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Abstract: In this study, we analyse the long-term effects of school starting age on smok-
ing behaviour and health in adulthood. School entry rules combined with birth month
are used as an instrument for school starting age. The analysis adopts the German Socio-
Economic Panel data and employs a fuzzy regression discontinuity design. The results
reveal that school starting age reduces the long-term risk to smoke, improves long-term
health, and affects physical rather than mental health. In addition, we find that the
relative age composition of peers and the school environment are important mechanisms.
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1 Introduction

Smoking results in significant healthcare costs (Wacker et al., 2013; Xu et al., 2015) and
is considered the leading cause of preventable deaths (WHO, 2015a). According to the
World Health Organization, in 2013, the share of tobacco smokers among persons aged 15
years and above was 18.1% in the US, 20.3% in the UK and 30.7% in Germany (WHO,
2015b).1 It is, thus, imperative to understand the determinants of smoking behaviour,
particularly for policymakers, to reduce the prevalence of smoking, and thereby, improve
the health status of the population and decrease smoking-related healthcare costs.

Smoking habits are generally formed during childhood and adolescence and persist
into adulthood. In Germany, the average age to start smoking was 17.3 years among
35–39-year-olds in 2013 (Destatis, 2014). In the US, 88.2% of adults who had smoked
daily at some point reported trying their first cigarette by the age of 18 years (U.S.
Department of Health and Human Services, 2012). Gruber and Zinman (2000) show that
adolescent smoking is a strong predictor of adult smoking and a percentage point increase
in adolescent smoking translates into a 0.25–0.5 percentage points higher likelihood to
smoke by those adolescents as adults. Chassin et al. (1996) find that smoking rates do
not significantly decline among those in their late twenties and this pattern is stable
across birth cohorts. Thus, analysing factors determining smoking behaviour in early life
is important to prevent adolescents from smoking in their adulthood.

Sacerdote (2011) compiles a literature review and points out the role of school peers in
social outcomes such as smoking and health. Norton et al. (1998), Gaviria and Raphael
(2001) and Powell et al. (2005) find that an increase in the share of student smokers in
school increases an individual’s risk to smoke in adolescence. A recent strand of literature
analyses the effects of individual school starting age on social outcomes in adolescence.2

Students who start school relatively young are exposed to the behaviour of older class
peers. School starting age, therefore, does affect social outcomes through relative age
differences among class peers. Related studies have examined the effects of school starting
age on several outcomes including non-cognitive skills, educational attainment and labour
market outcomes (e.g. Bedard and Dhuey, 2006; Puhani and Weber, 2007; McEwan and
Shapiro, 2008; Elder and Lubotsky, 2009; Dobkin and Ferreira, 2010; Mühlenweg and
Puhani, 2010; Black et al., 2011; Mühlenweg et al., 2012; Fredriksson and Öckert, 2014;
Dustmann et al., 2016; Landersø et al., 2016).

However, few studies have analysed the impact of school starting age on smoking
behaviour and health. Argys and Rees (2008) find that female adolescents who enrol in

1The World Health Organization standardises national smoker rates by applying age-specific smoker
rates by sex in each population to a statistical standard population to enable cross-country comparisons.

2This branch of literature and our study exploit legal school starting age cut-offs to analyse the effects
of relative differences in individual school starting age. By contrast, Fletcher and Kim (2016) analyse the
effects of shifts in school entry cut-offs that change the general school starting age.
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school at a relatively young age face a higher risk of smoking in grades 6–12. Black et al.
(2011) find that 18-year-old male conscripts who started school relatively young show
slightly poorer mental health in military medical inspection. Several studies show that
young school starters are more likely to be diagnosed with attention-deficit/hyperactivity
disorder (ADHD) in childhood and adolescence (Elder and Lubotsky, 2009; Elder, 2010;
Evans et al., 2010; Morrow et al., 2012; Schwandt and Wuppermann, 2016).3 Exploiting
school entry cut-off dates, Anderson et al. (2011) show that an additional year of education
does not impact children’s body mass index or their likelihood of being obese.

Despite the contributions of these studies, the evidence on school starting age effects on
smoking behaviour and health remains relatively sparse. Moreover, the literature focuses
on the short-term effects of school starting age in adolescence and young adulthood owing
to data restrictions. Thus, whether the effects of school starting age on smoking behaviour
and health in adolescence persist into adulthood remains an open question. From a policy
perspective, it is important to determine whether the effects of school starting age remain
stable or vanish over time.

In this study, we go beyond adolescence and examine the causal long-term effects of
school starting age on smoking and health among adults in their late thirties. We employ a
fuzzy regression discontinuity design to account for the endogeneity of school starting age
because some parents time their children’s school enrolment with respect to (unobserved)
child characteristics, such as preschool health and perceived school readiness. Exogenous
cut-off dates for school entry, as per which a child must be six years old to enter primary
school, are used as an instrument for school starting age. The analysis utilises survey
data from the German Socio-Economic Panel (SOEP). We find that an increase in school
starting age by one month reduces the long-term risk of smoking by about 1.3 percentage
points (4%) and increases the long-term likelihood of reporting good or very good health
by about 1.6 percentage points (2.4%). The effects on self-rated health can be explained
on the basis of changes in physical rather than mental health. Moreover, an increase in
school starting age lowers the average age of friends in adulthood; we interpret this result
as evidence that suggests the importance of school peers’ age composition as a mechanism
through which school starting age affects smoking behaviour and health. Furthermore,
we show that school environment partly explains the effects of school starting age by
exploiting the association between the type of secondary school degree and peer smoking
intensity.

Our study makes the following three contributions to the literature. First, we com-
plement the literature on the effects of school starting age on smoking behaviour, overall
health, and physical and mental health. Second, we are able to estimate long-term effects

3These studies interpret the higher number of diagnoses among younger school starters as misdiag-
noses, which is confirmed by Dalsgaard et al. (2012).
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of school starting age on these outcomes. Third, we shed light on mechanisms through
which school starting age affects smoking behaviour and health.

School starting age is expected to affect smoking behaviour and health through, first,
the age composition of school peers, and second, school environment. School entry cut-off
dates create exogenous variation in the relative age composition of class peers. Students
born just before the cut-off are supposed to start school one year earlier than those born
immediately after the cut-off—thus, students’ age in the same class can differ by almost
a year. Age is also an important factor affecting smoking behaviour in adolescence.
Figure 1 illustrates that the share of smokers in Germany significantly increases by age.4

The relationship between age and smoking prevalence implies that students who started
school relatively young are confronted by peers who smoke earlier. Young school starters
are, therefore, more likely to start smoking than old school starters in the long term,
because the former are exposed much earlier in life to peers who smoke.

As for school environments, Germany has a school tracking system that assigns stu-
dents to different secondary school types at the age of 10. Jürges and Schneider (2007),
Puhani and Weber (2007), Mühlenweg and Puhani (2010) and Dustmann et al. (2016)
show that entering primary school older increases the likelihood of entering secondary
schools of higher tracks. High-track schools offer a better school environment than low-
track ones. Figure 2 shows that the share of smokers is 20% in low-track schools and 8%
in high-track schools among students who are 12–15 years old. Students who started pri-
mary school relatively young are thus, more likely to be exposed to a school environment
with a higher number of smokers. School starting age is, therefore, expected to increase
the risk of smoking and decrease long-term health through both the age composition of
class peers and school environments.

The remainder of this paper is structured as follows. Section 2 describes the SOEP
data and outcome variables. Section 3 explains the identification strategy, the German
school entry rule used as an instrument for school starting age and the validity of the
identifying assumptions for the fuzzy regression discontinuity design. Section 4 shows the
descriptive statistics. Section 5 presents the main results and several robustness checks.
Section 6 discusses potential mechanisms through which school starting age may affect
smoking behaviour and health with focus on the role of school peers. Section 7 concludes
the paper.

4Figures 1 and 2 are based on data from the German Health Interview and Examination Survey for
Children and Adolescents (KiGGS), 2003–2006, administered by the Robert Koch Institute. KiGGS is
a nationwide clustered random sample of 17,641 children and adolescents (0–17 years) and their parents
(Hölling et al., 2012).
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2 Data

We use data from the German Socio-Economic Panel (SOEP), which is an annually con-
ducted, representative household survey (Wagner et al., 2007). The SOEP includes about
30,000 individuals living in roughly 11,000 households in Germany. Adult members of the
household are interviewed about their socioeconomic and demographic characteristics.
The SOEP offers a rich set of information such as income, employment, education and
health and has been used to analyse health-related questions such as the effects of pub-
lic smoking bans on smoking behaviour (Anger et al., 2011), spousal job loss on mental
health (Marcus, 2013) and retirement on health (Eibich, 2015).

2.1 Sample

We include respondents who provided complete information regarding the analysis’ out-
comes and covariates. The sample comprises respondents who grew up in households that
participated in the SOEP when they were children or adolescents (about 17.5% of the sam-
ple) and respondents who entered the panel after maturity (about 82.5%). We conduct
robustness checks to show that our results are robust to the exclusion of adolescents and
young adults.

