectively. According to
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Table 8
Secotui-Stage Results for Attendance of Higher Track Schools-
Studenls Born in June or July

Cohort 1
(1998)

Cohort 2
(1997)

Cohort 3
(1996)

Cohort 4
(1995)

Cohort 5
(1994)

Cohort 6
(1993)

Coefficient
(standard enor)
Ob.servations
Coefficient
(standard error)
Observations
Coeflicienl
(standard error)
Observations
Coefficient
(standard error)
Ob.servations
Coefficient
(standard error)
Observations
Coefficient
(standard error)
Observations

2002/03

(0.02)
11,077
O.IO**
(0.02)
10.3IS
n . i 3 •

(0.03)
10.923
0.19**
(0.03)
11,061
0.14**
(0.03)
10,744
0.16**
(0.03)
10.248

2003/04

(0.02)
10,780

(0.03)
10.412
0.13**
(0.03)
10,934
0.15**
(0.03)
11.069
0.14**
(0.03)
10,396
0.03

(0.03)
10.248

2004/05

1 0.16**
(0.03)
10.842
Ü.08**

(0.02)
10,476
0 12**
(0.03)
11,044
0.14**
(0.03)
10.787
0.10**
(0.03)
10.396
-O.OI
(0,03)
10.248

-Population

2005/06

0.12**
(0.03)
10.824
0.08**
(0.02)
10.512
0.14**
(0.03)
10.902
O.IO**
(0.03)
10,787
0.04

(0.03)
10.396
0.02

(0.03)
10.248

of

immi

0.11**
(0.03)
10.624
0.08**
(0.03)
10,192
0.08**
(0.03)
10,902
0.06*
(0.03)
10.787
0.00

(0.03)
10,396

—

—

Source; Student-level data of the statistics on general and vocational schools for the state of Hessen 2002/
03 [o 2()O6/()7 provided by the Bureau of Statistics of the State of Hessen (Hessisches Statistisches Lan-
ilcí.amll. Authors' own caleniations. Data on sludenis who arc supposed to be in Grades 11-13 include
imputed observations (see Seciion IIB).
Noie; Two-siage least sijuarcs regressions of a binary indicator lor attending any kind ol" higher track
school (leading to an unrestricted or a restricted university entry ceniticate) on schotil-eniry age, instru-
inenled by assigned sthool-cntry age.
" Significant ill the 10 percent level. •* Significant at the 5 percent level. Documented coefficients refer
t») specifications without control variables. Effects are robust if available eontrol variables (gender, region.
and nationulityl are included.

these estimates, the German tracking system is more likely to allocate students who
enter school at a relatively older age to the higher secondary track after elementary
school and does not .start to reassess this decision until six years later. Thai is, the
regression discontinuity estimate for five years of .schooling (the upper left dark-
shaded figure) suggests that entering school at age seven instead of six increases the
probability of entering the higher track in the fifth grade (when tracking begins) by
13 percentage points (Table 9). As might be expected, these estimates correspond
to those for track level given in Table 8. In the subsequent years (sixth to tenth year
of schooling), the school-entry age has barely any effect on track upgrading: the
point estimates are close to zero (2 percentage points, maximutn) and often insig-
nificant. This finding is not surprising given that curriculum differences and other
requirements make it difficult to change tracks during the middle of secondary
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Table 9
Second-Stage Results for Upgrade to Higher Track—Population of Students Bom
in June or July

Cohort
(1998)

Cohort
(1997)

Cohort
(1996)

Cohon
(1995)

Cohon
(1994)

Cohort
(1993)

1

2

3

4

5

6

Coefficient
(standard error)
Observations
Coefficient
(standard error)
Observations
Coefficient
(standard error)
Observations
Coefficient
(standard error)
Observations
Coefficient
(standard error)
Observations
Coefficient
(standard error)
Observations

2002/03

0.13**
(0.02)
11,077
0.02'"*
(0.01)
10,318
0.1)0

(O.OI)
10.923
0.01*
(0.01)
11.061
0.00

(0.00)
10.744
0.00

(0.00)
10,248

2003/04

0.01
(0.01)
10.780
O.OO

(0.01)
10.412
0.02**
(O.OI)
10,934

- O . O I * *
(O.(X))
11,69
0 .01*
(0.00)
10.396

- 0 . 0 6 * *
(0.02)
10.248

2004/05

0.02
(O.OI)
10,842
0.00

(0.00)
10.476
0.00

(0.00)
11.044
- 0 . 0 1 *
(0.00)
10.787

- 0 . 0 5 * *
(0.02)
10.3%
0.00

(0.02)
10.24«

2005/06

- 0 . 0 1 * *
(0.00)
10.824
0.00

(0.00)
10.512
0.01

(0.00)
10.902
- 0 , 0 4
(0.02)
10,787
- 0 . 0 3 *
(0.02)
10.396
0.0!

