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1 Introduction

Although all European countries allocate their students to different educational

tracks at some stage of secondary education, in some countries, the decision about

which track to attend has to be made at a relatively early stage of the education

process, e.g. at the age of ten in Austria and Germany.1 The early segregation of

students into academic and vocational schools is controversial since arguments in

favor and against early tracking can be brought forward. One concern is that early

tracking may be inefficient because some students end up in the wrong track when

track choice is based on a noisy signal of ability (Brunello et al., 2007).

The literature on relative age effects in educational achievement shows that the size

of the noise is related to the age at which students are graded or take a test.2 Younger

students perform significantly worse compared to their older peers in the same grade

(Bedard and Duhey, 2006; Datar, 2006; Elder and Lubotsky, 2009; Fredriksson and

Öckert, 2006; McEwan and Shapiro, 2008). The position of a student in the age

distribution within a grade is determined by the school enrollment cutoff date and

the birth month of a student. Therefore, the noise can be considered as randomly al-

located via birth month. The existing evidence suggests that relative age effects fade

with the duration of schooling (Black et al., 2011; Elder and Lubotsky, 2009), but

this evidence is based on countries where tracking is postponed to higher grades or

students are not tracked into different schools at all.3 If students are separated into

different educational tracks early in their schooling career, relative age effects may

be preserved or even reinforced through differences in the rate of human capital ac-

cumulation between tracks or if human capital investments exhibit self-productivity

and complementarity as suggested by Cunha et al. (2006).

1Hungary, the Czech Republic, Slovakia and Turkey track at the age of 11, Belgium and Nether-
lands at the age of 12 and Luxembourg at the age of 13. All other European countries track their
students at the age of 14 to 16 (Brunello and Checchi, 2007).

2The concept of “relative age” was first introduced by Allen and Barnsley (1993) and refers to
age differences between individuals that are grouped by cohort (based on a specific cutoff date).

3U.S. high school students are divided into ability groups within schools based on their prior
scholastic performance.
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In this paper, we estimate the relative age effect on track choice in Austria, a

country where students are first tracked at the age of 10 (in grade 5) and again

tracked at the age of 14 (in grade 9). The second tracking may mitigate the relative

age effect if students who were assigned to the wrong track because of their age-

related disadvantage manage to upgrade to the high track in grade 9. We use

register data from a major Austrian city for the period 1984 to 2006 and data from

PISA (Programme for International Student Assessment) 2003 and 2006 to estimate

whether older students are more likely to attend the high track than their younger

peers. Since the observed age of a student is endogenous due to grade retention and

the possibility to enroll late or early, we exploit the exogenous variation in birth

month to identify the relative age effect on track choice.

After the first tracking (grade 5), the youngest students are almost 40 percent

less likely to attend the high track than the oldest students. In grade 9, when the

second tracking occurs, we do not find a significant effect on average. These results

are in line with recent research on the effects of school entry age on track choice

in Germany (Mühlenweg and Puhani, 2010). We contribute to this literature by

studying differences between socioeconomic groups and between rural and urban

areas. We find that relative age effects differ between groups. The conclusion that

younger students fully catch up after the second tracking is not true for all groups.

While the relative age effect disappears for children with a more favorable parental

background, it even increases for children with a less favorable parental background.

Thus, relative age effects reinforce existing socioeconomic inequalities in a system of

early tracking.

Comparing urban and rural areas, we find a significant age effect in urban areas,

both in grades 8 and 9. In contrast, relative age has no effect in rural areas, neither in

grade 8 nor in grade 9. The heterogeneity in the estimated effect between rural and

urban areas may be explained by differences in the supply of academic schools for

grades 5–8. Because the supply of academic schools is rather low in rural areas, the
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majority of students (about 80 percent) attend vocational schools until the end of

grade 8. In contrast, only about 45 percent of students attend vocational schools in

urban areas. If relative age matters less for students at the top and the bottom of the

ability distribution and most for students at the middle of the ability distribution, a

low supply of academic schools for grades 5–8 may explain the absence of relative age

effects in rural areas. Furthermore, the almost comprehensive nature of vocational

schools in rural areas implies that the first tracking actually occurs in grade 9. This

postponement may be responsible for the absence of relative age effects in grade 9

in rural areas.

The structure of the paper is as follows: Section 2 gives an overview of the related

literature. Information on the relevant aspects of the Austrian education system

and on the data is given in sections 3 and 4, respectively. In section 5 we outline

our identification strategy and discuss potential threats to identification. Section 6

presents our estimates of the relative age effect on track choice after the first and the

second tracking, highlights the heterogeneity of the effects between socioeconomic

groups and urban and rural areas and adds some sensitivity checks. We also provide

some descriptive evidence on potential labor market consequences. Finally, section

7 concludes and discusses the policy implications of our findings.

2 Related literature

This paper is related to the literature on the effects of early tracking on efficiency

and equality of opportunity and the literature on relative age effects on school per-

formance and track choice.

In recent work, economists have shown that early tracking reinforces the role of

parental background, thereby limiting intergenerational mobility in educational at-

tainment and income (e.g. Bauer and Riphahn, 2006; Brunello and Checchi, 2007;

Dustmann, 2004; Hanushek and Wößmann, 2006; Pekkarinen et al., 2009b). Apart
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from concerns about equality of opportunities, economists have stressed the effects

of tracking on overall efficiency. Proponents of educational tracking emphasize that

all students benefit from homogenous classrooms, which result from the placement

of students into differing-ability schools or classes. They argue that heterogenous

classrooms harm gifted students and less talented students alike because teachers

may either divide attention among both groups or may adjust teaching to the profi-

ciency level of the median ability student. In such a situation gifted students are not

able to unfold their potential while less talented students get discouraged, resulting

in lower aggregate achievement. In contrast, tracking students by ability may induce

a teacher effect, i.e. teachers are more effective in teaching homogenous classes.

Exploiting a randomized experiment in Kenya, Duflo et al. (2011) provide evidence

that tracking primary school students by prior achievement increased test scores

of students in high-achievement and low-achievement classes because homogenous

classrooms allowed teachers to focus their teaching. However, the authors admit that

these results may only be obtained in developing countries, where students are very

heterogenous and classes are large. In contrast, developed countries are character-

ized by smaller classes, lower achievement differences and a higher level of resources.

Galindo-Rueda and Vignoles (2004) analyze the gradual abolition of selective gram-

mar schools in the UK. Using political affiliation of the county as an instrument of

comprehensive school attendance they find some evidence that high ability students

do worse under the comprehensive schooling system and low/middle ability students

were not hurt by ability tracking.4 To the best of our knowledge, there is no other

direct evidence for efficiency gains through early tracking in developed countries.

On the contrary, there are studies showing that early tracking is inefficient. Meghir

and Palme (1995) find that the introduction of compulsory comprehensive schooling

in Sweden induced on average an increase in schooling beyond the compulsory level

4These results have been challenged by Pischke and Manning (2006) who show that this identi-
fication strategy is not able to remove the selection bias between students attending comprehensive
and selective schools.
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and an increase in earnings for students with unskilled fathers. The mean effect on

earnings for all students is positive but not significant. In a recent study, Pekkarinen

et al. (2009a) investigate the impact of the Finnish comprehensive school reform

in the 1970s on cognitive skills. The authors find small positive effects on mean

achievement in verbal tests as well as positive effects in math for students with low

parental education.