In the main specifications, we use the first available observation of each respondent
separately for each outcome and neglect repeated observations for two reasons. First,
Eibich (2015) and Godard (2016) show that retirement reduces the likelihood of smoking
and improves health. The inclusion of observations close to retirement may, therefore, bias
the effect of school starting age on smoking behaviour and health. Second, the use of ob-
servations that are closest to a respondent’s schooling period allows us to more accurately
gauge the mechanisms through which school starting age affects smoking behaviour and
health. Thus, we use cross-sectional data comprising respondents interviewed in different
survey years at varying ages. The robustness checks show that the main results are robust
to both the inclusion of all available observations for each respondent and exclusion of
respondents at least 60 years old.

While the literature on the effects of school starting age on smoking behaviour and
health is limited to short-term effects owing to data restrictions, the SOEP allows us
to look beyond adolescence. The respondents in the estimation sample are, on average,
37 years old.5 It is, therefore, possible for us to analyse the long-term effects of school
starting age on smoking behaviour and health.

5Table A-1 shows that respondents’ average age at the time of the SOEP interview is about 35.5–37.9
years, depending on the analysed outcome and specification. Furthermore, it shows that respondents’
age does not statistically differ between persons born before or after the cut-off.
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2.2 Outcomes

We use adult smoking behaviour and subjective and quasi-objective6 health measures as
outcomes to analyse the long-term relationship between smoking behaviour and health
and the effect of school starting age on both. Information on health and health-related
behaviour is available in the SOEP either annually or for certain waves.7 Whereas annual
self-rated health data are available for 1992–2013, those on smoking behaviour are avail-
able from 1998 onwards for roughly every second year. The SF12 measures of physical
and mental health are available since 2002 and for every second year. Consequently, the
sample size varies from 1,674 to 3,856 in the preferred specifications across outcomes.

To analyse smoking behaviour, we use an indicator variable that takes the value one
if the respondent was a smoker at the time of the study and zero otherwise. We adopt
the self-rated health, physical health and mental health scores as health measures. For
self-rated health, respondents are asked to assess their current health on a five-point scale,
where 1 is ‘bad’ and 5 is ‘very good’. Because self-rated health is an ordinal variable, we
use an indicator based on self-rated health as an additional outcome for a more intuitive
interpretation of the effect. The indicator takes the value of one for ‘good’ and ‘very good’
health and zero otherwise.

The physical and mental health scores are taken from the continuous quasi-objective
SF12. The SF12 is a concise instrument to measure physical and mental health and is
based on a set of 12 questions about various health aspects, including body pain and
emotional functioning. The 12 questions are aggregated to eight subscales, which in turn,
are used to calculate the physical and mental health scores using an exploratory factor
analysis. Both scores are continuous and normalised to have values ranging from 0 to 100,
with a mean of 50 and a standard deviation of 10 in the 2004 SOEP sample (Andersen
et al., 2007). A higher value indicates better physical or mental health. Studies have
found that the SF12 and therefore, the physical and mental health scores are valid and
reliable and perform well compared to other brief health measures (Ware et al., 1996;
Salyers et al., 2000).

To shed light on potential mechanisms through which school entry age might affect
smoking behaviour and health, we analyse three measures on the respondents’ social
networks as additional outcomes: 1) number of friends 2) average age of friends and 3)
relative age of friends (average age of friends divided by respondent’s age in years). Both
age measures exclude family members and relatives. All three measures are related to the
respondent’s network at the time of the SOEP interview. The descriptive statistics of the
outcomes are shown in Table 1 and detailed in Section 4.

6‘Quasi-objective’ means that the respective health measure enables health comparisons across differ-
ent groups of persons (e.g. age groups).

7Table A-2 in the Appendix provides an overview of the availability of outcome measures across SOEP
waves.
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3 Research Design

Our main variable of interest in the analysis is school starting age measured in months.
An OLS regression of smoking behaviour and health on school starting age is unlikely
to uncover the causal effects of school starting age and would result in biased estimates
because school starting age is likely to be endogenous. Parents might determine the school
entry age of their children strategically by accounting for factors that are unobserved in the
data. They could be concerned about their children’s preschool health or health-related
factors such as school readiness and thus, might move up or postpone their children’s
school enrolment (Graue and DiPerna, 2000; Stipek, 2002).

To resolve the endogeneity of school starting age, the economic literature utilises ex-
ogenous school entry rules as an instrument. The German school entry rule has been
used to study the effects of school starting age on the likelihood of attending higher track
schools (Jürges and Schneider, 2007; Mühlenweg and Puhani, 2010), test scores at the
end of primary school (Puhani and Weber, 2007), and long-term labour market outcomes
(Dustmann et al., 2016).

We adopt a fuzzy regression discontinuity design to analyse the long-term effects of
school starting age on smoking behaviour and health outcomes using the German school
entry rule as an instrument for school starting age. The school entry rule determines
whether a child is supposed to start school in year t or year t+ 1, depending on the
month of birth. We estimate a local average treatment effect (LATE), which is the causal
effect for compliers, that is, children who start school according to the legal age-based
school entry rule (Hahn et al., 2001).

3.1 School Entry Rule and Instrument

In Germany, a child’s date of birth determines the intended date of entry into primary
school. The academic school year in each federal state of Germany is from August 1st to
July 31st.8 Children who turn six by June 30th in year t are supposed to start primary
school on August 1st in year t, while those who turn six on July 1st or after in year t
must start primary school on August 1st in year t+ 1.

Note that different school entry cut-offs existed before harmonisation in Germany.9

8Before the German reunification in 1990, the starting month differed by federal state. Before 1964,
the starting month in the Federal Republic of Germany was April or August. However, in 1964, the
Hamburger Abkommen harmonised the start of primary school to August 1st. The starting month in the
German Democratic Republic was September 1st but in 1990, it was also changed to August 1st.

9In the Federal Republic of Germany, some federal states had school entry cut-offs other than June
30th (about 21% of the sample), although this was later harmonised with the ratification of the Hamburger
Abkommen on October 28, 1964. Before the German reunification in 1990, the school entry cut-off in
the German Democratic Republic was May 31st (about 21% of the sample). However, following the
reunification, the federal states of the former GDR adopted June 30th as the cut-off, which is relevant
for about 58% of the sample.
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Because older and younger cohorts are pooled in the analysis, the instrument is coded
such that different cut-offs are incorporated. The differences in entry cut-offs for older
cohorts create additional variation in school starting age. The inclusion of cut-offs other
than the June 30th increases the generalisability of our results, because we can rule out
seasonal idiosyncrasy.

Parents, however, may still decide to enrol their children later or earlier than the school
entry rule stipulates. Nonetheless, there is considerable discontinuity in school starting
age at the school entry cut-off, as shown in the upper left graph in Figure 3. The abscissa
shows the distance between a person’s birth month and school entry cut-off month and
the ordinate shows the (observed) average school starting age (in months). Compliance
with the school entry rule is not perfect because the jump at the cut-off is less than eleven
months. Nonetheless, the school entry rule is a strong instrument as indicated by the
considerable discontinuity of about three months at the cut-off and the negative trends
to the left and right of the cut-off. Two months after the cut-off, this discontinuity even
increases to five months.

Therefore, we use the school entry cut-off to define the binary instrument olderi. The
instrument takes the value one if the respondent turned six after the cut-off in year t and
should have been enrolled in year t+ 1; it takes the value zero if the respondent turned
six before the cut-off in year t and should have been enrolled in year t.

For respondents whose household participated in the SOEP during their childhood
or adolescence, direct information for year and federal state of school start and school
starting age sai is available; by contrast, the same data are unavailable for those who par-
ticipated in the SOEP after maturity. For the former group, we construct the instrument
olderi by combining information on respondents’ date of birth, year and federal state of
school start. For the latter group, the highest school degree attained, the year in which
it was completed, and the federal state where it was completed are used to determine the
year and federal state of school start. In combination with respondents’ date of birth, we
construct the variable school starting age sai and instrument olderi. We discuss the pos-
sibility of measurement error in sai and olderi for individuals without direct information
regarding school starting age in Section 5 and show that the potential measurement error
is negligible.

3.2 Fuzzy Regression Discontinuity Design

We employ a fuzzy regression discontinuity design because compliance with the date of
birth cut-off is not perfect. However, we can still use the substantial discontinuity in
school starting age at the cut-off as an instrument (Imbens and Lemieux, 2008). The
fuzzy regression discontinuity design can be implemented using two-stage least squares
estimation (Angrist and Pischke, 2009). In the first stage, observed school starting age
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sai (measured in months) is regressed on the instrument olderi, where subscript i denotes
individual i:

sai = α0 + α1olderi + πX ′i + γb + γs + γw + ei. (1)

The estimate for α1 is expected to be positive. Xi is a vector of covariates predetermined
with respect to birth, including respondents’ gender, paternal and maternal school educa-
tion, and migration background.10 Further, the regression includes birth year indicators,
γb, indicators for the federal state where the child enrolled in primary school, γs, and
survey wave indicators γw; ei is an idiosyncratic error term.11

In the second stage, the outcome of interest yi is regressed on predicted school starting
age in months ŝai:

yi = β0 + β1ŝai + δX ′i + γb + γs + γw + ui, (2)

where X ′i, γb, γs and γw are the same as those in the first stage and ui is an idiosyncratic
error term.