(0.01)
10.248

2006/07

O.(K)
(0.00)
10.630
0.00

(0.00)
10.192

- 0 , 0 8 * *
(0.02)
10,902
- 0.03*
(0.02)
10.787
- 0 . 0 1
(O.OI)
10.396

—
—
—

Source; Student-level data of the statistics on general and vocational schools for the slate of Hessen 2002/
03 t<i 2006/07 provided by ihe Bureau of Sutistics of Ihe State of Hessen (Hessisches Statistisches Lan-
dcsami). Authors' own calculations. Data on students who are supposed lo be in Grades 11-13 include
imputed observations (set- Section IIB).
Noier Two-slage least si]uiires regressions of a binary indicalM' for upgrading to a higher track school on
.-ïchiKil-entry age, instrumented by assigned schiwl-eniry age. Higher track students are included in the
regressions, alihough they cannoi upgnide. to muke the coefficienis comparable with changes in coeflicienls
of regressions with attending higher track school as the ouiconie variable.
• Signilkiuit ut the 10 perceni level, *• Significant at the 5 percent level. Documented coeflicients refer
to specifications without control variables. Effects are robust if available cotitrol variables (gender, region.
and nationality) are included.

school. However, when students enter their eleventh year of schooling, successful
graduates from the nonacademic (lower) tracks may decide whether to enter ap-
prenticeship training or to move to any type of higher track school. It is at this time
that the German tracking system facilitates track upgrading providing access to fur-
ther academic tertiary institutions.

As the estimates in Table 9 show, in the eleventh year of schooling, track up-
grading is influenced by school-entry age: students who entered school at a relatively
young age (age six instead of seven) are more likely to upgrade. Indeed, the point
estimates indicate that entering school at age seven instead of six decreases the
probability of upgrading to the higher level track by between — 4 and - 8 percentage
points. A year later, in the twelfth year of schooling, the effect is still between 0
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Table 10
Secotid-Stage Results far Downgrade from Higher Track—Population of Students
Bom in June or Julv

Cohort
(1998)

Cohort
(1997)

Cohort
(1996)

Cohort
(1995)

Cohort
(1994)

Cohort
(1993)

1

2

3

4

5

6

Coefficient
(standard error)
Observations
Coefficient
(standard error)
Observations
Coefficient
(standard error)
Observations
Coefficient
(standard error)
Observations
Coefficient
(standard error)
Observations
Coefficient
(standard error)
Observations

2002/03

0.00
(0.00)

\ 11.077
0.02

(0.01)
10,318
0.01

(0.01)
10,923
0.02

(0.01)
11.061
0.01

(0.01)
10,744
0.01

(0.01)
10.248

2003/04

0 ^ ^
(0.{K})

10,780
IM)(1

10.00)
10.412
0.02

(0.01)
10.934
0.01

(0.01)
1 1.069
0.01

(0.01)
10.396
0.06**
(0.01)
10.248

2004/05

0.01
(0.00)
10.842
t).00

(0.00)
10.476
0.01

(0.01)
11.044
0.01

(0.01)
10,787
-0.01
(O.OI)
10.396
0.04**
(O.OI)
10,248

2005/06

0.01
(0.00)
10,824
0.01

(0.01)
H15\2
0.00

(O.OI)
10.902
0.00

(0.01)
10.787
0.03**
(tlOl)
10.396
-0.02
(0.02)
10.248

2006/07

O.OI
(0.00)
10.630
0.00

(O.(K))
10.192
0.00

(0.01)
10.902
O.(X)

