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1. Introduction

Educational attainment, earnings, the probability of employment, and health are persistently
and profoundly affected by early childhood conditions and development in early life. This is
consensus in the public debate and supported by empirical research (Almond/Currie 2011).
Besides parental support and child health, the quality of child care and schools, as well as
early intervention programs determine schooling outcomes and returns to education. Early
investments yield high long-lasting private and public returns, in particular for children from
disadvantaged backgrounds (among others Almond/Currie 2011, Duncan/Magnuson 2013,
Currie 2001, Burger 2010). Whether disadvantages in early childhood can be cured by early
intervention programs or child care is still an open question. However, there is encouraging
empirical evidence (Duncan/Magnuson 2013; Ruhm/Waldfogel 2012; Belfield et al. 2006;
Barnett 1995; Heckman et al. 2010; Lochner 2011, Deming 2009). Studies find long-lasting
effects of child care and intervention programs on attainment and other non-schooling
outcomes, even if the effect on cognitive test scores might not be long lasting (Heckman/Raut
2013, Blau/Currie 2006).

Besides general effects of child care and early intervention programs for
disadvantaged children, only little is known about the effects of additional and voluntary
educational activities for children in general. More recently, non-academic activities like
sports have been shown to affect educational and labor market outcomes (e.g. Stevenson
2010; Lechner/Downward 2013; Lipscomb 2007). However, sport activities can have
negative effects on risk behavior like drinking or using drugs (Eccles et al. 2003) whereas
social activities are shown to reduce risky behavior. Nevertheless, none of these studies
focuses on educational activities or educational activities in early childhood. Hence, more
research about how and if at all additional activities in early childhood affect short-run and

later life outcomes is necessary.



One study addressing the effect of sport activities early childhood is
Felfe/Lechner/Steinmayr (2011). The authors findifpee effects on schooling outcomes and
non-cognitive skills like peer relations. Similarjyositive effects of sports and private music
lessons during childhood and adolescence on scigpobutcomes are reported in
Pfeifer/CorneliBen (2010) and Hille/Schupp (2018hwever, the effect of extracurricular
educational activities in early childhood has naem evaluated yet. Moreover, since
intervention programs and extracurricular actigitieause additional costs, issues of cost
effectiveness ought to be addressed as well.

Related to the effectiveness and in particular edfctiveness of early childhood
education programs is the question of how to omgathiem. For instance, in Germany there is
a fear of shortages in STEM (Science, Technologggiteering, and Mathematics)
gualifications of the labor force. Therefore, fostg children’s interest in those fields is a
popular demand. But who should teach science ddssgreschool children: Professionals
or trained preschool educators? Kindergarten teac® no science experts nor are science
labs available in a typical kindergarten. Hencerehare arguments for a more centralized
(preschool) science education, despite additionatscfor setting up and running such an
institution.

An example of a German initiative to improve sceergzlucation in kindergarten by
educating preschool teachers — and hence an exavhpde decentralized extracurricular
approach — is the ‘Haus der kleinen Forscher’ (ldooElittle scientists). The initiative is
supported by the Federal German Ministry of Edacatind Science (BMBF) with a budget
of almost €8 million in 2012 and €9 million in 20130 far, there has been no evaluation of
either the causal effects on interest in sciencecognitive outcomes nor the cost

effectiveness.

! The ‘Haus der kleinen Forscher’ is a joint initiat of the BMBF and the Telekom foundation (the wain
reports are available at: http://www.haus-der-ldeHfiorscher.de)



Alternative programs are science labs for childzed children’s universitiéghat aim
to foster interest in science and research. Thiasses are taught by science experts or STEM
students in universities or laboratories. The oesirare typically short, e.g. single courses
during school vacations or after school, and matatget children in primary or secondary
school. Whether attending these science classesa pasitive effect on interest in science,
schooling, let alone later-life educational andlaimarket outcomes, is an open question.

The present paper adds to the literature on valyrdatracurricular early childhood
education by exploiting a quasi-experimental sgtim an educational project in Germany.
The Junior University (JU) is a centralized non-profit educational ington. It is fully
financed by private donations and explicitly inteddo be complementary to kindergarten
and school in the region. In this paper we study short-run effect of JU enrollment in
science classes on the school readiness of childdence, the focus is not on raising
children’s interest in science, which is hard toaswee. Instead, we analyze the effects on
cognitive outcomes. To measure JU’s return to dtluta outcomes, we use data from
different sources and study whether attending ensei course with the preschool class affects
school readiness as assessed by the compulsorgl setimance examination. Our results
show that attending JU leads to higher school remdi. The size of the effect is 1/5 of a
standard deviation of the school readiness meashreh corresponds to an age effect of
more than four months. Although the effect of Ji¢gmtiance on school readiness is small in
terms of score improvement (less than three addilip completed tasks in the school
readiness test), the results are plausible andstobuaddition, we provide first and tentative

evidence for the short-run cost effectiveness of JU

2 For example HandsOn Science in the UK and US,n8eleab Kinder.Wissen.Mehr in Germany (Schettler
2010). Children’s universities can be found aciBsspe, especially in Germany and the UK.

® Full name:Junior Uni - Wuppertaler Kinder- und Jugend-Univiéis fir das Bergische Land gGmbH
(gGmbH = non-profit company with limited liability)More information (in German) is available at
www.junioruni-wuppertal.de.



This paper is organized as follows: In Section 2ps@vide some information about
Junior University. Section 3 describes the data ianSection 4 we discuss our empirical
strategy. Section 5 presents the results, robustiescks and a tentative cost-benefit analysis.

Finally, Section 6 concludes and briefly discugbesresults.

2. Junior University

Junior University (JU) was launched in December&@8 a permanent private non-profit
institution, entirely financed by private donatiorisis located in Wuppertal, a city with a
population of about 350,000 in the German fedaedesf North Rhine-Westphalia. JU offers
courses for children and young adolescents witho@ud on science, mathematics and
engineering. The pedagogical concept was develbgeal physics professor, who created a
popular German science TV show for children cafledwenzahn’ in cooperation with a
school teacher familiar with teaching disadvantagjattiren.

JU aims at raising interest in STEM by offering ntai hands-on experimental
courses. Unlike other university programs for at@fd it is not a temporary institution within
an educational institution but a permanently esthbt independent body. Furthermore, it is
explicitly not targeted only at gifted or advantdggudents but addresses all children and
youths between the age of 4 and 20 (or the enceodrglary school), regardless of their
educational or social background.

