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Jouko Verho for being great colleagues and encouraging me to apply 
and continue in the never-ending road of questions. 

At the Department of Economics, I have profited a lot from multi-
ple discussions related to my research topics. It has been a joy to be 
surrounded by people of similar research interest. A big thank you for 
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Introduction 

Labour is not growing like mushrooms in the rain as Hobbes (1641) leads 
as to assume in De Cive. It takes a long time and a lot of investments 
to raise human capital to the level that is sufficient for market work. 
In practice, given the education level of the Nordic countries, the usual 
age to become independent from one’s parents or governmental support 
is much later than the legal age to enter the labour market. In other 
words, ”growing” labour is a big investment in care work and education 
by families and educational institutions. 

However, the time investments in children’s human capital is not 
equally distributed among men and women. Despite the fact that the 
Nordic countries are often considered as the forerunners in gender issues 
(see e.g. OECD 2018), women in Nordic countries allocate more time to 
unpaid work, such as care work, than men do and the labour markets 
are highly segregated by gender (Nordic Council of Ministers 2015). It 
is mostly women who work in the health and education sector. Thus, 
policies and institutions affecting human capital investments in children 
have different effects on men and women. 

This thesis consists of three self-contained empirical essays which in-
vestigate different aspects of how institutions affect human capital in-
vestments and inequalities in investments between men and women. 
In the first essay I study whether same-gender role models at school 
matter for later educational choices. In the second essay I investigate, 
together with my co-authors, the inequality of health and study whether 
the health of children of unemployed parents are affected by access 
to childcare. In the third essay I study the effect of a change in the 
rules governing the parental-leave allowance level on mothers labour 
market participation. Hence, I study the importance of three public 
institutions —parental insurance system, childcare and schooling—on 
outcomes related to labour market participation, health inequality and 
career choices. 

In the following section I shortly discuss the potential outcome idea 
and how we approach the research questions empirically to claim causal-
ity. I then continue by introducing each one of the three topics of the 
thesis separately. 

1 



Finding the answer to the questions of interest 
All three essays in this thesis are in the field of applied microeconomet-
rics. In all three of the papers my aim is to understand the causal effect 
of one factor on the outcomes of interest. The concept of causal effect 
is frequently used term in today’s econometrics. According to Angrist 
and Pischke (2010) the focus on causal effect and careful research de-
sign is still relatively recent phenomena in empirical work in the field of 
Economics. Each time we are faced with a choice, there is no parallel 
world that we could study to know what had happened if we had cho-
sen differently. This restriction of life makes it hard to claim causality; 
we cannot go back in time and fast-forward to see how different the 
outcome had been if another decision had been made. This problem 
is the key to the potential outcome idea, which was initiated according 
to Freedman (2006) by Neyman in in the 1920s and developed further 
by Rubin (1974) and Holland (1986). Hence, to be able to study the 
effect of interest we need a comparison group to control for the potential 
counterfactual scenario or well-motivated control variables to take care 
of the self-selection. 

When studying an effect of a treatment, the importance of counter-
factual, to what scenario we compare the treated to, cannot be over-
emphasized. The problem arises because we often self-select in front of 
a choice instead of being randomly allocated to choose in a certain way. 
Thus, we cannot make a conclusion about the choice affecting the people 
when it might be that only certain types of people make that specific 
type of choice. In each of the essays in this thesis, I utilize different 
identification strategy to answer my questions of interest and conduct 
sensitivity analyses to test the robustness of the estimated effects. 

Role models and career choices 
Sweden among other Nordic countries is ranked as one of the most 
equal gender-wise (World Economic Forum 2016). Yet, Swedish labour 
markets are very segregated to jobs that mostly men hold and to jobs 
that mostly women hold: only 15–16 percent of men and women work 
in gender-equal work places (SCB 2016). This gender segregation of 
labour, not only in fields but also in tasks (e.g. Albrecht et al. 2003), 
explains a large part of the earnings gap we see between men and women 
(Blau and Kahn 2017). Math-intensive fields are typically male dom-
inant. The segregation in math-intensive fields plays also an impor-
tant role in the wage gap between men and women (Card and Payne 
2017). Interestingly, countries that are ranked more gender equal have 
a stronger gender segregation in STEM (science, technology, engineer-
ing or mathematics) than less gender-equal countries according to Stoet 

2 



and Geary (2018). A striking fact is that even if the achievements in 
mathematics do not differ between girls and boys in school tests (see e.g. 
Kahn and Ginther 2017), it is mostly boys who pursue the more math-
intensive degrees that often lead to higher-paying jobs. Given that girls 
do as well as boys in mathematics at school, it is likely that societies are 
loosing a large potential in human capital due to the gender segregation 
in occupations. 

The likelihood of selecting into math-intensive field of study is the 
focus of essay I. Figure 1 depicts the share of women among those 
with a university STEM-degree in Sweden in year 2015 across cohorts 
1965–1985. Women hold only about 30 percent of the STEM-degrees 
across generations. However there are notable variations: in biology 
there are more women than men whereas the share of women with a 
degree in IT is around 20 percent for the later cohorts. In my analysis 
I focus on the selection into a math-intensive track in upper secondary 
school and to a math-intensive field of study at university. 

Figure 1. Share of women within each type of STEM-degree by birth year. 
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There is a large literature exploring the potential reasons for the low 
share of women in STEM-fields (see e.g. Kahn and Ginther (2017) for 
an overview). According to the social cognitive theory, different role 
models that we are exposed to early on and through our lives play an 
important role in shaping our ideas of what is typical to each gender 
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(Bussey and Bandura 1999). One place where we are exposed to role 
models is at schools. Previous literature on the effect of same-gender 
role models in educational institutions have mostly focused on the higher 
education. However, before we start our studies in university, we have 
already made choices that determine part of our further possibilities 
to educate ourselves. In my study, I focus on the last three years of 
compulsory school, the lower secondary school. I study the effect of the 
share of female math and science teachers on the likelihood of students 
choosing a math-intensive education path. In particularly, my focus 
is on the gender gap in STEM. I am interested whether same-gender 
teachers can affect the preferences of girls to choose a math-intensive 
field. I utilise Swedish register data for the analysis and I control for 
family fixed effects to account for the sorting of students into schools. 

According to my findings, the gender-gap in graduating from a math-
intensive track in upper secondary school is decreased by 16.2 percent 
and graduating with such a degree in university by 22.5 percent if at 
the time of lower secondary school the share of female math and science 
teachers is increased from none to all. I find support for the effect to be 
driven by role model effect rather than via effect on performance. 

Health inequality and early childhood investments 
Health plays an important role in determining the possibilities for hu-
man capital development. Early life conditions, such as health, can 
have lasting effects on later outcomes in life (for an overview see Currie 
and Almond 2011). However, health is not equally distributed among 
us. According to Deaton (2013), there has been a social gradient in 
health since the development of medical cures for diseases. Mörk et al. 
(2014) show in Sweden that children of unemployed are having worse 
health than those of employed. This pattern can also be seen in Figure 
2, where we depict the hospitalization among children aged 2–5 by the 
labour market status of their parents. We see that children who expe-
rience any parental unemployment during a year are more likely to be 
hospitalized than those whose parents are not unemployed. In essay 
II (co-authored with Eva Mörk, Anna Sjögren and Helena Svaleryd), 
we study whether access to high-quality childcare affects the health of 
children with unemployed parents. In earlier literature, the effects of 
childcare on educational outcomes have been studied more broadly but 
evidence on the effect on health is still scarce. 
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Figure 2. Hospitalizations among children aged 2–5 years by parental labour 
market status. 
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Notes: A parent is defined as unemployed (UE) if (s)he received any unemployment 
benefit during a year. Otherwise the parent is defined as non-unemployed (non-UE). 

To identify the effect of interest, we exploit time-variation in Swedish 
municipalities in their regulation of access to childcare to the children 
whose parents are unemployed. Since 2001 all municipalities have been 
obliged to offer childcare at least for 15 hours per week for these children. 
We study the effect of the access to childcare in the short run, around 
the reform year, by analysing the effect on any hospitalizations and 
specifically on respiratory, injury or infection related hospitalizations. 
Additionally, we study whether the access has effects when the children 
are aged 10–11. At this age the registers allow us to study also a less 
severe health measure of drug prescriptions. 

We find hospitalizations due to infections to increase a year after the 
reform, for children aged four to five, and find that the effect is driven by 
children of low-educated mothers. For younger children, aged 2–3, we 
find no effects. For children aged 10–11, we however do not find access 
to childcare at an earlier age to have mattered for hospitalizations. For 
prescriptions at this age, we find that respiratory-related medication is 
increased for those who had no access to childcare at the time they were 
younger and experienced parental unemployment. Hence, our results 
suggest that access to childcare exposes children to risks of infections 
but that the need for medication is smaller for children who had access 
while experiencing parental unemployment. 
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Parental leave policies and labour market participation 
Among other Nordic countries, Finland has a relatively high fertility rate 
as well as a high labour market participation of women (Figure 3). This 
is a situation that many other developed countries are striving for as the 
populations age and there is a need to secure future tax-revenues. All of 
the Nordic countries have also a long history of generous family policies 
(Johnsen and Løken 2016, Datta Gupta et al. 2008), which include long 
duration of job protection, universal coverage of family benefits as well 
as publicly provided childcare. However, there is still relatively scarce 
evidence of the effect of the level of the paid parental leave on the labour 
market choices of the mothers. These choices matter as time away from 
work after a birth of a child often lowers mothers’ income. 

Figure 3. Women’s labour market participation (15-64 year old) and fertil-
ity rate of selected Western countries in 2005. Dashed lines show the OECD 
averages of the measures. Nordic countries are marked separately. 
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In essay III I study the importance of a financial incentive, in the 
form of parental leave allowance, on mothers’ decision to stay at home 
instead of returning to work. To identify the causal effect of the in-
centive on the probability to work between or after a birth, I exploit 
a reform that changed the basis of the allowance in Finland. The re-
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form made it possible to regain the right for the same level of parental 
leave allowance as with the previous child, without needing to return 
to work, if the next child is born within three years. With respect 
to the implementation date of the reform, the timing of the first child 
defines whether a parent can become eligible for the reform or not. I 
use regression discontinuity design to study whether the allowance level 
matter for mothers’ decision to stay at home or return to work between 
births and whether this decision affects their long run labour market 
attachment. I find that the mothers decreased their labour market par-
ticipation between births by three months but there are no effects on 
the labour market participation after five years of giving birth to the 
first child. Hence, it seems that the increased parental leave benefit has 
a short term effect on mothers’ labour market participation but this 
impact does not affect the participation in the long run. 
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1 Introduction 
Despite the fact that achievement on written tests in mathematics does 
not differ between girls and boys (see e.g. Kahn and Ginther 2017), 
boys are more likely to pursue math-intensive degrees. Since these de-
grees often lead to higher paying jobs, it is thus possible that societies 
are losing a large potential in human capital within some of the most 
productive jobs. A potential explanation for this occupational segrega-
tion is gender-specific role models. In this paper, I examine the possible 
effects of having a larger share of female science and math teachers in 
Swedish lower secondary schools on the likelihood of girls choosing to 
continue in math-intensive fields of study. 

The previous literature shows mixed evidence regarding the role 
model effect of a same-gender teacher on the likelihood of studying 
math-related fields. A prominent paper by Carrell et al. (2010) studies 
the effect of the share of female professors in introductory science 
and math classes on the probability to continue in a STEM1 field 
among college students in the US Air Force. They find positive effects 
on continuation and graduation with a STEM degree among female 
students who perform the highest in mathematics and no effect on male 
students. Bottia et al. (2015) find similar results when studying the 
effect of share of female STEM teachers in high school on the likelihood 
to major in STEM fields at university. They find effects on female 
students across the entire achievement distribution, not just among the 
top performers. Similar to Carrell et al. (2010), they find no effect on 
male students. In contrast to these studies, Griffith (2014) finds no 
effects on pursuing a STEM degree and Bettinger and Long (2005) find 
mixed evidence depending on the STEM subject. Canes and Rosen 
(1995) find no association between the share of female faculty and share 
of female students. 

An alternative explanation why female teachers affect the likelihood 
that girls choose STEM fields could be that female teachers affect girls’ 
school performance. However, most previous studies conclude that there 
is no effect or only a small effect of having a same-gender teacher on 
achievement (Antecol et al. 2015, Griffith 2014, Winters et al. 2013, 
Ehrenberg et al. 1995, Hoffmann and Oreopoulos 2009 and Holmlund 
and Sund 2008). An exception is Dee (2007), who finds that same-
gender teachers raise the achievement of both boys and girls in different 
school subjects for 8th grade students in the US, although for mathe-
matics he finds negative effects for girls. Also, Carrell et al. (2010) find 
positive effects on female college students’ test performance but nega-
tive effects on boys in introductory science and mathematics courses. A 

1STEM stands for Science, Technology, Engineering and Mathematics. 
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strength with this study is that I can investigate whether female teachers 
have different effects on the school performance for boys and girls. 

When the effect of potential role models on educational choices is 
studied at a higher level of education the sample consists of individuals 
who have already made earlier decisions about their educational path.2 

Indeed, a large part of the literature has focused on the college level to 
study the effect of the same-gender role models on educational choices 
(e.g. Carrell et al. 2010, Price 2010, Bettinger and Long 2005, Canes 
and Rosen 1995, Robst et al. 1998, Hoffmann and Oreopoulos 2009, 
Griffith 2014). An exception is Bottia et al. (2015) who study the effect 
at the high school level. However, even at this stage, students have 
already chosen some of their courses according to their idea of future 
studies. 

In comparison to the earlier literature, my focus is at a lower level 
of education. Lower secondary school (grade 7–9, at age 13–15) is the 
last part of compulsory schooling in the Swedish education system. At 
that point of education all the students are still exposed to the same 
national curriculum and have not yet made specific choices about a 
field of further studies. I study the effect of the share of female math 
and science teachers in this school level on the probability to continue 
in a math-intensive program in upper secondary school and to pursue a 
degree in such a field in university. To further analyse whether the effect 
is due to role models or that female teachers affect performance of girls, 
I study the effect on achievement in the national mathematics exam, 
on the final grade in mathematics and other STEM subjects as well as 
on GPA at the end of compulsory school. I make use of register data 
for the full population of Sweden for the cohorts 1982–1995. To control 
for the endogeneity of teacher sorting across schools, I use sibling fixed 
effects and compare the effect between girls and boys. 

I find that increasing the share of female science and math teachers 
in lower secondary school decreases the gender gap both in applying to 
and graduating from a math-intensive track in upper secondary school 
as well as the gender gap in pursuing a math-intensive degree in uni-
versity. Within upper secondary school there are two relatively more 
math-intensive programs that I define as the STEM tracks: natural sci-
ence and technical track. According to my results, increasing the share 
of female science teachers from none to all decreases the gender gap 
in graduating from a STEM track in upper secondary school by 16.2 
percent and the gap in pursuing a math-intensive degree in university 
by 22.5 percent. However, girls and boys are affected differently: while 
the higher share of female teachers in science affects girls positively in 

2For instance Card and Payne (2017) show that it is important to have taken certain 
courses at the end of high school on the likelihood to major in STEM in university. 
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terms of later choices of STEM, boys are negatively affected but to a 
notably lesser extent than the positive effect on girls. The effect on 
graduating with a STEM track in upper secondary school is fully driven 
by the science track—I find no effects on the more male-dominant tech-
nical track. Within the science track the increase from none to all in 
the share of female science teachers entirely closes the gender gap. The 
effects on educational choices for girls do not appear to arise via effects 
on student performance. In line with most of the existing literature, I 
find no evidence that the share of female science teachers affects their 
performance differently than boys. Thus, I find evidence that the higher 
share of female science teachers does increase the female students likeli-
hood to continue in math-intensive education path through choices and 
not performance which is consistent with a role model effect. 

In Section 2, I discuss the conceptual framework related to the po-
tential effect of role models and how there may be heterogeneous effects 
across students. I then explain the relevant components of the Swedish 
schooling system in Section 3. In Section 4, I explain the research design 
and continue in Section 5 to describe the data used to study the research 
question of interest. In Section 6, I show the main results and conduct 
some heterogeneity analysis as well as investigate the robustness of the 
results and try to shed light on potential alternative mechanisms behind 
the effects. Finally, in section 7, I discuss the findings and conclude. 

2 Conceptual framework 
Role models of the same gender provide one potential channel for gender-
specific preference formation. Bussey and Bandura (1999) explain that 
according to the social cognitive theory, different role models that we are 
exposed to early on, and throughout our lives, play an important role in 
shaping our ideas of what is typical for each gender. For a school-aged 
child the three main sources of role models are typically members of 
the family, teachers at school and different characters in entertainment. 
In this paper the focus is on same-gender teachers at school, and the 
effect they have on choosing a math-intensive study track. Teachers at 
school can affect both the performance and the preferences of the stu-
dents to different subjects, which both in turn might determine further 
educational choices of the students. 