The literature on peer effects gives indirect evidence on the optimal allocation of

students. If peer effects are non-linear, such that weak students benefit from high-

ability students whereas the latter are less or not affected by less favorable peers,

heterogenous classrooms should be more efficient as they lead to higher aggregate

achievement. In contrast, if high-ability students are more sensitive to peers, aggre-

gate achievement is maximized when classrooms are homogenous. There is mixed ev-

idence from the literature on peer effects, in particular with respect to non-linearities.

While some studies show that students from less favorable social backgrounds and

low achieving students are most affected by their peers (e.g. Gould et al., 2009;

Lavy et al., 2011; Schindler-Rangvid, 2003; Schneeweis and Winter-Ebmer, 2007),

other authors did not find any non-linearities (e.g. Ammermüller and Pischke, 2009;

Hanushek et al., 2003). Carrell and Hoekstra (2010), on the other hand, found

that peers from troubled families strongly impair the cognitive achievement of high

income kids and the disciplinary behavior of low income kids.5

Overall, there are two channels how tracking could enhance efficiency, either

through non-linear peer effects (in favor of high-ability students) or through teacher

effects. Both channels suggest that tracking should occur as soon as possible. How-

ever, tracking also comes at a cost: Ideally, track choice should be based on a

student’s innate ability. Actually, a student’s ability is unobserved and track choice

is based on an imperfect measure of ability, i.e. prior educational achievement (e.g.

grades or test scores). Psychologists argue that the correlation between childhood

5There is also some evidence for other models of peer effects (e.g. Hoxby and Weingarth, 2006).
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and adult intelligence scores is low before grade 4 (Hopkins, 1990), and that at the

age of 10 cognitive skills are still developing (Petersen, 1983). Therefore, the cost of

tracking is the potential misallocation of students to tracks, and these cost are ex-

pected to be higher, the earlier the track choice has to be made.6 Allen and Barnsley

(1993) argue that the misallocation effect stems from the ”impossibility of observing

ability independent of maturity ...” (p. 649), resulting in achievement differences

that are related to birth month.

Since school enrollment is always based on a certain cutoff date, the birth month

of a student determines his or her position in the age distribution within a grade

or class. Recent research has shown that this position is related to a student’s

achievement. For example, Bedard and Duhey (2006) show for a number of OECD

countries that younger students perform significantly worse than their older peers in

grade 4 and 8.7 However, the estimated effect is a combination of an age-at-test effect

and a school-entry-age effect. Using IQ scores at the age of 18, Black et al. (2011)

are able to disentangle these effects and find a strong positive age-at-test effect and

a small negative effect of starting school one year later. Elder and Lubotsky (2009)

show that the age effect tends to be smaller in higher grades.

The main point of our paper is the following: If students are separated into dif-

ferent educational tracks very early, age-related achievement differences probably

translate into age-related differences in track choice — irrespective of the exact

origin of the age effect. Moreover, if age-related achievement differences are less im-

portant in higher grades, early tracking may contribute to their persistence whereas

later selection could increase educational attainment and earnings.

Related research has been done by Fertig and Kluve (2005), Jürges and Schneider

(2011) and Mühlenweg and Puhani (2010) for Germany. Jürges and Schneider (2011)

use data from the German PISA 2000 extension study and show that age at track

6Brunello et al. (2007) describe this trade-off in a theoretical model and denote the counteracting
effects as “specialization” and “noise” effect.

7Similar results were obtained by McEwan and Shapiro (2008) for Chile.
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choice has a sizeable positive effect on the probability to attend a high track school

in grades 5, 7 and 9. Fertig and Kluve (2005) use survey data and find no significant

effect of enrollment age on track choice for students enrolled in the late 1960s and

70s. The study most closely related to our research is the paper by Mühlenweg and

Puhani (2010). The authors estimate relative age effects using register data for the

state of Hessen. They find that students who are relatively young at school entry are

more likely to choose the low track in grade 5, and that this effect partly disappears

due to the possibility of track revision after grade 10. Actually, they show that

the younger students are more likely to upgrade to the higher secondary but not to

the highest secondary track. While the highest track schools provide unrestricted

access to all forms of tertiary education, the higher track schools provide unrestricted

access to “Universities of Applied Science” only and restricted access (by subject of

specialization) to universities.

Our contribution highlights the heterogeneity in the relative age effect between

socioeconomic groups and between urban and rural areas. We find that only students

with high parental socioeconomic status are able to benefit from the opportunity to

revise the initial track choice. In this group younger students are more likely than

their older peers to upgrade to a high track school. In contrast, younger students

with low parental socioeconomic status are not able to catch up. The age effect even

increases because older students are more likely than their younger peers to change

from the low track to the high track.

3 Institutional background

The Austrian education system is characterized by early tracking, a multitude of

different educational tracks and a strong vocational orientation. Figure 1 gives an

overview.
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Figure 1: The Austrian education system
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Primary school starts at the age of six and takes four years. School enrollment is

based on a cutoff date, children are enrolled in a given year if they turn six before

September 1 of that year. Children turning six thereafter must delay enrollment by

one year. Since children may differ in maturity, these enrollment rules are not strictly

enforced, for example children who turn six between September 1 and December 31

may enroll early, if their parents apply for early enrollment, the health officer of the

school confirms that the child is mature enough and the primary school principal

agrees (early enrollment). On the other hand, if it turns out that a six-year-old

child is not mature enough, he or she has to attend the pre-primary class instead

of the first grade of primary school (late enrollment). Furthermore, if a student’s

achievement is insufficient in more than two subjects he or she has to repeat the

grade (grade retention).

After primary school, i.e. at the age of 10, students can choose between two types

of secondary education. Lower secondary (low track) schools comprise grades 5–8,

provide basic general education and prepare students for vocational education and

training. Higher general (high track) schools comprise a first stage (grades 5–8)

and a second stage (grades 9–12), provide advanced general education and conclude
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with a university entrance exam. High track schools offer an academically preferable

curriculum, employ teachers with higher qualification and pay higher wages.

Admission to a high track school requires grades of ”very good” or ”good” in the

core subjects of the primary school (German writing and reading, mathematics).8 If

these requirements are not met, students have to sit an admission exam. Apart from

that, track choice depends on parental choice and non-binding recommendations of

primary school teachers. In principle, there is the possibility to switch from the low

track to the high track, but depending on their performance, students may have to

pass an admission exam. In grades 5–8 upward mobility from the low track to the

high track is virtually non-existent due to the more academic curriculum in the high

track, but some downward mobility exists.

In grade 9, students again have the possibility to choose between different types

of schools: a pre-vocational school, a range of intermediate and higher vocational

schools and the second stage of a higher general school. Pre-vocational schools

provide the last year of compulsory schooling for those students who intend to pur-

sue an apprenticeship training. Intermediate vocational schools provide professional

training and conclude with a final exam after three years. Higher vocational schools

additionally provide advanced general education and university entrance qualifica-

tions. There are several types of intermediate and higher vocational schools with

different professional orientations (e.g. business, technical, teacher training).

