
Makles, Anna; Schneider, Kerstin

Working Paper

Extracurricular Educational Programs and School
Readiness: Evidence from a Quasi-Experiment with
Preschool Children

CESifo Working Paper, No. 5778

Provided in Cooperation with:
Ifo Institute – Leibniz Institute for Economic Research at the University of Munich

Suggested Citation: Makles, Anna; Schneider, Kerstin (2016) : Extracurricular Educational
Programs and School Readiness: Evidence from a Quasi-Experiment with Preschool Children,
CESifo Working Paper, No. 5778, Center for Economic Studies and ifo Institute (CESifo),
Munich

This Version is available at:
http://hdl.handle.net/10419/130397

Standard-Nutzungsbedingungen:

Die Dokumente auf EconStor dürfen zu eigenen wissenschaftlichen
Zwecken und zum Privatgebrauch gespeichert und kopiert werden.

Sie dürfen die Dokumente nicht für öffentliche oder kommerzielle
Zwecke vervielfältigen, öffentlich ausstellen, öffentlich zugänglich
machen, vertreiben oder anderweitig nutzen.

Sofern die Verfasser die Dokumente unter Open-Content-Lizenzen
(insbesondere CC-Lizenzen) zur Verfügung gestellt haben sollten,
gelten abweichend von diesen Nutzungsbedingungen die in der dort
genannten Lizenz gewährten Nutzungsrechte.

Terms of use:

Documents in EconStor may be saved and copied for your
personal and scholarly purposes.

You are not to copy documents for public or commercial
purposes, to exhibit the documents publicly, to make them
publicly available on the internet, or to distribute or otherwise
use the documents in public.

If the documents have been made available under an Open
Content Licence (especially Creative Commons Licences), you
may exercise further usage rights as specified in the indicated
licence.



 

Extracurricular Educational Programs 
and School Readiness: Evidence from a 

Quasi-Experiment with Preschool Children 
 
 
 

Anna Makles 
Kerstin Schneider 

 
 

CESIFO WORKING PAPER NO. 5778 
CATEGORY 5: ECONOMICS OF EDUCATION 

FEBRUARY 2016 
 

 
 

An electronic version of the paper may be downloaded  
• from the SSRN website:              www.SSRN.com 
• from the RePEc website:              www.RePEc.org 

• from the CESifo website:           Twww.CESifo-group.org/wp T 

 
 
 

ISSN 2364-1428 

http://www.ssrn.com/
http://www.repec.org/
http://www.cesifo-group.de/


CESifo Working Paper No. 5778

Extracurricular Educational Programs 
and School Readiness: Evidence from a 

Quasi-Experiment with Preschool Children 

Abstract 

This paper adds to the literature on extracurricular early childhood education and child 
development by exploiting unique data on an educational project in Germany, the Junior 
University (JU). Utilizing a quasi-experimental study design, we estimate the causal short-run 
effect of JU enrollment on ability measures and show that attending extra science courses with 
preschool classes leads to significantly higher school readiness. Attending classes at JU 
increases school readiness by approximately 2.18% which corresponds to 1/5 of a standard 
deviation of the ability score. The result is plausible and passes various robustness checks. 

JEL-Codes: I200, I210, I280, J130. 

Keywords: early childhood education, extracurricular activities, early interventions, 
school readiness. 

Anna Makles 
Wuppertal Research Institute for the 

Economics of Education (WIB) 
University of Wuppertal 

Gaußstr. 20 
Germany – 42119 Wuppertal 

makles@wiwi.uni-wuppertal.de 
www.wib.uni-wuppertal.de 

Kerstin Schneider* 
Wuppertal Research Institute for the 

Economics of Education (WIB) 
University of Wuppertal 

Gaußstr. 20 
Germany – 42119 Wuppertal 

schneider@wiwi.uni-wuppertal.de 
www.wib.uni-wuppertal.de 

Phone: +49(0)202 439 2483 

*corresponding author

January 2016 



1 

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.  
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One study addressing the effect of sport activities in early childhood is 

Felfe/Lechner/Steinmayr (2011). The authors find positive effects on schooling outcomes and 

non-cognitive skills like peer relations. Similarly, positive effects of sports and private music 

lessons during childhood and adolescence on schooling outcomes are reported in 

Pfeifer/Cornelißen (2010) and Hille/Schupp (2015). However, the effect of extracurricular 

educational activities in early childhood has not been evaluated yet. Moreover, since 

intervention programs and extracurricular activities cause additional costs, issues of cost 

effectiveness ought to be addressed as well. 

Related to the effectiveness and in particular cost effectiveness of early childhood 

education programs is the question of how to organize them. For instance, in Germany there is 

a fear of shortages in STEM (Science, Technology, Engineering, and Mathematics) 

qualifications of the labor force. Therefore, fostering children’s interest in those fields is a 

popular demand. But who should teach science classes for preschool children: Professionals 

or trained preschool educators? Kindergarten teachers are no science experts nor are science 

labs available in a typical kindergarten. Hence, there are arguments for a more centralized 

(preschool) science education, despite additional costs for setting up and running such an 

institution.  

An example of a German initiative to improve science education in kindergarten by 

educating preschool teachers – and hence an example of a decentralized extracurricular 

approach – is the ‘Haus der kleinen Forscher’ (House of little scientists). The initiative is 

supported by the Federal German Ministry of Education and Science (BMBF) with a budget 

of almost €8 million in 2012 and €9 million in 2013.1 So far, there has been no evaluation of 

either the causal effects on interest in science or cognitive outcomes nor the cost 

effectiveness. 

                                                 

1 The ‘Haus der kleinen Forscher’ is a joint initiative of the BMBF and the Telekom foundation (the annual 
reports are available at: http://www.haus-der-kleinen-forscher.de) 
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Alternative programs are science labs for children and children’s universities2 that aim 

to foster interest in science and research. Those classes are taught by science experts or STEM 

students in universities or laboratories. The courses are typically short, e.g. single courses 

during school vacations or after school, and mainly target children in primary or secondary 

school. Whether attending these science classes has a positive effect on interest in science, 

schooling, let alone later-life educational and labor market outcomes, is an open question.  