In Sweden, the performance of girls in mathematics is not a concern 
when considering the reasons for the lower share of women in math-
intensive fields. Girls do on average as well as boys in mathematics 
during school time (see e.g. Figure A2a). Additionally, the earlier 
literature has found little evidence that the gender of the teacher would 
matter for performance in math related subjects (Antecol et al. 2015, 
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Griffith 2014, Winters et al. 2013, Ehrenberg et al. 1995, Hoffmann 
and Oreopoulos 2009 and Holmlund and Sund 2008). However, while 
girls are doing as well as boys in mathematics they on average perform 
notably better than boys across all other subjects (see Figure A2b). 
This comparative advantage in relation to other subjects is what Card 
and Payne (2017) conclude to be the main driver of the STEM gap we 
see today in terms of choice of majors. The fact that girls more often 
than boys perform well in a variety of subjects, when they also perform 
well in mathematics, is likely to restrict the possibility to affect their 
preference to choose a math-intensive field of study; they simply have 

3 more options to choose from than many of their male peers. 
The fact that there are no effects on achievement does not mean that 

the preference to opt for STEM later in life could not be affected by 
having a same-gender teacher in science. Bussey and Bandura (1999) 
formulate that as we identify with our gender and the stereotypes associ-
ated with it, via the role models and the incentives and disincentives we 
experience in our social environment when behaving in a certain way, it 
is more likely that a boy forms a stronger belief about his mathematical 
abilities than a girl, given today’s social environment. This assumption 
is supported by Dahlbom et al. (2011) who show that Swedish girls are 
less confident than boys in their math skills and by Correll (2001) with 
US data. Conditional on skill level, if having a same-gender teacher mat-
ters for one’s confidence, we would expect girls’ preferences to be more 
affected than boys’ when they are facing an environment with same-
gender STEM teachers as there are more men than women in STEM 
occupations in general (and thus also, e.g., in films and books).4 The 
effect is also likely to be stronger among girls with a high skill-level in 
mathematics as these skills are a prerequisite to enter a math-intensive 
field of study. 

Not only could a female math and science teacher be a stronger role 
model for girls than for boys but she might also conduct her teaching in a 
different way than her male colleague would. It is possible that a female 
teacher is better at creating a class-room environment that is more 
suitable for girls to enjoy math-related subjects. For example, Spencer 
et al. (1999) argue that girls achieve better results in less competitive 
environment and when the stereotype that mathematics is a masculine 
field is faded out. If female teachers are better at decreasing gender 
stereotypes in mathematics, then having a same-gender teacher might 
affect educational choices not only through the role model channel, but 

3I conduct robustness checks in Section 6.2 for the possibility of competing role models 
in other subjects but find no change in the results. 
4Correll (2001) develops a model along these lines by considering the importance of 
cultural beliefs about gender and self-assessment as determinants of the gendered 
occupational choices. 
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also due to other characteristics associated with the teacher’s gender. 
Related to the gender stereotypes of mathematics, Carlana (2017) shows 
by using an implicit association test for teachers in Italian schools that 
female math teachers are less biased in their stereotypes about gender 
and science than their male colleagues. She also shows that the gender 
bias has a negative effect on female students’ self-confidence in their 
math skills. 

In this paper I use the share of female STEM teachers at the school 
level as a proxy for female role models. This measure captures a combi-
nation of having a female teacher in class and the potential within-school 
spillover effects to other classes. Being in direct contact with a teacher 
of the same gender or having multiple same-gender teachers in STEM 
subjects at a school can likely have different effects on students. The 
estimated effects will be a combination of direct and indirect exposure 
to the same-gender role models at school. It is likely that in a smaller 
school the students are more in direct contact with the teachers. Hence, 
I test also for the effects separately for larger and smaller schools. As 
explained above, it is possible that the effect of a higher share of female 
science teachers could involve other channels for affecting the preference 
of future education than purely via the teachers acting as role models. 
I explore this possibility by studying the impact on performance. 

3 Swedish schools and STEM education 
3.1 Compulsory school 
The Swedish compulsory school consists of nine years of schooling. Al-
most all children start the first grade the autumn of the year they turn 
seven, and finish their compulsory school the year they turn 16. The 
majority of compulsory schools are municipality-owned but there are 
also private voucher schools that are financed by public funding.5 All 
compulsory schools are obliged to follow the national curriculum set 
by the Swedish National Agency. Notably, no skill-based tracking is al-
lowed in the Swedish compulsory schools. As of today, the curriculum in 
the last three years of compulsory school, in the lower secondary school, 
has about 23 percent of hours dedicated to different STEM subjects. 
The teachers in these classes are the ones that I focus on in most of the 
analysis. 

Students’ choices of lower secondary schools to attend are mainly 
determined by the alternatives available within the municipality that 
one resides in. Municipality run schools give priority to the students 

5During the research period the share of students in private schools has increased 
from 5 percent to 13 percent. 
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who live closest to the school and the choice of lower secondary school 
is therefore most often determined by the proximity rather than will-
ingness for particular type of school.6 Different schools may thus face 
students with different socio-economic background mainly due to hous-
ing segregation. In my research design I control for family fixed effects 
to remove this type of sorting. However, siblings may attend different 
schools if the family moves, a school closes or a new one opens. In 
my research sample the majority of the families (70 percent) have all 
siblings attending the same school.7 

Municipalities are responsible for organizing the schooling but in 
practice it is the principals who make decisions about teacher recruit-
ments and negotiate the wages with the teachers. More women than 
men become teachers, and the lower the level of schooling, the higher is 
the share of female teachers. The share differs across subjects: there are 
more female teachers in languages and fewer in mathematical subjects. 

3.2 Choice of study after compulsory school 
Most students continue to upper secondary school after finishing com-
pulsory school. The upper secondary school consists of different types 
of programs. The first major choice in the Swedish education system 
about which field one wants to study is thus the choice of upper sec-
ondary school program. All programs are three years long, some are 
vocationally oriented and some preparatory for higher education.8 Two 
programs are substantially more intensive in mathematics than the oth-
ers: the technical program and the natural science program. Through-
out my analysis, I define these two programs as STEM tracks and refer 
to the natural science track as the science track. These two STEM 
tracks are both preparatory programs for higher education. The tech-
nical program is especially intended for those who aim to continue with 
engineering studies after finishing their upper secondary school. The 
natural science track is the most flexible program in terms of further 
studies.9 

6Voucher schools may have additional queuing systems in the applications if there are 
more students applying than places available. However, the rules of acceptance have 
to be accepted by Swedish Schools Inspectorate. In general, no compulsory school can 
have entrance tests or skill-based acceptance rules. Few exceptions exists for schools 
that are specialized in art or sports. 
7I have run the results also for the sub-sample of siblings who attend the same school. 
The results are not sensitive for this restriction. 
8All programs give access to some higher-education studies, but the vocational ones 
give this access only to a restricted number of fields. 
9In 2011, the upper secondary school system went through a major change that, 
among other things, increased the difference between the vocational and the prepara-
tory programs. The technical program was under 1990s a specialisation possibility 
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4 Empirical strategy 
The aim is to study the effect of the share of female STEM teachers 
on the probability to graduate from a STEM track in upper secondary 
school or to major in a math-intensive field in university. Analysing the 
effect of the share of female STEM teachers directly on the full sample 
of students without additional controls would likely suffer from omitted 
variable bias as neither teachers nor students are randomly distributed 
across different schools. Parents with certain characteristics tend to 
live in specific areas, and teachers might choose their employment loca-
tion with respect to similar characteristics. Some of these characteris-
tics might matter more for the location choice of female teachers than 
for male teachers and could also affect the likelihood that the children 
choose STEM later in life. Previous studies have used varying strategies 
to tackle this problem. Hoffmann and Oreopoulos (2009), Dee (2007) 
and Holmlund and Sund (2008) use within-student and within-teacher 
variation; Bettinger and Long (2005) and Price (2010) instrument the 
gender of the teacher by using share of courses taught by female faculty; 
Carrell et al. (2010) and Griffith (2014) use systems where teachers are 
randomly allocated to classes; and Bottia et al. (2015) control for school 
and teachers characteristics. In contrast, I use family fixed effects to 
control for any family-specific unobservable that is correlated with the 
share of female STEM teachers at a school and that may also affect the 
likelihood to choose STEM. In other words, I focus on between-sibling 
variation in the share of female STEM teachers, where the identifying 
variation comes from sisters in comparison to their brothers. By con-
trolling for family-specific characteristics, I also control for exposure to 
other types of role models at home such as parents and family-specific 
consumption of culture (e.g. entertainment) that all siblings are exposed 
to. 

My identification strategy relies on the assumption that the share of 
female STEM teachers is randomly allocated across children conditional 
on family fixed effects. In the main specification (Equation 1), 

Yij = αi + β1ShareF Ti + β2F Studenti+ 
(1) 

β3ShareF Ti ∗ F Studenti + γj + Xi + �ij , 

my explanatory variables of interest is the share of female STEM 
teachers (ShareF Ti) in the school for student i of family j. The coeffi-
cient of particular interest is the estimate of the interaction term (β3) of 
being a female student (F Studenti) and the share of the female STEM 
teachers. Hence, I analyse whether the share of female STEM teachers 

within the natural science program, but was separated from the natural science pro-
gram in 2000. 
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affect boys and girls differently. The coefficient tells us how much the 
likelihood for girls to choose STEM increases in percentage points, in 
comparison to boys, if the share of female STEM teachers increases from 
none to all. I control for the family-specific characteristics (γj), and I 
include year of birth and sibling order as student-specific controls (Xi). 
The cohort fixed effects take care of potential trends in the likelihood 
of choosing a STEM field whereas the sibling order controls the possi-
bility that older and younger siblings are differently affected. These are 
both variables that are not family specific but vary instead at individ-
ual level. The outcomes of interest (Yij ) are applying to and graduating 
from a STEM track in upper secondary school and pursuing a degree in 
math-intensive field in university. The coefficient on the share of female 
STEM teachers (β1) captures the effect of an increase in the share of 
female teachers on boys. The coefficient on the female-student dummy 
(β2) captures the difference between girls and boys in the likelihood to 
graduate in STEM in the next education level, i.e., the gender gap in 
STEM. I cluster the standard errors at school level as this is the level 
where the explanatory variable, share of female teachers, varies. 

4.1 Potential threats to identification 
The ideal design for studying the effect of the gender of the STEM 
teacher on the likelihood of choosing a STEM-path later would be a 
randomisation of both the STEM teachers and the students to these 
teachers. In reality, however, this type of randomisation is hard to 
conduct. What we are left with is a set of assumptions to be able 
to claim causality in the research design. In my empirical model, I 
control for family characteristics that are shared between siblings by 
including family fixed effects. This is done to take care of the fact 
that children are not randomly allocated to schools and some family 
characteristics could be correlated both with the explanatory variable 
of interest and the outcomes causing omitted variable bias. Hence, in 
terms of identification of the effect of interest, sorting of teachers across 
schools matters only to the extent that siblings of different sex choose 
schools differently in a manner that correlates with both the share of 
female science teachers and with the likelihood of choosing to continue 
in math-intensive field of education. In Section 6.2 I test whether this 
type of sorting matters by introducing different school characteristics 
interacted with student gender into the main regression specifications. 
However, the results remain essentially the same across specifications 
when the additional controls are included. 

There are also at least two other reasons why the estimates cannot be 
interpreted directly as role-model effects. First of all, I do not observe 
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direct links between students and teachers as I cannot identify which 
classes students participate in and which classes certain teachers teach. 
In smaller schools the same math or science teachers will teach all stu-
dents. If we assume that direct contact with the teacher has a stronger 
effect than indirect contact, and the effects operate to same direction, 
then my estimates for larger schools will however be attenuated towards 
zero if interpreted as direct effects of having a female teacher. Another 
potentially confounding aspect is that the share of female STEM teach-
ers may correlate with other unobservable factors at school level. If 
female STEM teachers for example are better (or worse) teachers, then 
the effect of the gender is not only via role model effect but also due to 
the difference in teaching quality. I proxy quality by having a teaching 
degree in STEM subjects in one of the specifications in Section 6.2 and 
find no difference in the results.10 Additionally, I investigate the effect 
of the share of female teachers on performance to rule out the possibility 
that the found effects are caused by effects on achievement. 

5 Data 
The studied population includes all individuals born 1982–1995 who fin-
ish compulsory school in Sweden. The main sample consists of students 
who graduate from a compulsory school at the normal age of 16 or one 
year before or after. I define siblings as those who have the same mother. 
A unique identifier for each individual makes it possible to link the lower 
secondary school graduate-register to background variables and to later 
choices of upper secondary school tracks and university studies. In ad-
dition, the lower secondary school graduates register includes a unique 
identifier for each school. This identifier makes it possible to add more 
detailed school-specific information to the research data such as total 
number of students in the schools. I include those schools where I can 
identify at least one math/science teacher and which have students in 
all the grades of lower secondary school (grades 7 to 9). There are 
about 2,000 lower secondary schools in my sample. The sample of grad-
uates from upper secondary school, who have a sibling, consists of about 
1,000,000 students who belong to about 430,000 families. 

5.1 Explanatory variable of interest 
My explanatory variable of interest is the share of female STEM teach-
ers at a school. The share of female STEM teachers and the share 
of the teachers of other subjects is taken from the teacher register. I 

10A caveat is that a proper qualification does not guarantee a higher quality of teaching. 
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can connect children to the school, where they finish their last year of 
compulsory school.11 The share is defined the year the children grad-
uate from their schools. The STEM teachers are defined as those who 
teach science, technical studies and mathematics. These teachers have 
a common subject identifier in the teacher register. 

In Figure 1, I show the distribution of the share of female STEM 
teachers and the share in other subjects across the years the individuals 
in the sample finish their lower secondary school.12 It is apparent from 
Figure 1 that most teachers in the schools are female but the variation is 
larger among the STEM teachers. In Figure A3 we can also see that the 
share of female teachers in STEM subjects has been steadily increasing 
over the years whereas the increase of females in other subjects has been 
modest.13 

Figure 1. Share of female STEM and non-STEM teachers in lower secondary 
school. 
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11The graduation year is the only year when I can observe the school the students 
attend. 

12I have also investigated the variation by age difference between siblings (Table A7) 
and school size (Table A8). The variation in share of female teachers in somewhat 
larger in families with larger age differences. With respect to school size, there is 
slightly more variation in larger schools. 

13In Figure A3, I also indicate separately the share of female teachers in social sci-
ences. This group of teachers is relevant as they could act as competing role models 
to teachers in math and science when students consider the alternatives for higher 
education. We see from the figure that the share of female teachers in social sciences 
has been relatively stable across the years. 
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5.2 Outcomes studied 
I want to study the effect of same-gender teacher role models on fur-
ther education and career choices. Hence, I study whether a student 
applies for a STEM track in upper secondary school, graduates from a 
STEM track, or pursues a degree in math-intensive field in university. 
I categorize the science and technical track in upper secondary school 
as the STEM tracks. I study both application to and graduation from 
upper secondary school as students may change their track over the 
course of upper secondary school. The information about applications 
and graduation at the upper secondary school level come from two sep-
arate registers where the tracks are indicated.14 About 80 percent of 
each cohort has finished upper secondary school by the year they turn 
20. The share of boys and girls who graduate from the science track 
is fairly similar, but in contrast there are many more boys graduating 
from the technical track (see Figures A1a and A1b). 

The graduation information at university level is taken from the 
population-wide register LOUISE for the year the students turn 28 

15years. In line with Kahn and Ginther (2017), I define geosciences, 
engineering, economics, mathematics, computer sciences and physical 
sciences as math-intensive majors and refer to them as GEMP fields of 
study. These fields of study are separated from the life sciences where 
female participation is already high and which tend to be less math-
intensive. The degrees in these GEMP fields are included in my main 
results for the university-level outcomes. More women than men com-
plete a 3-year university degree by age 28, but notably more men than 
women major in GEMP (see Figure A1d). Additionally, I also conduct 
the analysis for various alternative definitions of STEM-majors—the re-
sults are not sensitive to different definitions. Due to data limitations, 
I can observe graduation by age 28 only for the sub-population of my 
sample who are born in years 1982–1987. 

I also study the effect of the share of female STEM teachers on 
achievement in the national examination of mathematics, the final grade 
in mathematics, the average final grade in all STEM subjects16 and on 
the grade point average (GPA). The data for the national exam is taken 
from a separate register. I test the effect on GPA as the grades in 
other subjects matter as well for further education. The exam results 
are available since 2004 for most of the population who finish 9th grade. 
The final grades in mathematics and the other STEM subjects as well as 

14I additionally check for acceptance to the first-ordered track but almost all who 
apply to a STEM track are also accepted. Hence, the results are essentially the same 
in both cases. 

15The median age to graduate is 28 years for university degrees. 
16STEM subjects defined as those that are thought by the STEM teachers: science, 
technical studies and mathematics. 
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the GPA (meritvärde) is taken from the compulsory school’s graduation 
register. For across year comparison, I standardise all these measures 
by school year to have mean zero and standard deviation of one. Girls 
and boys do very similarly in the national examination of mathematics 
(Figure A2a) but girls do notably better on average across all subjects 
when measured by GPA (see Figure A2b). 

5.3 Descriptive statistics by sample 
Table 1 shows descriptive statistics of the different samples used in the 
analysis. Column 1 includes all children in the sample with or without 
a sibling and the second column includes only those with at least one 
sibling. For the first two samples I can study whether a child applied 
to and graduated from a STEM track in upper secondary school. The 
last column shows the sample that is used to study the university level 
outcome of pursuing a GEMP degree by age 28. The sibling samples, 
shown in the last two columns, include the individuals who have a sibling 
born within the same interval of years, i.e., years 1982–1995 and 1982– 
1987, respectively. As expected, the number of siblings goes down when 
less years are included. However, the samples are fairly similar. About 
40 percent of the individuals have at least one parent with a university 
degree at the time the child is 16 and about 7 percent of the children 
have at least one parent with a STEM-degree from university. The 
number of STEM teachers has increased over time and the share of 
female STEM teachers has gone up whereas the share of female teachers 
in other subjects has remained stable. The number of students per 
school has decreased slightly over the time. The sibling samples are 
fairly similar to the whole population which suggests that the results 
for the siblings sample is representative for the whole population. 