There are two types of enrollment at JU: individaatollment or group enrollment.
Group enrollment is popular, in particular amongdargarten preschool classes (last year
before primary school). The courses are generatjarized in four 90-minute units and run
on a weekly basis. They address different age gréy, 7-10, 11-14, and 14 and older) and

are not taught by school teachers but by universmiofessors, undergraduate and graduate



students, local entrepreneurs or citizens. Theseotee is €5 per chifdObviously, the fee
does not cover costs. The low fee was chosen tdetet children from low-income families
from participating. For families who cannot affdiee low fee, JU arranges a sponsor, e.g. a
local company, to cover the fee.

From December 2008 through spring 2012 JU offer@®11 courses and received
13,648 applications. Since the courses are popwitr,the number of applicants exceeding
the number of slots each term, allocation is oirsd €ome-first served basis. This does not
apply to kindergarten courses. The slots for preskchlasses have not been limited to offer
broad access to JU in particular for the young®ishost a quarter (21.26%, 232 courses) of
the courses were offered for preschool groups %4864 preschool children.

Since the focus in this paper is on preschool ddutawe restrict our attention to
kindergarten children who attend JU with the enpireschool class. In 2011, Wuppertal had
185 daycare institutions (private parental initie and public kindergartens) of which 84
participated in JU courses with at least one pmsicltlass. Hence, a problem in our
identification strategy may arise from the seldttiwf the participating kindergartens. The
heterogeneity of the districts in Wuppertal as veallthe level of segregation is high. Some
kindergartens are located in highly disadvantagedsaof the city. However, the participating
kindergartens are not a positive selection of mitikrgartens in the city. For instance, there is
no significant difference in the distance from lengarten to JU or the share of immigrant
children between participating and non-participgtinstitutions. Moreover, socioeconomic
status variables like average disposable incomghare of welfare recipients do not differ

between participating and non-participating kin@etgns.

* Courses can also be organized in six or eighinBste units or as full-day courses. The fee fessthcourses
may be higher, up to €10. Kindergarten coursesfaufiour weeks only and the course fee is €5. Tdeefbr
preschool classes is generally paid for by the ddigdrtens.



3. Data and ability measures

To estimate the short-run causal effect of JU ddane on school readiness, we use
administrative data that allows us to distinguistween a treatment group (children enrolled
at JU with the entire kindergarten preschool class) a control group (peers from the same
kindergarten who did not participate). The datanstdrom various sources and includes
individual level information, information on theviel of the residential city block and also
information on income on the postal code level.aDah individuals is drawn from the
Schuleingangsuntersuchuf§EnMed - school entrance medical examinationyprapeilsory
and standardized school readiness assessment.oltides information on abilities,
kindergarten enrollment and background charactesitke age, gender, residence and ethnic
origin. Information on JU participation is takemrn the administrative data of the JU. This
information is linked to the SEnMed data. We suppat the individual level data with data
on the city block level to describe the childremsighborhood. A city block is a small
administrative unit with on average about 140 resig. In 2010, Wuppertal had 2441
inhabited city blocks. The data provides detailefdrimation on ethnicity, employment and
welfare dependency. To further enrich our city kldata, we add income indicators that are
available on the slightly more aggregated postdecevel. The different data sources and

ability measures are described in more detail enféfiowing sections.

3.1.  School entrance medical examination

The school entrance medical examination (SEnMeda isompulsory and standardized
examination of all children. Hence, the SEnMed ==asus of all preschoolers. On average,
the children are 5 years and 11 months old whemmed because the exam is scheduled
according to birth date. SEnMed is conducted tessthe previous and current health status
as well as the cognitive and non-cognitive develepihof preschoolers in order to attest

school readiness. The data includes the retroseeind current health status (e.g. birth



weight, obesity, ear and eye conditions, social antbtional development) and several
dimensions of cognitive and non-cognitive abilitissaddition, the data comprises individual
characteristics like age, gender, ethnic origivalt as information on the kindergarten.

In our analysis we use data of 5,669 preschoolddmnl from two cohorts born
between 2003 and 2005 who took the SEnMed betw&@® 2nd 201%.The children’s
abilities were assessed during the SEnMed usirig-stide standardized testTheoretically,
the lowest possible score is zero (no task comgeddd the maximum depends on the
number of tasks within a test area. There are t@sieareas corresponding to different ability
dimensions such as visual and analytical skillspewical and quantitative skills, language
skills, and fine and gross motor skills. Typicalste are retracing figures, visual
discrimination, counting, estimating and comparingntities, neglect tests to assess visual
and selective attention, use of prepositions, pltoeming and repeating made-up words.
Gross motor ability is assessed by asking childognmp on one leg or to walk on a straight
line.

On the basis of these test results and the chhdalth status physicians decide
whether a child might enroll in primary school @r teld back for a year. Note that there is no
threshold or cutoff for passing the SEnMed exammdge from the physician’s point of view,
the test results represent a one-dimensional Iatale of school readiness. We follow this
idea and reduce the nine ability dimensions to @dimensional scale of school readiness.
The scale is generated using an exploratory fautatysis. The results of the factor analysis
confirm the conjecture of a one-dimensional facteith about 97% of the variance in the
ability items being explained by the first facfon the analysis, we use the factor of school

readiness as our outcome variable. To better irgetpe estimation results, we transform the

® The first cohort comprises 2,809 children bormieemn 09/01/2003 and 08/31/2004 whose SEnMed taamepl
between mid-August 2009 and mid-July 2010. The meaomhort comprises 2,860 children born between
09/01/2004 and 09/30/2005 whose SEnMed took plateden September 2010 and July 2011.

® The tests are confidential and the test itemsar@ublicly available.

" The overall KMO criterion is 0.8285; item KMO @ita lie between 0.7070 and 0.9251.



factor to a scale between 0 and 100. The highektevaf school readiness (100%)
corresponds to a score of 129 successfully conpléasks. The distribution of school

readiness for the full sample € 5,669) is shown in Figure 1.

Figure 1 School readiness in % (n = 5,669), dgnaitd performance bands
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Notes: average school readinegs= 79.73, s, = 12.57; percentiles:y, o; = 35.95, yg0s = 55.53, Y25 =
74‘.32, YO.SO = 83.01, y0.75 = 88.56, y0.95 = 93.4‘0, y0.99 = 96.04‘

The performance bands in Figure 1 characterizegiveps: the very low performing 5%, low
performing 20%, medium 50%, high performing 20% dhe very high performing 5%.
Average school readiness is 79.73% (SD = 12.57)thedlistribution is left-skewed. The
weakest 5% of the children have a school readisesse of at most 56%, whereas the
medium 50% of the children have school readineksegaf between 74% and 89%.

In addition to information on abilities, there idaage set of background variables in
the SEnMed data. Table 1, column (1) summarizesldte and in column (2) we describe the
two cohorts. The sample comprises 5,669 childrérQ®%6 of whom are boys; 36.57% of the

children are immigrants, where migration statudefined by the language spoken with the



child during the first four years. If the parenéport a language other than German, the child

is said to have a migration background.