The present paper adds to the literature on voluntary extracurricular early childhood 

education by exploiting a quasi-experimental setting in an educational project in Germany. 

The Junior University3 (JU) is a centralized non-profit educational institution. It is fully 

financed by private donations and explicitly intended to be complementary to kindergarten 

and school in the region. In this paper we study the short-run effect of JU enrollment in 

science classes on the school readiness of children. Hence, the focus is not on raising 

children’s interest in science, which is hard to measure. Instead, we analyze the effects on 

cognitive outcomes. To measure JU’s return to educational outcomes, we use data from 

different sources and study whether attending a science course with the preschool class affects 

school readiness as assessed by the compulsory school entrance examination. Our results 

show that attending JU leads to higher school readiness. The size of the effect is 1/5 of a 

standard deviation of the school readiness measure which corresponds to an age effect of 

more than four months. Although the effect of JU attendance on school readiness is small in 

terms of score improvement (less than three additionally completed tasks in the school 

readiness test), the results are plausible and robust. In addition, we provide first and tentative 

evidence for the short-run cost effectiveness of JU.  

                                                 

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

3 Full name: Junior Uni - Wuppertaler Kinder- und Jugend-Universität für das Bergische Land gGmbH 
(gGmbH = non-profit company with limited liability). More information (in German) is available at 
www.junioruni-wuppertal.de. 
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This paper is organized as follows: In Section 2 we provide some information about 

Junior University. Section 3 describes the data, and in Section 4 we discuss our empirical 

strategy. Section 5 presents the results, robustness checks and a tentative cost-benefit analysis. 

Finally, Section 6 concludes and briefly discusses the results. 

 

2. Junior University 

Junior University (JU) was launched in December 2008 as a permanent private non-profit 

institution, entirely financed by private donations. It is located in Wuppertal, a city with a 

population of about 350,000 in the German federal state of North Rhine-Westphalia. JU offers 

courses for children and young adolescents with a focus on science, mathematics and 

engineering. The pedagogical concept was developed by a physics professor, who created a 

popular German science TV show for children called ‘Löwenzahn’ in cooperation with a 

school teacher familiar with teaching disadvantaged children.  

JU aims at raising interest in STEM by offering mainly hands-on experimental 

courses. Unlike other university programs for children, it is not a temporary institution within 

an educational institution but a permanently established independent body. Furthermore, it is 

explicitly not targeted only at gifted or advantaged students but addresses all children and 

youths between the age of 4 and 20 (or the end of secondary school), regardless of their 

educational or social background.  

There are two types of enrollment at JU: individual enrollment or group enrollment. 

Group enrollment is popular, in particular among kindergarten preschool classes (last year 

before primary school). The courses are generally organized in four 90-minute units and run 

on a weekly basis. They address different age groups (4-6, 7-10, 11-14, and 14 and older) and 

are not taught by school teachers but by university professors, undergraduate and graduate 
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students, local entrepreneurs or citizens. The course fee is €5 per child.4 Obviously, the fee 

does not cover costs. The low fee was chosen to not deter children from low-income families 

from participating. For families who cannot afford the low fee, JU arranges a sponsor, e.g. a 

local company, to cover the fee. 

From December 2008 through spring 2012 JU offered 1,091 courses and received 

13,648 applications. Since the courses are popular, with the number of applicants exceeding 

the number of slots each term, allocation is on a first come-first served basis. This does not 

apply to kindergarten courses. The slots for preschool classes have not been limited to offer 

broad access to JU in particular for the youngest. Almost a quarter (21.26%, 232 courses) of 

the courses were offered for preschool groups with 2,964 preschool children. 

Since the focus in this paper is on preschool education, we restrict our attention to 

kindergarten children who attend JU with the entire preschool class. In 2011, Wuppertal had 

185 daycare institutions (private parental initiatives and public kindergartens) of which 84 

participated in JU courses with at least one preschool class. Hence, a problem in our 

identification strategy may arise from the selectivity of the participating kindergartens. The 

heterogeneity of the districts in Wuppertal as well as the level of segregation is high. Some 

kindergartens are located in highly disadvantaged areas of the city. However, the participating 

kindergartens are not a positive selection of all kindergartens in the city. For instance, there is 

no significant difference in the distance from kindergarten to JU or the share of immigrant 

children between participating and non-participating institutions. Moreover, socioeconomic 

status variables like average disposable income or share of welfare recipients do not differ 

between participating and non-participating kindergartens. 

 

 

                                                 

4  Courses can also be organized in six or eight 90-minute units or as full-day courses. The fee for these courses 
may be higher, up to €10. Kindergarten courses run for four weeks only and the course fee is €5. The fee for 
preschool classes is generally paid for by the kindergartens. 
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3. Data and ability measures 

To estimate the short-run causal effect of JU attendance on school readiness, we use 

administrative data that allows us to distinguish between a treatment group (children enrolled 

at JU with the entire kindergarten preschool class) and a control group (peers from the same 

kindergarten who did not participate). The data stems from various sources and includes 

individual level information, information on the level of the residential city block and also 

information on income on the postal code level. Data on individuals is drawn from the 

Schuleingangsuntersuchung (SEnMed - school entrance medical examination) a compulsory 

and standardized school readiness assessment. It provides information on abilities, 

kindergarten enrollment and background characteristics like age, gender, residence and ethnic 

origin. Information on JU participation is taken from the administrative data of the JU. This 

information is linked to the SEnMed data. We supplement the individual level data with data 

on the city block level to describe the children’s neighborhood. A city block is a small 

administrative unit with on average about 140 residents. In 2010, Wuppertal had 2441 

inhabited city blocks. The data provides detailed information on ethnicity, employment and 

welfare dependency. To further enrich our city block data, we add income indicators that are 

available on the slightly more aggregated postal code level. The different data sources and 

ability measures are described in more detail in the following sections. 