6 Results 
Tables 2 and 3 display the main results across different specifications 
and samples. Table 2 shows the results for the outcomes at the upper 
secondary school level: the likelihood of applying for a STEM track 
and the likelihood of graduating from such a track.17 Table 3 shows 
the results in a similar manner for university graduation. In columns 1 
and 4 in Table 2, I have included all the individuals from the relevant 
cohorts irrespective of having a sibling or not. In this specification, I 

17I have run the regressions also for the outcome of being accepted to a STEM track. 
The results are shown in Table A4 and show qualitatively the same results as for the 
applications. This similarity in the results is not a surprise as most who apply to a 
STEM track are also accepted as is shown in Table A6. 
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Table 1. Descriptive statistics (means) of the different samples. 

≤ 1995, All ≤ 1995, Sib ≤ 1987, Sib 

Family background 
# of siblings 2.02 2.45 2.12 
Share parents, Uni degree 0.39 0.39 0.38 
Share parents, STEM degree 0.07 0.07 0.06 
School characteristics 
# of STEM teachers 5.86 5.99 5.01 
Share female STEM teachers 0.46 0.46 0.41 
# of Soc. Sci. teachers 4.16 4.22 3.65 
Share female Soc. Sci. teachers 0.55 0.55 0.55 
# non-STEM teachers 40.17 40.13 40.99 
Share female non-STEM teachers 0.69 0.69 0.67 
# of students 321.16 323.66 338.05 
Outcome variables 
STEM-track, application 0.18 0.18 0.19 
-Natural Science 0.13 0.13 0.14 
-Technical 0.05 0.05 0.04 
STEM-track, graduation 0.15 0.15 0.14 
-Natural Science 0.11 0.10 0.11 
-Technical 0.04 0.04 0.03 
GEMP-major, graduation 0.08 

N 1,406,670 995,087 252,981 

do not control for family fixed effects, but as in all the specifications, I 
include sibling order and year of birth as controls. These results with the 
full population are conducted to see whether the results in the sibling 
sample, where large families are overrepresented, can be extrapolated 
to the whole population. In the second column for each outcome, I 
restrict the sample to those who have a sibling and, finally, in the third 
specification, I include family fixed effects as controls. 

The estimate for the full population in column 1 in Table 2 shows a 
1.1 percentage point increase for girls in likelihood to apply to a STEM 
track, in comparison to boys, when the share of female science-teachers is 
increased from none to all. Relative to the mean this increase translates 
to 7.9 percent increased likelihood to apply. The estimates for the sibling 
sample, without family fixed effects, are essentially the same. Given that 
the estimates in columns 1 and 2 are essentially the same, I conclude that 
the siblings sample is representative for the whole population of students 
in lower secondary school. The preferred specification where the family 
fixed effects are included is shown in column 3 and 6 in Table 2 for 
application and graduation, respectively. According to these estimates, 
increasing the share of female science-teachers from none to all decreases 
the gender gap in applying to a STEM track by 17.4 percent and for 
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graduating by 16.2 percent. Boys’ likelihood to apply decreases, but to 
a lesser extent than the positive effect on girls.18 

18The gender gap in applications is greater than in graduations. This is due to the 
fact that girls are more likely to complete a STEM track conditional on applying than 
boys are (see correlations in Table A6). 
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Table 2. Probability to apply to or graduate from a STEM track in upper secondary school. 

Application Graduation 

(1) 
All 

(2) 
Sib,OLS 

(3) 
Sib,FE 

(4) 
All 

(5) 
Sib,OLS 

(6) 
Sib,FE 

Share STEM 0.001 0.003 -0.010∗∗ 0.001 0.001 -0.007∗ 

Girl 
(0.005) 
-0.091∗∗∗ 

(0.005) 
-0.091∗∗∗ 

(0.004) 
-0.092∗∗∗ 

(0.004) 
-0.067∗∗∗ 

(0.005) 
-0.067∗∗∗ 

(0.004) 
-0.068∗∗∗ 

Girl × Share STEM 
(0.002) 
0.011∗∗∗ 

(0.002) 
0.012∗∗∗ 

(0.003) 
0.016∗∗∗ 

(0.002) 
0.007∗∗ 

(0.002) 
0.009∗∗ 

(0.003) 
0.011∗∗ 

(0.004) (0.004) (0.006) (0.003) (0.004) (0.005) 

N 
Mean outcome, girls 
Mean outcome, boys 

1,406,670 
0.139 
0.225 

995,087 
0.137 
0.222 

995,087 
0.137 
0.222 

1,406,670 
0.118 
0.181 

995,087 
0.116 
0.180 

995,087 
0.116 
0.180 

∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01 

Notes: Robust standard errors clustered at school level. All specifications include sibling order and 
year of birth as controls. 
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I also find a positive effect on pursuing a degree in a math-intensive 
field by age 28; according to the result in column 3 in Table 3, the 
gender gap in obtaining a degree in a GEMP field is decreased by 22.5 
percent when the share of female science and math teachers is increased 
from none to all.19 Interestingly, the negative effect on boys does not 
persist into higher education. The OLS estimates for the full population 
(column 1) differ greatly from those of the sibling-sample (column 2). 
A reasonable explanation is that the sample covers fewer cohorts and 
thus oversample families with short spacing between children. Hence, 
extrapolating the results to the full population of students in the lower 
secondary school requires more leap of faith for the university level out-
come. 

Table 3. Probability to graduate with a GEMP degree by age 
28. 

Degree 

(1) 
All 

(2) 
Sib,OLS 

(3) 
Sib,FE 

Share STEM 0.009∗∗∗ -0.001 -0.005 

Girl 
(0.003) 
-0.079∗∗∗ 

(0.004) 
-0.073∗∗∗ 

(0.005) 
-0.071∗∗∗ 

Girl × Share STEM 
(0.002) 
0.002 

(0.002) 
0.016∗∗∗ 

(0.003) 
0.016∗∗∗ 

(0.003) (0.004) (0.006) 

N 
Mean outcome, girls 
Mean outcome, boys 

511,854 
0.052 
0.130 

252,981 
0.043 
0.110 

252,981 
0.043 
0.110 

∗ p < 0.05, ∗∗∗ p < 0.10, ∗∗ p < 0.01 

Notes: Robust standard errors clustered at school level. All 
specifications include sibling order and year of birth as controls. 

To investigate these findings further, I study the two STEM tracks 
in upper secondary school separately in Table 4. The estimates for ap-
plications to the two separate tracks are shown in the first two columns 
and the last two show the results for graduation from these tracks. The 

19Same specifications are also run for two different definitions of STEM-degrees: one 
where biology is included and economics not, and one where neither biology or eco-
nomics are included. These results are shown in Table A1 and A2. The results are 
essentially the same also in the two different definitions of mathematical fields of 
study. I have also run the regressions separately for the likelihood to obtain a med-
ical degree. I show the results for this outcome in Table A3. I find no effect on the 
likelihood to pursue a medical degree for either sex by increasing the share of female 
STEM teachers in the lower secondary school. 
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positive effect on applying and graduating is entirely driven by the sci-
ence track—no effect is found for the more male-dominant technical 
track. According to the results, having all female science teachers at 
lower secondary in comparison to none entirely closes the gender gap 
in the science track. Given these findings, the effect on the decreased 
gender gap in pursuing GEMP degree is likely to be driven by the effect 
via the science-track graduates. 

Table 4. Probability to apply to or graduate from a STEM track, separately 
for science and technical tracks. 

Application Graduation 

(1) (2) (3) (4) 
Science Technical Science Technical 

Share STEM -0.011∗∗∗ 0.001 -0.008∗∗ 0.001 
(0.004) (0.003) (0.003) (0.003) 

Girl -0.018∗∗∗ -0.074∗∗∗ -0.011∗∗∗ -0.056∗∗∗ 

(0.003) (0.003) (0.002) (0.002) 
Girl × Share STEM 0.017∗∗∗ -0.001 0.012∗∗∗ -0.001 

(0.004) (0.004) (0.004) (0.004) 

N 995,087 995,087 995,087 995,087 
Mean outcome, girls 0.120 0.017 0.103 0.015 
Mean outcome, boys 0.132 0.090 0.111 0.070 
∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01 

Notes: Robust standard errors clustered at school level. All specifications 
include sibling order and year of birth as controls. 

It could be that female science and math teachers affect achieve-
ment in mathematics and hence not only act as role models but in-
crease the scores of female students. If achievement was affected, the 
effects would be a combination of the effect on possibilities, in terms of 
grades, and preferences via the same-gender role models. The effect on 
achievement could be caused by different channels: teachers could have 
gender-specific ways of teaching that works best for the same-gender 
students or it could be that teachers favour students of same gender in 
their grading. In Table 5, I run the same specification as for the main 
results (Equation 1) on the results at national examination of math-
ematics, final grade in mathematics, average of final grades in STEM 
subjects and grade point average. All of the outcomes are standardized 
by school year to have a mean zero and standard deviation of one. I 
find no effects of the interaction term in any of the outcomes. Hence, 
girls and boys are not differently affected by the share of female science 
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teachers. These findings support the interpretation that girls are more 
likely to choose a STEM field if they are exposed to female role models. 

Table 5. Effect on performance across different measures of achievement at the 
end of lower secondary school. 

(1) (2) (3) (4) 
Exam Math grade STEM avg GPA 

Share STEM 0.001 -0.014 -0.111∗∗∗ -0.015 
(0.022) (0.021) (0.039) (0.010) 

Girl -0.009 0.092∗∗∗ 0.154∗∗∗ 0.322∗∗∗ 

(0.012) (0.013) (0.012) (0.006) 
Girl × Share STEM 0.017 -0.001 -0.002 0.005 

(0.022) (0.023) (0.021) (0.011) 

N 577,807 607,822 607,822 1,001,210 
Mean outcome 0.009 0.003 0.081 0.025 
∗ p < 0.05, ∗∗∗ p < 0.10, ∗∗ p < 0.01 

Notes: Robust standard errors clustered at school level. All specifications in-
clude sibling order and year of birth as controls. All outcomes are standardize 
by school year to have mean zero and standard error of one. 

6.1 Heterogeneity 
Both Carrell et al. (2010) and Bottia et al. (2015) found the largest 
effects of female role models for female students who performed partic-
ularly well in mathematics. As I explained in Section 3, this result could 
be caused by female students having a low confidence in their skills in 
mathematics despite performing well. If same-gender teacher role mod-
els matter for increasing confidence in STEM skills, then we would ex-
pect especially those with the needed skill-level to be affected the most. 
Additionally, this group of female students is the one who would likely 
to be the most suitable to pursue a degree in a math-intensive field as 
they already perform well in mathematics. Additionally, I investigate 
the main results by school size as in a smaller school the students are 
more likely to be in direct contact with the teachers. 

I define the top-performing students as those who belong to the top 
25th percentile with respect to the national examination in mathematics 
in 9th grade, and study this group of students separately. As the national 
examinations data starts from year 2004, it is only possible to study 
the school-track choices in upper secondary school for this part of the 
analysis. The results are shown in the first two columns of Table 6. In 
line with previous studies, I find the point estimates to be large for the 
top-performing girls, in comparison to boys, but these estimates are not 
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statistically significant from zero. As expected, top-performing students 
are more likely to choose a STEM track. Interestingly, the gender gap 
in applying and graduating is notably larger among the top-performing 
students than among all. 

Table 6. Top 25th percentile students in mathematics 
on the probability to apply to or graduate from a STEM 
track. 

(1) 
Application 

(2) 
Graduation 

Share STEM -0.014 -0.042 

Girl 
(0.043) 
-0.154∗∗∗ 

(0.043) 
-0.150∗∗∗ 

Girl × Share STEM 
(0.028) 
0.027 

(0.027) 
0.045 

(0.049) (0.048) 

N 
Mean outcome, girls 
Mean outcome, boys 

141,288 
0.333 
0.484 

141,288 
0.320 
0.455 

∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01 

Notes: Robust standard errors clustered at school level. 
All specifications include sibling order and year of birth 
as controls. 

6.2 Robustness of the mechanism 
In Tables 7 and 8 I conduct multiple robustness checks for the main re-
sults by interacting the gender dummy with different school-level char-
acteristics and investigate whether the main effect is affected. I test 
the possibility of potential competing role models by controlling for the 
share of female teachers in social sciences in columns 1 and 5 in Ta-
ble 7 and in column 1 in Table 8. The results remain qualitatively the 
same. Hence, it seems like the share of female teachers in mathematics 
and science is of particular importance as role models for girls. This 
result supports the idea that there are fewer females role models out-
side of school for science and hence the teachers in these subjects have 
a stronger effect on later educational choices. 

The gender of a teacher can be correlated with other teacher or school 
characteristics that may affect student preferences. In columns 2 and 6 
in Table 7, and in column 1 in Table 8, I control for the share of STEM 
teachers at the schools who have a degree for teaching in the subject-
specific area. The effect remains essentially the same. For additional 
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robustness, I control for mean GPA at the school level and the number 
of students at the school in the last two column of each outcome. If 
we would see a difference in the main effect of the interaction term of 
girl and the share of female STEM teachers this would indicate that 
school quality matters for the found effect (mean GPA of the students 
used as a proxy for quality) or the size of the school. The main results 
remain the same after including these additional school-level controls. 
Additionally, I investigate the effect by school size (Table A9). When 
I divide the sample by the median school size of the schools, I find 
that the results remain qualitatively similar in both groups but only 
the results for the smaller schools remain statistically significant. The 
smaller schools are also the ones where the students are more likely to 
be in direct contact with the teachers. 
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Table 7. Sensitivity analysis by including different school characteristics as controls for the probability to apply to and graduate 
from a STEM track. 

Application Graduation 

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

Share STEM -0.014∗∗∗ -0.010∗∗ -0.009∗∗ -0.010∗∗ -0.011∗∗ -0.007∗ -0.006 -0.007∗ 

(0.005) (0.005) (0.004) (0.004) (0.004) (0.004) (0.004) (0.004) 
Girl -0.092∗∗∗ -0.093∗∗∗ -0.130∗∗∗ -0.086∗∗∗ -0.070∗∗∗ -0.067∗∗∗ -0.102∗∗∗ -0.060∗∗∗ 

(0.005) (0.004) (0.003) (0.005) (0.004) (0.003) (0.003) (0.004) 
Girl × Share STEM 0.018∗∗∗ 0.015∗∗∗ 0.016∗∗∗ 0.015∗∗∗ 0.013∗∗ 0.012∗∗ 0.012∗∗ 0.010∗∗ 

(0.006) (0.006) (0.005) (0.006) (0.005) (0.005) (0.004) (0.005) 
Girl 
× Share Soc. Sci. Yes No No No Yes No No No 
× Share Qualified No Yes No No No Yes No No 
× GPA No No Yes No No No Yes No 
× School size No No No Yes No No No Yes 

N 919,720 995,087 994,862 995,087 919,720 995,087 994,862 995,087 
Mean outcome, girls 0.136 0.137 0.137 0.137 0.116 0.116 0.116 0.116 
Mean outcome, boys 0.221 0.222 0.222 0.222 0.180 0.179 0.179 0.179 
∗ p < 0.05, ∗∗∗ p < 0.10, ∗∗ p < 0.01 

Notes: Robust standard errors clustered at school level. All specifications include sibling order and year of birth as controls 
as well as the main effect of the variable that is interacted with the girl dummy. Columns (1) and (5) include schools where 
I can identify both science and social science teachers. Columns (3) and (7) include those individuals for whom I can observe 
the end of school GPA. 
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Table 8. Sensitivity analysis by including different school characteristics as 
controls for the outcome of graduating with a GEMP degree in university. 

Degree 

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

Share STEM -0.006 -0.004 -0.003 -0.004 
(0.006) (0.005) (0.004) (0.004) 

Girl -0.072∗∗∗ -0.075∗∗∗ -0.086∗∗∗ -0.055∗∗∗ 

(0.005) (0.003) (0.003) (0.005) 
Girl × Share STEM 0.020∗∗∗ 0.012∗∗ 0.015∗∗∗ 0.015∗∗∗ 

(0.007) (0.006) (0.005) (0.006) 
Girl 
× Share Soc. Sci. Yes No No No 
× Share Qualified No Yes No No 
× GPA No No Yes No 
× School size No No No Yes 

N 210,554 252,981 252,793 252,981 
Mean outcome, girls 0.041 0.043 0.043 0.043 
Mean outcome, boys 0.104 0.110 0.110 0.110 
∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01 

Notes: Robust standard errors clustered at school level. All specifications 
include sibling order and year of birth as controls as well as the main effect 
of the variable that is interacted with the girl dummy. Column (1) includes 
schools where I can identify both science and social science teachers. Column 
(3) includes those individuals for whom I can observe the end of school GPA. 

7 Concluding discussion 
In this study, I investigate whether female teachers in science at school 
increase the likelihood of female students to apply to and graduate from 
a STEM track and further pursue a degree in a math-intensive field. I 
find that an increase in the share of female math and science teachers 
increases the likelihood in both levels of education. However, this effect 
does not come without affecting also the male students. Whereas the 
increase in the share of female STEM teachers increases the likelihood 
of female students to choose STEM, it decreases the likelihood of boys. 
I find that increasing the share of female math and science teachers at 
lower secondary school from none to all decreases the gender gap in grad-
uating from a STEM track by 16.2 percent and by 22.5 percent in the 
math-intensive degrees in university. The effects are stable across a va-
riety of robustness checks. Additionally, I find no effect on achievement 
at the end of compulsory school for girls. The fact that the performance 
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is not affected speaks for the favour of role model effect. Furthermore, I 
found the effect to be remain statistically significant only for the smaller 
schools. In small schools it is more likely that the students are in di-
rect contact with their teachers. Hence, also this finding supports the 
role-model framework. 