Table 1 Descriptive statistics, full sample anccbiiorts

@ 2
Cohort
Total 1 5
Full sample size 5,669 2,809 2,860
Average age at examination 5.95 5.96 5.94
(0.2077)  (0.2139) (0.2010)
% boys 51.08 50.44 51.71
% with migration background 36.57 36.67 36.47
Average time in kindergarten (in years) 2.74 2.79 2.68
(0.7519)  (0.7481) (0.7519)
Number of siblings in % 0 21.86 21.72 21.99
1 46.60 47.24 45.98
2 20.14 20.08 20.21
3 7.14 6.51 7.76
4 or more 4.25 4.45 4.06
BMI category in % severely underweight 2.77 2.48 3.05
underweight 6.48 6.68 6.28
normal (healthy weight)  78.37 78.39 78.36
overweight 6.84 7.04 6.64
obese 5.54 5.40 5.67
% low birth weight 7.35 7.76 6.95
% health record presented 93.91 94.16 93.67
% with U7a (medical screening at age 34-36 months) 87.22 87.46 86.99
% vaccination record presented 92.59 93.09 92.10
% with tetanus vaccination 91.69 91.81 91.57
% reduced visual acuity 21.50 22.11 20.91
% partial hearing loss 8.08 9.97 6.22
% with behavioral problems 6.28 8.37 4.23%
Average % of welfare dependent households 29.0 30.15 28.02
with children per city block (21.03) (21.48) (20.52)
Average % of immigrant children 53.66 53.34 53.96
(< 6 years) per city block (28.86) (28.96) (28.76)
Average disposable income (in €10,000) 3.878 3.8870 3.8707
in postal code area (0.8940)  (0.8912) (0.8968)

Notes: Standard deviation in parentheses; bolddigindicate significant differences between grajps 0.05)
based on t-tests (for age, kindergarten, city blaoki postal code information) ang-tests (for the other
variables);?Difference is significant due to a high increasettie category ‘examination was not possible’
(assessment is not compulsory).



On average, the children have attended kindergdaer2.74 years (about 2 years and 9
months) before taking the school entrance exans iBhéxpected, as children in our data are
entitled to a place in kindergarten after theirdhbirthday? About 46.60% of the children
have one sibling; 4.25% have four or more siblinfee share of overweight or obese
children is slightly larger than the share of (sely9 underweight children. About 78% have
a healthy weight. Table 1 column (2) indicates fagnificant differences between the two
cohorts. The difference in ‘age at examination’ dimde in kindergarten’ is plausible and due
to an earlier cutoff date for primary school emm@ht in North Rhine-Westphalia in 2011.
Due to the earlier cutoff date, the second cohommrises 13 months of births. Hence, the
average age in the second cohort is below the geerge of the first cohort. The significant
difference in ‘behavioral problems’ is also expkdnby the different sizes of the cohorts.
Assessment of behavioral problems is not compulsotiie SEnMed and, due to the larger
second cohort and resulting time constraints, #sessment was more often omitted (there is
a corresponding increase in the category ‘exanunatvas not possible’). As there is no
apparent explanation for the significant differemeépartial hearing loss’ between the two

cohorts, we control for this variable and the colthe estimations.

3.2.  Administrative data on socioeconomic status

The child’s address information is used to merg#ividual data (from the SEnMed) and
information on socioeconomic status on the levehefcity block or the postal code area. The
city block data is no individual level data. Howegvé indicates the probability of being
member of a social group. For instance, if 20%hef ¢hildren in a given city block live in
low-income families, a child living in this city &tk is said to have a 20% probability of

living in a low income family. Enriching the indoal-level data by city block data is

8 Since 1996 (2013) children in Germany are entitte@ place in kindergarten at the age of threei(aheir
first birthday).
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important because the SEnMed data does not incinderidual-level information on
socioeconomic status. Thus, following earlier wBkhneider et al. 2012; Riedel et al. 2010),
the city block information is used as a proxy farheld’s socioeconomic status. We describe
the residential environment by variables like tiek rof poverty (defined as the share of
welfare-dependent private households), the unemmpoy rate and the share of immigrants.
Since city block data only indicates low statuggliunemployment, poverty, etc.),
additional variables describing neighborhoods otlion® or high level socioeconomic status
are helpful. Here we use additional data on didplesiacome per househdldThe variable
allows a more comprehensive description of thecgmminomic status in the neighborhood.
This data is only available for the eight-digit fdscode area, i.e., 368 areas in Wuppertal

(Figure 2).

Figure 2 Annual disposable household income in 8/uppertal

<= 29.200
29.201 - 32.638
32,639 - 35.413
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I <3.185-48.635

Il <8636 - 54.580

Il > 54 580

(® Junior University

° The data is provided by the microm GmbH.
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Table 1 reports descriptive statistics for the bityck and postal code variables. The average
share of welfare dependent households with childnea city block is 29.08%, the average
share of immigrant children is 53.66% and the ayemisposable income amounts to 38.79
thousand € per year. The decreasing welfare depepdeetween the cohorts reflects a
common trend. Between 2008 and 2010 the overallaveeldependency rate in Wuppertal

declined from 20.26% to 18.58%.

4. Empirical strategy

The effect of attending JU courses on school remdinis assessed by using the two
enrollment cohorts of preschool children (SEnMed 2009-2010 and 2010-2011) and
computing the one-dimensional factor of school meegb discussed above. Having children
from two cohorts allows exploiting variationthin kindergartens, because kindergartens may
enroll some but not all preschool classes at JU.udéethe within kindergarten variation to
estimate the causal effect of JU attendance by aampthe performance of children from
the same kindergarten. The effect can be intergprate causal because JU attendance is

exogenous, as will be explained below.

4.1. Exogeneity of the treatment
The structure of our data regarding the treatmianiis is illustrated in Figure 3.

The data comprises 5,669 children. 1,273 have ddtérat least one course at JU
(22.46%). Most of these children (1,055 or 82.88%é)e enrolled with their preschool class
(as opposed to individual enroliment). As we argaemore detail below, participants
enrolling with their preschool classes are notaéd by self-selection issues. Hence, these
children and their kindergarten peers can be usé&tkentify the JU effect.

Kindergartens enroll entire preschool classes ofawerage 14 children at JU.