 

3.1. School entrance medical examination 

The school entrance medical examination (SEnMed) is a compulsory and standardized 

examination of all children. Hence, the SEnMed is a census of all preschoolers. On average, 

the children are 5 years and 11 months old when examined because the exam is scheduled 

according to birth date. SEnMed is conducted to assess the previous and current health status 

as well as the cognitive and non-cognitive development of preschoolers in order to attest 

school readiness. The data includes the retrospective and current health status (e.g. birth 
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weight, obesity, ear and eye conditions, social and emotional development) and several 

dimensions of cognitive and non-cognitive abilities. In addition, the data comprises individual 

characteristics like age, gender, ethnic origin as well as information on the kindergarten. 

In our analysis we use data of 5,669 preschool children from two cohorts born 

between 2003 and 2005 who took the SEnMed between 2009 and 2011.5 The children’s 

abilities were assessed during the SEnMed using state-wide standardized tests.6 Theoretically, 

the lowest possible score is zero (no task completed) and the maximum depends on the 

number of tasks within a test area. There are nine test areas corresponding to different ability 

dimensions such as visual and analytical skills, numerical and quantitative skills, language 

skills, and fine and gross motor skills. Typical tests are retracing figures, visual 

discrimination, counting, estimating and comparing quantities, neglect tests to assess visual 

and selective attention, use of prepositions, plural forming and repeating made-up words. 

Gross motor ability is assessed by asking children to jump on one leg or to walk on a straight 

line. 

On the basis of these test results and the child’s health status physicians decide 

whether a child might enroll in primary school or be held back for a year. Note that there is no 

threshold or cutoff for passing the SEnMed exam. Hence, from the physician’s point of view, 

the test results represent a one-dimensional latent scale of school readiness. We follow this 

idea and reduce the nine ability dimensions to a one-dimensional scale of school readiness. 

The scale is generated using an exploratory factor analysis. The results of the factor analysis 

confirm the conjecture of a one-dimensional factor, with about 97% of the variance in the 

ability items being explained by the first factor.7 In the analysis, we use the factor of school 

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

                                                 

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

6 The tests are confidential and the test items are not publicly available.  
7 The overall KMO criterion is 0.8285; item KMO criteria lie between 0.7070 and 0.9251. 
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factor to a scale between 0 and 100. The highest value of school readiness (100%) 

corresponds to a score of 129 successfully completed tasks. The distribution of school 

readiness for the full sample (n = 5,669) is shown in Figure 1. 

 

Figure 1  School readiness in % (n = 5,669), density and performance bands 

 

Notes: average school readiness: �� = 79.73, �	 = 12.57; percentiles: �.� = 35.95, �.� = 55.53, �.�� =
74.32, �.� = 83.01, �.�� = 88.56, �.�� = 93.40, �.�� = 96.04. 

 

The performance bands in Figure 1 characterize five groups: the very low performing 5%, low 

performing 20%, medium 50%, high performing 20% and the very high performing 5%. 

Average school readiness is 79.73% (SD = 12.57) and the distribution is left-skewed. The 

weakest 5% of the children have a school readiness score of at most 56%, whereas the 

medium 50% of the children have school readiness values of between 74% and 89%. 

In addition to information on abilities, there is a large set of background variables in 

the SEnMed data. Table 1, column (1) summarizes the data and in column (2) we describe the 

two cohorts. The sample comprises 5,669 children, 51.08% of whom are boys; 36.57% of the 

children are immigrants, where migration status is defined by the language spoken with the 

0 20 40 60 80 100

very low performing 5%
low performing 20%
average 50%
high performing 20%
very high performing 5%
mean
mean +/- 1 SD
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child during the first four years. If the parents report a language other than German, the child 

is said to have a migration background. 

 

Table 1  Descriptive statistics, full sample and by cohorts 

 (1) (2) 
 

Total 
Cohort 

 1 2 
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 4.23a) 
Average % of welfare dependent households  29.08 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)  3.8788 3.8870 3.8707 
in postal code area (0.8940) (0.8912) (0.8968) 

Notes: Standard deviation in parentheses; bold figures indicate significant differences between groups (p ≤ 0.05) 
based on t-tests (for age, kindergarten, city block and postal code information) and χ²-tests (for the other 
variables); a)Difference is significant due to a high increase in the category ‘examination was not possible’ 
(assessment is not compulsory). 
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On average, the children have attended kindergarten for 2.74 years (about 2 years and 9 

months) before taking the school entrance exam. This is expected, as children in our data are 

entitled to a place in kindergarten after their third birthday.8 About 46.60% of the children 

have one sibling; 4.25% have four or more siblings. The share of overweight or obese 

children is slightly larger than the share of (severely) underweight children. About 78% have 

a healthy weight. Table 1 column (2) indicates few significant differences between the two 

cohorts. The difference in ‘age at examination’ and ‘time in kindergarten’ is plausible and due 

to an earlier cutoff date for primary school enrollment in North Rhine-Westphalia in 2011. 

Due to the earlier cutoff date, the second cohort comprises 13 months of births. Hence, the 

average age in the second cohort is below the average age of the first cohort. The significant 

difference in ‘behavioral problems’ is also explained by the different sizes of the cohorts. 

Assessment of behavioral problems is not compulsory in the SEnMed and, due to the larger 

second cohort and resulting time constraints, the assessment was more often omitted (there is 

a corresponding increase in the category ‘examination was not possible’). As there is no 

apparent explanation for the significant difference in ‘partial hearing loss’ between the two 

cohorts, we control for this variable and the cohort in the estimations. 

 

3.2. Administrative data on socioeconomic status 

The child’s address information is used to merge individual data (from the SEnMed) and 

information on socioeconomic status on the level of the city block or the postal code area. The 

city block data is no individual level data. However, it indicates the probability of being 

member of a social group. For instance, if 20% of the children in a given city block live in 

low-income families, a child living in this city block is said to have a 20% probability of 

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

                                                 

8 Since 1996 (2013) children in Germany are entitled to a place in kindergarten at the age of three (after their 
first birthday). 
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important because the SEnMed data does not include individual-level information on 

socioeconomic status. Thus, following earlier work (Schneider et al. 2012; Riedel et al. 2010), 

the city block information is used as a proxy for a child’s socioeconomic status. We describe 

the residential environment by variables like the risk of poverty (defined as the share of 

welfare-dependent private households), the unemployment rate and the share of immigrants. 