There are two main approaches to implementing a (fuzzy) regression discontinuity
design. One can restrict the sample to a narrow bandwidth around the cut-off or use the
entire sample and model polynomial trends of the running variable around the cut-off (Lee
and Lemieux, 2010). In our main specifications, we restrict the sample to a two-month
window around the birth month cut-off (i.e. respondents born one month before and after
the cut-off) and a four-month window around the birth month cut-off (i.e. respondents
born two months before and after the cut-off). We implement this approach instead of
modelling trends for the entire sample because our running variable is discrete rather than
continuous, which renders the estimation of flexible trends using polynomials infeasible
(Angrist and Pischke, 2009). The advantage of estimating the effects in a narrow window
is a reduction in bias because observations close to the cut-off are more comparable in
terms of observable and unobservable characteristics. The disadvantage is the loss of
precision due to the loss of observations. In the robustness checks, we use the entire
sample and include linear trends of the running variable.

3.3 Identifying Assumptions

The two-stage least squares estimate for β1 uncovers the causal effect of school starting
age on the outcome of interest if three assumptions are fulfilled. First is the relevance

10The highest secondary school degree for the respondents’ mothers and fathers are measured using
three indicators: 1) upper secondary school degree (Abitur) 2) intermediate secondary school degree
(Realschulabschluss, Fachoberschulabschluss) and 3) lower secondary school degree (Hauptschulabschluss)
or no secondary school degree.

11Respondents who started school in the former GDR are assigned a GDR indicator.
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assumption: the instrument must be sufficiently partially correlated with school starting
age. The first-stage F-statistic is well above the conventional thresholds in each specifi-
cation in our analysis.12 Depending on the outcome and specification, the F-statistic is
greater than 60 in the two-month window and larger than 200 in the four-month window
in our main specifications (see Table 3).

Second is the exclusion restriction: birth month has no direct effect on smoking be-
haviour and health. The instrument should affect the outcomes only through school
starting age. In contrast to the US, there is no interaction between school entry age and
compulsory school leaving laws in Germany. Students in the US may leave school on
their 16th birthday, and thus, the date of birth affects the length of formal schooling. In
contrast, students in Germany must complete nine years of schooling, irrespective of their
date of birth and therefore, the length of formal schooling is unaffected.

Third is the independence assumption: respondents’ date of birth is random around the
school entry cut-off. Randomness implies that parents do not systematically manipulate
their children’s date of birth with respect to the school entry cut-off. The advantage
of using birth month as an instrument rather than birth quarter is that strategic birth
timing is more unlikely between adjacent months than between adjacent seasons.13

Figure 4 suggests that there is neither bunching at the cut-off with respect to the
number of observations per month nor systematic differences in the predetermined co-
variates around the cut-off. The comparison of the covariates’ means around the cut-off
in Panel 1 of Table 1 and the results of regressions that use the predetermined covariates
as outcome variables in Table 2 confirm the absence of systematic differences around the
cut-off. Both tests show that differences in covariates around the cut-off are generally
small in size and not significant.14 There are slightly significant differences in the share
of mothers with higher secondary school degrees and fathers with lower secondary school
degrees in the two-month window specification with covariates. However, these differences
are significant only at the 10% significance level and non-significant in all other specifi-
cations. Dustmann et al. (2016) analyse parental characteristics around the school entry
cut-off in the German Microcensus 2005 and do not find significant differences. Overall,
the evidence suggests that the identifying assumptions hold.

4 Descriptive Statistics

Table 1 presents the descriptive statistics of the sample for respondents who were born
before and after the school entry cut-off. The variables’ means and standard deviations

12Staiger and Stock (1997) suggest that an F-statistic of larger than 10 suffices.
13For example, Angrist and Krueger (1991) and Robertson (2011) used season of birth as an instrument.
14Moreover, Table A-4 shows that a father’s and mother’s age and occupational prestige are also

balanced around the cut-off.
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are shown for the two-month and four-month window. The descriptive statistics of the
covariates are reported in Panel 1 and those of the outcomes are in Panel 2.

Focusing on respondents born within the two-month window, the mean values of school
starting age show that respondents to the right of the cut-off are, on average, three months
older than respondents to the left of the cut-off. The age difference is also illustrated in
the upper left graph in Figure 3. Thus, the actual mean difference in school starting age
is three months and not eleven months, which would be expected if all children complied
with the school entry rule.

About 52% of the respondents in the sample are female and roughly 13% have some
migration background. The respondents’ fathers are more likely to have a higher sec-
ondary school degree than their mothers. Compared to 17% of fathers, only 11% mothers
have a high secondary school degree. However, 26% of the mothers hold an intermediate
secondary school degree compared to the 21% of fathers. The share of mothers and fathers
with either a low or no secondary school degree is roughly the same (59% mothers and
58% fathers).15

Panel 2 in Table 1 shows the mean differences in the outcome variables. The sample
size in the main analysis varies from 1,674 to 1,890 in the two-month window and 3,391 to
3,856 in the four-month window. In the robustness checks, the sample size varies between
10,400 and 11,784 when all months are included in the estimation.

The descriptive statistics of the two-month window show that the share of smokers
among respondents born before the cut-off is 32.4% and thus, 4.3 percentage points higher
than that of smokers among respondents born after the cut-off. This difference is almost
significant at the 5% significance level with a p-value of 0.051.

Furthermore, respondents born before the cut-off report, on average, significantly lower
health than those born after the cut-off. The absolute difference of about 0.138 is signif-
icant at the 1% level and about 15% of the variable’s standard deviation. Furthermore,
the share of persons who report being in good or very good health is about 5.4 percent-
age points lower among respondents born before the cut-off than those born after; this
difference is significant at the 5% level. The quasi-objective SF12 health measures show
that the mental health score does not significantly differ between both groups; however,
respondents born before the cut-off have a significantly lower physical health score on
average than those born after. In terms of one standard deviation, the difference in the
physical health score between both groups is about 11.6%.16 The results for the four-
month window confirm the results for the two-month window.

The descriptive statistics of the outcomes imply that individuals born before the school
15The values for school degree type do not aggregate to 100% because some respondents’ parents have

other or unspecified types of school degrees.
16The difference in the physical health score is divided by 10, which is the variable’s standard deviation

in the initial calibration of the SF12 score in the 2004 SOEP sample.
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entry cut-off are more likely to smoke and have worse health outcomes than those born
after the school entry cut-off. We consider these descriptive results to be rather infor-
mative because they resemble an unconditional reduced form estimate for the impact of
the distance between the birth month and school entry cut-off on smoking behaviour and
health.

5 Results

5.1 Main Results

Regressing smoking behaviour and health outcomes on school starting age using OLS
results in non-significant point estimates that are close to zero (Table A-3). Thus, the
OLS results suggest that school entry age has no long-term impact on smoking behaviour
and health. However, OLS estimation does not take into account that parents strategically
enrol their children in school with respect to factors unobserved in the data, and therefore,
yields biased estimates. For instance, parents of relatively precocious and independent
children might enrol them early and parents of relatively underdeveloped children might
enrol them late. Consequently, both moving up and postponing school entry are likely to
bias the OLS estimates towards zero.

The following results based on the fuzzy regression discontinuity design account for
the endogeneity of school starting age and show that school starting age has sizeable and
significant effects on smoking behaviour and health. Table 3 presents the main results
of the fuzzy regression discontinuity design. It shows the estimates of the causal effect
of a one-month increase in school starting age on the outcomes for the two- and four-
month window for three specifications. The first specification includes school starting
age as a sole covariate in the regression. The second specification includes indicators for
the respondent’s gender, birth year, federal state of school entry, and survey year. The
third specification comprises indicators for migration background and parental education.
The results are robust across specifications: the coefficients’ magnitudes and significance
report negligible changes. Our preferred specification is the two-month window including
all covariates because it most convincingly ensures that persons to the left and right of
the cut-off are comparable.

The preferred specification shows that a one-month increase in school starting age
decreases the risk of smoking later by about 1.3 percentage points (4.0%). This effect is
significant at the 5% level. Moreover, a one-month increase in school starting age increases
respondents’ health status. The coefficient for the effect of school starting age on the self-
reported health scale is 0.042 and significant at the 1% level. The effect corresponds to
about 4.5% of one standard deviation. Complementary, the likelihood to report at least
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good health increases by about 1.6 percentage points (2.4%) and is significant at the 5%
level.

The health effect is driven by physical and not mental health. The coefficients for the
effect of school starting age on mental health are non-significant.17 The physical health
score, however, significantly increases with school starting age; the coefficient of 0.364
corresponds to about 3.6% of one standard deviation. The results of the four-month
window confirm the results of the two-month window. The coefficients have the same
sign, are smaller in magnitude but still sizeable and are of similar statistical significance.

5.2 Robustness

The computation of school starting age sai and the instrument olderi for respondents
without direct information for year, federal state, and school starting age might create
measurement error in sai and olderi. We account for the measurement error in school
starting age sai using our implemented instrumental variable approach, where sai is in-
strumented by olderi.