In comparison to Bettinger and Long (2005), who studied the effect 
of the share of female math and science teachers in upper secondary 
school on the likelihood to apply to and graduate from math-intensive 
fields, my estimates are moderate. According to the results of Bottia 
et al. (2015), girls are 19.7 percent more likely to start and 35 per-
cent more likely to graduate with a math-intensive major if the share of 
female math and science teachers is increased from one standard devia-
tion below the mean to one above. In contrast, Carrell et al. (2010) do 
not find an effect of the teacher’s gender in introductory courses on the 
probability for graduating with a STEM degree among all students but 
find the gender gap to be nearly closed among the highest performing 
female students when the share of female professors in the introductory 
courses is changed from none to all. These two studies are very different 
methodologically: Bottia et al. (2015) control for variety of individual 
controls to identify the effect of the share of female teachers in STEM at 
upper secondary school level on choosing STEM as major, whereas Car-
rell et al. (2010) study the direct linkage of introductory STEM-course 
teacher’s gender on the probability to continue in STEM in college and 
are able to argue for random allocation of teachers. However, in contrast 
to my findings both of the studies find the strongest effect among the 
high-performing female students. I do not find support for such a result 
in my analysis. Neither Bottia et al. (2015) nor Carrell et al. (2010) find 
negative effects on boys for the increased share of female science-teacher 
exposure. 

The negative effect on male students of having a female STEM teacher 
has been found in some of the previous studies, especially those studying 
student performance on exams. For example, Carrell et al. (2010) found 
a negative effect on male students, above the positive effect on female 
students of having a larger share of first-year math and science courses 
taught by female professors, on the following STEM-course performance. 
However, they found no such effect on the probability to graduate with a 
STEM degree. Hoffmann and Oreopoulos (2009) found a negative effect 
on male students’ probability to continue a course if the instructor was 
female and found no effect on female students. Price (2010) finds the 
effect of a larger share of courses taught by a female teacher during 
the first year of university to decrease the probability of male students 
continuing in the field and no effect on female students. Bottia et al. 
(2015) however do not find the negative effect on male students when 
studying the effect of share of female-STEM teachers on the likelihood 
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to major in STEM on female and male students nor on declaring a 
STEM major. 

Overall this paper contributes with evidence of the importance of 
role models at an earlier stage when no choices of educational path has 
yet been done, whereas the earlier literature has focused mainly on the 
higher level of education. I find share of female teachers to matter for 
the later educational choices and the robustness checks speak in favour 
of the role-model effect. Still a full understanding of the exact channel 
through which this effect operates needs more research. The gender of 
a teacher is likely to correlate with other characteristics that could also 
affect the likelihood of continuing in math-intensive education. Carlana 
(2017)’s work on the importance of gender stereotypes among teachers 
and their effect on student performance is one way forward, and it would 
be interesting to conduct such a study at a larger scale of both students 
and teachers to better understand the mechanisms that lead to gendered 
career choices. 
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Appendix 

A Development of outcome variables over time 
Figure A1 shows the development of the outcome variables for gradua-
tion from a STEM track in upper secondary school and for pursuing a 
degree in a GEMP field in university. In Figures A1a and A1b we see 
that about 80 percent of each cohort has finished their upper secondary 
school by the year they turn 20. The share of girls and boys who gradu-
ate from the science track is fairly similar, but in contrast there are many 
more boys graduating from the technical track. This gender imbalance 
in the technical track does, to a large extent, account for the gender 
difference in the STEM tracks (Figure A1c). The reform of the early 
2000s that separated the technical track from the science track is appar-
ent in the figures. Additionally, the reforms of year 2011 increased the 
share of students graduating from any upper secondary school program, 
which also affects the shares in both of the STEM tracks. Interestingly, 
even though the share of female STEM teachers has increased in the 
lower secondary schools (Figure A3), we do not see much of a change in 
the share of female students choosing STEM in upper secondary school 
over the research period. Additionally, I study the effect on pursuing a 
degree in a math-intensive field at the university level for those whom I 
can observe this outcome at age 28 (cohorts born 1982–1987). In Fig-
ure A1d we see that more women than men complete a 3-year university 
degree by age 28, but notably more men than women major in GEMP. 
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Figure A1. Share of 20 year olds who have graduated from upper secondary 
school and those with a STEM track by sex, and share of female and male 
students who have any university degree and specifically GEMP degree by age 
28. 
(a) Girls, 20 yrs (b) Boys, 20 yrs 
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Notes: Technical track was separated from the science track in 2000. In year 2011 a 
reform related to the requirements of completion was implemented in the upper 
secondary school. 

B Sensitivity to different definitions of STEM fields 
Across papers focusing on STEM fields, the definition of them dif-
fers. I followed Kahn and Ginther (2017), who define the specific group 
of more math-intensive fields to include geosciences, engineering, eco-
nomics, mathematics, computer sciences and physical sciences as GEMP 
fields. However, to test the sensitivity of results the to the definition, I 
conduct the same specifications as in Table 3 with couple of alternative 
definitions. In Table A1, in comparison to the GEMP fields, I include 
biology from the life sciences and exclude economics. In table A2 I also 
exclude economics but do not take biology into account. Finally, in Ta-
ble A3, I investigate whether the probability to pursue a medical degree 
is affected by the share of female science teachers at lower secondary 
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school. I find the effect on the gender gap to be slightly lower when 
economics is excluded and biology included, the effect in column 3 in 
Table A1 is a decrease of 18.5 percent in the gender gap when the share 
of female STEM teachers is increased from non to all. When biology 
is excluded from the definition, the effect is a 22.5 percent decrease in 
the gender gap (Table A2). In Table A3 we see that the share of female 
science teachers in lower secondary school does not matter for the like-
lihood to pursue a degree in medical studies (including medical studies 
to become a doctor, dentist or veterinarian). 

Table A1. Probability to graduate with a STEM degree by age 
28. 

Degree 

(1) 
All 

(2) 
Sib,OLS 

(3) 
Sib,FE 

Share STEM 0.008∗∗ -0.000 -0.003 

Girl 
(0.003) 
-0.072∗∗∗ 

(0.004) 
-0.067∗∗∗ 

(0.005) 
-0.065∗∗∗ 

Girl × Share STEM 
(0.002) 
0.000 

(0.002) 
0.012∗∗∗ 

(0.003) 
0.012∗∗ 

(0.003) (0.004) (0.006) 

N 
Mean outcome, girls 
Mean outcome, boys 

511,854 
0.060 
0.131 

252,981 
0.048 
0.111 

252,981 
0.048 
0.111 

∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01 

Notes: Robust standard errors clustered at school level. All 
specifications include sibling order and year of birth as controls. 

40 



Table A2. Probability to graduate with a STEM-degree w/o 
biology included by age 28. 

Degree 

(1) 
All 

(2) 
Sib,OLS 

(3) 
Sib,FE 

Share STEM 0.008∗∗ -0.001 -0.005 

Girl 
(0.003) 
-0.079∗∗∗ 

(0.004) 
-0.073∗∗∗ 

(0.005) 
-0.071∗∗∗ 

Girl × Share STEM 
(0.002) 
0.001 

(0.002) 
0.016∗∗∗ 

(0.003) 
0.016∗∗∗ 

(0.003) (0.004) (0.006) 

N 
Mean outcome, girls 
Mean outcome, boys 

511,854 
0.050 
0.127 

252,981 
0.041 
0.107 

252,981 
0.041 
0.107 

∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01 

Notes: Robust standard errors clustered at school level. All 
specifications include sibling order and year of birth as controls. 

Table A3. Probability to graduate with a medical degree by 
age 28. 

Degree 

(1) 
All 

(2) 
Sib,OLS 

(3) 
Sib,FE 

Share STEM 0.002∗∗ 0.002∗∗ -0.000 

Girl 
(0.001) 
0.009∗∗∗ 

(0.001) 
0.008∗∗∗ 

(0.002) 
0.008∗∗∗ 

Girl × Share STEM 
(0.001) 
0.002∗ 

(0.001) 
0.001 

(0.001) 
0.001 

(0.001) (0.002) (0.002) 

N 
Mean outcome, girls 
Mean outcome, boys 

511,854 
0.019 
0.009 

252,981 
0.016 
0.008 

252,981 
0.016 
0.008 

∗ p < 0.05, ∗∗∗ p < 0.10, ∗∗ p < 0.01 

Notes: Robust standard errors clustered at school level. All 
specifications include sibling order and year of birth as con-
trols. 
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C Figures 

Figure A2. Share of boys and girls in each decile of the grade-distribution of 
9th grade national exams in mathematics and deciles of GPA. 
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Figure A3. Share of female STEM and non-STEM teachers across years in 
lower secondary school. 
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D Tables 

Table A4. Probability to be accepted to a STEM track in upper 
secondary school. 

Accepted 

(1) 
All 

(2) 
Sib,OLS 

(3) 
Sib,FE 

Share STEM 0.002 0.003 -0.010∗∗ 

Girl 
(0.005) 
-0.090∗∗∗ 

(0.005) 
-0.090∗∗∗ 

(0.004) 
-0.091∗∗∗ 

Girl × Share STEM 
(0.002) 
0.011∗∗∗ 

(0.002) 
0.012∗∗∗ 

(0.003) 
0.015∗∗∗ 

(0.004) (0.004) (0.006) 

N 
Mean outcome, girls 
Mean outcome, boys 

1,406,670 
0.138 
0.223 

995,087 
0.136 
0.220 

995,087 
0.136 
0.220 

∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01 

Notes: Robust standard errors clustered at school level. All 
specifications include sibling order and year of birth as controls. 
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Table A5. Sensitivity analysis by including different school characteristics as controls for the probability to apply to and 
graduate from a science track. 

Application Graduation 

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

Share STEM -0.012∗∗∗ -0.011∗∗∗ -0.010∗∗∗ -0.011∗∗∗ -0.009∗∗ -0.007∗∗ -0.007∗∗ -0.008∗∗ 

(0.004) (0.004) (0.004) (0.004) (0.004) (0.003) (0.003) (0.003) 
Girl -0.017∗∗∗ -0.019∗∗∗ -0.051∗∗∗ -0.013∗∗∗ -0.010∗∗∗ -0.013∗∗∗ -0.040∗∗∗ -0.006∗ 

(0.004) (0.003) (0.003) (0.004) (0.003) (0.002) (0.002) (0.003) 
Girl × Share STEM 0.014∗∗∗ 0.016∗∗∗ 0.016∗∗∗ 0.016∗∗∗ 0.011∗∗ 0.010∗∗∗ 0.012∗∗∗ 0.011∗∗∗ 

(0.005) (0.005) (0.004) (0.004) (0.004) (0.004) (0.004) (0.004) 
Girl 
× Share Soc. Sci. Yes No No No Yes No No No 
× Share Qualified No Yes No No No Yes No No 
× GPA No No Yes No No No Yes No 
× School size No No No Yes No No No Yes 

N 919,720 995,087 994,862 995,087 919,720 995,087 994,862 995,087 
Mean outcome, girls 0.118 0.120 0.120 0.120 0.101 0.101 0.101 0.101 
Mean outcome, boys 0.129 0.132 0.132 0.132 0.107 0.108 0.108 0.108 
∗ p < 0.05, ∗∗∗ p < 0.10, ∗∗ p < 0.01 

Notes: Robust standard errors clustered at school level. All specifications include sibling order and year of birth as controls. 
Columns (1) and (5) include schools where I can identify both science and social science teachers. Columns (3) and (7) include 
those individuals for whom I can observe the end of school GPA. 
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Table A6. Correlation between application, acceptance and graduation from a STEM track in upper secondary school, separately 
for girls and boys and the two different tracks. 

Girls Boys 
Application Acceptance Graduation Application Acceptance Graduation 

STEM, both tracks 
Application 1.0000 1.0000 
Acceptance 0.9918 1.0000 0.9889 1.0000 
Graduation 0.7792 0.7799 1.0000 0.7666 0.7686 1.0000 

Natural science track 
Application 1.0000 1.0000 
Acceptance 0.9924 1.0000 0.9933 1.0000 
Graduation 0.7826 0.7832 1.0000 0.7860 0.7862 1.0000 

Technical track 
Application 1.0000 1.0000 
Acceptance 0.9895 1.0000 0.9853 1.0000 
Graduation 0.8008 0.8023 1.0000 0.7640 0.7683 1.0000 
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Table A7. Variation in share of female STEM teachers by maximum age 
difference between siblings in a family. 

Mean SD Min Max Observations 
All 
Overall 0.464 0.259 0.000 1.000 N = 995087 
Between 0.212 0.000 1.000 N = 432361 
Within 0.153 -0.364 1.279 T-bar = 2.302 
1-3 yrs 
Overall 0.474 0.252 0.000 1.000 N = 468058 
Between 0.218 0.000 1.000 N = 228731 
Within 0.128 -0.201 1.224 T-bar = 2.046 
4-6 yrs 
Overall 0.459 0.259 0.000 1.000 N = 314962 
Between 0.205 0.000 1.000 N = 129262 
Within 0.160 -0.341 1.209 T-bar = 2.437 
Over 6 yrs 
Overall 0.450 0.274 0.000 1.000 N = 197259 
Between 0.195 0.000 1.000 N = 67076 
Within 0.196 -0.379 1.265 T-bar = 2.941 

Table A8. Variation in share of female STEM teachers by size of the schools. 

Mean SD Min Max Observations 
<315 students 
Overall 0.447 0.224 0.000 1.000 N = 505604 
Between 0.200 0.000 1.000 N = 271842 
Within 0.114 -0.276 1.199 T-bar = 1.860 
≥315 students 
Overall 0.482 0.290 0.000 1.000 N = 489483 
Between 0.254 0.000 1.000 N = 264978 
Within 0.151 -0.346 1.297 T-bar = 1.847 
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Table A9. Main results by school size for applying to and graduating with a STEM track and pursuing a 
math-intensive degree in university. School size defined by median size of schools. 

Small school Large school 

(1) 
Application 

(2) 
Graduation 

(3) 
Degree 

(4) 
Application 

(5) 
Graduation 

(6) 
Degree 

Share STEM -0.011∗ -0.003 -0.009 -0.002 -0.004 -0.002 

Girl 
(0.007) 
-0.092∗∗∗ 

(0.006) 
-0.065∗∗∗ 

(0.007) 
-0.066∗∗∗ 

(0.010) 
-0.095∗∗∗ 

(0.009) 
-0.072∗∗∗ 

(0.008) 
-0.076∗∗∗ 

Girl × Share STEM 
(0.005) 
0.018∗∗ 

(0.004) 
0.011 

(0.004) 
0.018∗∗ 

(0.006) 
0.012 

(0.005) 
0.009 

(0.005) 
0.013 

(0.008) (0.007) (0.008) (0.011) (0.010) (0.011) 

N 
Mean outcome 

491,096 
0.172 

491,096 
0.141 

112,923 
0.068 

510,347 
0.188 

510,347 
0.155 

146,806 
0.084 

∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01 

Notes: Robust standard errors clustered at school level. All specifications include sibling order and year of birth 
as controls. 
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1 Introduction 
Children of unemployed parents have worse health than children whose 
parents are working.1 Studying Swedish children, Mörk et al. (2014b) 
find that children with at least one unemployed parent are 17 percent 
more likely to be hospitalized in a year than children whose parents are 
employed. Since poor childhood health has been shown to have per-
sistent effects on child development and adult outcomes, understanding 
how to improve the health outcomes of disadvantaged children is highly 
relevant.2 In this paper, we ask whether access to high quality childcare 
at age 2–5 affects health outcomes among children with unemployed 
parents. We study the immediate effects on physical health as well as 
the effects at age 10–11 on physical and mental health. To this end, 
we use rich register data on hospitalizations and drug prescriptions and 
exploit a Swedish reform that improved access to formal childcare for 
children with unemployed parents. Before the reform, municipalities 
varied with respect to whether they offered childcare to children with 
unemployed parents. After the reform, offering childcare to these chil-
dren became mandatory. Comparing the change in health of children of 
unemployed parents residing in municipalities that had to change policy 
with the corresponding change for children of unemployed parents liv-
ing in municipalities that already before the reform offered childcare to 
these children, we estimate the causal effect of having access to childcare 
in a difference-in-differences framework. 

There is vast evidence that childcare improves cognitive outcomes es-
pecially among disadvantaged children.3 Less is known about the causal 
effects of childcare on children’s health outcomes. There is however a 
large literature studying the associations between attending childcare 
and short run health outcomes such as the prevalence of respiratory 

1This has been shown using U.S. data for birth weight (Lindo 2011) and parental 
reported health and mental health (Schaller and Zerpa 2015), in Scandinavia for 
hospitalization (Mörk et al. 2014b; Christoffersen 2000), and physiological problems 
(Sund et al. 2003; Kaltiala-Heino et al. 2001;Christoffersen 1994 ), in Slovakia for 
self-rated health and long-term well-being (Sleskova et al. 2006) and in Holland for 
behavioral problems (Harald et al. 2002) 
2In her survey, Currie (2009) present evidence that low birth weight has been found 
to reduce test scores, the likelihood of high school graduation and earnings, and that 
individuals with better self-rated health during childhood have higher incomes as 
adults. Mörk et al. (2014a) find similar results for Sweden. 
3Most of these studies find that access to high quality childcare improves cognitive 
outcomes for disadvantaged children (e.g. Felfe and Lalive 2018; Fitzpatrick 2008; 
Gathmann and Sass 2017; Felfe et al. 2015; Drange and Havens forthcoming; Cor-
nelissen et al. forthcoming). The quality of the home environment, and thus the 
alternative mode of care, as well as child age when attending childcare, seem to 
matter for the effects of childcare on cognitive development (see Cascio 2015 for an 
overview). 
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infections, diarrheal illness and the use of antibiotics. These studies 
typically find that attending childcare is associated with a temporary 
higher prevalence of diseases and antibiotics prescriptions, followed by 
a period with a reduced likelihood of illness, and no changes in the 
long run (see e.g., Lu et al. 2004 and de Hoog et al. 2014 Ball et al. 
2002). These studies point to an acquired immunity, in line with the 
so-called hygiene-hypothesis suggested by Strachan (1989), but that the 
immunity effect seems to fade out over time. 