Since city block data only indicates low status (like unemployment, poverty, etc.), 

additional variables describing neighborhoods of medium or high level socioeconomic status 

are helpful. Here we use additional data on disposable income per household9. The variable 

allows a more comprehensive description of the socioeconomic status in the neighborhood. 

This data is only available for the eight-digit postal code area, i.e., 368 areas in Wuppertal 

(Figure 2).  

 

Figure 2  Annual disposable household income in € in Wuppertal 

 

                                                 

9 The data is provided by the microm GmbH. 
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Table 1 reports descriptive statistics for the city block and postal code variables. The average 

share of welfare dependent households with children in a city block is 29.08%, the average 

share of immigrant children is 53.66% and the average disposable income amounts to 38.79 

thousand € per year. The decreasing welfare dependency between the cohorts reflects a 

common trend. Between 2008 and 2010 the overall welfare dependency rate in Wuppertal 

declined from 20.26% to 18.58%. 

 

4. Empirical strategy 

The effect of attending JU courses on school readiness is assessed by using the two 

enrollment cohorts of preschool children (SEnMed in 2009-2010 and 2010-2011) and 

computing the one-dimensional factor of school readiness discussed above. Having children 

from two cohorts allows exploiting variation within kindergartens, because kindergartens may 

enroll some but not all preschool classes at JU. We use the within kindergarten variation to 

estimate the causal effect of JU attendance by comparing the performance of children from 

the same kindergarten. The effect can be interpreted as causal because JU attendance is 

exogenous, as will be explained below. 

 

4.1. Exogeneity of the treatment 

The structure of our data regarding the treatment status is illustrated in Figure 3.  

The data comprises 5,669 children. 1,273 have attended at least one course at JU 

(22.46%). Most of these children (1,055 or 82.88%) were enrolled with their preschool class 

(as opposed to individual enrollment). As we argue in more detail below, participants 

enrolling with their preschool classes are not affected by self-selection issues. Hence, these 

children and their kindergarten peers can be used to identify the JU effect.  

Kindergartens enroll entire preschool classes of on average 14 children at JU. 

However, we observe within kindergarten variation in participation at JU because one 
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preschool class is enrolled and another class in the same kindergarten is not. The children of 

participating kindergartens who do not attend JU are labeled ‘untreated’ or ‘control’. In 

addition, we also exploit within preschool within class variation because some children attend 

JU with their preschool class but take the SEnMed prior to the JU class (n = 296, cf. Figure 

3); children of this group are labeled ‘pre-treated’. 

 

Figure 3  Study design 

 

 

Selectivity in kindergarten entry due to JU participation is not an issue for either group of 

children. The children in the sample entered kindergarten about two years before JU was 

launched. Hence, there is no self-selection of children in kindergartens or preschool classes 

due to expected JU participation. Even if parents want their children to enroll at JU, it is 

unlikely that they will change kindergarten solely for this purpose. First, even if the 

kindergarten does not participate in JU, the individual child can be enrolled for JU classes 

anyway. Second, to change kindergarten might not be an option for families. In Wuppertal, as 

in many other German cities, there is a shortage of daycare. Parents have to apply for daycare 
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very early, i.e. one or two years before their child’s third birthday. In addition, changing 

kindergarten requires convincing arguments and may as well involve other opportunity costs, 

such as a greater distance between home and the new kindergarten. 

Besides selectivity issues regarding participating and non-participating kindergartens, 

potential selectivity into the treatment, pre-treatment or control group within a kindergarten 

needs to be addressed. To support the exogeneity of the treatment assumption, we perform 

mean comparison tests for the control variables and all groups of children. As our sample 

(n = 1,896, cf. Figure 3) includes children from 70 kindergartens10, we calculate clustered 

tests. As noted in Section 2, Wuppertal is segregated and this is also reflected in kindergarten 

segregation. Thus, observations within kindergartens are likely to be correlated and standard 

χ�-tests or t-tests for the control variables are likely to be upward biased (and p-values are 

likely to be downward biased). Hence, we calculate kindergarten cluster-adjusted tests as 

described in Donner/Klar (2000). Table 2 presents the results of mean comparison tests, 

where the sample is restricted to children with non-missing values in the explanatory 

variables.11 

 

                                                 

10 14 of 84 kindergartens were eliminated from the analysis as only one participant or non-participant in the two 
cohorts could be merged to the SEnMed data. This mainly results from incorrect entries of the kindergarten 
number by the physicians or assistants during the SEnMed and is uncorrelated with treatment status. 

11As noted in footnote 10, missing values are uncorrelated with the treatment status and occur at random. A large 
set of missing values results from incorrect entries (implausible coding) by the physicians or assistants during 
the SEnMed. 
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Table 2  Descriptive statistics by treatment, non-treatment, pre-treatment group 

  (1) (2) (3) 

 
 Non-treatment (U) vs.  

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

Non-treatment (U) 
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 % 0 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 underweight 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 differences between groups (p ≤ 0.05) based on clustered t-tests (for age, kindergarten, city block and postal code information) and 
clustered χ²-tests (for the other variables); cluster-adjusted standard errors in parentheses; cluster variable is kindergarten. 
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As shown in Table 2, with the exception of the gender variable, there are no significant 

differences between the control group (children not enrolled at JU), the treatment group 

(children examined in the SEnMed after enrolling at JU) or the pre-treatment group (children 

examined in the SEnMed before enrolling at JU). While boys are overrepresented when 

looking at overall enrollments at JU (about 70% of participants are boys), we expect the 

average allocation of boys and girls in the kindergarten groups to reflect the percentage of 

boys and girls in the kindergarten population in Wuppertal, i.e. about 51% boys and 49% 

girls. Since there is no obvious explanation for the difference (cf. Table 2, column (1)) and 

the distribution of boys and girls in the kindergartens in Wuppertal is not equal, we control 

for gender and for possible group specific treatment effects in the regressions.  