The potential measurement error in the instrument olderi might be more problematic.
Determining a respondent’s relevant school entry cut-off by using information on both
the federal state and year of the latest school degree might create measurement error
in olderi if a respondent relocated across states with different cut-offs between the start
of primary school and the completion of secondary school. In the Federal Republic of
Germany, school entry cut-offs differed before their harmonisation in 1964. Nonetheless,
many federal states shared the same cut-off before harmonisation anyway.

The sub-sample of young respondents with direct information provides information on
the extent of mobility during school: only 3.6% of the respondents reported to have moved
across federal states between the start of primary school and completion of secondary
school. Moreover, the share of respondents who started school in the Federal Republic
of Germany before the harmonisation is 17.1%. By multiplying both shares, we estimate
that only 0.6% of respondents are misclassified in our sample. However, this figure is
likely to be an upper bound because mobility should be lower among older cohorts than
among younger ones. Moreover, not every mover relocated from one federal state to
another with a different cut-off. Because the risk of misclassifying persons is low, we
include respondents at risk of being misclassified to obtain statistical power. Nonetheless,
the exclusion of these respondents in Table 4 gives us similar results.

In the main analysis, we use the first available observation for each respondent.
Column 2 in Table 5 includes all available observations for each respondent in the es-

17Black et al. (2011) find that school starting age has a significant, but small effect on the mental
health of 18–20-year-old males. By contrast, we show that school starting age has no significant effect
later in life by including both males and females in the analysis.
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timation for the main specification, which restricts the sample to a two-month window
around the cut-off.18 The standard errors are clustered at the respondent level. In compar-
ison with the main results in column 1, the significance and magnitudes of the coefficients
remain largely unchanged.

Furthermore, columns 3–8 in Table 5 analyse the sensitivity of the main results by
including only certain age ranges in the estimation. To check whether the main results
are driven by young respondents in the sample, columns 3 and 4 include observations
for those aged 30 years and above and columns 5 and 6 include only observations for
those 40 years or older. Columns 7 and 8 include observations for those younger than
60 years to avoid the potential effects of retirement on smoking behaviour and health.
The point estimate for the effect of school starting age on smoking behaviour is hardly
affected and remains significant in all specifications. Although some point estimates for
the effect on self-rated health decrease in size and become non-significant for specifications
using only the first observation per respondent, the corresponding point estimates using
all observations per respondent remain significant.19 Similarly, the point estimates and
significances of school starting age on physical and mental health are barely affected.20

Overall, the results of Table 5 confirm the main results.
Moreover, Table 6 shows several alternative specifications that include all available

months in the estimation, instead of restricting the analysis to two- or four-month win-
dows. In addition to school starting age, the specifications include 1) no further covariates
2) one linear trend in the running variable (with and without covariates) and 3) sepa-
rate linear trends in the running variable on both sides of the cut-off (with and without
covariates).

The first stage equation with separate linear trends in the running variable and co-
variates is as follows:

sai = α0 + α1olderi + α2disti + α3disti · olderi + πX ′i + γb + γs + γw + ei.

The corresponding second stage equation is

yi = β0 + β1ŝai + β2disti + β3disti · olderi + δX ′i + γb + γs + γw + ui.

The running variable disti denotes the distance between a respondent’s month of birth
and the school entry cut-off; it is measured in months and takes on integer values between

18The results of restricting the sample to a four-month window around the cut-off are shown in
Table A-5.

19Note that the loss of significance is not surprising given the substantial decrease in the sample size.
20Two point estimates for the effect on mental health are significant at the 10% level when young

respondents are excluded from the estimation; however, this effect is non-significant when persons older
than 60 years are excluded. Moreover, the effect is always non-significant when a four-month window is
used instead of a two-month window (see Table A-5).
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-5 and 6. Note that the inclusion of quadratic trends would be problematic in the context
of this analysis because the running variable has a small number of values. The results in
Table 6 are in line with the main results. Overall, the various robustness analyses confirm
the main results.

Next, we address the degree of representativeness of the causal long-term effects. The
implemented fuzzy regression discontinuity design identifies the local average treatment
effect, which is the causal effect for the subgroup of compliers, that is, persons who
change their behaviour in compliance with the school entry rule. Table 7 shows that
36% of our sample and 40% of the treated respondents are compliers.21 The ratio of
the likelihood that a complier has a certain characteristic and the general likelihood that
a respondent has the same characteristic is close to one for the analysis’ predetermined
covariates. Thus, the group of compliers is similar to the entire sample with respect to
the analysis’ predetermined covariates. This similarity indicates that the estimated local
average treatment effect could be representative of the entire sample.

6 Mechanisms

In this section, we investigate potential mechanisms through which school starting age
might affect smoking behaviour and health. First, drawing on the SOEP, we show sug-
gestive evidence that school starting age affects smoking behaviour and health through
peers’ age composition. Second, we discuss several studies on Germany that show that
school starting age affects children’s likelihood to enter a higher secondary school track
and thus, their school environment. In addition, we analyse the importance of the school
environment mechanism for the effect of school starting age on smoking and health by
including the respondent’s school degree as a covariate in the regression. Third, we review
studies analysing the effect of school starting age on both grade retention and academic
achievement because retained students might experience more stress and mental strain,
and thus, are more likely to smoke. Fourth, we discuss the results of studies that analyse
the effects of school starting age on labour market outcomes.

Peer effects are likely to be an important mechanism because school starting age
affects the relative age of school peers. Manski (1993, 1995) points out that it is difficult
to disentangle peer effects on individual behaviour into 1) direct effects of peer behaviour
(endogenous effect) 2) effects of observed peer characteristics (contextual effect) and 3)
effects of unobserved peer characteristics (correlated effect).22 Most peer effect studies are

21To characterise compliers relative to the entire sample, we adopted the methodology as explained in
Angrist and Pischke (2009).

22For instance, the smoking behaviour of a person’s reference group might affect his/her own smoking
behaviour (endogenous effect). Moreover, an individual’s smoking behaviour may be influenced by the
observed socioeconomic status of the reference group (contextual effect). However, it might also be
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unable to distinguish between these effects, despite the availability of exogenous variation
in peer measures (Sacerdote, 2011). While the effect of school starting age on the relative
age of school peers is mainly an endogenous effect, other mechanisms discussed in this
section are a combination of endogenous, contextual, and correlated effects.

First, school starting age affects the relative age composition of peers and therefore,
the exposure to peer smoking in school. This mechanism can arguably be considered an
endogenous effect of peer behaviour. Figure 1 shows that the share of smokers tremen-
dously increases with age during childhood and adolescence. While the share of smokers
is close to 0% among 10–11-year-olds, it steadily increases with age to over 40% among
16–17-year-olds. Consequently, children who start school relatively young have peers and
friends in school who are both older and more likely to smoke. Thus, analysing the effects
of school starting age on the relative age composition of respondents’ friends is indicative
of the degree of peer smoking in school.

Table 8 shows fuzzy regression discontinuity results in which the characteristics of the
respondent’s network of friends measured in adulthood—i.e. the network of friends at
the time of the SOEP interview—are regressed on school starting age. The estimates
are an indication of the impact of school starting age on the characteristics of friends in
school under the assumption that childhood friendships persist into adulthood. Whereas
the number of friends is unaffected, both the average age and relative age of friends are
significantly affected by school starting age.23 Individuals who started school relatively
young are more likely to have older friends later in life and therefore, have increased
exposure to smoking in school through older classmates and friends.24

Second, school starting age affects a child’s likelihood to attend specific school types in
secondary education in Germany. Jürges and Schneider (2007), Mühlenweg and Puhani
(2010) and Dustmann et al. (2016) find that students who are relatively young at the
start of primary school are less likely to attend higher secondary school tracks. Figure 2
shows that the share of smokers in low-track schools is about 5 percentage points higher
than medium-track schools and about 11 percentage points higher than high-track ones.
Students in low-track schools are therefore, more exposed to peer smoking.

Moreover, students in low-track schools are subject to worse contextual and correlated
school and background characteristics than those in higher track schools. According to the
German Health Interview and Examination Survey for Children and Adolescents (Hölling
et al., 2012), 8.6% of students in low-track schools have at least one parent with an upper
secondary school degree compared to 45.7% students in high-track schools. Furthermore,

affected by the unobserved work environment that both the person and reference group share (correlated
effect).

23The relative age of friends is calculated by dividing the average age of friends by the respondent’s
own age.

24The results are robust to the use of all available months in the estimation with linear trends (see
Table A-6).
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Dustmann et al. (2016) show that the number of hours taught, teaching intensity and
learning goals considerably differ between school tracks. Jürges et al. (2011) show that
the increase in the number of high-track schools in post-war Western Germany reduced the
rate of smokers through an increase in education—a result that highlights the importance
of both years of education and school environment on smoking behaviour.

In Table 9, we include the respondent’s highest secondary school degree as a covariate
in the estimation to gauge the importance of school environments as a mechanism.25

In the two-month window, the effect of school starting age on smoking becomes non-
significant. Although the point estimate remains sizeable, it decreases in absolute size from
−0.013 to −0.009. Moreover, the effect on smoking remains significant in the four-month
window. The effect of school starting age on physical health becomes non-significant in
the four-month window, but remains significant in the two-month window. The effects
on both self-rated health measures remain significant but those on mental health remain
non-significant. The significant point estimates for the main specifications decrease in
absolute size between 13% for physical health and 31% for smoking behaviour. Thus,
school environments are a relevant mechanism, although they do not appear to be the
main mechanism through which school starting age affects smoking behaviour and health.