Papers aiming at estimating causal effects of childcare using experi-
mental and quasi-experimental methods are less common. The earlier 
evidence of immediate effects of attending childcare on physical illnesses 
such as infections and colds is supported by findings in Baker et al. 
(2008) and van den Berg and Siflinger (2018). Baker et al. (2008) find 
negative effects of childcare on a number of child health related out-
comes (reported by parents), such as whether the child is in excellent 
health or experienced throat or ear infections, when universal childcare 
was introduced in Quebec. The negative effects seem to persist later in 
life (Baker et al. 2015).4 In a study of Southern Sweden using register 
data, van den Berg and Siflinger (2018) find that cohorts with longer 
exposure to a regime of low childcare fees, and potentially higher child-
care enrollment, tend to have more infections at a younger age but fewer 
infections at ages 6–7.5 They term this a substitution effect. Liu and 
Skans (2010) instead, do not find any effects on hospitalizations of 1–16 
year olds of a parental leave reform which likely led families to substi-
tute formal childcare for parental care during the child’s second year of 
life.6 

Earlier evidence on mental health is more mixed. After the reform in 
Quebec, parents reported that their children showed more aggression, 
and had worse motor and social skills, once being enrolled in childcare 
and in the long run there is evidence of increased criminal activity for 
boys (Baker et al. 2008 and Baker et al. 2015). In contrast, the study 
by van den Berg and Siflinger (2018) finds that cohorts with potentially 
higher childcare enrollment, were less likely to experience behavioral 
problems, such as developmental and behavioral disorders. Similarly, 
Yamaguchi et al. (2017), in a study on Japanese data, find that childcare 
reduced inattention and hyperactive behavior among children aged 2.5 
of low-educated mothers. There is also evidence that enrollment age 
may matter for the health effects of attending childcare. Kottelenberg 

4In particular, Baker et al. (2015) find negative effects on self-reported health and life 
satisfaction also at ages 12–20. They also find lasting negative effects on non-cognitive 
skills and higher rates of youth crime, especially for boys. 
5The analyzed fee reductions were the result of a reform in 2001 which harmonized 
the fees across municipalities and substantially lowered them. 
6Parental leave was extended from 12 to 15 months in 1989. 
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and Lehrer (2014) study the Quebec reform and show that the negative 
effects of childcare are mostly driven by children who started childcare 

7 at early ages. For children aged 3 there are instead benefits, in terms 
of better development scores, of attending childcare. 

We contribute to the existing literature in several ways. First, we fo-
cus on the effects of childcare access on children of unemployed parents. 
This group of children is arguably of particular policy relevance, because 
of their vulnerability. Second, compared to much of the earlier litera-
ture on childcare, we focus on child health and also provide estimates 
relating to childcare exposure at toddler and preschool age. In addition, 
we are able to follow the children and explore effects at 10–11 years of 
age. Third, our study has some data related and methodological advan-
tages. We use register data on in-patient care and prescription drugs 
to measure child health outcomes. These are arguably more objective 
than the parent reported outcomes used in the Canadian studies. In 
particular, there is a risk that the way parents evaluate and report their 
children’s health status may be affected by the fact that children are in 
childcare. An advantage, in relation to the study by van den Berg and 
Siflinger (2018), is that we are able to control for health trends since we 
rely on regional variation in reform exposure to identify causal effects.8 

We rely on register data to measure health outcomes. More specif-
ically, we use data from the National Patient Register, which contains 
information of all hospital stays in Sweden, including detailed infor-
mation about diagnoses. Incidences that lead to hospital stays are of 
course rather serious and we are not be able to pick up less severe health 
problems with these data.9 As a complement, we therefore also analyze 
prescriptions for medical drugs. Unfortunately, prescription drug data 
are only available from 2005, which implies that we will not be able to 
use these outcomes in the short-run analysis. 

Since Swedish register data do not include any information on child-
care attendance we do not know which children attend childcare. Hence, 

7Kottelenberg and Lehrer (2013) also show that the findings in Baker et al. (2008) are 
robust to the inclusion of additional years of data, implying that the negative effects 
originally found are not due to initial implementation problems. 
8 van den Berg and Siflinger (2018) use the fact that different cohorts were exposed 
to lower childcare fees for different number of years, depending on their age when 
the maximum fee reform was introduced. Hence, even though they control for time 
trends in a flexible way, they are unable to control for cohort-specific time shocks. In 
a sensitivity analysis, they investigate whether the effects on health are heterogeneous 
with respect to the reform-induced reduction in childcare fees, which differed between 
municipalities, but do not find any statistically significant heterogeneity. 
9On the other hand, one might argue that it is the more severe health problems that 
are likely to result in negative long run outcomes and therefore are most interesting. 
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our estimates should be interpreted as intention-to-treat effects.10 Us-
ing survey data, we show that enrollment increased substantially, by 20-
percentage points, among children with unemployed parents in treated 
municipalities compared to enrollment in control municipalities, imply-
ing the existence of a first stage. 

Our results show that access to childcare did not affect hospitalization 
rates for children aged 2–3, for any of the diagnoses that we investigate. 
This result is in line with Liu and Skans (2010) who find no effect on 
hospitalization of the increase in parental care during children’s second 
year of life. For preschool children, 4–5 year old, we find that access to 
childcare caused an increase in hospitalization for infections the first year 
after the reform. This result supports findings in a number of correlation 
studies of a temporary increase in the risk of infections when children 
first enroll in childcare. 

In the medium run, we find no evidence of an effect of earlier childcare 
access on hospitalizations at age 10–11. Neither do we find effects on 
prescriptions of antibiotics. As for ADHD-medication and psycholep-
tics (prescribed to treat anxiety or sleeping problems), estimates point 
to that gaining access to childcare may have increased mental health 
problems, but standard errors are large and we cannot rule out zero or 
positive effects. Prescriptions for respiratory conditions at age 10-11, 
however, declined by five percent for children who had access to child-
care when parents were unemployed. This result supports either the 
hygiene-hypothesis or the presence of a substitution effect as found in 
van den Berg and Siflinger (2018). 

As earlier evidence shows that family characteristics, such as the ed-
ucation level of parents, matter for the impact of childcare on cognitive 
skills, we study whether there are heterogeneous effects with respect 
to the education level of the mother. We find that the immediate in-
crease in infections among preschool children is entirely driven by chil-
dren whose mothers have only compulsory education. Because we find 
that the parents with a low education were equally likely to be em-
ployed when the child was younger, we can rule out that their increased 
hospitalization rates was a result of these children’s lesser exposure to 
childcare at an early age. A potential explanation could instead be that 
being exposed to the childcare environment has larger effects on chil-
dren with unemployed parents because the parents do, to lesser extent, 
seek for appropriate preventive and primary care. 

The rest of the paper is organized as follows. In Section 2, we discuss 
potential effects on child health in general and on hospitalization in 

10Lack of information in who is actually treated by the reform may introduce measure-
ment error in our treatment variable. Estimates may hence suffer from attenuation 
bias. 
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particular, when a child is cared for at home by an unemployed parent 
instead of attending center-based childcare. Thereafter, in Section 3, 
we describe the institutional setting as well as the reforms that allow us 
to identify the causal effects. Section 4 presents our quasi-experimental 
strategy and Section 5 the data. We then turn to the results in Section 
6. Finally, Section 7 concludes. 

2 How can the mode of care be expected to affect 
child health? 

This paper focuses on the short and medium-run health consequences 
for children with unemployed parents who are either cared for at home 
by their unemployed parent or attending center-based childcare. In this 
section, we discuss why being at home with an unemployed parent or at-
tending center-based childcare might have different health consequences 
for a child. 

In childcare the child is attended by professional staff, trained in early 
childhood education and development, in a facility especially designed 
for children. This may increase the likelihood of early detection of health 
problems, and hence exposure to preventive health measures, reducing 
the need for hospitalization. Furthermore, this may also reduce the risk 
of injuries and poisoning and stimulate the child’s psycho-social devel-
opment. However, a group of children is also a fertile environment for 
spreading child related viruses and infections (Lu et al. 2004; de Hoog 
et al. 2014; Ball et al. 2002). While serious illnesses may have negative 
long run effects, it has been argued that contacting minor infections 
early in life can build a child’s immune system and lead to fewer in-
fections later, the so called hygiene-hypothesis (Strachan 1989). Currie 
and Almond (2011) however also discuss the possibility that poor health 
in early childhood can make the child more sensitive later on. Results 
from observational studies tend to show that entering childcare only 
gives rise to a timing effect on when the child get infections and respira-
tory conditions.11 This effect is what van den Berg and Siflinger (2018) 
call a substitution effect. Being in a large group of children might also 
be stressful for sensitive children, and may thus lead to more anxiety 
and aggression; a hypothesis that is supported by empirical evidence in 
e.g. Baker et al. (2008).12 

11Ball et al. (2002), for example, finds that attendance at large daycare centers was 
associated with more common colds during the preschool years but less during early 
school years. This acquired immunity was however waned by age 13. 

12That children in childcare may also suffer from fewer one-to-one interactions with 
adults is also supported by evidence by Fort et al. (2017) who find attending childcare 
at ages 0–2 to reduce IQ at ages 8–14 for children in advantaged families. 

54 

https://2008).12
https://conditions.11


Compared to a facility designed for the care of children, the home 
environment of most children is full of potentially dangerous everyday 
objects. Yet, parents are experts on their own children, and can focus on 
the individual child to a larger extent than childcare personnel who have 
many children to attend and care for. Being away from parental care for 
many hours per day might also be detrimental for children’s attachment 
to their parents, and thereby their psychological well-being later on (see, 
e.g., NICHD-ECCRN 2003). However, experiencing unemployment may 
be stressful and thereby negatively affect the quality of parenting.13 

Parenting quality may also be affected by having children at childcare 
centers if parents learn parenting skills from teachers or other parents, 
or if parents experience less stress when they do not have to activate 
and care for their children full-time. Yamaguchi et al. (2017) show that 
enrollment at childcare centers improved parenting quality among low-
educated mothers. Other indirect effects of childcare access may be that 
unemployed parents could find a new employment sooner when they can 
spend more time on job search, which will increase family income.14 

Whether a child’s health will benefit or be harmed by spending time 
at home due to parental unemployment instead of at a childcare facil-
ity is thus an open question. In particular, effects are likely to differ 
depending on the health outcome considered. Also, the effects can be 
expected to differ depending on the quality of the care provided by 
parents and childcare facilities. This is relevant for diagnoses related 
to injuries and respiratory conditions, where home conditions, such as 
child safety awareness and indoor environment, as well as caregivers’ 
awareness of early signals of illnesses, are likely to matter. We would 
expect an increased likelihood of infections when children first attend 
childcare (or start school if they have not attended childcare during early 
ages). However, whether infections require hospital care is likely to de-
pend on their severity, but also on the quality of preventive or primary 
care available to the child. Finally, when it comes to mental health and 
behavioral problems in the medium-run, Canadian evidence points to 
increased anxiety and aggression as a result of increased childcare enroll-
ment, while evidence from Japan shows that childcare enrollment among 
children of low-educated mothers reduces inattention and hyperactivity 
symptoms. In this study, we attempt to capture effects on physical and 

13E.g. Eliason and Storrie (2009) and Browning and Heinesen (2012) show that in-
dividuals that experience job loss due to a plant closure experience negative health 
consequences. Furthermore, Eliason (2011) and Huttunen and Kellokumpu (2016) 
find an increased risk of divorce following a job loss. 

14However, if the value of the parent’s time (leisure) at home is higher when there is 
no need to care for the child, unemployment duration may instead increase. Vikman 
(2010) finds a 17 percent increase in the likelihood that mothers find employment 
when childcare is available. She finds no similar effect for unemployed fathers. 
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mental health by investigating hospitalizations related to injuries, in-
fections, respiratory conditions, as well as prescription of medical drugs 
related to infections (anti-infectives), respiratory conditions and mental 
and behavioral problems (ADHD-medication and psycholeptives). 

3 Childcare and health care in Sweden 
3.1 Childcare and the reform 
In the year 2000 as many as 66 percent of Swedish children aged 1–5 
attended publicly financed childcare. Swedish childcare is heavily sub-
sidized and of high quality and it is the municipalities that are respon-
sible for organising the childcare. Before July 2001, municipalities were 
obliged to provide childcare for children whose parents were either work-
ing or full time students, from when the child turned one until school 
start (i.e. in the fall of the year the child turns six).15 The average 
enrollment age for children born 1999 was 18 months (Duvander 2006). 
Whether to also provide childcare for children whose parents were un-
employed or on parental leave with a younger sibling was determined 
locally by each municipality.16 In July 2001, a new law came into place 
requiring municipalities to offer preschool for at least 3 hours per day 
or 15 hours per week to children whose parents were unemployed. This 
paper exploits this policy change to isolate a causal effect on child health 
of access to childcare for children with unemployed parents. 

The aim of the policy was to increase childcare enrollment among dis-
advantaged children and to facilitate job finding for unemployed parents 
(primary mothers). There were other policy changes in 2002 and 2003 
that also potentially increased enrollment in childcare among children 
with employed parents or with parents who did not participate in the 
labor force. In 2002 there was a reduction in childcare fees, in 2003 
children whose parents were on parental leave with a younger sibling 
were granted access for 15 hour per week of childcare, free of charge. 
Additionally, 4 and 5 year old children were offered free childcare for 

17 525 hours per year. 

15Compulsory school formally starts at age seven, but most children enroll in a volun-
tary preschool year from age six organized by schools. Parents in Sweden are entitled 
to 16 months of paid parental leave. 

16Municipalities were however obliged to provide a childcare slot for children who were 
judged to be in special need of childcare, regardless of parental employment status. 

17In 2002, childcare fees were harmonized across municipalities and average fees were 
also reduced, implying that the share of childcare costs paid by parents was reduced 
from 16 to 10 percent. After the reform, parents payed three percent of household 
income for the first child up to a maximum to 145 euro per month. The fees for the 
second and third enrolled child were lower and the fourth child was free of charge. 
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Swedish childcare is of high quality. In their family database, OECD 
uses two main types of information to capture childcare quality: child-
to-staff ratios and the minimum qualifications required for childcare 
staff. Sweden rates high in both dimensions.18 Both before and af-
ter the reform, child groups were relatively small (around 17 children 
per group) and the child-to-staff ratio low (around 5.3–5.5 children per 
staff). About 50 percent of the childcare employees have a university 
degree from a preschool teacher-training program and 40 percent of 
childcare employees have an appropriate vocational high school degree 

19 specializing in the care of young children in day care. Important for 
the results in the present study is that there is no indication that the 
quality of childcare changed, as a consequence of the studied reform; 
staff ratio and child groups remained stable compared to before the 
reform (Mörk et al. 2013). One reason why the staff ratios did not 
decrease is that central government introduced additional intergovern-
mental grants to compensate for cost increases caused by the reform. 

3.2 Health care for children 
When studying health outcomes of children based on hospitalizations 
and drug prescriptions, a potential concern is that factors such as family 
income or other characteristics affect access to care. We argue that this 
is a limited problem in our setting. There is universal health insurance 
coverage in Sweden. The Child Health Program provides vaccinations 
and preventive care with regular checkups from birth to school start 
after which the School Health Care Program takes over the responsi-
bility. These programs are free of charge and have almost 100 percent 
enrollment.20 Also dental care is free of charge until age 20. Patient 
fees, for both primary and hospital care are heavily subsidized. There is 
also a high-cost protection policy in place, implying that there is a low 
maximum amount that families have to pay during a year. During the 
period studied in this paper, the cap on health care expenses was SEK 
900 during a twelve months period. In most counties, persons below 20 
did not pay any patient fees. 

Lundin et al. (2008) and Mörk et al. (2013) analyze the introduction of a maximum 
fee and find no effects on parental employment but some positive effects on fertility. 
van den Berg and Siflinger (2018) study the effect on child health by comparing the 
health of children in cohorts which paid higher fees with the health o children with 
cohorts which paid lower fees. 

18https://www.oecd.org/els/soc/PF4-2-Quality-childcare-early-education-services.pdf 
19The information about childcare quality is taken from The Swedish National Agency 
for Education’s yearly reports ”Beskrivande data om barnomsorg, skola och vuxenut-
bildning”. 

20See Socialstyrelsen (2014). 
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For hospital care, counties were not allowed to charge more than 80 
SEK per day and night. For prescription drugs, individuals paid the 
full cost up to 900 SEK, after which costs were reduced gradually im-
plying that nobody had to pay more than 1,800 SEK during a twelve 
months period.21 The cap on health care expenditures also applies to 
children. Families add up the expenditure on patient fees and prescrip-
tions respectively for all their children (0–18 year olds). The caps above 
applied to the total costs for all children (Ds2011:23). Thus, health care 
costs should not make up an obstacle for receiving care, not even for 
low-income families. 

4 Empirical strategy 
Our aim is to investigate how access to childcare affects the health 
of children with unemployed parents. We investigate both short-run 
effects, i.e. health outcomes in the same year that children have or do 
not have access to childcare and effects in the medium run, i.e. health 
outcomes measured when the children are 10–11 years. Because we 
do not have access to data on actual attendance, we estimate reduced 
form effects. Section 5.1 provides evidence using survey data that the 
reform implied a substantial increase in enrollment among children of 
unemployed parents. Below we present the identification strategy for 
the short-run and medium-run effects respectively. 