Differences in other variables between treated and the pre-treated children (Table 2, 

column (2)) and treated and non-treated children (Table 2, column (1)) are not statistically 

significant. While not significant, the differences might still suggest that pre-treated and non-

treated children are from less advantaged backgrounds. The children tend to have a lower 

birth weight and to live in neighborhoods with higher immigrant ratios. But none of these 

significant or insignificant differences threatens our identification strategy. In the following, 

we show that JU attendance and the date of SEnMed – which may determine group 

assignment (treated or pre-treated) – do not depend on those variables (the kindergarten 

decides whether to participate in JU but not on the date of the child’s SEnMed). Therefore, 

JU attendance is exogenous. Nevertheless, in our models we control for the socioeconomic 

background and for possible non-linear and indirect effects. We also perform different 

robustness checks using matching methods to further support the exogeneity assumption. 

While the treatment depends only on the decision of the kindergarten teacher to 

enroll at JU and not on the children’s observed characteristics, different preschool classes 

within a kindergarten might be taught by different teachers of different quality. This might 
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affect both the decision to attend JU courses as well as the child’s performance on the test. 

Therefore, participation within a kindergarten might not be purely random and high ability 

groups with motivated teachers may be more likely to participate in JU courses. Hence, there 

might be unobserved heterogeneity due to teacher characteristics. This creates yet another 

identification challenge: We have to rule out that the treatment effect reflects the unobserved 

quality of the preschool teacher. As we have no information on preschool teachers, we 

cannot tell whether different preschool classes are taught by the same person, let alone what 

that person’s quality as an educator may be. Nevertheless, this does not threaten our 

identification strategy for the following reason: A preschool class with pre-treated and 

treated children is taught by the same teacher. Hence, if assignment to one of these groups is 

random and JU attendance increases school readiness, children in the treatment group are 

expected to show higher school readiness than their pre-treated peers. For this approach to be 

valid, we have to ensure that being allocated to the treated or pre-treated group is in fact 

random. 

In Wuppertal, unlike in other municipalities, invitation to SEnMed depends solely on 

date of birth. Thus, it is only the date of birth which determines assignment to the pre-

treatment or treatment group. The date of the SEnMed does not depend on the kindergarten, 

family name, prospective school catchment area or district of residence. SEnMed is therefore 

exogenous with respect to all other (observed or unobserved) individual, family or even 

kindergarten characteristics. Parents are notified of the upcoming SEnMed about 3-4 weeks 

before the scheduled SEnMed date. Consequently, children of the same age (between 5 

years, 10 months and 6 years) will undergo the examination throughout the year. However, 

children in JU classes are not sorted according to age. Thus, children within a single 

preschool class both before and after conducted SEnMed participate in the same JU course. 

Within this group, older children are more likely to be examined before attending JU and 
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therefore to be allocated to the pre-treatment group. To rule out sorting into the pre-treatment 

group and maturity effects in this context, we have to ensure that the age distribution in all 

comparison groups taking the SEnMed does in fact not differ systematically. Small 

differences in age at SEnMed occur because some families might miss the appointment or 

have time constraints and their children take the SEnMed later than scheduled. To verify the 

exogeneity assumption of the treatment, we calculate the difference in months between the 

theoretical SEnMed date without any sorting (where children are on average 5 years and 11 

months old) and the observed SEnMed date. We conduct mean comparison tests on the 

difference	(∆����� ) for the treated and pre-treated children. If the exogeneity assumption 

holds, there should be no differences in ∆����� . 

Table 3 reports the mean comparison test for the difference in theoretical and 

observed SEnMed date in months (∆����� ). It turns out that parents of pre-treated 

children are not more likely to defer their child’s SEnMed than parents of treated children.12 

Hence, children in both groups are equally likely to be treated before or after SEnMed; there 

is no selectivity. Moreover, note that there are no significant differences either in age or in 

average time in kindergarten (cf. Table 2, column (2)) between either group, which supports 

the exogeneity assumption and the identification strategy. Hence, the pre-treatment group is 

not a selective group; neither of all children nor of the treated children. 

  

                                                 

1235 Children (13 from the pre-treatment group, 22 from the treatment group) are excluded from this analysis, 
because they are either too old (possibly due to migration) or too young (due to early enrollment) to be in the 
cohort. 
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Table 3  Mean comparison test for difference between theoretical and observed SEnMed 
date, treatment vs. pre-treatment group 

Group n Mean ∆�����  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  
     
H0: 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 use ‘school readiness’ as introduced in Section 

3.1 (cf. Figure 1) as our dependent variable. The effect is estimated using a fixed effects 

model in which we explain school readiness by a dummy representing JU participation ("#; 

1=treatment, 0=non-treatment), individual level information, and the regional controls 

discussed above (cf. Section 3.2). The model is  

�$%& = ' + )*$%& + +"#$%& + ,& + λ% + .$%&,    (1) 

where �$%& represents the school readiness of child i of cohort c in preschool k. *$%& are 

background characteristics (e.g. dummy for being a boy), and "#$%& is the dummy indicating 

that the child attended JU courses with the preschool class before taking the SEnMed. ,& 

reflects unobserved time-invariant preschool characteristics, including shared preferences of 

parents and kindergarten quality. λ% captures SEnMed-cohort specific characteristics, and 

.$%& is the individual error term. 

Although we have argued that JU attendance is exogenous with respect to 

kindergarten and the controls, our model and data may still suffer from a lack of relevant 

individual-level information which affect school readiness. This applies in particular to the 

socioeconomic status of the families. To account for these background characteristics, we 

include information on the city block level and income information on a postal code basis. 
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The individual controls used in the estimation are taken from SEnMed. Thus the data, in 

particular the data of the treatment group, were collected post-treatment. Time-invariant or 

pre-treatment variables like gender, immigration status or birth weight are clearly not 

affected. Most variables from the SEnMed are exogenous to the treatment (like number of 

siblings or obesity) and are included in equation (1). Other information, however, is not 

included, because the variables are endogenous either to other exogenous variables or to the 

outcome, e.g. recommendations to out-patient treatment based on the test results.  