Although first tracking occurs very early, the education system provides some

flexibility by allowing students to revise their track decision in grade 9. For example,

students from low track schools have the possibility to go for a university entrance

qualification by choosing a higher vocational or higher general school (high track) in

grade 9. Depending on their grades, these students may have to pass an exam to be

admitted to a high track school. However, the difference in the quality of education

8In Austria, marks from 1 to 5 are used, where 1 means ”very good”, 2 means ”good”, 3 means
”satisfactory”, 4 means ”sufficient” and 5 means ”insufficient”.
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between high and low track schools in grades 5–8 hampers the transition to a high

track school in grade 9 for low track students.

The majority of Austrian students attend a low track school in grades 5–8, e.g. in

the school year 2005/06 about 71 percent of Austrian students attended a low track

school in grade 8 (Statistics Austria, various years). Figure 2 shows the transition of

those students after grade 8 separately for students from high and low track schools.

The school choices of high and low track students are very different. While about

96 percent of high track students choose a track that provides university entrance

qualifications, either a higher general school (64 percent) or a higher vocational

school (32 percent), only about 36 percent of low track students change to one of

these two tracks in grade 9.

Figure 2: Transition of high and low track students after grade 8

0 10 20 30 40 50 60 0 10 20 30 40 50 60

High track in grade 8 Low track in grade 8

Dropouts

(Pre)vocational

Intermediate vocational

Higher vocational

Higher general

Percent

Data source: Statistics Austria, Education documentation (Schulstatistik) 2008, Grade 8 students in 2005/06.

4 Data and samples

We analyze two sources of data: administrative student-level data from the city of

Linz, the third largest city of Austria with about 190,000 inhabitants and data from

two PISA waves.
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Student register data. The administrative student-level data cover all resident stu-

dents who attended grade 5 in public or private (mostly confessional) schools in

Linz in the school years 1984/85 to 2001/02.9 We observe each student until grade

8.10 The data provides information on some basic individual characteristics of the

students (year and month of birth, sex, language) and their school career (school

type, school, grade).

Summary statistics are provided in the appendix (panel A of table A.1). Over

the whole period, about 45 percent of students attended the high track in grade 5.

Because some students changed to the low track, the percentage is somewhat lower

in grade 8, indicating that downward mobility is greater than upward mobility.

About 81 percent of students enrolled according to the rule, 1 percent enrolled

early and 18 percent enrolled late. Late enrollment implies that children attend

the pre-primary class of the primary school and enroll in first grade one year later.

On average, students are about 10.67 years old (observed age) when they make

their track choice.11 According to the school enrollment rule and without grade

repetition, students’ average age at track choice should be 10.46 years (assigned

age). The difference between observed and assigned age is due to late enrollment on

the one hand and grade repetition on the other hand. Figure 3 shows that the share

of students who have enrolled late was highest among students born in August,

i.e. children born closely before the cutoff date (1st September). About 50% of

all August-born children delay enrollment by at least one year. In contrast, early

enrollment is only observed for children born closely after the cutoff date.

PISA (Programme for International Student Assessment). We use survey data

from PISA 2003 and 2006 to estimate the relative age effect in grade 9. PISA does

9Our sample consists of 27 public schools and 6 private schools.
10For some students we also observe grade 9, but only for those who have not repeated a grade or

have not attended a pre-primary class. This is because the single purpose of the data collection is to
report 9 years of compulsory schooling which includes repeated grades and pre-primary education.

11Actually, students are half a year younger because the track choice is made after the first term
of grade 4 because then admission for grade 5 starts.
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Figure 3: Regular, late and early enrollment by birth month

0

10

20

30

40

50

60

70

80

90

100

P
er

ce
nt

ag
e 

of
 s

tu
de

nt
s

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Data source: Administrative student-level data for Linz, Grade 5 students from 1984/85 to 2001/02 
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not sample whole grades, but students born in a certain year. PISA waves 2003

and 2006 cover the birth cohorts 1987 and 1990. Due to birth cohort sampling,

students are observed in grade 8, 9 or 10 depending on their birth month, their

compliance to the cutoff date rule and whether they have repeated a grade or not.

Table 1 shows the composition of our sample. Students born between January and

August are predominantly observed in grade 10 (79 percent). They are observed

in grade 9 (20 percent) or grade 8 (1 percent) only if they have delayed enrollment

and/or have repeated a grade. In contrast, students born between September and

December have to delay enrollment from the year they turn six to the year they

turn seven. Therefore, the majority of these students is observed in grade 9 (90

percent). 6 percent attend grade 8 because they have either repeated a grade or

delayed enrollment and 4 percent attend grade 10 because they have enrolled early.

The Austrian PISA study contains a number of questions on the school career

of the students. Students are asked about the school types they have attended,

whether they attended pre-primary education, the age at which they entered primary

education, the number of years in education so far and how often they have repeated

a grade in primary or secondary school. This information allows us to reconstruct

the attended school tracks in grades 8 and 9 as well as the students’ age at the
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Table 1: Composition of the PISA sample

Grade 8 Grade 9 Grade 10 Total

Jan-Aug born Percent 1.1 20.2 78.6 100
N 63 1,118 4,345 5,526

(late/repeat) (late/repeat) (regular)
Sep-Dec born Percent 5.8 89.8 4.4 100

N 152 2,343 115 2,610
(late/repeat) (regular) (early)

Total Percent 2.6 42.5 54.8 100
N 215 3,461 4,460 8,136

Notes: Data from PISA waves 2003 and 2006.

first and second track choice (after grade 4 and 8). Our estimation sample consists

of all students observed in grade 8, 9 and 10 for which we can reconstruct these

variables.12

We do not observe the second track choice for students who are still in grade 8.

This group of students is presumably negatively selected with respect to educational

achievement, as they either repeated a grade or delayed enrollment (see table 1).

Since the majority of these students is born between September and December,

excluding those observations from our analysis would lead to a upward bias in the

estimated relative age effect. Therefore, we assume that grade 8 students would

choose a low track school in grade 9 and keep this group in our estimation sample.

By assigning the low track we pursue a conservative strategy and may underestimate

the true effect.

A further complication arises because PISA only samples students in educational

programmes. Our sample of grade 10 students does not include students who leave

the education system after grade 9.13 The omission of this group probably introduces

12We do not have enough information to reconstruct the school career for 2.9 percent of the
sample. These observations are excluded from the analysis. A comparison of the share of students
in low and high track schools in grade 8 and the transition probabilities in our estimation sample
with the official numbers from the federal bureau of statistics shows that our estimations sample
is representative for the population of students. Results are available upon request.

13There are no official statistics on the percentage of students who leave the educations system
after grade 9. Using data from the Austrian Mikrozensus (1-percent sample of Austrian households)
for the 1990s, Steiner and Lassnigg (2000) estimate that about 6–8 percent of all grade 9 students
did not pursue any further education after grade 9.
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a downward bias in our estimates because these students are more likely to be among

the younger students (born between January and August) and more likely to have

attended the low track in grade 8.