4.1 Indentifying the short-run effects 
When analyzing how access to childcare affects short-run health out-
comes of children exposed to parental unemployment we estimate the 
following event type difference-in-differences (DD) specification: 

2004X 
Yimt = µtT REAT EDimt + δXit + πUEmt + τt + ϕm + �itm (1) 

t=1998 

where Yimt is the health outcome for child i exposed to parental 
unemployment in municipality m during year t, and T REAT EDimt 

is a dummy variable taking the value one for children who at time t 
live in municipalities that changed their policy due to the reform, and 
where τt and ϕm are year and municipal fixed effects, respectively. We 
also control for the municipal unemployment rate for individuals aged 

21Costs were reduced with 50 percent for the amount between 900 and 1,700, with 75 
percent for the amount between 1,700 and 3,300 and with 90 percent for amounts 
between 3,300 and 4,300, and with 100 percent for amounts above 4,300. 
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25–34 years (UEmt) as well as child-specific characteristics including 
dummy variables for child age (in months at the end of the year) and sex, 
number of siblings age 0–10 years and birth order, maternal age at first 
birth as well as maternal and paternal level of education (compulsory 
schooling, upper-secondary schooling, higher education or unknown), 
and region of birth (non-Nordic), captured by the vector Xit. The 
parameters of interest are the µt for, t ∈ [1998, 2004].22 We have chosen 
year 2000 (the year before the reform was introduced) as the reference 
year to which the other years are compared. If being at home with 
an unemployed parent or being cared for in center-based care matters 
for child health we would expect µt 6= 0 for t ∈ [2002, 2004], where a 
negative (positive) sign would indicate better (worse) health outcomes 
for children with unemployed parents when having access to childcare 
than when being home. Looking at the estimated coefficients for the 
years before the reform (i.e. µ1998,1999) we can observe whether the 
trends in health among children exposed to parental unemployment in 
treated and control municipalities were the same. If µt 6= 0 for t ∈ 
[1998, 2000], we would worry that the assumption of parallel trends is 
violated, and we would have reasons to doubt that the estimated effects 
capture causal effects. 

4.2 Identifying the medium-run effects 
To identify the medium-run effects, i.e. effects on health outcome when 
the children are 10–11 years old, we exploit the fact that children have 
been denied access to childcare during different number of years, depend-
ing, on the one hand, on exposure to parental unemployment, and on 
the other hand on the municipal policy for offering childcare to children 
with unemployed parents. More specifically, we estimate the following 
triple difference (DDD) specification: 

Yimt = αNOACCESSicm + βUNEMP i + δUNEMP i ∗ cohortc 
(2) 

+γUNEMP i ∗ municipalitym + ρXi + θcm + �icm 

22We limit the study to the years 1998–2004. One reason is that information on mu-
nicipality policy regarding access to childcare for unemployed is based on responses 
to a survey conducted in 1998 and 2001. Estimating the model including years before 
1998, would rest on the assumption that municipalities had the same childcare access 
policy for earlier years. Another potential problem with extending the sample period 
is that other policies may have affected the studied groups. Since the new regulations 
was introduced in the summer of 2001, and it is unclear to what extent the municipal-
ities that previously had not offered childcare for children with unemployed parents 
were able to offer the slots already in the second half of 2001, it is unclear whether 
we can expect to see any effects in 2001. 
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where Yimc is the health outcome at age 10–11 for child i in municipal-
ity m and birth cohort c, UNEMPi counts the number of years during 
which the child was exposed to parental unemployment between ages 
2–5, and NOACCESSicm counts the years during which unemploy-
ment exposure coincided with not having access to childcare (because 
of having an unemployed parent and living in a treatment municipality 
before the reform), which differ between cohorts. Since the reform was 
implemented in July of 2001, that year is counted as a half year. θcm are 
municipality-specific cohort-effects and Xi is a vector of child specific 
control variables (the same as for the short-run analysis, but measured 
when the child is two). The parameter of interest is α that shows how 
exposure to parental unemployment without access to childcare affects 
health 5–6 years after the child was in childcare age (at age 10–11). 

4.3 Threats to identification 
The identifying assumption that must hold for the difference-in-
differences specification to estimate causal effects is that health of 
unemployed children in the treated municipalities would have been 
similar to that in the control municipalities if they had had access to 
childcare already before the reform. This assumption will not hold if 
there are other changes in society that affected hospitalization rates 
in treated and non-treated municipalities differently. Although this 
cannot be formally tested, we can study whether the assumption 
is plausible. We do this by studying the development of health of 
children exposed to parental unemployment in treatment and control 
municipalities before the reform. 

In addition, it might also be the case that the reform affects both 
selection into unemployment and unemployment duration.23 In order 
to investigate whether selection on the extensive margin is important, 
we investigate how sensitive the estimated effects are to the inclusion 
of a number of parental controls, such as parental education, country 
of origin and maternal age at first birth. If the point estimates remain 
relatively unchanged when controlling for these parental controls, we 
will conclude that selection into unemployment is not a serious issue. 
We will deal with the potential selection on the intensive margin by not 
conditioning on the length of parental unemployment, but only consider 
being exposed to any parental unemployment during a year (see Section 
5.2 for details and for a longer discussion). 

23In a study of the same reform as the one studied in this paper, Vikman (2010) finds 
a 17 percent increase in the likelihood that mothers find employment when childcare 
is available. She finds no similar effect for unemployed fathers. 
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The identifying assumption that must hold for the DDD-specification, 
to estimate causal effects, is that there are no differences in how health 
develops for children by parental employment status across cohorts in 
treated and untreated municipalities that is unrelated to childcare en-
rollment. Ideally, we would like to test this identifying assumption using 
a placebo-specification, but due to the limited time-period for which we 
observe prescription data, this is not possible. 

As discussed earlier, the analyzed reform was followed by other child-
care reforms that may also have increased enrolment in childcare. Most 
importantly, childcare became cheaper, both through the implementa-
tion of a maximum fee in 2002, and through the introduction of 525 
hours of free-of charge preschool per year for all children aged 4–5. For 
the short-run analysis, these additional reforms would be problematic 
only if they increased enrollments among children with unemployed par-
ents to a larger extent in the control municipalities than in the treated 
municipalities (for example if childcare was more expensive in these 
municipalities before the reform). In this case, there would be no de-
tectable first stage effect on the enrollment rates of the studied group 
in the treated municipalities and we would likely underestimate the ef-
fect of having access to childcare with the strategy outlined in Section 
4.1. The same is true for the identification of the medium-run effects, 
except that we here also need the reforms not to increase enrollment 
among children with employed parents more than among children with 
unemployed parents. Below, we use survey data on childcare enrollment 
in order to investigate how the reform package affected childcare enroll-
ment in the different groups and whether there is a ”first stage”. If such 
a first-stage exists, we are assured that the studied reform had an effect 
on enrollment rates over and above possible enrollment effect of other 
reforms that were implemented during the same period. 

5 Data and measurement issues 
In this section, we first discuss how we identify treated and control mu-
nicipalities, thereafter we present the individual level data and discuss 
how we measure health outcomes and parental unemployment. Finally, 
we present some descriptive statistics. 

5.1 Treatment and control municipalities 
Prior to the reform in 2001, municipalities could choose to provide child-
care access for children whose parents were unemployed. After the re-
form, all municipalities were required to offer at least 15 hours of child-
care to this group of children. In this paper, we exploit the resulting 

61 



change in municipal policies to estimate causal effects of the availability 
of childcare for children with unemployed parents. More specifically, we 
will compare municipalities that changed policy because of the reform 
to municipalities that already before the reform gave children with at 
least one unemployed parent access to childcare. 

Information about which policies that were in place in different mu-
nicipalities before the reform is taken from surveys conducted by the 
Swedish National Agency for Education in 1998 and 2001. In the sur-
veys, municipalities were asked about their childcare fees and childcare 
policies in general. They were asked what happens if i) a child already 
had a slot and a parent became unemployed and ii) a child did not have 
a slot and at least one parent was unemployed. We consider a munici-
pality as treated if children with unemployed parents did not get a slot 
or they lost their slot if a parent became unemployed according to both 
of the survey rounds. Applying these criteria, we identify 75 treatment 
municipalities. 

Based on the responses to the survey, only seven municipalities can be 
defined as untreated municipalities, in the sense that they did not have 
restrictions on the access to childcare for children with unemployed par-
ents. However, these municipalities are very different from the reform 
municipalities, with lower unemployment rates and different trends in 
hospitalization rates before the reform. For the remaining 207 munici-
palities, the policies with respect to offering childcare to children with 
unemployed parents are not quite clear, making it difficult to identify 
suitable control municipalities based on survey responses. An alterna-
tive strategy to identify a suitable set of control municipalities is to 
select them based on actual enrollment rates of children of unemployed 
and employed parents prior to reform. For this purpose, we use another 
survey conducted by the National School board in 1998 and 2002, the 
Parent survey, which asked parents about childcare enrollment.24 Our 
aim is to identify 75 suitable control municipalities where children to un-
employed parents had access to childcare already before the reform. We 
therefore select municipalities where i) the enrollment rates of children 
in prior to the reform were similar regardless of parental unemploy-
ment status and ii) the differences in enrollment between children with 
employed and unemployed parents did not change as the reform was 
introduced.25 Using this procedure we identify 75 municipalities that 
are not likely to have been affected by the reform. 

Figure A2 in Appendix shows that treated and control municipalities 
are scattered across Sweden. Table A 1 shows descriptive statistics for 

24The survey was stratified to make the responses representative at the municipal, as 
well as at the national, level. 

25The selection of control municipalities is further described in Appendix Figure A1 
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the treated and control municipalities. The treatment municipalities are 
in general less populated, have fewer children in childcare age, are to a 
larger extent run by a left-wing majority and have somewhat higher un-
employment rates. As expected, childcare enrollments rates are lower, 
and so is municipal spending on childcare. In the empirical analysis, 
we control for these differences through the inclusion of municipality 
fixed-effects and by controlling for the municipal employment rate. Im-
portantly, the child-to-staff ratio, which is a proxy for childcare quality, 
is similar in both treatment and control municipalities, and does not 
change in connection with the reform, see Figure A3 in the Appendix. 

We use the Parent surveys to investigate how the enrollment rates for 
children with unemployed parents changed due to the reform, see Table 
1 for the results.26 Columns 1–2, provide the difference-in-differences 
estimates of the change in enrollment for children with unemployed par-
ents, comparing treatment to control municipalities before and after the 
reform (column 1 without controls and column 2 including controls for 
parental education and child age and sex). The estimated effect is very 
stable and suggests a 20–21 percentage points increase in enrolment as a 
result of the reform. Because there were other reforms during the same 
period that may have affected enrollment of other groups, we also pro-
vide DDD estimates where we include children of employed parents as a 
further control groups. The results are presented in columns 3–4. The 
estimated effect is now slightly smaller, 19.2–19.8 percentage points, but 
still very similar to the DD estimates.27 Comparing this 19–20 percent-
age points increase in enrollment to the pre-reform enrollment rate of 
57 percent for children with unemployed parents implies an increase by 
34–37 percent increase in enrollment.28 

26Information on enrollment and average hours in childcare in control and reform 
municipalities for children of employed and employed parents is displayed in Table 
A2. 

27We have also estimated the first stage for different educational background. The 
increase in enrollment is similar across maternal education groups. 

28Pre-reform enrollment is not zero for children with unemployed parents. Before the 
reform, these children could be granted access to childcare if the family was considered 
in extra need by social services in the municipality. Another reason could be that the 
parent had only been unemployed for a short time and the child had not yet lost the 
childcare slot. 
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Table 1. First stage: the effect of the reform on enrollment in childcare among 
children of unemployed parents. 

(1) (2) (3) (4) 
DD DD DDD DDD 

Reform-effect 0.203*** 0.211*** 0.192*** 0.194*** 
(0.036) (0.032) (0.035) (0.033) 

Observations 5306 5306 45533 45533 
R-squared 0.078 0.144 0.073 0.093 
Time and municipal FE Yes Yes Yes Yes 
Controls No Yes No Yes 

N 308,623 308,623 308,623 308,623 
Mean outcome 29.77 5.16 15.81 3.24 

* p<0.10, ** p<0.05, *** p<0.01 

Notes: Robust standard errors in parenthesis. In columns (1) and (2) DD = 
unemployed in treatment and control municipalities. In columns (3) and (4) 
DDD = unemployed and employed in treatment and control municipalities. 
Controls include: parental education indicators (compulsory, upper secondary 
or higher), child age dummies and child sex. 

5.2 Individual level data 
We base the analysis on population wide Swedish register data from 
Statistics Sweden, the National Board of Health and Welfare, and the 
Public Employment Service. Population registers allow us to link par-
ents to children and contain information on sex of the child, child age in 
months, number and age of siblings and parental age. Matched to these 
data are taxation and education registers with information on parental 
earnings, and education, as well as information about residential mu-
nicipality. Information about parental unemployment is available in 
the data from the Public Employment Service. Health outcomes are 
taken from The National Patient Register (Hospital discharge register 
(NPR)) and from the Prescription Drug Register (PDR), both from the 
National Board of Health and Welfare. NPR contains information on all 
patients who are discharged from in-patient care in Swedish hospitals 
and include detailed diagnoses, whereas PDR, which exists since 2005, 
contains records of all over-the-counter sales of prescription drugs, with 
information on the patient and on the active substance. During the 
years around the childcare reform, high quality data on out-patient care 
did not exist for the whole of Sweden, but only for a few counties, hence 
our focus on in-patient care. 

We sample all children born 1993–2002 and their parents. When an-
alyzing short-run effects we keep, for each year 1998–2004, the children 
who are 2–5 years old at the end of the year and who were exposed 
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to parental unemployment at some point during that year. We define 
child exposure to parental unemployment as having at least one parent 
who is registered as unemployed at the Public Employment Service at 
least one day during a specific year. A reason for including children with 
very little exposure in the group is that previous research has shown that 
the length of unemployment was affected by the reform (Vikman 2010) 
and that unemployment duration is hence endogenous to the reform. 
However, as is clear from Figure A4 in the Appendix, the majority of 
children experience considerably longer parental unemployment spells, 
and as much as 18 percent of the children with unemployed parents 
experience parental unemployment during the whole year. The length 
of spells changes over time, but the pattern of change is similar in the 
treatment and control municipalities.29 

When analyzing medium-run effects, our sample includes children 
exposed to parental unemployment and children whose parents are em-
ployed, where we define a child as having employed parents if neither 
parent is register as unemployed during the year and both parents have 
annual earnings that exceed a threshold defined as two times the price 

30 base amount. Due to data limitations, we restrict this sample to chil-
dren born 1995–2000.31 Since the new policy was introduced in July 
2001 access to childcare differs across cohorts. Figure 1 shows in what 
ages a child with unemployed parents did not have access to childcare 
depending on the birth year of the child. For example a child born 
in 1995 with unemployed parents did not have access to childcare at 
any age, whereas a child born 1997 had access to childcare at age 5 if 
the parent was unemployed. Cohorts born between 1996 and 1999 are 
partially treated and cohorts born in 2000 had access to childcare their 
whole childhood. 

29The way we define exposure to unemployment implies that we may have measure-
ment error in our treatment variable (having access to/not having access to childcare) 
and the estimates may therefore suffer from attenuation bias. 

30Price base amount (prisbasbelopp). The amount is based on the consumer price index 
and adjusted annually by the government. Between years 1998 and 2004 the amount 
has been 36400–39300 SEK in nominal value (roughly 4000 Euro). 

31Data on prescriptions is only available 2005-2011. 
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Figure 1. Treatment status by cohort and age of child. 

In the short-run analysis, we measure child health using the in-patient 
register. We consider a child as hospitalized during a year if (s)he is 
observed in the in-patient care register at least once in a year. In ad-
dition to investigating effects on hospitalization for any diagnosis, we 
also investigate the effect of access to childcare on diagnoses related to 
injuries, respiratory diseases and infections.32 These diagnoses groups 
make up some of the most common reasons for why children are hospi-
talized. They also cover conditions that, as argued in Section 2, could 
be affected if a child attends childcare rather than stays at home with 
parents. Figure 2 shows hospitalization rates by age for the different 
diagnoses. Hospitalizations clearly vary by age of children. The risk of 
being hospitalized is highest among the youngest children and decreases 
as children get younger, especially during the first three years. Since the 
health of 2–3 year old children is different from the health of 4–5 year old 
children and since, as discussed in the introduction, earlier studies have 
found that enrollment age may matter for the effects of childcare atten-
dance on health as well as on cognitive and non-cognitive development, 
we study the two age groups separately. 

32We have also considered effects on total number of hospitalizations, but this turns 
out to be a very noisy measure. Hence, these results are not presented in the pa-
per. The ICD10 codes of the diagnosis considered in this study are listed in Table 
A3 in Appendix. Hospitalization for a specific condition is based on the diagnosis 
codes for the main diagnosis and the first 5 auxiliary diagnoses in the register. Both 
hospitalization and drug prescriptions are measured as in 1,000 children. 
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Figure 2. Hospitalization per 1,000 children across different diagnosis groups 
by age. 
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The benefits of using hospitalization records when measuring health 
are that hospitalization can be regarded as a relatively objective mea-
sure (as opposed to self-reported health measures). Moreover, hospital-
izations capture rather serious health events, which are likely to have 
long-run effects. However, although in some sense objective, hospitaliza-
tion is still depended on a professional judgement by a physician, based 
on the child’s health status, and on the fact that the child has been 
taken to the hospital, i.e. care-seeking behavior of the child’s parents. 
The seriousness of health conditions that require hospital care is how-
ever such that one should expect children who need care to eventually 
get to the hospital. Also, neglecting to seek primary care, may result in 
a need for hospital care. As described, earlier hospital care for children 
is not expensive in Sweden. Thus, the cost should not be an obstacle 
for seeking care, even for poor families. 