However, we observavithin kindergarten variation in participation at JU hema one

12



preschool class is enrolled and another classarséime kindergarten is not. The children of
participating kindergartens who do not attend J¥ labeled ‘untreated’ or ‘control’. In
addition, we also explowithin preschoolwvithin class variation because some children attend
JU with their preschool class but take the SEnMeak ppo the JU classn(= 296, cf. Figure

3); children of this group are labeled ‘pre-treéated

Figure 3 Study design

full sample
(all children)
n= 5,669
v v
did not enroll did enroll
at Junior University at Junior University
n= 4396 n=1,273
(77.54%) (22.46%)
i ¥ v ¥
non-peer grou| only with with Kindergarten only individuall
E group kindergarten and individually Y _ Y
n=3,495 n=1055 n=83 n=135
0, -5 - 0,
(79.50%) (82.88%) (6.52%) (10.60%)
v v
after SEnMed before SEnMed
n=29% n=759
(28.06%) (71.94%)
if kindergarten no. is known/plausible
v 2 12
U = untreated P = pre-treated T = treated
peer group peer group group
n =901 n=281 n=714
(47.52%) (14.82%) (37.66%)
sample of interest: number of children = 1,896; number of kindergartens = 70

Selectivity in kindergarten entry due to JU papation is not an issue for either group of
children. The children in the sample entered kigdeen about two years before JU was
launched. Hence, there is no self-selection ofdeail in kindergartens or preschool classes
due to expected JU participation. Even if parenémtwtheir children to enroll at JU, it is
unlikely that they will change kindergarten soldiyr this purpose. First, even if the
kindergarten does not participate in JU, the irdiiai child can be enrolled for JU classes
anyway. Second, to change kindergarten might natmbeption for families. In Wuppertal, as

in many other German cities, there is a shortagtagtare. Parents have to apply for daycare

13



very early, i.e. one or two years before their &hilthird birthday. In addition, changing
kindergarten requires convincing arguments and asayell involve other opportunity costs,
such as a greater distance between home and thkimgsvgarten.

Besides selectivity issues regarding participaing non-participating kindergartens,
potential selectivity into the treatment, pre-treaht or control group within a kindergarten
needs to be addressed. To support the exogenetthyedfeatment assumption, we perform
mean comparison tests for the control variables ahdroups of children. As our sample
(n = 1,896, cf. Figure 3) includes children from 70 lengarten¥’, we calculate clustered
tests. As noted in Section 2, Wuppertal is segegbahd this is also reflected in kindergarten
segregation. Thus, observations within kindergartame likely to be correlated and standard
v*-tests or t-tests for the control variables arelliko be upward biased (amevalues are
likely to be downward biased). Hence, we calculatelergarten cluster-adjusted tests as
described in Donner/Klar (2000). Table 2 presehts tesults of mean comparison tests,
where the sample is restricted to children with -nussing values in the explanatory

variablest?

1914 of 84 kindergartens were eliminated from thalysis as only one participant or non-participanttie two
cohorts could be merged to the SEnMed data. Thislyneesults from incorrect entries of the kindetea
number by the physicians or assistants during Er@Vi&d and is uncorrelated with treatment status.

YAs noted in footnote 10, missing values are und¢ated with the treatment status and occur at randolarge
set of missing values results from incorrect entfimplausible coding) by the physicians or asatstaluring
the SEnMed.

14



Table 2 Descriptive statistics by treatment, n@atment, pre-treatment group

1) (2) 3)

Non-treatment (U) vs. Pre-treatment (P) Non-treatment (U)

treatment (T) vs. treatment (T) vs. Pre-treatment (P)
U T P T U P

Sample size 788 664 236 664 788 236

Average age at examination 5.94 5.96 5.94 5.96 5.94 5.94
(0.0091) (0.0095) (0.0164) (0.0095) (0.0095) (0.0167)

% boys 51.40 46.23 50.85 46.23 51.40 50.85

% with migration background 37.18 36.30 39.41 36.30 37.18 39.41

Average time in kindergarten (in years) 2.81 2.87 2.76 2.87 2.81 2.76
(0.0457) (0.0462) (0.0879) (0.0507) (0.0418) (0.0712)

Number of siblings in % ( 21.19 23.80 22.46 23.80 21.19 22.46

1 45.05 50.15 48.73 50.15 45.05 48.73

2 21.57 18.22 20.34 18.22 21.57 20.34

3 7.74 5.27 5.93 5.27 7.74 5.93

4 or more 4.44 2.56 2.54 2.56 4.44 2.54

BMI category in % severely underweig 2.66 2.11 3.81 2.11 2.66 3.81

underweight 7.49 6.02 8.05 6.02 7.49 8.05

normal (healthy weight 78.68 79.97 76.69 79.97 78.68 76.69

overweight 6.09 7.68 7.20 7.68 6.09 7.20

obese 5.08 4.22 4.24 4.22 5.08 4.24

% low birth weight 7.49 6.17 8.47 6.17 7.49 8.47

% health record presented 97.08 96.39 95.34 96.39 97.08 95.34

% with U7a (medical screening at age 34-36 months) 89.97 89.46 89.83 89.46 89.97 89.83

% vaccination record presented 95.94 95.03 93.64 95.03 95.94 93.64

% with tetanus vaccination 95.30 94.28 92.80 94.28 95.30 92.80

% reduced visual acuity 22.34 19.58 18.22 19.58 22.34 18.22

% partial hearing loss 7.61 6.02 8.90 6.02 7.61 8.90

% with behavioral problems 5.71 4.97 4.24 4.97 5.71 4.24

Average % of welfare dependent households 29.24 29.48 31.55 29.48 29.24 31.55
payments with children per city block (1.5357) (1.5451) (2.4251) (1.4038) (1.3550) (2.2902)

Average % of immigrant children 52.91 49.57 53.43 49.57 52.91 53.43
(< 6 years) per city block (3.4729) (3.4277) (5.0795) (2.9100) (3.2141) (5.4254)

Average disposable income (in 3.88 3.98 3.87 3.98 3.88 3.87
€10,000) in postal code area (0.1359) (0.1337) (0.1946) (0.1112) (0.1222) (0.2000)

Notes: Bold figures indicate significant differesdeetween groupp & 0.05) based on clustered t-tests (for age, kiratézg, city block and postal code information) and
clusteredy2-tests (for the other variables); cluster-adjustieshdard errors in parentheses; cluster varialkadergarten.
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As shown in Table 2, with the exception of the gandariable, there are no significant
differences between the control group (children aotolled at JU), the treatment group
(children examined in the SEnMed after enrolling@j or the pre-treatment group (children
examined in the SEnMed before enrolling at JU). /lioys are overrepresented when
looking at overall enroliments at JU (about 70%pafticipants are boys), we expect the
average allocation of boys and girls in the kindet@n groups to reflect the percentage of
boys and girls in the kindergarten population inpfertal, i.e. about 51% boys and 49%
girls. Since there is no obvious explanation far thifference (cf. Table 2, column (1)) and
the distribution of boys and girls in the kindertgais in Wuppertal is not equal, we control
for gender and for possible group specific treatnedfiects in the regressions.