Summary statistics for the PISA sample are presented in the appendix (panel B of

table A.1). About 29 percent of Austrian students attend the high track in grade 8.

The percentage is lower than in the sample for the city of Linz because of differences

in the supply of high track schools for grade 5–8 between urban and rural areas.

In grade 9, 56 percent of all students attend a high track school, implying that a

considerable number of low track students upgrade to the high track after grade 8.

5 Identification strategy

We want to estimate whether older students are more likely to attend a high track

school and whether the effect of relative age is different after the first and the second

tracking. A simple econometric model would describe the track choice of a student

as follows:

High track ig = α1g + α2g Observed age i + α3gXi + νig

High track ig =

 1 if High track ∗
ig > 0

0 otherwise

where High track ∗
ig is the latent probability of student i to attend a high track

school in grade g = {5, 6, 7, 8, 9}. We estimate separate regressions for each grade.

Observed age i is either the observed age of student i (measured in years) at track

choice in grade 5 for g = {5, 6, 7, 8} or the observed age at track choice in grade 9 for

g = {9}. We use observed age in grade 5 in the regressions for grades 5–8 because

the track choice is actually made after grade 4 and not after each grade. Xi is a

vector of student characteristics, νig is the error term and α2g measures the effect of

relative age on track choice in grade g.
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Variation in observed age arises from the following three sources: First, the distri-

bution of births over the calendar year, second, the non-compliance of some students

to the school enrollment cutoff date, and third, grade retention. As our data sug-

gest, some students enroll early and thus, are among the youngest within grade,

whereas students who enroll late or have repeated a grade are among the oldest

within grade. Since we cannot assume that grade retention and non-compliance

with the school enrollment rule are exogenous with respect to track choice, a sim-

ple probit or linear probability model will give us a biased estimate of the relative

age effect (α2g). The estimate is expected to be downward-biased if children who

defer enrollment or repeat a grade tend to be negatively selected with respect to

cognitive and non-cognitive skills, whereas children who start school early tend to

be particularly skilled.

To identify the causal relative age effect, we use only the exogenous variation in

observed age at track choice coming from the variation in birth month and the school

enrollment cutoff date; i.e. we use the assigned age at track choice as an instrument

for observed age.14 The assigned age is the age a student would have if he or she

had not deferred enrollment, had not started school early and had not repeated a

grade. The first stage equation for observed age at track choice is the following:

Observed age i = δ1g + δ2g Assigned age i + δ3gXi + uig

where Assigned age i is equal to 0 for students born in August and equal to 1 for

students born in September. The difference in assigned age between August-born

14This identification strategy was first used by Bedard and Duhey (2006) in their study of relative
age effects on test scores for several countries.
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and September-born students corresponds to 11 months. The relationship between

birth month and assigned age is given by

Assigned age i =


8−bi

11
if 1 ≤ bi ≤ 8

20−bi
11

if 9 ≤ bi ≤ 12

where bi is the birth month of student i.

From a policy point of view, we are also interested in the reduced-form relationship

between assigned age and track choice. The reduced form or intention-to-treat

effect (θ2g) is the effect of the cutoff date rule net of grade retention and late/early

enrollment. The equation can be written as:

High track ig = θ1g + θ2g Assigned age i + θ3gXi + εig

We interpret our results in a heterogenous treatment effects framework (Angrist

et al., 1996), implying that we can only identify the causal effect of relative age for

compliers (LATE). Compliers are students who are among the oldest within grade

only because they are born after the cutoff date (e.g. in September) and would be

among the youngest if they were born before the cutoff date (e.g. in August).

Identification is based on the following assumptions. First, the instrument must

be randomly assigned. The random assignment assumption requires that a stu-

dent’s birth month is random and not related to other (unobserved) determinants

of academic achievement, in particular student ability and parents’ socioeconomic

background. At least, we have to assume that parents do not schedule births to fall

either before or after the cutoff date. If, for example, high-ability parents are more

likely to have their children in September than in August, the estimated age effect

would be upward-biased. Second, the instrument must not have any other direct

effect on track choice (exclusion restriction).
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Since our administrative data contains no information on parental characteristics,

we cannot check whether there are any parental differences between August-born

and September-born students. However, we are confident that birth month is a valid

instrument because the need for birth timing is less obvious in a system where the

cutoff date rule is not strictly enforced (late and early enrollment is possible). As a

robustness check, we include quarter of birth in our regressions and show results for

a restricted sample including only students born in August and September. In the

PISA sample we control for an index of parental socioeconomic status and highest

parental education. The distribution of parental education and the index of parental

socioeconomic status across birth months (see figure A.1 in the appendix) does not

indicate a clear pattern of seasonality. Furthermore, table A.2 in the appendix

presents estimates from separate regressions of the instrument on background char-

acteristics, such as student’s sex, immigrant background, residential neighborhood

or socioeconomic background. Overall, we do not find significant evidence for a

violation of the random assignment assumption.

Third, while the instrument may not affect some students (always-takers and

never-takers), all students who are affected by the instrument must be affected in the

same direction (monotonicity). The monotonicity assumption implies that no one

does the opposite of his or her assignment, i.e. there are no defiers. If monotonicity

is violated, IV estimates an average of the effect for compliers and the effect for

defiers. If those effects differ, IV yields a biased estimate of the causal effect for

compliers. The bias depends on the proportion of defiers and the difference between

the effect for compliers and the effect for defiers (Angrist et al., 1996).

In our context, the monotonicity assumption is not fulfilled because our treatment

variable is multi-valued and the instrument shifts the age of all students.15 This

implies that always-takers and never-takers do not exist and the instrument does

not affect all students in the same way. According to the school enrollment rule,

15See Barua and Lang (2009) for a discussion. Most previous studies on relative age effects on
track choice have not acknowledged this problem.

17



being born in September should make a student 11 months older at track choice than

she would be if she were born in August. However, some August-born students enroll

one year later than they should, which makes them 1 month older than they would

be if they were born in September and had enrolled according to the rule. While

these students would be always-takers if we had a binary treatment, in our setting

they are defiers. A similar argument can be made with respect to grade repeaters

and students who enroll early. The violation of the monotonicity assumption implies

that IV yields an unbiased estimate of the LATE for compliers only if the relative

age effect is linear and homogenous for compliers and defiers.

We propose the following solution to this problem: We provide a sensitivity test

where we redefine our treatment and assignment variables such that the monotonic-

ity assumption is fulfilled. More details are provided in section 6.3.

6 Results

Based on our administrative data for Linz, we first present some descriptive evidence

for the existence of the first stage, i.e. the relationship between assigned and observed

age and for a positive relationship between assigned age and the probability to attend

a high track school (reduced form).