Third, school starting age might affect the likelihood of grade retention. Eide and
Showalter (2001), Elder and Lubotsky (2009) and Bernardi (2014) find that an increase in
kindergarten or school starting age lowers the risk of grade retention in the US and France.
However, Elder and Lubotsky (2009) show that kindergarten starting age increases the
likelihood of grade retention mainly in the first and second grade.26 For Germany, Fertig
and Kluve (2005) find that school starting age has no effect on the likelihood of an
individual repeating a grade in school.

Thus, school starting age affects grade retention only through the likelihood of repeat-
ing a grade in primary school. In contrast, students begin smoking in secondary school,
as shown in Figure 1. This result implies that grade retention is an unlikely mechanism
through which school starting age affects the likelihood to smoke. In fact, grade retention
should lower the risk of smoking among young school starters because it increases their
relative age.

Fourth, school starting age might affect smoking behaviour and health through labour
market outcomes. Black et al. (2011) find that an increase in school starting age lowers
short-term earnings in Norway; however, this effect disappears by the age of 30. Fredriks-
son and Öckert (2014) show that school starting age affects the timing of labour supply,

25For respondents who had not yet finished their secondary education, we included their current school
type as a covariate.

26Elder and Lubotsky (2009) reveal that a one-year increase in kindergarten entry age decreases the
likelihood of grade retention by 13.1 percentage points in the first and second grade and by 15.5 percentage
points in any grade in the first eight years of schooling.
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but not prime-age earnings in Sweden. Dobkin and Ferreira (2010) find for California
and Texas that school starting age has no impact on wages and employment probability.
Dustmann et al. (2016) show that school starting age affects the likelihood of students
of attending a specific type of secondary school track in Germany; however, there are
no long-term effects of tracking on wages, labour force participation, unemployment and
occupational choice. They attribute the absence of labour market effects to the flexibility
of the German education system, which mitigates mistracking of students.

Overall, school starting age is likely to affect smoking behaviour and health through
the relative age composition of peers in school and school environment. By contrast, grade
retention is unlikely to increase the risk of smoking because it is affected by school starting
age in early grades, while the incidence of smoking occurs in later grades. Labour market
outcomes is also an unlikely mechanism through which school starting age affects long-
term smoking behaviour and health: while there is some evidence of marginal short-term
effects, these effects rapidly disappear. Thus, peer effects are an important mechanism
through which school starting age affects long-term smoking behaviour and health.

7 Conclusion

In this study, we examine the long-term effects of school starting age on smoking behaviour
and health. Because parents may decide their children’s school starting age strategically
while considering, for example, the perceived child’s school readiness, we implement a
fuzzy regression discontinuity design to account for the endogeneity of school starting
age. We use exogenous school entry rules, which are based on children’s date of birth, as
an instrument for the observed school starting age. Our results show that school starting
age affects smoking behaviour and health in the long term.

The fuzzy regression discontinuity design results show that a one-month increase in
school starting age significantly reduces the long-term risk of smoking by about 1.3 per-
centage points and increases the long-term likelihood of reporting good or very good
health by about 1.6 percentage points. These estimates imply that an increase in school
starting age by 11 months—i.e. comparing children who are born in consecutive months
around the cut-off and comply with the school entry rule—reduces the risk of smoking
by 14.3 percentage points and increases the likelihood of reporting at least good health
by about 17.6 percentage points. In addition, controlling for the endogeneity of school
starting age is important: the effects of school starting age on smoking behaviour and
health estimated using OLS are severely biased towards zero and are non-significant.

Our study shows that the short-term effect of school starting age on adolescent smoking
found in previous studies persists into adulthood. Furthermore, our results are qualita-
tively in line with the literature on the effects of peers on smoking. The results are,
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however, difficult to quantitatively compare owing to methodological differences. Argys
and Rees (2008) find in their preferred OLS specification that female adolescents who were
relatively young at school start are 4.1 percentage points more likely to smoke than female
adolescents who were relatively old at school start. The point estimates from instrumen-
tal variable regressions, although non-significant, imply that both males and females who
were young at school start are 1 percentage point more likely to smoke. Studies that adopt
school-based peer smoking measures to study the effects of peer behaviour on adolescent
smoking find large short-term effects. For instance, Gaviria and Raphael (2001) find that
moving a high-school student from a school where no children smoke to one where 25%
of children smoke increases the student’s likelihood of smoking by 4 percentage points.
Powell et al. (2005) show a much larger effect of 14.5 percentage points for the same
thought experiment.

We further find that adults who started school relatively young are not only more likely
to smoke but also less healthy. This health effect is driven by physical rather than mental
health. Elder and Lubotsky (2009), Elder (2010), Evans et al. (2010) and Schwandt and
Wuppermann (2016) find that children and adolescents who started school younger have
a higher likelihood to be diagnosed with ADHD.27 Black et al. (2011) report that 18-year-
old Norwegian conscripts who started school at a young age are diagnosed with slightly
worse mental health in their military medical inspection than those who began school at
an older age. While these studies find short-term effects of school starting age on mental
health measures, we do not find significant long-term effects.

Similar to previous studies on peer effects, the causal estimates in this study are
a combined effect of peer behaviour, peer characteristics and school environment. We
analyse and discuss important channels through which school starting age might affect
smoking behaviour and health to shed light on the mechanisms underlying our estimates.

First, students who start school young have older class and school peers. These young
students are exposed to peer smoking earlier than those who start school when they are
older, because the prevalence of smoking considerably increases with age during childhood
and adolescence. We show that adults who started school relatively young have, on
average, older friends than those who started school older. We interpret this result as
suggestive evidence that younger students are influenced by older peers and friends.

Second, Jürges and Schneider (2007), Mühlenweg and Puhani (2010) and Dustmann
et al. (2016) show that students in Germany who start primary school relatively young
are less likely to attend a higher secondary school track. At the same time, higher track
schools have lower shares of smokers and more school resources. We show that school
environment partially explains the effects of school starting age on smoking behaviour
and health. School environment does, however, explain only a small share of the effects

27These studies interpret this finding as evidence for misdiagnosis of ADHD.
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of school starting age. Furthermore, we discuss that grade retention and labour market
outcomes are unlikely mechanisms through which school starting age affects smoking
behaviour and health in the long term.
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Figure 1: Share of smokers by age.
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Notes: The figure shows a bar plot of the share of smokers by age. Source: German Health
Interview and Examination Survey for Children and Adolescents (KiGGS) 2003–2006.
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Figure 2: Share of smokers by type of secondary school.
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Notes: The figure shows a bar plot of the share of smokers among 12–15-year-olds for the three
main secondary school types in Germany. ‘Low track’ refers to low-track schools (Hauptschule), ‘medium
track’ is medium-track schools (Realschule) and ‘high track’ is upper-track schools (Gymnasium).
Source: German Health Interview and Examination Survey for Children and Adolescents (KiGGS),
2003–2006.
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Figure 3: Means of school starting age and outcomes.
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Notes: The graphs show the average value of the variables for each value of the running vari-
able. The running variable is defined as the distance between a respondent’s birth month and the
relevant school entry cut-off. The cut-off month, which includes the cut-off day, is assigned the value of
zero. The cut-off day is always the last day of the respective cut-off month (e.g. June 30th). Source:
German Socio-Economic Panel (SOEP).
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Figure 4: Number of observations and means of covariates.
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Notes: The graphs show the average value of the number of observations or the respective co-
variate for each value of the running variable. The running variable is defined as the distance between a
respondent’s birth month and the relevant school entry cut-off. The cut-off month, which includes the
cut-off day, is assigned the value of zero. The cut-off day is always the last day of the respective cut-off
month (e.g. June 30th). Source: German Socio-Economic Panel (SOEP).
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Table 1: Descriptive statistics.