To support our identification strategy, we estimate the effect of JU attendance using 

different groups. First, we estimate equation (1) using data on pre-treated and treated 

children only. If JU attendance has a causal impact on school readiness, children in the 

treatment group should have significantly higher school readiness compared to pre-treated 

children. School readiness of the pre-treatment group cannot be affected by JU attendance, 

as the group took the SEnMed before attending JU. Second, we compare pre-treated children 

with non-treated children. As the pre-treatment group is made up of children who attended 

JU with their preschool class after they took the SEnMed, we do not expect a significant 

effect from JU treatment. If, however, we estimate a significant coefficient for the JU 

dummy, the treatment is more likely to capture unobserved individual, family or 

kindergarten characteristics, rather than the causal effect of JU attendance on school 

readiness. Hence, a significant coefficient would raise doubts about our identification 

strategy. 

 

4.3. Robustness check 

To further check the robustness of our approach, we compare the results from the regressions 

described in Section 4.2 with results of a matching estimator. As discussed in Section 4.1, 

there are differences in some exogenous variables between the defined groups, though 
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almost all of these differences are statistically insignificant. To rule out any selectivity 

problem latent in these differences that might bias our estimated JU effect, we estimate the 

average treatment effect on the treated using different propensity score matching methods. 

 

5. Results 

5.1. Junior University effect 

Table 4 summarizes the regression results. The result of the basic model is reported in 

column (1). 

The model is estimated by OLS and includes kindergarten and SEnMed-cohort fixed 

effects. We regress school readiness on the treatment dummy (JU participation, 

1=treatment/0=non-treatment), a gender dummy (male=1) and a dummy for immigrant status 

(immigrant=1/native=0). In addition, we control for linear age and kindergarten duration 

effects. The latter variable describes whether duration in kindergarten exceeds or is below 

the theoretical duration (time between the child’s third birthday and the SEnMed). As the 

dependent variable is standardized between 0 and 100, the effects of all variables can be 

interpreted as changes in school readiness in percentage points. 

In the first model the JU treatment variable is positive and statistically significant. 

Children attending JU courses with their preschool class perform better than their 

kindergarten peers who did not enroll at JU. The additional achievement of 2.33 percentage 

points corresponds to about three (of 129) additional tasks completed at SEnMed. The 

negative coefficients for boys and immigrants are both statistically significant and plausible. 

Girls and native Germans tend to perform better. In addition, we observe a significant age 

effect of about 0.54% per month. 
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Table 4  Junior University effect on school readiness, treatment 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) -2.5206***  -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 45.3271***  43.2431***  -23.7941 -21.6346 
 (9.4242) (8.6889) (91.9862) (91.7319) 
Cohort fixed effects � � � � 
Kindergarten fixed effects � � � � 
Kindergarten duration below/exceeds three 
years (in months) 

� � � � 

Number of siblings  � � � 
Health status  � � � 
City block information  �   
Disposable income in postal code area  � � � 
SES index (city block)   � � 
Kindergarten, SES index, and disposable 
income polynomials 

  � � 

Gender, immigrant and kindergarten duration 
interactions 

   � 

Observations 1,452 1,452 1,452 1,452 
Kindergartens 70 70 70 70 
R² 0.2667 0.3612 0.3705 0.3703 
Adjusted R² 0.2268 0.3175 0.3219 0.3216 

Notes: OLS estimates with kindergarten and cohort fixed effects; dependent variable is school readiness score; 
standard errors in parentheses are clustered at the kindergarten level; + p < 0.10, **  p < 0.05, ***  p < 0.01; 
explanatory variables: health status: low birth weight, obesity/overweight, (severe) underweight, non-
presentation of health record, U7a medical screening conducted, non-presentation of vaccination record, tetanus 
vaccination, reduced visual acuity, partial hearing loss, and behavioral problems; city block information: share 
of welfare dependent households with children and the share of immigrant children below the age of six; SES 
index is the index of socio economic status and includes the following variables: share of immigrants, share of 
immigrant children under the age of six, employment share, unemployment share, share of welfare recipients, 
share of welfare dependent households with children and share of unemployable adults; polynomials include 
second, third and fourth order polynomials of Kindergarten duration below/exceeds three years (in months), 
SES index, and disposable income; interactions: gender and immigrant status, kindergarten duration 
below/exceeds three years (in months) and immigrant status, kindergarten duration below/exceeds three years 
(in months) and gender. 
 

Nevertheless, there are some other variables not included in (1) which may also affect school 

readiness and have to be controlled. Therefore, we add additional controls and estimate 
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different specifications, like non-linear effects and interaction terms. In model (2) we include 

the number of siblings, information on health status like low birth weight, 

obesity/overweight, (severe) underweight, non-presentation of health record, U7a conducted 

(a medical screening conducted at the age of 34 to 36 months), non-presentation of 

vaccination record, tetanus vaccination, reduced visual acuity, partial hearing loss, and 

behavioral problems. The model also includes socioeconomic information on the city block 

and postal code area level. The city block information includes the share of households with 

children receiving welfare payments and the share of immigrant children below the age of 

six. The postal code information is the average annual disposable income per household (in 

ten thousand Euros). In this second model, the estimated treatment effect drops only slightly 

to 2.28 and remains highly significant. In model (3) we exclude city block information and 

generate an index for low economic and social status from the city block data. The index 

comprises the following variables weighted by principal factor analysis: share of immigrants, 

share of immigrant children under the age of six, employment share for employees with 

monthly income above €400, unemployment share, share of welfare recipients, share of 

households with children receiving welfare and share of unemployable adults. To control for 

non-linear effects, we include second, third and fourth order polynomials of kindergarten 

duration, city block social status index and average disposable income in model (3). The 

results are similar to those of model (2). In model (4) we also add interactions of gender with 

immigrant status, kindergarten duration with immigrant status, and kindergarten duration 

with gender.13 However, the results of models (2) to (4) show a robust and significant JU 

effect. In model (4) the JU effect of 2.18 percentage points still amounts to 2.82 additional 

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

                                                 

13In further specifications, not reported here, we allow for non-linear age effects and group specific age effects. 
Neither the results nor the marginal age effect change considerably.  
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differently: Gains in ability from attending JU classes corresponds to an age effect of 4.4 

months.14 

As discussed in Section 3.1, the SEnMed data does not include information on 

preschool teacher quality. However, teacher quality is an important predictor of educational 

success. Hence, it may turn out that our models suffer from an omitted variable bias. 