Figure 4 plots the assigned age (solid line) and the observed age (dashed line) at

track choice in grade 5 by birth month. Students born in August should be 10 years

old when making their track choice, whereas students born in September should

be 11 months older. The deviation of observed age from assigned age is due to

non-compliance with the cutoff date rule and grade retention in primary school. As

expected, the highest deviation is found for students born closely before the cutoff

date because these students are more likely to enroll late than students born after

the cutoff date. Nevertheless, there is still a clear discontinuity in observed age at

track choice between August-born and September-born students.
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Figure 4: Assigned age and observed age by birth month
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Data source: Administrative student-level data for Linz, Grade 5 students from 1984/85 to 2001/02

The reduced-form relationship between birth month (assigned age) and the prob-

ability to attend a high track school, displayed in figure 5, shows a similar pattern.

September-born students are not only older when they make their track choice, they

are also more likely to attend a high track school in grade 5. Even though a con-

siderable number of August-born students enroll late, which increases their age at

track choice, these students are still significantly less likely to choose a high track

school in grade 5.

Figure 5: Attendance of high track school by birth month
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6.1 Baseline results: Administrative data

Table 2 presents our baseline IV-Probit estimates of the relative age effect on the

probability to attend a high track school in grades 5–8. The table also shows results

from first-stage, reduced-form and probit estimations for each grade. Each num-

ber represents a single regression including binary indicators for female and foreign

students and school year dummies as control variables.16

The first-stage estimates and the F-statistics show that assigned age seems to

be a strong instrument, in the sense that it is sufficiently correlated with observed

age. The IV-Probit estimate for grade 5 suggests that being 11 months older at

track choice increases a student’s probability to attend a high track school by 17.5

percentage points, which is a substantial effect given that on average about 45

percent of students attend a high track school in grade 5.17 Table 2 also reports

results for grades 6–8 to show how the relative age effect evolves over grades. Given

that mobility between school tracks is possible, we would expect that the effect

diminishes over grades if small differences in age become less and less important

as the school career progresses. Due to the more academic curriculum and formal

admission requirements in high track schools, upgrading from the low track to the

high track is more difficult and more unusual than downgrading from the high track

to the low track. If students perform poorly in the high track they can change to

the low track without any formal requirements. The point estimate of the relative

age effect for grade 8 is only 2 percentage points lower than the estimate for grade 5,

suggesting that the education system provides no “self-correcting mechanism” that

leads to a correct allocation of talents until grade 8. In the last column of table 2

we restrict our sample to students born between 1987 and 1990. The estimates for

this sample are more comparable to the estimates for the PISA sample (presented

below) which contains only students born in 1987 and 1990.

16The results are not sensitive to the exclusion of these variables.
17The estimated coefficients from linear probability models are similar to the coefficients pre-

sented above.

20



Table 2: Administrative data: Track choice in grades 5–8

All cohorts Cohorts 1987-1990
Grade 5 Grade 6 Grade 7 Grade 8 Grade 8

IV-Probita 0.175*** 0.165*** 0.160*** 0.154*** 0.234***
(0.021) (0.021) (0.021) (0.021) (0.054)

First stageb 0.423*** 0.423*** 0.423*** 0.423*** 0.325***
(0.009) (0.009) (0.009) (0.009) (0.018)
[2319] [2319] [2319] [2319] [310]

Reduced formc 0.077*** 0.072*** 0.068*** 0.065*** 0.081***
(0.010) (0.010) (0.010) (0.010) (0.021)

Probitd -0.237*** -0.241*** -0.240*** -0.238*** -0.231***
(0.007) (0.007) (0.007) (0.007) (0.015)

Observations 25,248 25,248 25,248 25,248 5,591
% in high track 45% 44% 42% 41% 41%

Notes: Administrative student-level data for the city of Linz. The “all cohorts” sample consists of all students
observed in grade 5 between 1984-2001. The same students are observed in grades 6–8. These students are
born between 1972 and 1992. The 1987-1990 cohort sample includes only students born between 1987 and
1990. Robust standard error in parentheses. ***, ** and * indicate significance at the 1-percent, 5-percent and
10-percent level. Control variables are: sex, immigrant background and year dummies.
aProbit instrumental variables regressions of a binary indicator for attending a high track school on observed
age at track choice (grade 5), instrumented by assigned age.
bOrdinary least squares regressions of observed age at track choice on assigned age. F-statistics on the excluded
instrument in brackets. The first stage is the same for all grade-level estimations.
cProbit regressions of a binary indicator for attending a high track school on assigned age.
dProbit regressions of a binary indicator for attending a high track school on observed age at track choice.

The reduced-form estimates show the net impact of the cutoff date rule on the

probability to attend a high track school. Being born in September instead of

August leads to a 7.7 (6.5) percentage points difference in the probability to attend

a high track school in grade 5 (8). The reduced-form estimates are lower because

non-compliance partly offsets the disadvantage created by the education system

for children born closely before the cutoff date; for example delaying enrollment

by one year and attending a pre-primary class instead may help those students to

compensate for their initial disadvantage.

As expected, the estimated parameter from a simple probit model that ignores

the endogeneity of observed age is downward-biased. Actually, the estimates for

all grades are even negative, suggesting that students who are older because they

enrolled late or repeated a grade in primary school are negatively selected with

respect to cognitive skills.
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6.2 Baseline results: PISA data

Do students who were assigned to the wrong track because of their age-related

disadvantage manage to upgrade to a high track school in grade 9? Since upward

mobility is common after grade 8 (see figure 2), the second tracking may lead to a

correct allocation of talents. We would expect that the relative age effect disappears,

if students who ended up in the low track because they were young at track choice

can compensate for their initial disadvantage and are more likely to change to the

high track in grade 9 than their older peers. We use survey data from PISA 2003

and 2006 to test whether such a “self-correcting mechanism” exists after grade 8.18

Table 3 presents our estimates of the relative age effect on the probability to

attend a high track school in grade 8 and grade 9. Each number represents a single

regression including binary indicators for female and foreign students and a pisa

wave dummy as control variables.19 Based on the whole sample of Austrian students

(columns (1) and (2)) we find that the probability to attend a high track school in

grade 8 is 12.4 percentage points higher for students being 11 months older at track

choice in grade 5. After the second tracking in grade 9, we find a relative age effect

of 7.2 percentage points which is significant only at the 13 percent level. These

results are in line with recent research on the effects of relative age on track choice

in Germany (Jürges and Schneider, 2011; Mühlenweg and Puhani, 2010). However,

as columns (3)-(10) of table 3 show we also find that the relative age effect differs

between socioeconomic groups and between urban and rural areas.

We use the ISEI score (International Socio-Economic Index of Occupational Sta-

tus, Ganzeboom et al. (1992)) to divide our sample by the socioeconomic status of

the students’ parents. The score varies between 16 and 90 and has a mean of 48 (me-

dian: 46). The high SES sample includes all students who have at least one parent

18Our register data do not cover the transition after grade 8 for students who have repeated a
grade or attended a pre-primary class. We cannot use these data to investigate grade 9 because
whether we observe a student in grade 9 is correlated with age and birth month.

19The results are not sensitive to the exclusion of these variables.
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with a score of 49 or higher. The IV estimate of the relative age effect in grade 8 is

remarkably similar for students from different socioeconomic backgrounds. In both

groups, younger students are about 12 percentage points less likely to attend a high

track school than their older peers. After the second tracking in grade 9, the relative

age effect disappears for students from more favorable socioeconomic backgrounds.