Differences in other variables between treated thedpre-treated children (Table 2,
column (2)) and treated and non-treated childreabld 2, column (1)) are not statistically
significant. While not significant, the differencesght still suggest that pre-treated and non-
treated children are from less advantaged backgsubhe children tend to have a lower
birth weight and to live in neighborhoods with heghmmigrant ratios. But none of these
significant or insignificant differences threatemg identification strategy. In the following,
we show that JU attendance and the date of SEnMechiech may determine group
assignment (treated or pre-treated) — do not depenthose variables (the kindergarten
decides whether to participate in JU but not ondae of the child’'s SEnMed). Therefore,
JU attendance is exogenous. Nevertheless, in odelsiave control for the socioeconomic
background and for possible non-linear and indireffects. We also perform different
robustness checks using matching methods to fustigyort the exogeneity assumption.

While the treatment depends only on the decisiorhef kindergarten teacher to
enroll at JU and not on the children’s observedattaristics, different preschool classes

within a kindergarten might be taught by differéedchers of different quality. This might

16



affect both the decision to attend JU courses dsasdhe child’'s performance on the test.
Therefore, participation within a kindergarten niglot be purely random and high ability
groups with motivated teachers may be more likelgdrticipate in JU courses. Hence, there
might be unobserved heterogeneity due to teachamacteristics. This creates yet another
identification challenge: We have to rule out ttiet treatment effect reflects the unobserved
quality of the preschool teacher. As we have normhbtion on preschool teachers, we
cannot tell whether different preschool classegaught by the same person, let alone what
that person’s quality as an educator may be. Neekss, this does not threaten our
identification strategy for the following reason: greschool class with pre-treated and
treated children is taught by the same teachercéjahassignment to one of these groups is
random and JU attendance increases school readoielsken in the treatment group are
expected to show higher school readiness thanpheitreated peers. For this approach to be
valid, we have to ensure that being allocated &ottbhated or pre-treated group is in fact
random.

In Wuppertal, unlike in other municipalities, iratiton to SEnMed depends solely on
date of birth. Thus, it is only the date of birthhish determines assignment to the pre-
treatment or treatment group. The date of the SEhdtes not depend on the kindergarten,
family name, prospective school catchment areastrict of residence. SEnMed is therefore
exogenous with respect to all other (observed arbserved) individual, family or even
kindergarten characteristics. Parents are nottifeithe upcoming SEnMed about 3-4 weeks
before the scheduled SEnMed date. Consequentligrehiof the same age (between 5
years, 10 months and 6 years) will undergo the éxation throughout the year. However,
children in JU classes are not sorted accordingge. Thus, children within a single
preschool class both before and after conductedviéBrparticipate in the same JU course.

Within this group, older children are more likely be examined beforattending JU and
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therefore to be allocated to the pre-treatmentmrdo rule out sorting into the pre-treatment
group and maturity effects in this context, we havensure that the age distribution in all
comparison groups taking the SEnMed does in fadt differ systematically. Small
differences in age at SEnMed occur because soméigarmight miss the appointment or
have time constraints and their children take tBaNsed later than scheduled. To verify the
exogeneity assumption of the treatment, we caleula¢ difference in months between the
theoretical SEnMed date without any sorting (whahriddren are on average 5 years and 11
months old) and the observed SEnMed date. We condean comparison tests on the
difference(ASEnMed) for the treated and pre-treated children. If thegeneity assumption
holds, there should be no differenced8EnMed.

Table 3 reports the mean comparison test for tlierdnce in theoretical and
observed SEnMed date in montf8SEnMed). It turns out that parents of pre-treated
children are not more likely to defer their chil®&nMed than parents of treated childfen.
Hence, children in both groups are equally likelyoe treated before or after SEnMed; there
is no selectivity. Moreover, note that there aresigmificant differences either in age or in
average time in kindergarten (cf. Table 2, colu@)) between either group, which supports
the exogeneity assumption and the identificatioatstly. Hence, the pre-treatment group is

not a selective group; neither of all children obthe treated children.

1235 Children (13 from the pre-treatment group, 2fhfithe treatment group) are excluded from thisesis|
because they are either too old (possibly due gration) or too young (due to early enrollmentptoin the
cohort.
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Table 3 Mean comparison test for difference betwibeoretical and observed SEnMed
date, treatment vs. pre-treatment group

Group n MeanASEnMed Std. Err. Std. Dev.
Treatment 642 0.7181 0.0544 1.3784
Pre-Treatment 223 0.6906 0.0811 1.2112
Combined 865 0.7110 0.0450 1.3885
Difference -0.0275 0.1040

Ho: Difference =0 t-value -0.2644 p-value 0.7915

Note: Standard t-tests, not clustered.

4.2. Estimation approach

To analyze the effect of JU attendance, we useo@cteadiness’ as introduced in Section
3.1 (cf. Figure 1) as our dependent variable. Tifeceis estimated using a fixed effects
model in which we explain school readiness by amymepresenting JU participatiofiJ;
1=treatment, O=non-treatment), individual levelomhation, and the regional controls
discussed above (cf. Section 3.2). The model is

Yiek = & + BXick + VJUick + i + Ac + €icks 1)
where y;.. represents the school readiness of chitd cohortc in preschook. X;., are
background characteristics (e.g. dummy for beibgyd, and/U;.; is the dummy indicating
that the child attended JU courses with the presicblass before taking the SEnMed.
reflects unobserved time-invariant preschool charastics, including shared preferences of
parents and kindergarten qualify, captures SEnMed-cohort specific characteristiosg, a
&ick IS the individual error term.

Although we have argued that JU attendance is emge with respect to
kindergarten and the controls, our model and dadg still suffer from a lack of relevant
individual-level information which affect schooladiness. This applies in particular to the
socioeconomic status of the families. To accounttiese background characteristics, we

include information on the city block level and amee information on a postal code basis.
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The individual controls used in the estimation teen from SEnMed. Thus the data, in
particular the data of the treatment group, welkecied post-treatment. Time-invariant or
pre-treatment variables like gender, immigratioatust or birth weight are clearly not
affected. Most variables from the SEnMed are exogsrto the treatment (like number of
siblings or obesity) and are included in equatidh QOther information, however, is not
included, because the variables are endogenoles ¢ittother exogenous variables or to the
outcome, e.g. recommendations to out-patient trettimased on the test results.

To support our identification strategy, we estimidue effect of JU attendance using
different groups. First, we estimate equation (%)ng data on pre-treated and treated
children only. If JU attendance has a causal impacischool readiness, children in the
treatment group should have significantly higherosdt readiness compared to pre-treated
children. School readiness of the pre-treatmentigrannot be affected by JU attendance,
as the group took the SEnMed before attending &doi®l, we compare pre-treated children
with non-treated children. As the pre-treatmentugress made up of children who attended
JU with their preschool class aftédrey took the SEnMed, we do not expect a significan
effect from JU treatment. If, however, we estimatesignificant coefficient for the JU
dummy, the treatment is more likely to capture waobed individual, family or
kindergarten characteristics, rather than the daeffact of JU attendance on school
readiness. Hence, a significant coefficient woudise doubts about our identification

strategy.