Exploiting our study-design, we can compare different groups of children (treated and pre-

treated) which are taught by the same teacher and further check the validity of the results 

presented in Table 4. As our final robustness check we apply propensity score matching.  

First, as introduced in Section 4.2, we compare the treatment and the control group to 

the pre-treatment group. When comparing the treated to the pre-treated children, we expect 

non-zero JU coefficients similar to the coefficients in Table 4, provided the model is 

correctly specified and JU attendance is exogenous. Second, when comparing the control 

group (non-treatment) with the pre-treatment group, the JU coefficient should be zero. If 

these hypotheses are confirmed, this supports our identification strategy. 

The results using the treated and pre-treated children are presented in Table 5. 

Results for pre-treated vs. non-treated children are given in Table 6.  

Our first hypothesis for the pre-treatment and treatment group - JU coefficient not 

equal to zero and similar to that of Table 4 - is confirmed. Only children who attend JU 

before taking their SEnMed show higher school readiness. Hence, the better performance of 

the treated is not explained by selectivity because the pre-treatment group participates in JU 

only after school readiness has already been assessed. As argued in Section 4 (Table 2), pre-

treated children are not a selective group of all children. The children are similar with respect 

to the relevant variables and there are no age effects which might explain short-term 

                                                 

14Since boys are underrepresented in preschool classes at JU (cf. Section 4.1), we checked for group specific 
effects of JU attendance and find no significant differences in JU effect for boys and girls. Both groups 
benefit equally from attending JU classes.  
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differences in school readiness (cf. Section 4.1). Hence, we can rule out selectivity issues 

that arise from the preschool teacher quality. Both groups, treatment and pre-treatment 

group, have the same preschool teacher but show different results on the school entrance test. 

If the ability measured at SEnMed is only caused by the quality of the teacher, the treatment 

effect should be zero. Hence, our results suggest that JU attendance causes significantly 

higher outcomes at SEnMed. Note that not only the coefficients for the treatment variable 

are similar to the coefficients in Table 4; the R²’s are similar as well. 

 

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

 (1) (2) (3) (4) 
Junior University treatment  3.1104***  2.8973***  2.7413***  2.6945***  
(yes = 1/pre-treatment = 0) (1.1073) (1.0416) (1.0204) (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**  41.9492**  -110.2123 -101.8509 
 (18.3704) (16.5776) (104.7102) (107.4184) 
Cohort fixed effects � � � � 
Kindergarten fixed effects � � � � 
Kindergarten duration below/exceeds three 
years (in months) � � � � 

Number of siblings  � � � 
Health status  � � � 
City block information  �   
Disposable income in postal code area  � � � 
SES index (city block)   � � 
Kindergarten, age, SES index, and 
disposable income polynomials 

  � � 

Age, gender, immigrant and kindergarten 
duration interactions 

   � 

Observations 900 900 900 900 
Kindergartens 70 70 70 70 
R² 0.2918 0.3748 0.3930 0.3905 
Adjusted R² 0.2273 0.3026 0.3144 0.3107 

Notes: see Table 4.  



26 

Table 6 summarizes the results of the comparison of pre-treated and non-treated children. 

Again, our hypothesis is confirmed. The JU coefficient does not statistically differ from zero 

at any significance level and regardless of the specification. The coefficients of the other 

variables, their significance levels, as well as the R²’s are similar to the model specifications 

in Tables 4 and 5. 

 

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

 (1) (2) (3) (4) 
Junior University treatment  -0.8221 -0.7553 -0.7641 -0.7191 
(pre-treatment = 1/no = 0) (1.0341) (0.9441) (0.9587) (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 � � � � 
Kindergarten fixed effects � � � � 
Kindergarten duration below/exceeds three 
years (in months) 

� � � � 

Number of siblings  � � � 
Health status  � � � 
City block information  �   
Disposable income in postal code area  � � � 
SES index (city block)   � � 
Kindergarten, age, SES index, and 
disposable income polynomials 

  � � 

Age, gender, immigrant and kindergarten 
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 
Adjusted R² 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 statistically insignificant but possibly non-

negligible differences in the control variables between pre-treated and treated children and 

between non-treated and treated children. Hence, as a robustness check, we estimate the 

average treatment effect of the treated (ATT) using propensity score matching. We use 

model (4) (Tables 4, 5, and 6) and different specifications of the matching estimator to 

account for the variance/bias trade-off. Table 7 summarizes the results for all groups.  

The matching results for the main comparison group (treated vs. control) differ 

according to the varying specifications of the k-nearest neighbor algorithm with up to three 

neighbors and different number of observations on support. However, results are 

qualitatively similar and, in addition, similar to the results in Table 4. Only the ATT in the 

most restrictive specifications (Table 7, columns 1 and 4) is lowest and the estimated effect 

is only marginally significant. However, note that model (4) is saturated with various 

polynomials and interaction effects and finding statistical twins is not easy, especially when 

applying rather strict requirements like in Table 7 column (1). Therefore, relaxing the 

requirements on the fit by e.g. raising or eliminating the caliper, leads to results similar to 

those in the regression analysis. 