In the medium-run analysis, we measure child health when children 
are 10–11 years of age, using data from both the in-patient and the 
drug prescription registers. From the in-patient register, we create a 
dummy variable indicating whether the child was hospitalized any time 
during the considered age-span. From the drug prescription register, 
we first construct indicators for if the child has been prescribed any 1) 
anti-infectives and 2) medication for respiratory conditions in the cal-
endar years the child is 10 and 11 years old. These medication groups 
match the hospitalization diagnoses studied, but capture also less severe 
conditions. Second, in order to capture effects on the child psychiatric 
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health and behavioral problems, we create indicator for being prescribed 
ADHD-medication or psycholeptics, i.e. medications for sleeping prob-
lems and anxiety. The ICD10 codes of the diagnoses and the ATC 
codes of the drugs considered in this study are listed in Table A3 in 
Appendix. Hospitalizations of young children for psychiatric conditions 
are very rare, which is why drug prescriptions are of special interest. 

Using prescriptions of drugs, we pick up less severe health problems 
and these data are hence a valuable complement to the hospitalization 
data. Drug prescriptions require a diagnosis by a health professional and 
are thus an indication of an objective evaluation of the child’s health 
condition. However, care-seeking behavior is likely to play an important 
role in the likelihood of getting a prescription. Moreover, only actual 
purchases are registered which may introduce a further social element 
if economic conditions influence the parents’ likelihood of collecting the 
medication. Since, as described in Section 3.2, a high-cost protection in 
place for prescription drugs, also low-income household should be able 
to afford to collect prescribed medications. 

For natural reasons, register data does not contain any information 
about the quality of parental care. Given earlier evidence of larger 
positive effects of childcare on cognitive outcomes for children of lower 
socio-economic status (see, e.g. Liu and Skans 2010; Felfe et al. 2015; 
Havnes and Mogstad 2011), we use maternal education as a proxy for 
parental care when looking for heterogeneous effects. 

5.3 Descriptive statistics 
Table 2 shows descriptive statistics for children with at least one unem-
ployed parent for the pre-reform period 1998–2000 and the post-reform 
period 2002–2004 by treatment status of the municipality. Mothers in 
the treated municipalities are somewhat younger at first birth, and both 
parents are less likely to be born outside the Nordic countries and less 
likely to have higher education. These differences in background char-
acteristics motivate the inclusion of control variables in the estimations. 
Children in the treatment municipalities are more likely to be hospital-
ized, and over time, hospitalization rates decline in both treatment and 
control municipalities. 

Table 3 shows descriptive statistics for children aged 10–11, for the 
first and last cohorts in our sample. Whereas the first cohort (born in 
1995) only had access to childcare in case of parental unemployment 
if they lived in a control municipality, the last cohort (born in 2000) 
had access to childcare regardless of where they lived. It turns out that 
children in the treatment municipalities are somewhat more exposed to 
parental unemployment than those in the control municipalities, which 
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is as expected given the differences in parental education level that was 
observed in Table 2. Furthermore, children in treatment municipalities 
have somewhat worse health outcomes than those in the control munic-
ipalities, as is evident for both hospitalization and drug prescriptions. 
What is most striking from the table is the sharp increase in prescrip-
tions of ADHD medication and psycholeptics (mental) between the two 
cohorts. However, this pattern exists both in the treatment and in the 
control municipalities. 

Table 3. Descriptive statistics for 10–11 year old children. 

Cohort 1995 Cohort 2000 

Control Treatment Control Treatment 
Years of UE exposure 1.35 1.58 1.47 1.71 

(1.31) (1.33) (1.59) (1.65) 
Share with some UE exposure 0.58 0.64 0.55 0.60 

(0.49) (0.48) (0.50) (0.49) 
Hospitalizations per 1000 children 
Any hospitalization 30.84 32.93 27.05 33.76 

(172.89) (178.46) (162.22) (180.62) 
Respiratory 5.73 5.24 4.45 5.25 

(75.46) (72.21) (66.54) (72.30) 
Injury 15.74 16.58 14.96 17.08 

(124.48) (127.69) (121.41) (129.57) 
Infection 3.57 4.79 3.38 4.14 

(59.64) (69.02) (58.08) (64.20) 
Mental 1.10 1.20 1.51 1.64 

(33.21) (34.57) (38.84) (40.49) 
Hospital visits 39.65 43.64 39.52 45.65 

(341.26) (320.65) (427.29) (309.82) 
Prescriptions per 1000 children 
Mental prescription 6.68 8.38 17.85 21.02 

(81.44) (91.13) (132.39) (143.45) 
Antibiotics prescription 96.84 101.13 106.12 122.11 

(295.75) (301.51) (308.00) (327.42) 
Respiratory prescription 88.85 99.08 116.22 130.58 

(284.54) (298.77) (320.49) (336.96) 

N 38,940 17,552 3,5752 15,224 

6 Results 
We first present how hospitalization rates related to various diagnoses 
among 2–5 year old children of unemployed parents are affected by hav-
ing access to childcare. Then, we turn to the analysis of the medium-run 
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effects (at ages 10–11) on hospitalization and drug prescriptions, includ-
ing behavioral disorders, of not having access to childcare at ages 2–5.33 

6.1 Effects on child health in the short run 
In order to get at short-run effects on child health of having access to 
childcare when parents are unemployed we estimate equation 1. As 
motivated in Section 5.2, we estimate the model separately for children 
aged 2–3 and 4–5 years old. 

The descriptive statistics in Table 2 showed that parents differed 
somewhat in characteristics in the treatment and control municipali-
ties. We are therefore interested in whether the results are sensitive 
with respect to the inclusion of control variables. This is especially 
important since selection into unemployment could differ depending on 
whether children with unemployed parents have access to childcare or 
not. Hence, we estimate the model using three different sets of controls. 
First, we only control for a number of child-specific characteristics (sex, 
age in months and birth order). Second, we add parental controls for 
maternal and paternal education, age of mother at first birth, whether 
the mother or father is of non-Nordic origin and number of children of 
the mother. Third, we add the municipal unemployment rate (among 
25–34 year olds). Results, available in Table A4 in the Appendix, show 
that the point-estimates of our main interest (the estimates of µt in 
Equation 1) are very similar across specifications. We take this as ev-
idence of similar sorting into unemployment in treatment and control 
municipalities before and after the reform. In order to increase precision, 
we focus on the full specification in the rest of the paper. 

Figure 3 shows the differences in hospitalization rates between chil-
dren of unemployed parents in control and treatment municipalities for 
children aged 2–3 years, compared to differences in hospitalization rates 
in the year before the reform (year 2000). Looking at the coefficients 
for the years 1998 and 1999, we can assess whether there are indica-
tions of different trends in hospitalization rates for children in treated 
and control municipalities already before the analyzed reform of 2001, 
in which case we would be worried that the identifying assumption of 
parallel trends is violated. The coefficients for the years 2002, 2003 and 
2004 measure the effect of having access to childcare for children with 
unemployed parents. Since the reform was introduced in the middle of 
2001, and it is uncertain how quickly the municipalities implemented 

33We have also conducted all estimations excluding Stockholm from the control munic-
ipalities, given that Stockholm is much bigger than the other control municipalities 
and might behave differently, since it is the capital of Sweden. The results excluding 
Stockholm are very similar to those presented in the paper, including those for the 
first stage, and are available upon request. 
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the reform, we are not certain to what extent children with unemployed 
parents actually had access to childcare in the treated municipalities 
this year. We present the coefficient for that year for completeness. 

Looking at the pre-reform coefficients, the point estimates are both 
statistically and economically insignificant which ensures us that, be-
fore the reform, hospitalization rates developed similarly in control and 
treatment municipalities. This is however also true for the post-reform 
coefficients, indicating that having access to childcare or not did not af-
fect hospitalization. For any hospitalization and for hospitalization due 
to respiratory diagnoses, there are some indication of a decrease in hos-
pitalization with around 3–4 less children per 1,000 in one to two years 
following the reform, but these effects are not statistically significant 
and, at least for any hospitalization, small in size. 

Figure 3. Difference-in-differences specifications for 2–3 year old children. Out-
come: annual hospitalizations per 1,000 children. 
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Notes: All regressions controls for child sex, child age (months in end of the year), 
birth order, parental education (four categories), mother’s age at first birth, father 
and mother region of birth (Nordic, non-Nordic) number of children aged 0–10 in 
the family, municipal unemployment, municipal and year fixed effects. Standard 
errors are clustered at the municipal level. 

Next, we turn to the preschool aged children (aged 4–5). The cor-
responding results are presented in Figure 4. Also for this age group, 
there are no indications of differential health trends before the reform 
was implemented in 2001. Once the reform is introduced however, there 
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is a statistically significant, positive effect for the year 2002 on hospital-
izations for infections, which indicates that children with unemployed 
parents were more likely to be hospitalized due to infections once they 
had access to childcare. The increase in hospitalization when having 
access to childcare is 2.42 more children per 1,000 children hospitalized 
annually, which corresponds to an increase of more than 40 percent.34 

The effect lasts only for the first year the children had access; the es-
timates for the years 2003 and 2004 are not statistically different from 

35zero. 

34In Section 5.1 we studied the change in enrollment using survey information on 
enrollment reported by parents at a particular point in time and found that enrollment 
among children with unemployed parents increased with about 20 percentage points. 
Is it appropriate to use this estimate to calculate an IV estimate? Since our analysis 
regard as treated children those whose parents have been unemployed at least one 
day during the year, it is not straightforward to infer the reform induced increase in 
childcare attendance from the estimations using survey data, where unemployment is 
measured at the time of the survey. Yet, if we do, the first stage estimate from the 
survey implies that we ought to multiply our estimates with 5. 

35Estimating the model, excluding Stockholm, the effect persists also in 2003, at least 
at the 10-percent level. 
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Figure 4. Difference-in-differences specifications for 4–5 year old children. Out-
come: annual hospitalizations per 1,000 children. 
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6.2 Heterogeneous effects 
To gain understanding about the effect on infections we study whether 
certain groups of children are more affected by access to childcare than 
others. As earlier literature shows that family background can be im-
portant for the impact of attending childcare we study heterogeneous 
effects by mother’s education level.36 For completeness, we do this for 
both age groups. 

Figure 5 shows the resulting estimates for children aged 2–3 and Fig-
ure 6 shows the same for children aged 4–5 (see Table A5 and Table 
A6 in the Appendix for point estimates and standard errors). From the 
estimates in Figure 5 it is clear that the found zero-effect remains; there 
are no statistically significant effects for any maternal education level 
for the younger children. Turning to the older children (Figure 6), re-
sults clearly show that the found effect for the whole group is driven by 

36We have also analyzed whether the effects differ depending on child sex or by mater-
nal or paternal unemployment. Our results, available upon request, do not show any 
such patterns, although the effects for paternal unemployment are somewhat noisier. 
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children of mothers with only compulsory education. For these children, 
there is a large increase in the risk of hospitalization due to infections in 
2002, the first year when children with unemployed parents had access 
to childcare; 10 more children per 1,000. There is also a statistically 
significant effect on hospitalization for infections in 2003 for children 
whose mothers have upper secondary schooling and among children of 
highly educated mothers there is statistically significant effect before 
the reform, suggesting pre-reform trends for this group. 

Figure 5. Infection related hospitalization (per 1,000 children) by education 
level of mother for 2–3 year old children. 
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Notes: All regressions controls for child sex, child age (months in end of the year), 
birth order, father’s education (four categories), mother’s age at first birth, father 
and mother region of birth (Nordic, non-Nordic) number of children aged 0–10 in 
the family, municipal unemployment, municipal and year fixed effects. Standard 
errors are clustered at the municipal level. 
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Figure 6. Infection related hospitalization (per 1,000 children) by education 
level of mother for 4–5 year old children. 

-1
5

-1
0

-5
0

5
10

15
20

C
oe

ffi
ci

en
t

1998 1999 2000 2001 2002 2003 2004
Year

Mean (yr 2000): 6.1

Infection, Compulsory

-1
5

-1
0

-5
0

5
10

15
20

C
oe

ffi
ci

en
t

1998 1999 2000 2001 2002 2003 2004
Year

Mean (yr 2000): 6.5

Infection, Upper Secondary
-1

5
-1

0
-5

0
5

10
15

20
C

oe
ffi

ci
en

t

1998 1999 2000 2001 2002 2003 2004
Year

Mean (yr 2000): 5.0

Infection, Higher

Notes: All regressions controls for child sex, child age (months in end of the year), 
birth order, father’s education (four categories), mother’s age at first birth, father 
and mother region of birth (Nordic, non-Nordic) number of children aged 0–10 in 
the family, municipal unemployment, municipal and year fixed effects. Standard 
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There are at least two potential explanations for why children with 
low educated mothers have more infections. First, it could be that these 
children in general are more vulnerable to health shocks. The same 
exposure to germs, viruses and bacteria may have worse consequences 
for children with parents with low education because the children are less 
resilient and/or because they do not receive appropriate preventive and 
primary care. Second, it could be that these children were less likely to 
attend childcare when younger and therefore are more vulnerable once 
they enroll. Remember that during the pre-period, when these children 
were younger age, childcare was only available for children whose parents 
were working or being full-time students. 

To investigate to what extent children, whose parents were unem-
ployed when they were 4–5 year olds, were likely to attend to childcare 
when they were younger, we look at the share of mothers who either 
were unemployed or received student benefits when their children were 
2–3 year olds. Table A7 in the Appendix shows these shares by maternal 
education. There are no indications that mothers with only compulsory 
education were previously unemployed to a larger extent than mothers 
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with upper secondary education. Hence, it is fair to say that among 4–5 
year olds whose parents are unemployed, those with compulsory edu-
cated mothers are as likely to have been exposed to childcare at younger 
ages as those with more educated mothers. A more probable explana-
tion for their higher risk for hospitalization is hence that children with 
compulsory educated mothers are more likely to need hospital care ei-
ther because they are more vulnerable at the outset or because they do 
not receive as appropriate preventive care as other children. 

6.3 Effects on child health in the medium run 
Next, we turn to medium-run effects and estimate equation 2, where we 
measure health outcomes when children are aged 10–11. The results are 
presented in Table 4.37 The parameter estimate shows how many more 
children per 1,000 who are hospitalized/prescribed a drug at ages 10– 
11 if they experienced any parental unemployment during a year when 
they were aged 2–5, when there was no access to childcare as opposed 
to experiencing unemployment when there was access to childcare. 

Starting with the results for hospitalization, there is no indication 
that childcare access when parents are unemployed has any effect on hos-
pitalization at ages 10–11, the estimates are both statistically and eco-
nomically insignificant. Turning to results for prescriptions of ADHD-
medication or psycholeptics (mental), our point estimate is negative, 
suggesting a reduction of about 10 percent when compared to the pop-
ulation mean, implying that not having access to childcare is beneficial. 
However, the standard errors are of the same magnitude as the estimate, 
implying that a confidence interval of 95 percent spans effects of [-3.39, 
0.97], corresponding to a change of -24 percent to 7 percent. Also for 
antibiotics, we do not find evidence of any statistically significant effect 
and the estimate is small relative to the population mean. However, for 
respiratory conditions, not having access to childcare, increases the risk 
of needing prescriptions for respiratory problems at ages 10–11; a year 
of no access increases the likelihood of drug prescription by 6 percent, 
compared to the population mean. This effect is in line with the hy-
giene hypothesis, or the substitution effect suggested in van den Berg 
and Siflinger (2018), which states that little exposure to infections and 
respiratory illness in early childhood, may shift problems to a higher 
age. 

37We have also investigated whether the effects differ with respect to maternal educa-
tion. The point estimates are similar for all education levels but the standard errors 
are large, so it is difficult to draw any firm conclusions. Therefore we do not present 
these results in the paper, but they are available upon request. 

76 



Table 2. Descriptive statistics for 2–5 year old children who experience 
parental unemployment in pre-reform years 1998–2000 and post-reform years 
2002–2004 by treatment status of the municipality. 

Pre (1998–2000) Post (2002–2004) 

Control Treatment Control Treatment 
Mother 
Age at first birth 25.40 24.60 26.14 25.12 

(5.56) (5.12) (6.12) (5.70) 
Compulsory education 0.21 0.20 0.19 0.17 

(0.41) (0.40) (0.39) (0.38) 
Upper secondary education 0.54 0.62 0.51 0.61 

(0.50) (0.48) (0.50) (0.49) 
Higher education 0.23 0.17 0.29 0.21 

(0.42) (0.38) (0.45) (0.40) 
Unknown education 0.02 0.01 0.02 0.01 

(0.15) (0.10) (0.14) (0.11) 
Non-Nordic born 0.27 0.13 0.30 0.16 

(0.44) (0.33) (0.46) (0.37) 
Father 
Compulsory education 0.21 0.20 0.18 0.17 

(0.41) (0.40) (0.38) (0.38) 
Upper secondary education 0.52 0.61 0.52 0.63 

(0.50) (0.49) (0.50) (0.48) 
Higher education 0.24 0.16 0.27 0.18 

(0.42) (0.37) (0.45) (0.38) 
Unknown 0.03 0.02 0.03 0.02 

(0.17) (0.13) (0.16) (0.14) 
Non-Nordic born 0.29 0.14 0.33 0.17 

(0.46) (0.34) (0.47) (0.38) 
Hospitalizations per 1000 children annually 
Any hospitalization 47.74 49.76 42.31 45.38 

(213.21) (217.45) (201.29) (208.13) 
Respiratory 18.38 19.35 16.24 16.98 

(134.31) (137.77) (126.39) (129.20) 
Injury 10.27 11.51 9.88 11.01 

(100.81) (106.64) (98.90) (104.35) 
Infection 11.78 11.70 10.08 10.49 

(107.91) (107.52) (99.90) (101.87) 

Observations 208,417 109,950 158,017 78,387 
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Table 4. Hospitalizations and prescriptions at age 10–11. 