2 months 4 months

Before After p-value Before After p-value

(1) (2) (3) (4) (5) (6)

Panel 1: Covariates

School starting age 76.894 80.068 0.000 76.939 80.936 0.000
(7.650) (8.103) (7.356) (8.030)

Female 0.523 0.532 0.683 0.524 0.529 0.755
(0.500) (0.499) (0.500) (0.499)

Migration background 0.118 0.143 0.102 0.123 0.137 0.186
(0.323) (0.351) (0.329) (0.344)

Highest school degree: mother
High 0.097 0.110 0.340 0.101 0.116 0.134

(0.296) (0.313) (0.302) (0.321)

Medium 0.281 0.249 0.116 0.275 0.254 0.138
0.450 0.433 0.447 0.435

Low 0.589 0.597 0.708 0.593 0.592 0.917
(0.492) (0.491) (0.491) (0.492)

Highest school degree: father
High 0.171 0.169 0.946 0.168 0.177 0.443

(0.376) (0.375) (0.374) (0.382)

Medium 0.224 0.195 0.111 0.214 0.202 0.331
(0.417) (0.396) (0.411) (0.401)

Low 0.565 0.599 0.129 0.582 0.585 0.884
(0.496) (0.490) (0.493) (0.493)

n 973 956 1,982 1,952

continued on next page . . .
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. . . continued from previous page

2 months 4 months

Before After p-value Before After p-value

(1) (2) (3) (4) (5) (6)

Panel 2: Outcomes

Smoking 0.324 0.281 0.051 0.331 0.294 0.019
(0.468) (0.450) (0.471) (0.456)

n 866 833 1,765 1,684

Self-rated health 3.720 3.858 0.001 3.739 3.844 0.000
(0.935) (0.889) (0.944) (0.885)

Self-rated health: 0.654 0.708 0.013 0.659 0.698 0.010
at least good (0.476) (0.455) (0.474) (0.459)

n 952 938 1,948 1,908

SF12: Physical health 52.840 53.997 0.006 53.151 53.755 0.043
(9.244) (8.034) (8.961) (8.388)

SF12: Mental health 50.776 50.466 0.518 50.482 50.471 0.974
(9.872) (9.743) (9.814) (9.638)

n 853 821 1,740 1,651

Number of friends 4.865 4.788 0.714 5.172 4.700 0.168
(3.857) (4.326) (13.017) (3.956)

n 770 770 1,580 1,566

Average age of friends 37.196 35.715 0.111 36.899 35.701 0.071
(12.906) (13.006) (12.950) (13.198)

Relative age of friends 1.038 1.012 0.055 1.036 1.019 0.125
(0.220) (0.164) (0.218) (0.214)

n 390 390 800 753

Notes: The table shows the descriptive statistics of the estimation sample around the cut-off for the
two- and four-months window. The variables’ means and standard deviations are in parentheses.
Columns 3 and 6 report the p-values of the simple t-tests for the differences in the variables’ means
before and after the school entry cut-off. Note that the sample size ‘n’ varies across outcomes in
Panel 2, because information on certain outcomes is not available for each respondent and survey
wave.
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Table 2: Instrument validity: pretreatment covariates as depen-
dent variables.

2 months 4 months

(1) (2) (3) (4)

Female

School starting age 0.003 0.004 0.001 0.001
(0.007) (0.007) (0.004) (0.004)

Migration background

School starting age 0.008 0.005 0.004 0.001
(0.005) (0.004) (0.003) (0.002)

Secondary school degree: mother

High
School starting age 0.004 0.006∗ 0.004 0.002

(0.004) (0.004) (0.003) (0.002)
Medium

School starting age −0.010 −0.003 −0.005 −0.003
(0.007) (0.005) (0.004) (0.003)

Low
School starting age 0.003 −0.006 −0.000 −0.000

(0.007) (0.005) (0.004) (0.003)

Secondary school degree: father

High
School starting age −0.000 −0.002 0.002 0.000

(0.005) (0.004) (0.003) (0.002)
Medium

School starting age −0.009 −0.004 −0.003 −0.001
(0.006) (0.005) (0.003) (0.003)

Low
School starting age 0.011 0.010∗ 0.001 0.001

(0.007) (0.005) (0.004) (0.003)

n 1,910 1,910 3,864 3,864

Birth year indicators No Yes No Yes
Federal state indicators No Yes No Yes
Additional covariates No Yes No Yes

Notes: The table shows the second stage results of the fuzzy regression
discontinuity design, in which predetermined covariates are regressed
on school starting age. Additional covariates include female, migration
background, highest degree held by both the father and mother. Robust
standard errors are in parentheses. ∗ p < 0.1, ∗∗ p < 0.05, ∗∗∗ p < 0.01.
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Table 3: Fuzzy RDD: smoking behaviour and health.

2 months 4 months

(1) (2) (3) (4) (5) (6)

Smoking behavior
School starting age −0.014∗ −0.013∗ −0.013∗∗ −0.009∗∗ −0.009∗∗ −0.009∗∗

(0.007) (0.007) (0.007) (0.004) (0.004) (0.004)
1st stage: F-Statistic 65.7 77.1 78.2 220.6 239.2 246.2
n 1,699 1,699 1,699 3,449 3,449 3,449

Self-rated health
School starting age 0.044∗∗∗ 0.043∗∗∗ 0.042∗∗∗ 0.026∗∗∗ 0.025∗∗∗ 0.025∗∗∗

(0.014) (0.013) (0.013) (0.008) (0.007) (0.007)
1st stage: F-Statistic 74.0 84.2 85.1 254.1 278.3 284.1
n 1,890 1,890 1,890 3,856 3,856 3,856

Self-rated health: at least good
School starting age 0.017∗∗ 0.017∗∗ 0.016∗∗ 0.010∗∗ 0.009∗∗ 0.009∗∗∗

(0.007) (0.007) (0.006) (0.004) (0.004) (0.004)
1st stage: F-Statistic 74.0 84.2 85.1 254.1 278.3 284.1
n 1,890 1,890 1,890 3,856 3,856 3,856

SF12: physical health score
School starting age 0.374∗∗∗ 0.362∗∗∗ 0.364∗∗∗ 0.155∗∗ 0.148∗∗ 0.148∗∗

(0.143) (0.129) (0.126) (0.077) (0.071) (0.069)
1st stage: F-Statistic 63.8 77.1 79.1 214.4 234.5 242.0
n 1,674 1,674 1,674 3,391 3,391 3,391

SF12: mental health score
School starting age −0.100 −0.139 −0.144 −0.003 0.004 0.007

(0.155) (0.141) (0.139) (0.086) (0.082) (0.081)
1st stage: F-Statistic 63.8 77.1 79.1 214.4 234.5 242.0
n 1,674 1,674 1,674 3,391 3,391 3,391

Birth year indicators No Yes Yes No Yes Yes
Survey year indicators No Yes Yes No Yes Yes
Federal state indicators No Yes Yes No Yes Yes
Female No Yes Yes No Yes Yes
Migration background No No Yes No No Yes
Education father No No Yes No No Yes
Education mother No No Yes No No Yes

Notes: The table shows the second stage results of the fuzzy regression discontinuity design.
Robust standard errors are in parentheses. ∗ p < 0.1, ∗∗ p < 0.05, ∗∗∗ p < 0.01.
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Table 4: Fuzzy RDD: excluding potentially misclassified respondents.

2 months 4 months

(1) (2) (3) (4) (5) (6)

Smoking behavior
School starting age −0.016∗ −0.015∗ −0.016∗ −0.010∗∗ −0.009∗∗ −0.009∗∗

(0.009) (0.009) (0.009) (0.005) (0.005) (0.005)
1st stage: F-Statistic 55.0 53.7 54.6 191.3 192.8 199.3
n 1,399 1,399 1,399 2,854 2,854 2,854

Self-rated health
School starting age 0.064∗∗∗ 0.060∗∗∗ 0.058∗∗∗ 0.030∗∗∗ 0.027∗∗∗ 0.027∗∗∗

(0.018) (0.017) (0.016) (0.008) (0.008) (0.008)
1st stage: F-Statistic 60.5 60.7 61.0 224.2 231.5 236.9
n 1,571 1,571 1,571 3,219 3,219 3,219

Self-rated health: at least good
School starting age 0.027∗∗∗ 0.024∗∗∗ 0.024∗∗∗ 0.012∗∗∗ 0.011∗∗∗ 0.011∗∗∗

(0.009) (0.008) (0.008) (0.004) (0.004) (0.004)
1st stage: F-Statistic 60.5 60.7 61.0 224.2 231.5 236.9
n 1,571 1,571 1,571 3,219 3,219 3,219

SF12: physical health score
School starting age 0.361∗∗ 0.281∗ 0.283∗ 0.106 0.059 0.064

(0.165) (0.154) (0.151) (0.085) (0.080) (0.078)
1st stage: F-Statistic 52.2 53.5 55.1 184.4 187.2 194.0
n 1,373 1,373 1,373 2,795 2,795 2,795

SF12: mental health score
School starting age −0.031 0.001 −0.009 0.075 0.107 0.110

(0.190) (0.184) (0.182) (0.100) (0.098) (0.097)
1st stage: F-Statistic 52.2 53.5 55.1 184.4 187.2 194.0
n 1,373 1,373 1,373 2,795 2,795 2,795

Birth year indicators No Yes Yes No Yes Yes
Survey year indicators No Yes Yes No Yes Yes
Federal state indicators No Yes Yes No Yes Yes
Female No Yes Yes No Yes Yes
Migration background No No Yes No No Yes
Education father No No Yes No No Yes
Education mother No No Yes No No Yes

Notes: The table shows the second stage results of the fuzzy regression discontinuity design,
excluding respondents who started school prior to 1964 and are thus, at risk of being misclassified
with respect to whether they are to the left or right of the cut-off. Robust standard errors are
in parentheses. ∗ p < 0.1, ∗∗ p < 0.05, ∗∗∗ p < 0.01.
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Table 5: Fuzzy RDD including all observations per respondent and sensitivity by age group (two-month
window).

The sample includes

All ages Age ≥ 30 Age ≥ 40 Age < 60

1st obs. All obs. 1st obs. All obs. 1st obs. All obs. 1st obs. All obs.