The results for the pre-treatment and the control groups are qualitatively similar to 

the results in Table 6. Hence, there is no difference in school readiness between untreated 

and pre-treated children. This supports our exogeneity assumption. Applying matching to the 

pre-treated and treated children gives slightly different results. The variation in the different 

ATT specifications (with or without caliper, value of caliper, with or without neighbors) is 

higher than for the other group comparisons and the treatment effect is slightly stronger than 

in the regression results. Overall, however, the matching results do not differ qualitatively 

from the OLS results in neither specification and hence confirm our main specification.  
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Table 7  Matching results, k-nearest neighbor matching with varying specifications 

  (1) (2) (3) (4) (5) (6) 
 Multiple neighbors: yes yes yes no no no 

Groups and 
treatment status 

Replacement: with with with with with with 
Caliper: c = 0.001 c = 0.002 -- c = 0.001 c = 0.002 -- 

Treatment (1) 
vs. 

no treatment (0) 

ATT 1.7499 2.6029 2.6771 2.0326 2.9091 2.7003 
t-statistic 1.83 2.88 2.99 1.95 2.89 2.44 

Treated on support 336 451 605 336 451 605 
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) (0.0021) 

Pre-treatment (1) 
vs. 

treatment (0) 

ATT -4.3187 -3.3580 -3.5383 -4.4330 -4.0428 -3.6823 
t-statistic -3.04 -2.72 -3.22 -3.08 -3.03 -2.81 

Pre-treated on support 144 188 236 144 188 236 
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) (0.0052) 

Pre-treatment (1) 
vs. 

no treatment (0) 

ATT -1.6306 0.0049 -1.0540 -2.0814 0.0070 -0.6630 
t-statistic -0.81 0.00 -0.68 -1.03 0.00 -0.38 

Pre-treated on support 87 120 211 87 120 211 
Untreated on support 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) (0.0075) 

Notes: Propensity matching estimation; outcome variable is school readiness score; explanatory variables as in model (4) in Tables 4, 5, and 6; standard errors in 
parentheses; ATT = average treatment effect of the treated.  
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5.3. Does the investment pay off? 

Several studies have shown that early investments can pay off in later life. At this point, we 

cannot quantify any potential long-run effects of JU attendance or provide a cost-benefit 

analysis. However, doing some back-of-the-envelope calculations, we can get first and 

admittedly tentative evidence on the relative cost effectiveness of the program.  

The JU course fee for preschool children is €5, with public transportation being 

included in the fee. The JU management board has calculated average net costs of about 

€100 per child and course. This covers the instructor’s salary, course materials and fixed 

costs (including rental for the building, utilities, staff, etc.). There are no additional costs 

because the kindergarten teacher’s salary is paid anyway (the courses take place during 

regular kindergarten time). However, there are costs for public transportation for the 

kindergarten teacher of about €20 - which amount to €1.4 per child. Hence, the total cost per 

child is approximately €106. Next, look at the returns to JU. Consider, for example, model 

(4) in Table 4 in which school readiness increases by 2.18%. Compared to the age effect, this 

is worth 4.4 months. But how to compensate non-participants? Extend kindergarten duration 

or offer alternative educational activities? Both come at a cost. For instance, the Federal 

Statistical Office (2012) reports total costs for publicly funded day care of about €6,100 per 

child per year. With on average 220 kindergarten days per year a day in kindergarten costs 

about €28 per child. This compares to €106 for a JU class. Our calculations are certainly not 

meant to serve as a full cost-benefit analysis but they can be instructive to further think about 

the institutional structure of early education. Children will be better prepared for school if 

they get additional (and exciting) extracurricular educational input. In addition, compared to 

investments in other intervention or early childhood programs (Duncan/Magnuson 2013, 

Almond/Currie 2011), the investment of  €106 per child and course at Junior University is 

small.  
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The federal program ‘House of little scientists’ follows the same idea as JU. 

Comparing those programs, the centralized JU-approach and the decentralized approach of 

the ‘House of little scientists’, could yield valuable insights. While the public funds can be 

tentatively estimated to be about €35 per child15, the total costs (public plus private costs) 

and the returns are unknown. However, without knowing the returns and the costs of the 

program a cost-benefit analysis is not possible, but given the large scale of the program 

certainly desirable. Our approach has shown how to evaluate preschool programs in 

Germany, using administrative data from the mandatory school entry examination to 

estimate the returns. 

 

6. Conclusion and Discussion 

Many studies analyze the impact of early childhood education on educational attainment, 

earnings and the probability of employment but only few studies focus on voluntary 

extracurricular activities and their impact on educational success. In this paper, we contribute 

to this topic by analyzing the effect of a unique educational project in Germany on school 

readiness of children. The Junior University (JU) is a private educational institution intended 

to supplement kindergarten and school. Besides private enrollment, kindergartens are 

encouraged to enroll entire preschool classes (last year before school entry) at JU, where 

children participate in mainly hands-on experimental science courses. Using within 

kindergarten variation in enrollment, we analyze the effect of participation on the school 

readiness of preschoolers. 

                                                 

15In October 2015, 4,400 Kindergartens in Germany were accredited. With about 60 children reached per year 
and kindergarten this amounts to 264,000 children (estimation is based on figures provided by the 
Wonderlabz Network for a densely populated region in North Rhine-Westphalia 
http://wonderlabz.org/netzwerk/). Excluding preschool teacher salaries, accreditation fees and training costs 
the public expenses of the program amount to €35 per child (cf. Section 1).  
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Our main findings suggest that attending classes at JU significantly increases the 

abilities of preschool children by approximately 2.18% - which corresponds to three 

additional tasks completed in the school entry examination. To validate our results, we 

compare the treatment group to a pre-treatment group of children. The pre-treatment group 

received the treatment after their school readiness has been assessed. As a final refinement of 

our estimation strategy, we apply a matching approach. The estimated JU effect passes all 

validity and robustness checks. 

What explains the positive JU effect? The JU courses are unconventional hands-on 

experimental courses - taught by experts and not by the kindergarten teachers. They show 

experiments that children are typically not exposed to at kindergarten or at home, e. g. 

building volcanoes of sand and blasting them with peas. The event character may increase 

attention and foster active participation which transforms into an increase in ability. In 

addition, it is possible that the positive JU effect is further enforced by kindergarten teachers 

and parents. By talking about the courses, possibly repeating the experiments and discussing 

what has been learned, a short course can become a long lasting experience. This also raises 

the question on the optimal intensity, the quality of the courses and duration of the program. 

But clearly, the exact channel through which the program works, its intensity and whether 

the effect is in fact long lasting is an open issue and beyond the scope of the present paper. 

However - and this is in line with the literature on investment in early childhood education - 

the children in our data are young and accumulation of skills and knowledge is known to be 

higher in early life (e.g. Shonkoff/Philipps 2000, Cunha et al. 2006). That’s why doing just a 

little bit more significantly improves school readiness.  
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