4.3. Robustness check
To further check the robustness of our approach;omgpare the results from the regressions
described in Section 4.2 with results of a matclesgimator. As discussed in Section 4.1,

there are differences in some exogenous variabdéwelen the defined groups, though
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almost all of these differences are statisticafigignificant. To rule out any selectivity
problem latent in these differences that might loias estimated JU effect, we estimate the

average treatment effect on the treated usingrdiftepropensity score matching methods.

5. Resaults

5.1.  Junior University effect

Table 4 summarizes the regression results. Thdtresuhe basic model is reported in
column (1).

The model is estimated by OLS and includes kindéegaand SEnMed-cohort fixed
effects. We regress school readiness on the treatndemmy (JU participation,
1=treatment/O=non-treatment), a gender dummy (nalard a dummy for immigrant status
(immigrant=1/native=0). In addition, we control fbnear age and kindergarten duration
effects. The latter variable describes whether tduran kindergarten exceeds or is below
the theoretical duration (time between the childiisd birthday and the SEnMed). As the
dependent variable is standardized between 0 af@dthé effects of all variables can be
interpreted as changes in school readiness in pge points.

In the first model the JU treatment variable isifpos and statistically significant.
Children attending JU courses with their preschot@lss perform better than their
kindergarten peers who did not enroll at JU. Theitamhal achievement of 2.33 percentage
points corresponds to about three (of 129) additidasks completed at SEnMed. The
negative coefficients for boys and immigrants asthlstatistically significant and plausible.
Girls and native Germans tend to perform betteraddition, we observe a significant age

effect of about 0.54% per month.
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Table 4 Junior University effect on school readsereatment vs. control (non-treatment)
group

(1) (2) 3) (4)

Junior University treatment (yes = 1/no=0)  2.3259 2.2811°  2.1743  2.1835"
(0.6534)  (0.5524)  (0.5449)  (0.5634)

Gender (male = 1) 25206 -1.8849° -1.9918" -2.0641"
(0.4514) (0.4199) (0.4332) (0.4514)

Immigrant (yes = 1) -4.9335  -4.4872"  -4.2814"  -4.3321"
(0.7561) (0.7707) (0.7311) (0.9666)

Age (in months) 0.5361  0.4857°  0.4965  0.4907"
(0.1297) (0.1125) (0.1154) (0.1151)

Constant 453271 43.2431° -23.7941  -21.6346
(9.4242) (8.6889) (91.9862) (91.7319)

Cohort fixed effects v v v v

Kindergarten fixed effects v v v v

Kmdergarten duration below/exceeds three v v v v

years (in months)

Number of siblings v v v

Health status v v v

City block information v

Disposable income in postal code area v v v

SES index (city block) v v

Kindergarten, SES index, and disposable v v

income polynomials

Gender, immigrant and kindergarten duration v

interactions

Observations 1,452 1,452 1,452 1,452

Kindergartens 70 70 70 70

R2 0.2667 0.3612 0.3705 0.3703

AdjustedR? 0.2268 0.3175 0.3219 0.3216

Notes: OLS estimates with kindergarten and cohretfeffects; dependent variable is school readisesre;
standard errors in parentheses are clustered dtntblergarten level’ p < 0.10,” p < 0.05,”" p < 0.01;
explanatory variableshealth status: low birth weight, obesity/overweight, (severe)denweight, non-
presentation of health record, U7a medical scrgeoomducted, non-presentation of vaccination redetdnus
vaccination, reduced visual acuity, partial heatoxs, and behavioral problentsty block infor mation: share
of welfare dependent households with children dredshare of immigrant children below the age of SES
index is the index of socio economic status and inclutlesfollowing variables: share of immigrants, shaf
immigrant children under the age of six, employnm&mdre, unemployment share, share of welfare et
share of welfare dependent households with childeth share of unemployable adujtsiynomials include
second, third and fourth order polynomials of Kirgdaten duration below/exceeds three years (in hsjnt
SES index, and disposable incomi@teractions: gender and immigrant status, kindergarten dumatio
below/exceeds three years (in months) and immigstatts, kindergarten duration below/exceeds theaes
(in months) and gender.

Nevertheless, there are some other variables oltded in (1) which may also affect school

readiness and have to be controlled. Thereforeadd additional controls and estimate
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different specifications, like non-linear effectsdanteraction terms. In model (2) we include
the number of siblings, information on health statlike low birth weight,
obesity/overweight, (severe) underweight, non-pregmn of health record, U7a conducted
(a medical screening conducted at the age of 386tomonths), non-presentation of
vaccination record, tetanus vaccination, reducediali acuity, partial hearing loss, and
behavioral problems. The model also includes saoieemic information on the city block
and postal code area level. The city block infororatncludes the share of households with
children receiving welfare payments and the shanenmigrant children below the age of
six. The postal code information is the averageuahdisposable income per household (in
ten thousand Euros). In this second model, thenastid treatment effect drops only slightly
to 2.28 and remains highly significant. In modéel (& exclude city block information and
generate an index for low economic and social sthtnm the city block data. The index
comprises the following variables weighted by pipat factor analysis: share of immigrants,
share of immigrant children under the age of smp®yment share for employees with
monthly income above €400, unemployment share,esbérwelfare recipients, share of
households with children receiving welfare and sfirunemployable adults. To control for
non-linear effects, we include second, third andrtfo order polynomials of kindergarten
duration, city block social status index and averdgposable income in model (3). The
results are similar to those of model (2). In mddglwe also add interactions of gender with
immigrant status, kindergarten duration with imraigr status, and kindergarten duration
with gender®* However, the results of models (2) to (4) showbust and significant JU
effect. In model (4) the JU effect of 2.18 percgetaoints still amounts to 2.82 additional

tasks completed, corresponding to about 1/5 ofadstrd deviation in the total score. Put

31n further specifications, not reported here, wevalfor non-linear age effects and group specifje affects.
Neither the results nor the marginal age effechghaconsiderably.
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differently: Gains in ability from attending JU skes corresponds to an age effect of 4.4
months*

As discussed in Section 3.1, the SEnMed data doeésnelude information on
preschool teacher quality. However, teacher quaityn important predictor of educational
success. Hence, it may turn out that our modelgeisdifom an omitted variable bias.
Exploiting our study-design, we can compare diffiérgroups of children (treated and pre-
treated) which are taught by the same teacher anidef check the validity of the results
presented in Table 4. As our final robustness chexkpply propensity score matching.