(0.01)
10.787
0.03*
(0.02)
10.396

—.
—
—

Source: Siudenl-level data of the statistics on general and vocational schools for the state of Hessen 2(K)2/
1)3 to 2006/07 provided by the Bureau of Statistics of the State of Hessen (Hessisches Statistisches t-an-
desamtl, AuÜiors' own calculations. Data on students who are supposed to be in Grades 11-13 include
imputed observations (see Section llB).
Note: Twostage least squares regressions of a binary indicator for downgrading from a higher track school
on scbixil-entry age. instrumented by assigned school-entry age. Lower track students are included in the
regressions, although they cannoi downgrade, to make the coefficients comparable wilh change.s in coef-
ficients of regre.ssii)ns with altending higher track school as ihc outcome variable.
* Significant at the 10 percent level. ** Significant at [be 5 percent level. Docimiented coefficients refer
to specifications without control variables. Eftects are robust if available control variables (gender, region,
and nationality) are included.

and - 3 percentage points, which adds up to an effect between - 6 and - 8 per-
centage points in each cohort. Comparing the effects of school-entry age on track
attendance and track upgrading (Table 8 and Table 9) shows that—depending on
the cohort—track upgrading explains more than half or almost all of the attenuation
of the school-entry age effect on attending the higher track. For the 1994 and 1993
school-entry cohorts (cohorts 5 and 6. respectively, in the tables), a later school-
entry age also has a significant effect on track downgrade (Table 10. which—to-
gether with the Table 9 results on track upgrade—explains the size of the declines
in the estimates presented in Table 8.

The tinding of large effects of school-entry age on track attendance up until ten
or 11 years after school entry, as well as their subsequent mitigation due to increased
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opportunities for revision of educational paths, raises the question of gender differ-
ences. In results not shown here, but available on request, we show that for both
genders, there is a significant school-entry age effect until ten years after school
etitry, which becomes insignificant for higher track attendance in general 12 years
al'ter school entry at the latest.

D. Higher Secondary School Tracks and Wages

The fact that the available data measure track attendance only until tbe end of
secondary school raises two important questions. First, what impact does track at-
tendance have on the labor market? After all. differences in educational experiences
for several years may have lasting effects for early and late school entrants (see the
study by Hilnier 20(K), on college transfer students). Second, in what ways arc
different types of higher level secondary schools economically, rather tlian fonnally,
comparable? For lack of available data, we cannot take the direct route and estitnate
the effects of birth month on wages,*"*

Instead, we provide a back-of-the-envelope calculation with .some descriptive re-
gression results. From a cotiiparison of Table 7 and Table 8 we retrieve that, aver-
aged over three cohorts, 12 years after school entry about 4 percent of all students
who enter school at age six instead of seven obtain a lower quality higher track
school certificate. However, this quality cost of early school entry comes with the
benefit of entering the labor market a year earlier ceteris paribus. Over a 40-year
workitig life, one year makes up 2.5 percent of lifetime eamings (if tlie present
discounted value of any year of work is assumed constant for simplicity). We now
ask which wage differential would have to exist between workers with a highest
track general certificate and those with a restricted higher track certificate to elimi-
nate the 2.5 percent gain in lifetitne eamings through earlier labor market entry: in
the Appendix, we derive that this differential must be at least 32 percent, probably
higher. However, the real return is likely to be much lower.

To show this, we run descriptive regressions using the 2004 German Socio-Eco-
nomic Panel (GSOEP) and Mikrozensus (a one-percent census of the population.
MZ) to estimate the difference in wages associated with the certificate awarded by
highest track .schools and the restricted higher track certificate. We start by regressing
the log gross hourly wages (GSOEP) or log net hourly income (MZ) on a dummy
variable that indicates any type of higher track certificate. The only control variables
are age and age .squared (the population includes only West German workers aged
26 to 40 who attended school from the 1970s onwards, when the current German
schooling system was already in place). As Table 11 shows, for men, tbe estimated
"return" to completing a higher track school (which poteniially involves attending
university, which is not controlled for in the regressions) amounts to 21 (GOESP)
or 25 (MZ) percent; lor women, it is 24 (GSOEP) or 26 (MZ) percent. Similar
regressions with higher education as the outcome variable (not shown) suggest that
completion of the higher track raises the probability of obtaining a university or

23. The German Socio-Economic Panel {GSOEP) provides birth month but is too sraalt in tenns of sample
size to analyze wage effects of birth monib.
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"University of Applied Sciences" degree by 51 (GSOEP) or 52 (MZ) percentage
points for men and 48 (GSOEP) or 46 (MZ) percentage points for women.