(1) (2) (3) (4) (5) (6) (7) (8)

Smoking behavior
School starting age −0.013∗∗ −0.012∗ −0.014∗ −0.017∗∗ −0.014∗ −0.018∗∗ −0.013∗ −0.012∗

(0.007) (0.007) (0.008) (0.008) (0.008) (0.008) (0.007) (0.007)
1st stage: F-Statistic 78.2 58.9 49.3 39.2 45.1 35.7 75.5 59.6
n 1,699 5,460 1,114 3,685 783 2,654 1,633 5,291

Self-rated health
School starting age 0.042∗∗∗ 0.031∗∗∗ 0.021 0.026∗∗ 0.028∗ 0.028∗∗∗ 0.036∗∗∗ 0.027∗∗

(0.013) (0.010) (0.014) (0.011) (0.015) (0.011) (0.013) (0.011)
1st stage: F-Statistic 85.1 63.9 54.8 55.7 50.9 57.2 81.1 60.8
n 1,890 11,014 1,189 9,235 825 8,203 1,822 5,306

Self-rated health: at least good
School starting age 0.016∗∗ 0.014∗∗∗ 0.007 0.011∗∗ 0.010 0.012∗∗ 0.014∗∗ 0.015∗∗∗

(0.006) (0.005) (0.007) (0.005) (0.008) (0.005) (0.007) (0.006)
1st stage: F-Statistic 85.1 63.9 54.8 55.7 50.9 57.2 81.1 60.8
n 1,890 11,014 1,189 9,235 825 8,203 1,822 5,306

SF12: physical health score
School starting age 0.364∗∗∗ 0.321∗∗∗ 0.368∗∗ 0.334∗∗ 0.506∗∗∗ 0.371∗∗ 0.289∗∗ 0.294∗∗∗

(0.126) (0.110) (0.154) (0.133) (0.177) (0.150) (0.122) (0.107)
1st stage: F-Statistic 79.1 60.5 55.0 41.1 46.6 33.8 76.4 61.5
n 1,674 4,692 1,115 3,283 797 2,413 1,608 4,528

SF12: mental health score
School starting age −0.144 −0.173 −0.217 −0.244∗ −0.212 −0.258∗ −0.166 −0.178

(0.139) (0.117) (0.157) (0.129) (0.164) (0.136) (0.142) (0.116)
1st stage: F-Statistic 79.1 60.5 55.0 41.1 46.6 33.8 76.4 61.5
n 1,674 4,692 1,115 3,283 797 2,413 1,608 4,528

Birth year indicators Yes Yes Yes Yes Yes Yes Yes Yes
Survey year indicators Yes Yes Yes Yes Yes Yes Yes Yes
Federal state indicators Yes Yes Yes Yes Yes Yes Yes Yes
Female Yes Yes Yes Yes Yes Yes Yes Yes
Migration background Yes Yes Yes Yes Yes Yes Yes Yes
Education father Yes Yes Yes Yes Yes Yes Yes Yes
Education mother Yes Yes Yes Yes Yes Yes Yes Yes

Notes: The table shows the second stage results of the fuzzy regression discontinuity design, restricting the sample
to a two-month window around the school entry cut-off. Analogous to the main analysis, ‘1st obs.’ columns include
only the first observation per respondent and ‘All obs.’ columns include all available observations per respondent.
Robust standard errors are in parentheses. The models including all waves use clustered standard errors at the level of
respondents. ∗ p < 0.1, ∗∗ p < 0.05, ∗∗∗ p < 0.01.
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Table 6: Fuzzy RDD: all months and trends.

No trend General linear trend Seperate linear trends

(1) (2) (3) (4) (5)

Smoking behaviour
School starting age −0.008∗∗ −0.008∗∗ −0.006∗ −0.008∗∗ −0.007∗

(0.004) (0.004) (0.004) (0.004) (0.004)
1st stage: F-Statistic 312.6 246.3 275.2 218.2 243.6
n 10,590 10,590 10,590 10,590 10,590

Self-rated health
School starting age 0.013∗ 0.025∗∗∗ 0.023∗∗∗ 0.027∗∗∗ 0.024∗∗∗

(0.007) (0.007) (0.007) (0.007) (0.007)
1st stage: F-Statistic 333.4 287.7 316.2 256.7 281.5
n 11,784 11,784 11,784 11,784 11,784

Self-rated health: at least good
School starting age 0.003 0.009∗∗∗ 0.008∗∗ 0.009∗∗ 0.008∗∗

(0.003) (0.004) (0.003) (0.004) (0.004)
1st stage: F-Statistic 333.4 287.7 316.2 256.7 281.5
n 11,784 11,784 11,784 11,784 11,784

SF12: physical health score
School starting age 0.076 0.161∗∗ 0.147∗∗ 0.187∗∗ 0.167∗∗

(0.067) (0.073) (0.066) (0.077) (0.069)
1st stage: F-Statistic 300.7 238.6 266.8 211.2 235.6
n 10,400 10,400 10,400 10,400 10,400

SF12: mental health score
School starting age 0.014 0.021 0.016 0.016 0.012

(0.074) (0.081) (0.078) (0.086) (0.082)
1st stage: F-Statistic 300.6 238.1 266.8 210.3 235.6
n 10,400 10,400 10,400 10,400 10,400

Birth year indicators No No Yes No Yes
Survey year indicators No No Yes No Yes
Federal state indicators No No Yes No Yes
Female No No Yes No Yes
Education father No No Yes No Yes
Education mother No No Yes No Yes
Migration background No No Yes No Yes

Notes: The table shows the second stage results of the fuzzy regression disconti-
nuity design. Robust standard errors are in parentheses. ∗ p < 0.1, ∗∗ p < 0.05,
∗∗∗ p < 0.01.
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Table 7: Characterisation of
compliers.

Share

Compliers in sample 0.36
Compliers among
treated individuals 0.40

Ratio

Female 1.03
Highest degree: mother

High degree 1.13
Medium degree 1.16
Low Degree 0.94

Highest degree: father
High degree 0.97
Medium degree 1.18
Low Degree 0.99

Migration Background 0.95

Notes: The treatment variable
school starting age sai is di-
chotomised. The ratio denotes the
likelihood that a complier has a
certain characteristic divided by
the likelihood that an individ-
ual has the same characteristic:
P [xi=1|Complier]

P [xi=1] .
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Table 8: Fuzzy RDD: network of friends.

2 months 4 months

(1) (2) (3) (4) (5) (6)

Number of friends
School starting age −0.025 −0.005 −0.009 −0.120 −0.107 −0.110

(0.069) (0.063) (0.061) (0.088) (0.074) (0.074)
1st stage: F-Statistic 55.2 63.5 66.6 198.8 215.7 224
n 1,540 1,540 1,540 3,146 3,146 3,146

Average age of friends
School starting age −0.403 −0.256∗∗ −0.243∗∗ −0.309∗ −0.192∗∗ −0.193∗∗

(0.250) (0.115) (0.112) (0.170) (0.083) (0.081)
1st stage: F-Statistic 42.9 44.2 45.3 101.1 103.6 108.0
n 780 780 780 1,553 1,553 1,553

Relative age of friends
School starting age −0.008∗ −0.008∗∗ −0.008∗∗ −0.005 −0.005 −0.005∗

(0.004) (0.004) (0.004) (0.003) (0.003) (0.003)
1st stage: F-Statistic 42.9 44.2 45.3 101.1 103.6 108.0
n 780 780 780 1,553 1,553 1,553

Birth year indicators No Yes Yes No Yes Yes
Survey year indicators No Yes Yes No Yes Yes
Federal state indicators No Yes Yes No Yes Yes
Female No Yes Yes No Yes Yes
Migration background No No Yes No No Yes
Education father No No Yes No No Yes
Education mother No No Yes No No Yes

Notes: Family members and relatives are excluded. Robust standard errors are in parentheses.
∗ p < 0.1, ∗∗ p < 0.05, ∗∗∗ p < 0.01.
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Table 9: Fuzzy RDD: secondary school degree as a mechanism.

2 months 4 months

(1) (2) (3) (4)

Smoking behavior
School starting age −0.013∗∗ −0.009 −0.009∗∗ −0.006∗

(0.007) (0.007) (0.004) (0.004)

1st stage: F-Statistic 78.2 75.5 246.2 239.0

n 1,699 1,699 3,449 3,449

Self-rated health
School starting age 0.042∗∗∗ 0.034∗∗∗ 0.025∗∗∗ 0.021∗∗∗

(0.013) (0.013) (0.007) (0.007)

1st stage: F-Statistic 85.1 83.9 284.1 273.4

n 1,890 1,890 3,856 3,856

Self-rated health: at least good
School starting age 0.016∗∗ 0.012∗ 0.009∗∗∗ 0.007∗∗

(0.006) (0.006) (0.004) (0.004)

1st stage: F-Statistic 85.1 83.9 284.1 273.4

n 1,890 1,890 3,856 3,856

SF12: physical health score
School starting age 0.364∗∗∗ 0.317∗∗ 0.148∗∗ 0.113

(0.126) (0.123) (0.069) (0.069)

1st stage: F-Statistic 79.1 79.8 242.0 236.9

n 1,674 1,674 3,391 3,391

SF12: mental health score
School starting age −0.144 −0.140 0.007 −0.006

(0.139) (0.139) (0.081) (0.082)

1st stage: F-Statistic 79.1 79.8 242.0 236.9

n 1,674 1,674 3,391 3,391

Birth year indicators Yes Yes Yes Yes
Survey year indicators Yes Yes Yes Yes
Federal state indicators Yes Yes Yes Yes
Female Yes Yes Yes Yes
Migration background Yes Yes Yes Yes
Education father Yes Yes Yes Yes
Education mother Yes Yes Yes Yes
Education respondent No Yes No Yes

Notes: The table shows the second stage results of the fuzzy regression
discontinuity design. Columns 2 and 4 include the respondent’s highest
secondary school degree. Robust standard errors are in parentheses.
∗ p < 0.1, ∗∗ p < 0.05, ∗∗∗ p < 0.01.
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Appendix

Table A-1: Average age of respondents by outcome.