First, as introduced in Section 4.2, we compardrgegment and the control group to
the pre-treatment group. When comparing the trettdbe pre-treated children, we expect
non-zero JU coefficients similar to the coefficenh Table 4, provided the model is
correctly specified and JU attendance is exogen8asond, when comparing the control
group (non-treatment) with the pre-treatment grahe, JU coefficient should be zero. If
these hypotheses are confirmed, this supportdeutification strategy.

The results using the treated and pre-treated relnilchre presented in Table 5.
Results for pre-treated vs. non-treated childrengaren in Table 6.

Our first hypothesis for the pre-treatment andtimemt group - JU coefficient not
equal to zero and similar to that of Table 4 - amfemed. Only children who attend JU
before taking their SEnMed show higher school mees. Hence, the better performance of
the treated is not explained by selectivity becahsepre-treatment group participates in JU
only after school readiness has already been &ke&s argued in Section 4 (Table 2), pre-
treated children are not a selective group oftaldcen. The children are similar with respect

to the relevant variables and there are no agectsff@hich might explain short-term

¥Since boys are underrepresented in preschool slass#U (cf. Section 4.1), we checked for groupiice
effects of JU attendance and find no significarifedénces in JU effect for boys and girls. Both up®
benefit equally from attending JU classes.
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differences in school readiness (cf. Section 4iEnce, we can rule out selectivity issues
that arise from the preschool teacher quality. Bgtbups, treatment and pre-treatment
group, have the same preschool teacher but shésvetit results on the school entrance test.
If the ability measured at SEnMed is only causedheyquality of the teacher, the treatment
effect should be zero. Hence, our results sugdest JU attendance causes significantly
higher outcomes at SEnMed. Note that not only theffcients for the treatment variable

are similar to the coefficients in Table 4; fR&s are similar as well.

Table 5 Junior University effect on school readsdreatment vs. pre-treatment group

(1) (2) 3) (4)

Junior University treatment 3.1104 2.8973° 27413  2.6945

(yes = 1/pre-treatment = 0) (1.1073) (1.0416) (@2 (1.0058)

Gender (male = 1) -2.4255  -1.9161° -2.0722° -2.5587"
(0.7130) (0.6194) (0.6321) (0.8012)

Immigrant (yes = 1) -4.8482 -3.8469°  -4.0303" -4.4513"
(1.0736) (1.0602) (1.0274) (1.1638)

Age (in months) 0.4813 0.4922  0.5256 0.5264
(0.2505) (0.2005) (0.1969) (0.1991)

Constant 48.0470 41.9497  -110.2123 -101.8509
(18.3704) (16.5776) (104.7102) (107.4184)

Cohort fixed effects v v v v

Kindergarten fixed effects v v v v

Kmdergarten duration below/exceeds three v v v v

years (in months)

Number of siblings v v v

Health status v v v

City block information v

Disposable income in postal code area v v v

SES index (city block) v v

Kindergarten, age, SES index, and v v

disposable income polynomials

Age, gender, immigrant and kindergarten v

duration interactions

Observations 900 900 900 900

Kindergartens 70 70 70 70

R2 0.2918 0.3748 0.3930 0.3905

AdjustedR? 0.2273 0.3026 0.3144 0.3107

Notes: see Table 4.
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Table 6 summarizes the results of the comparisoprefreated and non-treated children.
Again, our hypothesis is confirmed. The JU coedintidoes not statistically differ from zero
at any significance level and regardless of thecifipation. The coefficients of the other
variables, their significance levels, as well asRAs are similar to the model specifications

in Tables 4 and.5

Table 6 Junior University effect on school readsepre-treatment vs. control (non-
treatment) group

(1) (2) (©) (4)

Junior University treatment -0.8221 -0.7553 -0Ir64 -0.7191

(pre-treatment = 1/no = 0) (1.0341) (0.9441) (0B58 (0.9590)

Gender (male = 1) -2.4958 -1.8862° -1.9869  -2.1523"
(0.5706) (0.5299) (0.5445) (0.5999)

Immigrant (yes = 1) -4.4143 -3.6150° -3.4857°  -2.8078
(0.8594) (0.8567) (0.7801) (1.1724)

Age (in months) 0.6640 0.5898"  0.5750°  0.5872"
(0.1924) (0.1705) (0.1701) (0.1713)

Constant 35.5022 32.5434  -197.2360 -190.3469
(13.7925) (13.8295) (145.3927) (146.9110)

Cohort fixed effects v v v v

Kindergarten fixed effects v v v v

Kmdergarten duration below/exceeds three v v v v

years (in months)

Number of siblings v v v

Health status v v v

City block information v

Disposable income in postal code area v v v

SES index (city block) v v

Kindergarten, age, SES index, and v v

disposable income polynomials

Age, gender, immigrant and kindergarten v

duration interactions

Observations 1,024 1,024 1,024 1,024

Kindergartens 70 70 70 70

R2 0.2815 0.3862 0.3986 0.3993

AdjustedR? 0.2246 0.3248 0.3312 0.3313

Notes: see Table 4.
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5.2. Robustness check

As discussed in Section 4 there are some statlgtigasignificant but possibly non-
negligible differences in the control variablesvibetn pre-treated and treated children and
between non-treated and treated children. Hence, @bustness check, we estimate the
average treatment effect of the treated (ATT) ugangpensity score matching. We use
model (4) (Tables 4, 5, and 6) and different speations of the matching estimator to
account for the variance/bias trade-off. Table Mmsarizes the results for all groups.

The matching results for the main comparison gr@ueated vs. control) differ
according to the varying specifications of tkaearest neighbor algorithm with up to three
neighbors and different number of observations appert. However, results are
gualitatively similar and, in addition, similar tbe results in Table 4. Only the ATT in the
most restrictive specifications (Table 7, columnantl 4) is lowest and the estimated effect
is only marginally significant. However, note thawodel (4) is saturated with various
polynomials and interaction effects and findingistecal twins is not easy, especially when
applying rather strict requirements like in Tablec@lumn (1). Therefore, relaxing the
requirements on the fit by e.g. raising or elimingtthe caliper, leads to results similar to
those in the regression analysis.