As regards the question of "returns" to different types of higher track .schools,
estimating similar hourly wage/income regressions as above, we test whether the
labor market "returns" between the two types of higher track school certificates differ
(also shown in Table 13). For men. the difference in the "retum" between a highest
track certificate and the restricted higher track certificate is a statistically insignificani
3 percent in the GSOEP. but a statistically significant 8 percent in the large MZ
data set. For women, it is a statistically insignificani — I percent in the GSOEP but
a significant 11 percent in the MZ.'"* If these descriptive results were interpreted as
causal average treatment effects, younger school entrants would obtain academic
secondary school certificates of lower quality, although the school-entry age effect
on obtaining any lype of higher Irack school certificate is not signiiicanily different
from zero according to most of our estimates in Table 8.

Note, however, that because of selection into school types based on unobserved
abilities we expect the average treatment effect to be lower than the estimated co-
efficients of these descriptive regressions. Therefore the retum (average treatment
effect) to a highest track versus restricted higher track certificate is plausibly much
lower than 32 percent, which is lower than the lower bound of the required tinancial
retum warranting late rather than early school entry (see the simulation in the Ap-
pendix).

Beyond considerations conceming the wage effects of entering school early or
late, further oulcomes might be lastingly affected by the type of school attended.
For exatnple, the development of the personality is likely to be influenced by peer
group effects associated with different types of schools. Similarly, family income
might be influenced through assortative mating: in estimations based on the GSOEP
not shown here, we find that partner income is about 19 percent lower for both men
and women who have a restricted higher track instead of the (general) highest track
certificate. Again, these estimates do not account for .selection: in the natural exper-
iment we consider here (being bom in June or July) ability is held constant. There-
fore, the effect of track attended on partner income may be much lower for the
compliers in our natural experiment than the effect estimated from observational
data (the latter is likely lo be biased away from zero by sorting according to ability).

IV. Conclusions

We demonstrate that being bom in June rather than July generates a
randomly allocated disadvantage through a school enrollment cutoff that suggests
July-bom children to enter school at age seven in the German state of Hessen,
whereas June-bom children are supposed to enter school at age six. Although pre-
vious literature has already presented similar findings, our study of the whole popu-

24. The large discrepancy between the GSOEP and MZ results, especially for women, may be a resull of
the small sample .size in Ihe GSOEP (only \Mi women are obscr^'ed wiih a certifícale awarding restricled
access lo universities. Eachoberschule). In addition, the outcome variable is measurt;d differently (gross
hourly wages versus nel hourly incomel in both data sets.
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lation of students in a German state shows how the school-entry age effect interacts
with a school tracking system at different stages of secondary education.

As discussed in Bedard and Dhuey (2006. p. 1 l40f., I457ff.) differences in
school-entry age effects across countries tnay be related to many factors, but the
type, timing, and duraiion of ability grouping may play an important role in ex-
plaining the degree of persistence uf the school-entry age effect. We focus on all
students in a state in Germany, a country with early tracking and different degrees
of flexibility for track change along the secondary educational career. Consistent
with Bedard and Dhuey's (2006) reasoning, we illustrate how early tracking, as
practiced by several countries, can lead to persistent differences in educational ex-
periences of disadvantaged students.

Our results show that entering school at age seven rather than six raises the
probability to attend a highest track secondary school by about 13 percentage points,
which is a large effect, implying that young school entrants (age six) are only two-
thirds as likely to attend the highest track schools than old ,school etiirants (age
seven). Although about 30 percent of students in Hessen attend schools that allow
deferral of school choice to age 12 (rather than age ten), the school-entry age effect
is not affected by ihis later tracking possibility. Instead, the school-entry age effect
on highest track attendance remains virtually constant until ten years after school
entry. Only then is the school-entry age effect mitigated, which occurs mainly by
upgrading of early school entrants to higher track schools, although partly to higher
irack schools awarding a lower-quality certificate implying access to universities
restricted by subject of specialization. The mitigation of the effect occurs at a time
when students are around age 16 and the school tracking system gives students a
second chance by facilitating track upgrade or downgrade. In sum, school-entry age
exerts a significant effect on educational experiences for at least six years in sec-
ondary school in the early tracking system we have studied.
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Appendix 1

Simulation of Required Return to a Highest Track
Certificate to Keep Lifetime Earnings Constant

Model lifetime eamings V as the product of the expected wage rate E(W) and the
number of periods worked T. Ignore discounting by assuming that the real growth
rate iti wages equals the discount rate:

(1) V = EiW)xT.