For students from less favorable backgrounds, in contrast, it seems that the second

tracking reinforces the relative age effect.

Table 4 shows whether it is track upgrading or track downgrading that explains

the observed changes in the relative age effects from grade 8 to grade 9. We differ-

entiate between upgrading to (downgrading from) the high track (including higher

general and higher vocational schools) and upgrading to (downgrading from) the

higher general school in order to show which school type is responsible for the ob-

served changes. The absence of a relative age effect for students with more favor-

able parental backgrounds in grade 9 is mainly due to disproportional upgrading

of younger low track students to high track schools (13.4 percentage points) and a

somewhat higher likelihood of older high track students to downgrade to the low

track (1.7 percentage points). Since we do not find any effect when only higher

general schools are considered as high track schools, we can conclude that these

students almost exclusively upgrade to higher vocational schools and not to higher

general schools.20 This result is similar to Mühlenweg and Puhani (2010), however

holds only for students with high parental socioeconomic status. The increase in

the relative age effect for students from less favorable parental backgrounds is due

to older students being 13.5 percentage points more likely to change from the low

track to the high track in grade 9. Again, the change is due to upgrading to higher

vocational schools. In addition to having a lower likelihood of attending the high

track in grades 5–8, younger students with low parental socioeconomic status also

have a lower likelihood of upgrading to the high track in grade 9.

20Regressions based on these different definitions of high track schools (including and excluding
higher vocational schools) confirm this finding. These results are available upon request.
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Table 4: Upgrading and downgrading after grade 8

All Low High Urban Rural
students SES SES areas areas

Panel A: Upgrading
to high tracka -0.024 0.135** -0.134*** 0.004 -0.057

(0.042) (0.063) (0.047) (0.054) (0.064)
to higher general schoolb -0.014 -0.001 -0.015 -0.013 -0.007

(0.014) (0.024) (0.020) (0.021) (0.021)
Panel B: Downgrading
to low trackc 0.022** 0.021 0.017** 0.046** -0.002

(0.009) (0.016) (0.008) (0.020) (0.014)
to low track or 0.073** 0.039 0.089** 0.138*** 0.010
higher vocational schoold (0.030) (0.042) (0.038) (0.044) (0.034)

Observations 8136 3964 3940 4508 3628

Notes: See notes in table 3 for description of estimation sample. All estimations are probit instrumental
variables regressions of different binary indicators for upgrading and downgrading in grade 9 on observed age
at track choice in grade 5, instrumented by assigned age. The high track includes higher general and higher
vocational schools, the low track includes prevocational and intermediate vocational schools.
aBinary indicator that is one for students who change from the low track to the high track, and zero otherwise.
High track students in grade 8 are included although they cannot upgrade.
bBinary indicator that is one for students who change from the low track to the higher general school, and zero
otherwise. High track students in grade 8 are included although they cannot upgrade.
cBinary indicator that is one for students who change from the high track to the low track, and zero otherwise.
Low track students in grade 8 are included although they cannot downgrade.
dBinary indicator that is one for students who change from the high track to the higher vocational school or the
low track, and zero otherwise. Low track students in grade 8 are included although they cannot downgrade.

Columns (7)-(10) of table 3 present results from separate regressions for schools

located in urban and rural areas. The classification is based on the location of

the school attended in grade 9, i.e. we assume that students who attended a rural

(urban) school in grade 9 also attended a rural (urban) school in grade 8. Urban

areas are defined as municipalities with more than 15.000 inhabitants.21 We find

no relative age effect on the probability to attend a high track school for students

who attend schools in rural areas, neither in grade 8 nor in grade 9. In urban

areas, older students are 18.4 percentage points more likely to attend the high track

than younger students in grade 9. In grade 8, the relative age effect amounts to

24.4 percentage points in urban areas. Note that the result for grade 8 in the urban

sample is comparable to the estimated effect for the city of Linz presented in the last

column of table 2. As table 4 shows, the decrease in the relative age effect between

21In 2001, Austria was divided into 2,359 municipalities, 32 of which had more than 15,000
inhabitants.
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grade 8 and grade 9 in urban areas is due to older students being 4.6 percentage

points more likely than younger students to downgrade from the high track to the

low track. These students are also more likely to change from the higher general to

the higher vocational track.

The heterogeneity in the estimated effect between rural and urban areas can be

explained by a considerable lower supply of high track schools for grades 5–8 in rural

areas. While about 80 percent of students in rural areas attend low track schools

until grade 8, only about 45 percent of students in urban areas attend the low

track.22 Given that high ability students are more likely to attend the high track,

a low supply of high track schools implies that most students at the middle and

the bottom of the ability distribution will attend a low track school. If relative age

matters more for students at the middle of the ability distribution than for students

at the top or the bottom, a low supply of high track schools may be the reason for

the absence of the relative age effect in grade 8 in rural areas.

A low supply of high track schools also implies that the average ability of low

track students in grades 5–8 is higher and that the students’ peer groups are more

heterogenous compared to a situation were the supply of high track schools is high.

Rural low track schools are almost similar to comprehensive schools which implies

that the first tracking actually occurs in grade 9. This postponement may be re-

sponsible for the absence of relative age effects in grade 9 in rural areas. In contrast,

in urban areas, where almost 50 percent of all students attend a high track school

until grade 8, early tracking leads to a persistent age effect.23

While there is some concern that we misclassify some of the students because

we only know the location of the school a student attended in grade 9, we are

confident that the classification error cannot explain the magnitude of our estimates,

22Statistics Austria (various years). Own calculations for the school year 2009/2010.
23One may object that comprehensive schools are more efficient only in rural areas because

students are more homogenous there. In fact, we find the opposite pattern; the standard deviation
of the index of parental socioeconomic status is higher for students in rural than in urban areas
(see table 3).
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in particular the difference in the effects for urban and rural areas. Our results would

be biased if either older rural students were more likely than younger rural students

to change to high track schools in urban areas, or younger rural students were more

likely than older rural students to change to low track schools in urban areas. If

one of these hypotheses were true, we would expect differences in the distribution

of students across birth months between the urban and the rural sample. We find

no evidence that the proportion of older students is higher in the urban sample.

6.3 Sensitivity analysis

This section provides sensitivity tests with respect to the random assignment as-

sumption and the monotonicity assumption.

Random assignment. Based on our administrative data we perform two sensitiv-

ity tests to show that we are not confounding the causal effect of relative age with

season of birth effects. Recent research suggests that season of birth might be cor-

related with family background. Buckles and Hungerman (2008) find for the U.S.

that children born in the first quarter are more likely to have a less favorable family

background. To meet these concerns, table 5 presents results for a restricted sample

and from regressions with quarter of birth dummies as additional control variables.