The results for the pre-treatment and the controugs are qualitatively similar to
the results in Table 6. Hence, there is no diffeeeim school readiness between untreated
and pre-treated children. This supports our exageassumption. Applying matching to the
pre-treated and treated children gives slightlyedent results. The variation in the different
ATT specifications (with or without caliper, valwé caliper, with or without neighbors) is
higher than for the other group comparisons andrdsment effect is slightly stronger than
in the regression results. Overall, however, théchiag results do not differ qualitatively

from the OLS results in neither specification aeti¢e confirm our main specification.
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Table 7 Matching results, k-nearest neighbor miaighvith varying specifications

(€] 2) 3 4) 5) (6)
Multiple neighbors: yes yes yes no no no
Groups and Replacement: with with with with with with
treatment status Caliper: ¢=0.001 c=0.002 -- c=0.001 c=0.002 --
ATT 1.7499 2.6029 2.6771 2.0326 2.9091 2.7003
Treatment (1) t-statistic 1.83 2.88 2.99 1.95 2.89 2.44
Vs Treated on support 336 451 605 336 451 605
no treatrﬁent ) Untreated on support 788 788 788 788 788 788
Average difference in propensity score 0.0004 0.0007 0.0016 0.0004 0.0007 0.0016
(0.0003) (0.0005) (0.0021) (0.0003) (0.0005) (002
ATT -4.3187 -3.3580 -3.5383 -4.4330 -4.0428 -3.6823
Pre-treatment (1) t-statistic -3.04 -2.72 -3.22 -3.08 -3.03 -2.81
Vs Pre-treated on support 144 188 236 144 188 236
treatmént ) Treated on support 543 543 543 543 543 543
Average difference in propensity score 0.0004 0.0006 0.0021 0.0004 0.0006 0.0021
(0.0003) (0.0005) (0.0052) (0.0003) (0.0005) (005
ATT -1.6306 0.0049 -1.0540 -2.0814 0.0070 -0.6630
Pre-treatment (1) t-statistic -0.81 0.00 -0.68 -1.03 0.00 -0.38
Vs Pre-treated on support 87 120 211 87 120 211
no treatrﬁent ) _ Unt_reated on s_upport 604 604 604 604 604 604
Average difference in propensity score 0.0003 0.0007 0.0043 0.0003 0.0007 0.0043
(0.0003) (0.0006) (0.0075) (0.0003) (0.0006) (0507

Notes: Propensity matching estimation; outcomeatdei is school readiness score;

parentheses; ATT = average treatment effect ofrtdaded.

explanatory vasabk in model (4) in Tables 4, 5, and 6; stane@ardrs in
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5.3. Doestheinvestment pay off?

Several studies have shown that early investmemtgay off in later life. At this point, we
cannot quantify any potential long-run effects of dttendance or provide a cost-benefit
analysis. However, doing some back-of-the-envelogleulations, we can get first and
admittedly tentative evidence on the relative edfgctiveness of the program.

The JU course fee for preschool children is €5hvatiblic transportation being
included in the fee. The JU management board hiaslated average net costs of about
€100 per child and course. This covers the instrigtsalary, course materials and fixed
costs (including rental for the building, utilitiestaff, etc.). There are no additional costs
because the kindergarten teacher’'s salary is payevay (the courses take place during
regular kindergarten time). However, there are <dst public transportation for the
kindergarten teacher of about €20 - which amoutitd per child. Hence, the total cost per
child is approximately €106. Next, look at the regito JU. Consider, for example, model
(4) in Table 4 in which school readiness incredse®.18%. Compared to the age effect, this
is worth 4.4 months. But how to compensate nonigpants? Extend kindergarten duration
or offer alternative educational activities? Botbme at a cost. For instance, the Federal
Statistical Office (2012) reports total costs faibpcly funded day care of about €6,100 per
child per year. With on average 220 kindergarteysdzer year a day in kindergarten costs
about €28 per child. This compares to €106 for aldigs. Our calculations are certainly not
meant to serve as a full cost-benefit analysigheey can be instructive to further think about
the institutional structure of early education. I@fen will be better prepared for school if
they get additional (and exciting) extracurricutglucational input. In addition, compared to
investments in other intervention or early childdgarograms (Duncan/Magnuson 2013,
Almond/Currie 2011), the investment of €106 peilccAnd course at Junior University is

small.
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The federal program ‘House of little scientists’lldvs the same idea as JU.
Comparing those programs, the centralized JU-appraad the decentralized approach of
the ‘House of little scientists’, could yield vahla insights. While the public funds can be
tentatively estimated to be about €35 per cfilthe total costs (public plus private costs)
and the returns are unknown. However, without kmgwihe returns and the costs of the
program a cost-benefit analysis is not possible,dven the large scale of the program
certainly desirable. Our approach has shown howeualuate preschool programs in
Germany, using administrative data from the manglagrhool entry examination to

estimate the returns.

6. Conclusion and Discussion

Many studies analyze the impact of early childheddication on educational attainment,
earnings and the probability of employment but ofdy studies focus on voluntary
extracurricular activities and their impact on eahional success. In this paper, we contribute
to this topic by analyzing the effect of a uniquiieational project in Germany on school
readiness of children. The Junior University (J&aiprivate educational institution intended
to supplement kindergarten and school. Besidesagivenrollment, kindergartens are
encouraged to enroll entire preschool classes Yleat before school entry) at JU, where
children participate in mainly hands-on experimergaience courses. Using within
kindergarten variation in enrollment, we analyze #ifect of participation on the school

readiness of preschoolers.

3In October 2015, 4,400 Kindergartens in Germanyevearcredited. With about 60 children reached par ye
and kindergarten this amounts to 264,000 childrestifhation is based on figures provided by the
Wonderlabz  Network for a densely populated regionn iNorth  Rhine-Westphalia
http://wonderlabz.org/netzwerk/). Excluding presghiacher salaries, accreditation fees and trginosts
the public expenses of the program amount to €8%htl (cf. Section 1).

30



Our main findings suggest that attending classe3Uasignificantly increases the
abilities of preschool children by approximatelyl&46 - which corresponds to three
additional tasks completed in the school entry eration. To validate our results, we
compare the treatment group to a pre-treatmentpgodichildren. The pre-treatment group
received the treatment after their school readihasseen assessed. As a final refinement of
our estimation strategy, we apply a matching apgrodhe estimated JU effect passes all
validity and robustness checks.

What explains the positive JU effect? The JU caume unconventional hands-on
experimental courses - taught by experts and ndahéyindergarten teachers. They show
experiments that children are typically not exposedt kindergarten or at home, e. g.
building volcanoes of sand and blasting them witag The event character may increase
attention and foster active participation whichngfarms into an increase in ability. In
addition, it is possible that the positive JU effiscfurther enforced by kindergarten teachers
and parents. By talking about the courses, possdpgating the experiments and discussing
what has been learned, a short course can bectong &asting experience. This also raises
the question on the optimal intensity, the quabtyhe courses and duration of the program.
But clearly, the exact channel through which thegpam works, its intensity and whether
the effect is in fact long lasting is an open isand beyond the scope of the present paper.
However - and this is in line with the literatune imvestment in early childhood education -
the children in our data are young and accumulagfoskills and knowledge is known to be
higher in early life (e.g. Shonkoff/Philipps 20@ynha et al. 2006). That's why doing just a

little bit more significantly improves school readss.
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