2 months 4 months

Before After p-value Before After p-value

(1) (2) (3) (4) (5) (6)

Smoking
Age at interview 36.8 37.0 0.764 36.8 36.4 0.473

(13.7) (14.0) (13.7) (14.0)

n 866 833 1765 1684
Self-rated health

Age at interview 36.1 36.0 0.958 36.1 35.7 0.440
(13.9) (14.1) (13.8) (14.1)

n 952 938 1948 1908
SF12: physical and mental health scores

Age at interview 37.4 37.7 0.716 37.4 37.1 0.603
(13.5) (13.8) (13.4) (13.7)

n 853 821 1740 1651
Number of friends

Age at interview 37.7 37.9 0.745 37.7 37.6 0.834
(13.2) (13.7) (13.3) (13.7)

n 770 770 1580 1566
Average and relative age of friends

Age at interview 36.3 35.7 0.527 36.1 35.5 0.370
(12.3) (13.0) (12.3) (13.0)

n 390 390 800 753

Notes: The table shows the respondents’ mean age before and after the school
entry cut-off at the time of the SOEP interview by outcome for both the two-
and the four-month window around the school entry cut-off. Columns 3 and
6 report the p-values of simple t-tests for the differences before and after the
school entry cut-off.
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Table A-2: Availability of outcome variables in the SOEP.

Self-rated Number of Average and relative
Year Smoking health SF12 friends age of friends

1992 X
1994 X
1995 X
1996 X
1997 X
1998 X X
1999 X X
2000 X
2001 X X
2002 X X X
2003 X X
2004 X X X
2005 X
2006 X X X X
2007 X
2008 X X X X
2009 X
2010 X X X
2011 X X X
2012 X X X
2013 X X
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Table A-4: Further parental characteristics at the school entry cutoff.

2 months 4 months

Before After p-value Before After p-value

(1) (2) (3) (4) (5) (6)

Year of birth: mother 1943.4 1942.8 0.358 1943.1 1943.3 0.686
(14.9) (15.0) (14.8) (15.2)

n 962 944 1,958 1,934

Year of birth: father 1940.3 1940.2 0.792 1940.0 1940.5 0.310
(15.6) (15.4) (15.5) (15.5)

n 959 939 1,946 1,922

Occupational score: mother 58.3 60.5 0.206 59.2 60.5 0.286
(27.3) (29.3) (27.0) (28.5)

n 575 542 1,131 1,117

Occupational score: father 60.7 61.1 0.812 60.6 60.5 0.951
(32.4) (31.9) (31.8) (31.0)

n 845 836 1,704 1,711

Notes: The table shows descriptive statistics of parental characteristics, which are not in-
cluded in the estimation, at the cut-off for the estimation sample. It reports the variables’
means before and after the school entry cut-off and the standard deviations are in paren-
theses. Columns 3 and 6 report the p-values of simple t-tests for differences in the variable’
means before and after the school entry cut-off. Note that sample sizes vary by outcome.
The number of individuals in the last row and variable statistics are based on the sample
for the outcome of smoking behaviour.
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Table A-5: Fuzzy RDD: including all observations per respondent in the estimation and sensitivity by
age groups (four-month window).

The sample includes

All ages Age ≥ 30 Age ≥ 40 Age < 60

1st obs. All obs. 1st obs. All obs. 1st obs. All obs. 1st obs. All obs.

(1) (2) (3) (4) (5) (6) (7) (8)

Smoking behavior
School starting age −0.009∗∗ −0.009∗∗ −0.007 −0.009∗ −0.008 −0.009∗ −0.009∗∗ −0.010∗∗

(0.004) (0.004) (0.005) (0.005) (0.005) (0.005) (0.004) (0.004)
1st stage: F-Statistic 246.2 146.0 151.1 97.6 119.8 81.8 238.7 144.1
n 3,449 10,968 2,208 7,350 1,538 5,247 3,315 10,630

Self-rated health
School starting age 0.025∗∗∗ 0.019∗∗∗ 0.019∗∗ 0.016∗∗ 0.027∗∗∗ 0.015∗∗ 0.021∗∗∗ 0.015∗∗

(0.007) (0.007) (0.009) (0.007) (0.010) (0.007) (0.007) (0.007)
1st stage: F-Statistic 284.1 160.0 164.4 140.4 123.2 141.1 275.8 145.6
n 3,856 22,260 2,396 18,631 1,657 16,527 3,714 10,654

Self-rated health: at least good
School starting age 0.009∗∗∗ 0.008∗∗ 0.006 0.007∗∗ 0.008 0.007∗ 0.008∗∗ 0.007∗∗

(0.004) (0.003) (0.005) (0.004) (0.005) (0.004) (0.004) (0.004)
1st stage: F-Statistic 284.1 160.0 164.4 140.4 123.2 141.1 275.8 145.6
n 3,856 22,260 2,396 18,631 1,657 16,527 3,714 10,654

SF12: physical health score
School starting age 0.148∗∗ 0.129∗ 0.146 0.140∗ 0.192∗ 0.144 0.101 0.107

(0.069) (0.067) (0.090) (0.085) (0.104) (0.098) (0.069) (0.067)
1st stage: F-Statistic 242.0 153.2 153.0 103.0 121.1 83.0 233.6 151.2
n 3,391 9,438 2,215 6,577 1,561 4,787 3,258 9,107

SF12: mental health score
School starting age 0.007 0.024 −0.045 −0.055 −0.077 −0.077 −0.014 0.026

(0.081) (0.075) (0.097) (0.087) (0.107) (0.097) (0.083) (0.076)
1st stage: F-Statistic 242.0 153.2 153.0 103.0 121.1 83.0 233.6 151.2
n 3,391 9,438 2,215 6,577 1,561 4,787 3,258 9,107

Birth year indicators Yes Yes Yes Yes Yes Yes Yes Yes
Survey year indicators Yes Yes Yes Yes Yes Yes Yes Yes
Federal state indicators Yes Yes Yes Yes Yes Yes Yes Yes
Female Yes Yes Yes Yes Yes Yes Yes Yes
Migration background Yes Yes Yes Yes Yes Yes Yes Yes
Education father Yes Yes Yes Yes Yes Yes Yes Yes
Education mother Yes Yes Yes Yes Yes Yes Yes Yes

Notes: The table shows the second stage results of the fuzzy regression discontinuity design restricting the sample to
the four-month window around the school entry cut-off. Analogous to the main analysis, ‘1st obs.’ columns include
only the first observation per respondent and ‘All obs.’ columns include all available observations per respondent in the
estimation. Robust standard errors are in parentheses. The models including all waves use clustered standard errors at
the level of respondents. ∗ p < 0.1, ∗∗ p < 0.05, ∗∗∗ p < 0.01.
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Table A-6: Fuzzy RDD: network of friends (all months and trends).

No trend General linear trend Separate linear trends
(1) (2) (3) (4) (5)

Number of friends
School starting age −0.082 −0.067 −0.069 −0.064 −0.067

(0.052) (0.066) (0.064) (0.064) (0.062)
1st stage: F-Statistic 288.6 217 240.9 194.2 214.7
n 9,595 9,595 9,595 9,595 9,595

Average age of friends
School starting age −0.184 −0.340∗∗ −0.182∗∗ −0.326∗∗ −0.168∗∗

(0.145) (0.156) (0.075) (0.164) (0.078)
1st stage: F-Statistic 146.9 119.9 127.3 108.5 114.7
n 4,659 4,659 4,659 4,659 4,659

Relative age of friends
School starting age −0.000 −0.004∗ −0.005∗∗ −0.004 −0.004∗

(0.002) (0.003) (0.002) (0.003) (0.003)
1st stage: F-Statistic 146.9 119.9 127.3 108.5 114.7
n 4,659 4,659 4,659 4,659 4,659

Birth year indicators No No Yes No Yes
Survey year indicators No No Yes No Yes
Federal state indicators No No Yes No Yes
Female No No Yes No Yes
Migration background No No Yes No Yes
Education father No No Yes No Yes
Education mother No No Yes No Yes

Notes: Family members and relatives are excluded. Robust standard errors are in
parentheses. ∗ p < 0.1, ∗∗ p < 0.05, ∗∗∗ p < 0.01.
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