The restricted sample includes only students born closely before and after the cutoff

date, i.e. students born in August or September. The estimated coefficients from

the restricted sample are very similar to the coefficients from the sample including

all birth months. Furthermore, including quarter of birth dummies does not signif-

icantly change our results. Since our PISA data provides information on parental

characteristics, we re-estimate our baseline model augmented by control variables for

the highest parental socioeconomic status (ISEI, Ganzeboom et al., 1992) and the

parents’ highest education level (measured in ISCED categories, UNESCO, 2006).
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Results do not differ significantly, indicating that our instrument is not correlated

with parental background.24

Table 5: Sensitivity checks: Random assignment

Administrative dataa Pisa datab

Restricted sample + Quarter of birth + SES & educ
Grade 5 Grade 8 Grade 5 Grade 8 Grade 8 Grade 9

IV-Probitc 0.196*** 0.169*** 0.155*** 0.126*** 0.140*** 0.088*
(0.043) (0.044) (0.031) (0.032) (0.040) (0.047)

First staged 0.309*** 0.309*** 0.380*** 0.380*** 0.448*** 0.471***
(0.015) (0.015) (0.012) (0.012) (0.019) (0.019)
[457.5] [457.5] [2319] [2319] [521] [556]

Reduced forme 0.065*** 0.055*** 0.061*** 0.047*** 0.062*** 0.042*
(0.015) (0.015) (0.013) (0.013) (0.018) (0.024)

Observations 4,263 4,263 25,248 25,248 8,136 8,136

Notes: Robust standard error in parentheses. ***, ** and * indicate significance at the 1-percent, 5-percent and
10-percent level.
aAdministrative student-level data for the city of Linz. The sample consists of students observed in grade 5 between
1984-2001. The restricted sample includes only students born in August or September. The same students are
observed in grades 6–8. Control variables are: sex, immigrant background and year dummies.
bData from PISA waves 2003 and 2006. Control variables are: sex, immigrant background, pisa wave dummy, an
index of parental socioeconomic status (SES) and parents’ highest education level (educ).
cIV-Probit estimation of a binary indicator for attending a high track school on observed age at track choice,
instrumented by assigned age.
dOrdinary least squares estimation of observed age at track choice on assigned age. F-statistics on the excluded
instrument in brackets.
eProbit estimation of a binary indicator for attending a high track school on assigned age.

Monotonicity. As discussed in section 5, our instrument does not affect all students

in the same way, i.e. the monotonicity assumption is violated. We suggest the

following sensitivity check: We redefine our treatment and assignment variable such

that the monotonicity assumption is fulfilled and analyze whether our results show

the same patterns as those from our baseline regressions.

Our redefined assignment variable (old) is a binary variable that is equal to one

if a student is born within six months after the cutoff date (between September

and February) and zero otherwise. The first group includes students who would be

among the older students within grade if they followed the school enrollment rule.

In contrast, students born between March and August would be among the younger

students. Similarly, we recode our treatment variable (among the older) to a binary

24See als table A.2 in the appendix for results from regressions of background characteristics on
the instrument.
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variable that equals one for students who actually are among the older students, i.e.

students who are at least 10.5 years at the first tracking and at least 14.5. years old

at the second tracking. For the redefined variables the monotonicity assumption is

fulfilled if there is no single student who would enroll early if born in September,

but would enroll late (or repeat a grade) if born in August. In other words, defiers

are students who would make their track choice for grade 5 in the year they turn 9

if born in September, but would delay their track choice to the year they turn 11 if

born in August. Since this behavior seems unlikely, we are confident that the binary

instrument fulfills the monotonicity assumption.

Table 6 presents IV, reduced form and first stage estimates from linear probability

models. The interpretation of the coefficients is different compared to our baseline

estimates that use assigned age as an instrument for observed age.25 Our baseline

estimates show the effect of an age difference of 11 months on the probability to

attend the high track. In contrast, the coefficients presented below are based on

the comparison of the group of older students with the group of younger students.

Thus, the estimated age effect corresponds to an average age difference of 6 months.

Although the magnitude of the estimated effects is not comparable to our baseline

results, the conclusions are the same. Older students are 5.3 percentage points

more likely than younger students to choose a high track school in grade 5. In the

sample of all Austrian students, the relative age effect amounts to 6.3 percentage

points in grade 8 and 3.6 percentage points in grade 9 (significant at the 10-percent

level). Comparing urban and rural areas and students from more favorable and

less favorable parental backgrounds, we find the same patterns as in our baseline

regressions presented in tables 2 and 3.26

25Note that our baseline estimates are obtained from probit instrumental variables models. Re-
sults from linear probability models are similar.

26Results from regressions that use assigned age as an instrument for being among the older
students are somewhat larger but show the same pattern as the estimates presented in table 6.
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6.4 School tracks and labor market outcomes

We have shown that relative age is an important predictor of track choice in Austria.

Relatively younger students are more likely to end up in low track schools during

grades 5–8. After the second tracking in grade 9, younger students do not fully

catch up. We find substantial age effects for students from lower socioeconomic

backgrounds and for urban areas.

The educational disadvantage of relatively younger students most likely perpet-

uates to the labor market. To the best of our knowledge, there are no studies

investigating the causal effect of holding a certificate of a high track school or a

university education on labor market outcomes in Austria or Germany. However,

descriptive evidence shows that higher school certificates are associated with higher

earnings on the labor market in Austria (Fersterer and Winter-Ebmer, 2003) and

Germany (Dustmann, 2004; Mühlenweg and Puhani, 2010).

We present additional descriptive evidence for Austria in table 7. We run weighted

OLS regressions for 25–55 year-old individuals, using consistent cross-sections of the

Mikrozensus 1991, 1993, 1995 and 1997. The Mikrozensus is a 1-percent represen-

tative sample of the Austrian population and includes information on education,

labor market status and net earnings. Education is measured by the highest edu-

cational qualifications (compulsory schooling, apprenticeship training, intermediate

vocational school, higher vocational school, higher general school and university

education).

Table 7 presents regression results of labor market outcomes on educational at-

tainment. First, we construct a dummy variable for all high track schools (panel

A)27, second, we investigate the different types of high track education separately

(panel B) and finally, we distinguish between individuals living in rural and urban

areas (panel C).

27Since only the high track schools (higher vocational and general schools) conclude with a
university entrance exam, we assume that individuals holding a university education have attended
a high track school.
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High track schools are positively associated with labor market outcomes, such

as increased employment, a lower risk of unemployment and higher wages. On

average, the earnings of workers with high track education are roughly 30 percent

higher compared to workers with low track education. As can be seen in panel B,

most of these results are found for all types of high track education, although largest

for individuals holding a university education, their wages are 36–40 percent higher.

When comparing rural and urban areas, we find the returns to high track education

to be significantly higher in urban areas.

Overall, the returns to high track education are very high in Austria. The educa-

tional disadvantage of younger students in urban areas and from lower socioeconomic

backgrounds are likely to have major consequences for their life time earnings.
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7 Conclusions

In this paper, we study the secondary school track choice of Austrian students. By

international standards, educational tracking occurs very early in Austria. Students

have to choose between an academic track and a vocational track at the age of 10.

We argue that in education systems where first tracking occurs early, track choice

is strongly influenced by factors other than innate ability and provide evidence that

the relative age at track choice is one such factor.