The aim of our simulation is to find the wage differential between a highest track
certificate awarding untestricted access to universities and a certificate obtained frotn
a higher track school yielding restricted access to universities tbat would make an
individual indifferent between entering school at .six or seven years of age. Hence,
we have to set the total differential of lifetime eamings equal to zero

(2) äV

In relative terms, this yields,

dV_dE{W) dT_

Entering the labor market a year later reduces the duration of work life by about
one over 40. so that

(4) Y ^ - 0 . 0 2 5 .

Next, consider the change in the expected wage rate. This depends on the school-
entry age A by influencing whether one eams a wage associated with a highest
secondary certificate Wa. a higher track certificate with restricted access to univer-
sities Wl. or no higher secondary school certificate W :̂

(5) a

The total derivative is:

oA

+
riA

In the paper, we show that school-enU7 age does not significantly affect the
probability of obtaining any type of higher secondary certificate. Hence.

dPrjWjA)
I) =*'ü and
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The latter equality follows from the fact that

(8) l-PriVVf;U)4-Pr(lV,,

Therefore.

dEjW) dPriWjA)
^ * EiW) dA

In Tahle 7 we estimate the school-age entry effect on attending a highest track
school 12 years after school entry. For this simulation, we take the estimates ohtained
for Cohorts 4 through 6 in Table 7 and subtract from them the mostly insignificant
point estimates for the general definition of the higher track as displayed in Table
8. When we average the three differences, we conclude that entering school at age
seven instead of age six increases the probability of obtaining a highest track cer-
tificate by 4 percent. Hence,

(10)
dA

Combining Equations 2, 3, 4, 9. and 10, we obtain

E(W)

Hence,
I

ni) (Wa-w,) ^^
^ PT{W\A)xW + Pv{W}A)XW\Pr{WjA)XW ' "

Therefore, a wage differential of 63 percent would be required for entering school
a year later having no effect on lifetime eamings. In order to compare that simulated
number with regression-adjusted estimates of that return, note that the coefficient
estimated by regressions is not Equation 11. but instead

(,2, 8 = < ^ Í Í V ^ ,

To see what Equation 11 implies for estimates of Equation 12, we need to carry
out another simulation. Consider the ratio of Equations 12 and 11 and rearrange to
obtain:

, , , , * ^{Wa\A)xWa + PT{W^\A)XW¡^ + Pr{WjA)xW^^^^^^^
(13) 5 = ~- XO.öJ.

WL

It follows that the simulated return on a highest secondary versus a restricted
higher track certificate is 0.63 times the ratio of the expected wage (which is a
weighted average of the wages corresponding to the three types of schooling) and
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the wage with a restricted higher track certificate. Because the sum of the weights
equals one (see Equation 8). and becau.se, Wtj>W[>W,^. we obtain the following

extreme scenarios: For P r { W e \ A ) = \. we obtain Ô = —^X0.63 and for

Pr(VV;vU)=l. we obtain 8 - ^ x 0 . 6 3 .

So in tbe one extreme, 5>0.63, which is way beyond realism (see also the re-
gression-adjusted estimates in Section HID). In the other extreme, we have to provide
a lower bound for W^/W/ in order to obtain a lower bound for S. The regression-
adjusted estimates in Section HID are around 1.25 for Wj/W^^ (ihe coefficients in
the log wage regressions are about 0.25), which Implies Wf^W¡ around 0.8. Even
if we reduce this number to 0.5. the lower bound for 5 would be 0.32. which is
three times as large as the Section HID estimates of 0.08 and 0.11 for men and
women, respectively.

Hence, these simulations imply that entering schooling a year late is unlikely to
pay off financially in terms of lifetime eamings.

Appendix 2

Remarks on the OLS Estimates

As Table Al shows, from the fifth to the tenth grade (the grey-shaded areas), all
estimates, without exception, are negative and statistically significant.''* Hence, the
correlation between school-entry age and attending a higher track school is unam-
biguou.sly negative in the middle of secondtiry school. In addition, a representative
estimate indicates that those students who enter school at age seven have a proba-
bility of attending the higher track that is 11 percentage points lower than that of
students entering school at age six. Moreover, including gender, regional, and coun-
try of origin controls into the regression leads to only small changes in the estimates
(not shown), with a tendency for the point estimate to become smaller in absolute
value. This decrease in the absolute value of the OLS estimate is indicative of a
correlation between the actual .school-entry age and the socioeconomic characteris-
tics that lead to a downward bias in ihe OLS coefficients.