Combining administrative student-level data from the city of Linz with data from

two PISA waves, we are able to study relative age effects on track choice in grades

5–9, thus providing a comprehensive picture of the relative age effect on early and

later track choices. Furthermore, we contribute to the existing literature not only

by providing evidence for an additional country with early tracking but also by

investigating heterogeneous age effects for different groups of students.

Our study shows that younger students are significantly less likely to attend a

high track school than their older peers in grades 5–8. Beyond grade 8, students

again have to choose between different educational tracks. The second tracking may

mitigate the relative age effect if students who were assigned to the wrong track

because of their age-related disadvantage manage to upgrade to the high track in

grade 9. On average, we do not find a significant effect of relative age in grade 9.

However, we find evidence for important heterogeneities in the relative age effect

with respect to parental background and the location of the school.

While the relative age effect disappears for children from more favorable parental

backgrounds, the second tracking reinforces the effects for children from less favor-

able parental backgrounds. In this group, younger students are about 21 percentage

points less likely to choose a high track school than their older peers in grade 9.

The magnitudes of the estimated effects are substantial given that 56 percent of all

students and 40 percent of students from lower socioeconomic backgrounds attend a
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high track school in grade 9. We conclude that relative age effects reinforce existing

socioeconomic inequalities in a system of early tracking.

Furthermore, we find no relative age effect on the probability to attend a high

track school for students who attend schools in rural areas, neither in grade 8 nor in

grade 9. In urban areas on the other hand, younger students are less likely to attend

the high track than older students in grade 8 and grade 9. Again, the magnitude

of the relative age effect is substantial. Students who are 11 months younger at the

time of track choice are about 24 percentage points less likely to choose a high track

school in grade 8 and about 18 percentage points less likely to choose a high track

school in grade 9.

We suppose that the absence of a relative age effect in rural areas is related to the

low supply of high track schools for grades 5–8 in rural areas. Since 80 percent of

students in rural areas attend the local low track school until grade 8, these schools

are almost like comprehensive schools; in fact, students are first tracked in grade

9. This postponement may be responsible for the absence of relative age effects in

grade 9 in rural areas. Although we cannot directly show whether the allocation of

students to tracks would be more efficient if the first tracking occurred later, the

difference in the relative age effect between urban and rural areas gives some indirect

evidence that this would be the case.

In contrast to related studies (e.g. Jürges and Schneider, 2011; Mühlenweg and

Puhani, 2010), we provide a sensitivity check with respect to the monotonicity as-

sumption. Recent research (Barua and Lang, 2009) suggests that this assumption is

violated because the instrument does not affect all students in the same way. We re-

define our treatment and assignment variable such that the monotonicity assumption

is fulfilled and show that our conclusions do not change.
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Appendix

Figure A.1: Distribution of parental socioeconomic status across birth months
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Table A.1: Summary statistics

Mean St.Dev.

Panel A: Administrative student-level data (Linz)a

High track (grade 5) 0.45
High track (grade 8) 0.41
Enrollment:

Regular 0.80
Late 0.18
Early 0.02

Repeated class (grade 2-4) 0.04
Repeated class (grade 5-8) 0.06
Observed age at track choice (grade 5) 10.67 0.46
Assigned age at track choice (grade 5) 10.46 0.29
Female 0.49
Immigrant background 0.05
Observations 25,248

Panel B: PISA waves 2003 and 2006 (Austria)b

High track (grade 8) 0.29
High track (grade 9) 0.56
Enrollment:

Regular 0.79
Late 0.17
Early 0.04

Repeated class (grade 2-4) 0.02
Repeated class (grade 5-8) 0.03
Repeated class (grade 9) 0.04
Observed age at track choice (grade 5) 10.62 0.64
Observed age at track choice (grade 9) 14.65 0.63
Female 0.49
Immigrant background 0.10
Urban area 0.55
Index of parental socioeconomic statusc 48.13 0.32
Parents’ highest education:d

Isced 0 or 1 (Primary) 0.01
Isced 2 (Lower secondary) 0.04
Isced 3b or 3c (Intermediate secondary) 0.33
Isced 3a or 4 (Higher secondary) 0.14
Isced 5a or 5b or 6 (Tertiary) 0.47

Observations 8,136

Notes: aThe sample consists of students observed in grade 5 between 1984-2001 and excludes
students in special education. bData from PISA waves 2003 and 2006. The sample excludes
students in special education (0.83 percent) and students with missing values in our main vari-
ables: attendance of high track in grade 8/9 and observed age in grade 5/9 (2.87 percent). cThe
higher ISEI score (International Socio-Economic Index of Occupational Status, Ganzeboom et al.
(1992)) of either parent or the only available parent’s ISEI score and varies between 16 and 90.
The index is missing for 3 percent of the sample. dHighest parental education derived from
ISCED categories (UNESCO, 2006).
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Table A.2: Regressions of background characteristics on instrument (assigned age)

Coeff. SE Mean

Panel A: Administrative student-level data (Linz)

Immigrant background -0.004 (0.004) 0.05
Female -0.017* (0.010) 0.49
Residential area in grade 1:a

1 -0.001 (0.002) 0.01
2 -0.008 (0.005) 0.08
3 -0.002 (0.005) 0.06
4 0.001 (0.003) 0.03
5 -0.002 (0.003) 0.02
6 -0.004 (0.004) 0.04
7 -0.002 (0.003) 0.02
8 0.007 (0.005) 0.06
9 0.000 (0.003) 0.02
10 0.000 (0.004) 0.04
11 0.001 (0.005) 0.05
12 -0.003 (0.004) 0.04
13 0.002 (0.005) 0.07
14 0.009* (0.005) 0.06
15 0.004 (0.004) 0.05
16 0.006 (0.004) 0.04
17 0.001 (0.005) 0.06
18 -0.007* (0.004) 0.04
19 -0.004 (0.003) 0.03
20 -0.004 (0.004) 0.05
21 -0.001 (0.002) 0.01
22 0.002 (0.003) 0.02
23 -0.000 (0.003) 0.03
24 0.003 (0.006) 0.08

Panel B: PISA waves 2003 and 2006 (Austria)

Immigrant background -0.000 (0.011) 0.10
Female 0.009 (0.021) 0.49
Index of parental socio-economic status 0.284 (0.640) 48.13
ISEI below sample mean -0.002 (0.019) 0.50
Urban area -0.021 (0.025) 0.55
Highest parental education:

Primary or less 0.006 (0.004) 0.01
Lower secondary -0.002 (0.007) 0.04
Intermediate secondary 0.005 (0.017) 0.33
Higher secondary -0.007 (0.013) 0.14
Tertiary -0.003 (0.018) 0.47

Lower secondary or less 0.003 (0.009) 0.05
Higher secondary or more -0.010 (0.018) 0.62

Notes: Ordinary least squares regression of observed characteristics on assigned age. See table A.1
and Section 4 for a description of the samples and variables. ***, ** and * indicate significance at
the 1-percent, 5-percent and 10-percent level. aResults are similar when we aggregate the 24 statistical
districts to 7 quarters.
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