Interestingly, the point estimates drop in absolute value after the tenth year of
schooling (with point estimates at —5 to - 4 percentage points in the twelfth year
for example)."'' The drop in the absolute value of the point estimates occurs when
upward mobility into the higher track becomes important (see Table 4). Hence it

15. l-i>r the I'í9lü schwd-entry cohon in 2QO2H)} (supposed lo enier ihe fifth grade), ihe estimate is com-
paratively small in ahsnlute value because .some students—who either repeated a grade or entered school
through a special preschool (Vorklassen)—are still in primary school.
26. The ci>eflicients tum significantly negative again 12 and especially 13 years after school entry, possibly
because sonie higher irack schools providitig restricted ttnivcrsity access fmi.'ih after twelfth grade. Since
iis.signing al! simulated observations to the lower track may be problematic, we deemphusize the results
for Grade 13 throughout.
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seems that late entrants, likely to be a selected group of sttidents with less innate
ability, are more likely to enter the higher track at this stage than early entrants. The
decline in the correlation between school-entry age and track level at eleventh grade
suggests that track upgrading after tenth grade provides higher track education to
less talented students, an argument often made by conservative political circles who
want to preserve rigorous tracking. In contrast, the political left, which favors insti-
tutional fiexibilily, argues that track upgrading helps students with innate ability but
disadvantaged backgrounds. The results of our paper give support to both arguments:
the OLS estimates are consistent with the less proficient students making use of the
opportunity to upgrade to the higher track, whereas the two-stage least squares re-
sults show that disadvantaged students seize (he opportunity given by a second
chance concerning choice of educational path.

Table Al
OLS Re.sults for Attendance of the Higher Track—Population of Students Born in
June or July

Cohort
(!998)

Cohort
(1997)

Cohort
(1996)

Cohort
(199.5)

Cohort
(1994)

Cohort
(1993)

1

2

3

4

5

6

Coefficient
(standard error)
Observations
Coefficient
(standard error)
Obsenations
Coefficient
(statidard error)
Observations
Coefficient
(standard error)
Observations
Coefficient
(standard error)
Observations
Coefficient
(standard error)
Observations

2002/03

- 0.02**
(O.OI)
11.077

-ail**
(O.OI)
10.318

-0.09**
(O.OI)
10,923

- O . l l * *
(O.OI)
11,061

-0.10**
(0.01)
10,744

-0 .08**
(O.OI)
10,248

2003/04

-0.09**
(0.01)
10,780

-0.12**
(0.011
10.412

- 0 . 1 1 * *
(0.01)
10,934

-0.11**
(0.01 )
11.069

-0.08**
(0.0 n
10.396

-0.02**
(O.OII
10,248

2004/05

- 0 . 1 1 * *
(O.OI)
10,«42

-0 .12**
(O.OI)
10,476

- 0 . 1 1 * *
(0.01)
11.044

- 0 . 1 1 * *
(0.01)
10,787
-O.OI*
(0.01)
10.396

-0 .04**
(0.01)
10,248

2(X).V06

-0 .12**
(0,01)
10.824

-0.13**
(0,01)
10.512

- 0 . 1 1 * *
(0.01)
10,902

- 0.05**
(0.01)
10,787

- 0.05**
(0.01)
10.396

-0 .07**
(O.OI)
102.48

2006/07

-0 .12**
(0.01)
10.624

-0 .12**
(O.OI)
10.192

-0.04*+
(0.01)
10.902

-0 ,05**
(0.01)
10.787

-0 .09**
(0.01)
10.396

—
—
—

Source: Studcnt-levei dat.i of (he Malistii;.-; an general and vocational schools lor ihe state of Hessen 2002/
03 tu 2006/07 prí)vided by the Btjreau of Statistics of the Stale of Hessen (Hessi.schL-s Statistisches Lan-
deNami). .Authors* own talculations. Data oti students who are supposed to be in Grades 11-13 include
imputed observations (see Section TIB).
Note: OLS regressions ol" a binary indicator for attending a higher track school on school-cntiy age.
* Significant al the U) percent level. * ' Significant al the S percent level. Documented coefficients refer
to specifications without control variahlcs. Effects are robust if available control variables (gender, region.
and nationality) are included.
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