(1) 
Any 

Hospitalizations 

(2) (3) (4) 
Respiratory Injury Infection 

(5) 
Psychiatric 

(6) 
Mental 

Prescriptions 

(7) (8) 
Antibiotics Respiratory 

No access, years 

UE, years 

N 
Mean outcome 

-0.233 
(1.174) 
-0.447 
(0.593) 

308,623 
29.77 

0.060 
(0.489) 

-0.733*** 
(0.261) 

308,623 
5.16 

0.220 
(0.782) 
2.435*** 
(0.394) 

308,623 
15.81 

0.123 
(0.465) 
-0.338* 
(0.185) 

308,623 
3.24 

-0.203 
(0.247) 

-0.354*** 
(0.113) 

308,623 
1.29 

-1.210 
(1.111) 
4.727*** 
(0.426) 

308,623 
14.23 

0.787 
(2.179) 

83.898*** 
(1.258) 

308,623 
133.07 

7.178*** 
(2.563) 

63.221*** 
(1.202) 

308,623 
125.74 

* p<0.10, ** p<0.05, *** p<0.01 

Notes: Control variables at age 2: Sex of child, age of child in months at the end of the year, sibling order number, education 
level of parents, mother’s age at first birth, non-Nordic parents, number of children 0–10 years in the family, municipal UE rate 
(among 25–34 years old), municipality, year of birth and interaction of municipality and year of birth and interaction of years of 
unemployment and year of birth as well as year of birth and municipality. Standard errors are clustered at municipality level. 
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7 Concluding comments 
In this paper, we have evaluated whether access to childcare for children 
with unemployed parents affects child health by investigating short run 
effects on hospitalization and medium run effects on hospitalizations and 
medical drug prescriptions. Using a nationwide reform, which obliged 
all municipalities to provide at least 15 hours of childcare for children 
with unemployed parents, we exploit the exogenous change in childcare 
provision for this disadvantage group. The reform potentially changed 
the mode of care from care at home by an unemployed parent to at 
least 15 hours per week in a high quality center based childcare. The 
expected effects of hospitalization are ambiguous. At centered based 
childcare the child is attended by professional staff, trained to detect 
early health problems and reduce the risk of accidents and poisoning. 
However, the child is part of a larger group which increases exposure 
for infections and the child may receive less attention and adult and 
parental time. 

We find that among preschool children (4–5 year old) access to child-
care led to an increase in hospitalization for infection. However, within 
one year after the reform the hospitalization rate due to infections 
among children with unemployed parents falls back again. A potential 
explanation for this pattern is that when children in age 4–5, who have 
not previously had access to childcare, are more sensitive to infections 
when they first start to attend childcare. Once they have attended child-
care for some time they have built up resistance and the hospitalization 
rate falls back to its original level. The effect on hospitalization due 
to infections is entirely driven by children with low-educated mother. 
This may suggest that more vulnerable children are more likely to be 
hospitalized when exposed to infections because they may not get the 
same preventive and primary care. Among toddlers (children age 2–3) 
there is no evidence that the mode of care matters for hospitalization 
in the short run. In the longer run, at age 10–11, we find no effects 
of childcare access on hospitalizations, but a possible increase in the 
prescriptions of drugs related to respiratory conditions for children who 
did not have access to childcare when the parents were unemployed. 
This result lends supports to the hygiene-hypothesis or the presence of 
a substitution effects shifting the risk of contraction illness in time. 
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Appendix 

A Selection of control municipalities 
In order to estimate effects of the reform we need to identify a set of 
control municipalities in which the reform did not significantly change 
the access to childcare for children with unemployed parents. To this 
end we study enrollment rates before and after the reform. Information 
on enrollment among children with unemployed and employed parents 
is collected from the Parent survey conducted by the National School 
board in 1998 and 2002. The survey is answered by parents and per-
tains to the status of them and their child at a specific point in time. 
This is not an exact measure of the enrollment rates in different groups 
since, for example, the status of the parent may change over the year 
and there is no information on how long the parent have been unem-
ployed. We define pre-diff as the difference in enrollment rate between 
children of employed parents and unemployed parents in 1998 in a given 
municipality, and the diff-diff as the change in the enrollment difference 
between children of employed and unemployed parents between the two 
surveys. 

Figure A1 plots the municipal diff-diff against the pre-diff. Blue dots 
represent the 75 reform municipalities that, according to the municipal 
survey, had restrictions for unemployed parents prior to the reform. The 
red dots are all other municipalities. A small green dot has been placed 
in the middle of the red dot for the 75 non-reform municipalities with the 
smallest pre-reform enrollment difference (pre-diff ). A slightly smaller 
yellow dot is marking the 75 municipalities with the smallest change in 
enrollment difference (diff-diff ). We choose as our control municipalities 
the 75 municipalities that have the smallest sum of pre-diff and diff-diff. 
These are marked by a tiny black dot. 
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Figure A1. Difference in differences from 1998 to 2002 and the difference in 
childcare enrollment in 1998 by parental employment status in Swedish munic-
ipalities. 
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B Figures 

Figure A2. Map over the treated and control municipalities. 
Control
Treatment
Not in either group/no data
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Figure A3. Child-staff ratio in municipal childcare in treatment and control 
municipalities in 1998–2005. 
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Figure A4. Number of days in a year for which children with unemployed 
parents experienced parental unemployment in treatment and control munici-
palities pre (1998-2000) and post (2002-2004) reform. 
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C Tables 

Table A1. Municipal level characteristics in 2001 by treatment status. 

Control Treatment All 
Municipal budget, spending/capita 
Sports and recreation 951.45 963.23 1,007.52 

(321.29) (318.78) (335.83) 
Childcare 4,598.17 4,034.55 4,324.60 

(796.13) (547.01) (779.36) 
Family support 2,074.75 1,940.51 1,957.50 

(798.93) (566.11) (723.00) 
Education 12,541.64 12,650.48 12,728.06 

(1,394.10) (1,184.22) (1,392.85) 
Other municipal characteristics 
Left wing majority 0.33 0.37 0.39 

(0.47) (0.49) (0.49) 
Population share 1-5 yr 5.11 4.86 4.99 

(0.80) (0.55) (0.70) 
Childcare participation 65.73 59.56 62.35 

(8.62) (8.74) (9.78) 
Staff at childcare/child (municipal) 5.44 5.47 5.50 

(0.15) (0.11) (0.62) 
Staff at childcare/child (private) 5.54 5.70 5.50 

(0.16) (0.22) (0.81) 
UE rate 25-34 yr 10.39 11.11 11.15 

(3.61) (3.24) (3.63) 
Population 45,389 20,738 30,827 

(100,929) (20,250) (58,499) 

N 75 75 289 

Table A2. Enrollment in reform and control municipalities from Parental 
Survey. 

Pre-reform 1999 Post-reform 2002 

Reform Control Reform Control 
Unemployed 
Enrollment 0.57 0.78 0.81 0.82 
Hours/week 20.85 24.83 20.96 24.39 
Employed 
Enrollment 0.90 0.93 0.95 0.97 
Hours/week 30.41 33.21 30.68 32.94 
Total 
Enrollment 0.85 0.91 0.94 0.95 
Hours/week 29.55 32.15 29.80 32.05 
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Table A3. ICD10 diagnosis codes of the study. 

Variable Definition Example 
Hospitalizations 

Hospitalization 

Infection 

Respiratory 

Injury and 
poisoning 

Mental 

=1 if admitted to 
hospital for any reason 
=1 if admitted to 
hospital with diagnoses 
code ICD10: A00-A99, 
B00-B99 
=1 if admitted to 
hospital with diagnoses 
code ICD10: J07-J08, 
J19-J39, J48-J99 
=1 if admitted to 
hospital with diagnosis 
code ICD10: S00-S99, 
T00-T98 
=1 if admitted to 
hospital with diagnoses 
code ICD10: F10-F09, 
F51-F83, F85-F89, F99 

Prescriptions 
Mental =1 if received ADHD, depression, 

prescription to insomnia. 
medication with ATC 
codes: N06B, N06A, 
N05 

Antibiotics =1 if receives Ear infection, urinary 
presciption to infection. 
medication with ATC 
code J01 

Respiraotry =1 if receives Asthma-related, cough. 
prescription to 
medication with ATC 
codes R01-R06 

Infectious diarrhoea, 
mononucleosis, 
chickenpox. 

Upper and lower 
respiratory infections. 

Broken arm or ankle, 
overdose of medication. 

Anxiety disorder, 
developmental agnosia, 
disorder of 
psychological 
development. 
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Table A4. Difference-in-differences estimates across different set of covari-
ates. 

Children age 2–3 years Children age 4–5 years 
Any diagnosis 

1998 

1999 

2001 

2002 

2003 

2004 

-2.328 
(3.536) 
-2.129 
(3.603) 
-1.106 
(3.308) 
-3.081 
(3.651) 
-3.171 
(3.571) 
-0.882 
(3.702) 

-2.285 
(3.526) 
-2.116 
(3.598) 
-1.062 
(3.311) 
-3.300 
(3.660) 
-3.582 
(3.551) 
-1.375 
(3.722) 

-2.043 
(3.479) 
-2.333 
(3.614) 
-1.249 
(3.282) 
-3.139 
(3.677) 
-3.572 
(3.572) 
-1.523 
(3.787) 

Respi

-0.569 
(2.635) 
0.717 
(2.272) 
0.721 
(2.576) 
3.988 
(2.777) 
0.618 
(2.667) 
3.918 
(2.461) 

ratory 

-0.453 
(2.645) 
0.768 
(2.271) 
0.692 
(2.562) 
3.908 
(2.810) 
0.490 
(2.676) 
3.729 
(2.475) 

-0.586 
(2.628) 
0.622 
(2.259) 
0.713 
(2.553) 
3.913 
(2.805) 
0.196 
(2.683) 
3.395 
(2.467) 

1998 

1999 

2001 

2002 

2003 

2004 

-2.378 
(1.976) 
-0.990 
(2.087) 
-0.201 
(1.763) 
-0.701 
(2.232) 
-3.417 
(2.348) 
-1.466 
(2.365) 

-2.316 
(1.974) 
-0.972 
(2.083) 
-0.169 
(1.763) 
-0.815 
(2.253) 
-3.619 
(2.343) 
-1.684 
(2.362) 

-2.251 
(1.949) 
-0.998 
(2.075) 
-0.322 
(1.753) 
-0.881 
(2.283) 
-3.616 
(2.358) 
-1.725 
(2.382) 

Injury 

-0.098 
(1.727) 
-2.149 
(1.468) 
1.077 
(1.693) 
0.277 
(1.442) 
-2.174 
(1.929) 
0.397 
(1.503) 

-0.057 
(1.731) 
-2.120 
(1.464) 
1.036 
(1.683) 
0.202 
(1.443) 
-2.286 
(1.918) 
0.267 
(1.505) 

-0.111 
(1.729) 
-2.199 
(1.468) 
1.097 
(1.699) 
0.223 
(1.424) 
-2.438 
(1.928) 
0.162 
(1.471) 

1998 

1999 

2001 

2002 

2003 

2004 

-1.308 
(1.472) 
0.379 
(1.476) 
-1.337 
(1.655) 
-1.712 
(1.512) 
-1.360 
(1.450) 
0.803 
(1.598) 

-1.292 
(1.474) 
0.380 
(1.479) 
-1.307 
(1.656) 
-1.749 
(1.519) 
-1.424 
(1.451) 
0.749 
(1.599) 

-1.199 
(1.476) 
0.320 
(1.489) 
-1.245 
(1.657) 
-1.615 
(1.515) 
-1.345 
(1.441) 
0.731 
(1.602) 

Infec

-1.965* 
(1.187) 
0.275 
(1.468) 
-1.809 
(1.459) 
-0.081 
(1.638) 
-0.737 
(1.268) 
-0.646 
(1.275) 
tion 

-1.903 
(1.190) 
0.295 
(1.464) 
-1.839 
(1.461) 
-0.106 
(1.640) 
-0.741 
(1.266) 
-0.683 
(1.278) 

-1.992* 
(1.202) 
0.355 
(1.468) 
-1.807 
(1.458) 
-0.137 
(1.661) 
-0.707 
(1.292) 
-0.760 
(1.288) 

1998 0.611 0.553 0.729 0.180 0.150 0.163 
(2.141) (2.139) (2.106) (1.022) (1.025) (1.027) 

1999 -1.658 -1.679 -1.837 0.358 0.334 0.296 
(2.090) (2.085) (2.112) (0.934) (0.931) (0.927) 

2001 2.323 2.328 2.196 -0.949 -0.947 -1.002 
(1.647) (1.645) (1.657) (1.081) (1.080) (1.070) 

2002 -0.700 -0.798 -0.587 2.477** 2.452** 2.421** 
(1.965) (1.967) (1.945) (1.211) (1.214) (1.212) 

2003 -0.685 -0.843 -0.805 1.743 1.716 1.611 
(1.588) (1.611) (1.593) (1.154) (1.149) (1.138) 

2004 -1.834 -2.077 -2.011 1.153 1.100 0.994 
(2.018) (2.035) (2.055) (1.076) (1.072) (1.069) 

N 315,562 315,562 315,562 321,576 321,576 321,576 
Child controls Yes Yes Yes Yes Yes Yes 
Parental controls No Yes Yes No Yes Yes 
Municipal controls No No Yes No No Yes 
* p<0.10, ** p<0.05, *** p<0.01 

Notes: Child controls: child sex, child age (months in the end of the year), birth order. 
Parental controls: parental education (four categories), mother’s age at first birth, father 
and mother region of birth (Nordic, non-Nordic) number of children aged 0–10 in the 
family. Municipal controls: municipal unemployment rate. All specifications include 
municipal and year fixed-effects. Standard errors are clustered at the municipal level. 
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Table A5. Difference-in-differences estimates, heterogeneous effects 
by maternal education level for 2–3 year old children. 

Compulsory Upper Secondary Higher 
Infection Infection Infection 

1998 2.981 0.716 -2.527 
(4.850) (2.558) (3.627) 

1999 5.786 -3.485 -5.647* 
(3.895) (2.536) (3.173) 

2001 1.051 1.319 3.150 
(4.326) (2.237) (3.862) 

2002 -5.153 -0.839 3.543 
(4.140) (2.569) (3.678) 

2003 0.294 -0.608 -3.400 
(4.299) (2.468) (3.171) 

2004 0.286 -2.742 -1.934 
(4.780) (2.354) (4.097) 

N 60,455 175,186 73,345 
Mean outcome 19.6 17.0 13.4 

* p<0.10, ** p<0.05, *** p<0.01 

Notes: All regressions controls for child sex, child age (months in 
end of the year), birth order, father’s education (four categories), 
mother’s age at first birth, father and mother region of birth (Nordic, 
non-Nordic) number of children aged 0–10 in the family, municipal 
unemployment, municipal and year fixed effects. Standard errors are 
clustered at the municipal level. 
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Table A6. Difference-in-differences estimates, heterogeneous effects 
by maternal education level for 4–5 year old children. 

Compulsory Upper Secondary Higher 
Infection Infection Infection 

1998 0.098 0.438 0.608 
(2.485) (1.208) (1.934) 

1999 1.866 -1.417 4.194** 
(2.317) (1.302) (2.051) 

2001 -0.693 -0.701 -0.709 
(3.094) (1.225) (2.897) 

2002 10.106*** 0.862 1.787 
(3.208) (1.394) (2.423) 

2003 2.776 3.016** -1.698 
(2.422) (1.383) (2.087) 

2004 0.820 0.846 1.517 
(2.146) (1.490) (2.402) 

N 62,207 181,747 72,205 
Mean outcome 6.78 6.29 5.51 

* p<0.10, ** p<0.05, *** p<0.01 

Notes: All regressions controls for child sex, child age (months in 
end of the year), birth order, father’s education (four categories), 
mother’s age at first birth, father and mother region of birth (Nordic, 
non-Nordic) number of children aged 0–10 in the family, municipal 
unemployment, municipal and year fixed effects. Standard errors are 
clustered at the municipal level. 

Table A7. Past experience of children aged 4–6 with unemployed parents 
during the post-period. 

Compulsory Upper Secondary Higher 
Any parental UE while 2-3 years 0.90 0.90 0.87 

(0.29) (0.30) (0.34) 
Months parental UE while 2-3 years 13.72 13.41 11.44 

(8.01) (8.06) (8.04) 
Student benefit while 2-3 years 0.18 0.13 0.27 

(0.39) (0.34) (0.45) 
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III. Financial disincentive to return to work 
–do mothers react? 
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1 Introduction 
Women typically reduce their participation in the labour market when 
having a child. This reduction leads mothers onto a lower income tra-
jectory than fathers. The time away from work can also be harmful 
for work-related human capital (Mincer and Polachek 1974) and it can 
worsen mothers’ contacts with the work-life (Calvó-Armengol and Jack-
son 2004), which both could decrease the chances of employment in the 
long run and also affect the wage level. Additionally, time at home 
with children could contribute to a greater specialisation between home 
production and market work within families (Becker 1993). Most fami-
lies in the Nordic countries have more than one child. Theoretically it is 
however not clear whether one long period away from the labour market 
(short birth-spacing, not returning to work between births) is better or 
worse, in terms of long run labour market consequences, than multiple 
shorter periods away from work (children with a longer spacing, return-
ing to work between births). In this paper, I study the importance of 
the level of the parental leave allowance on mothers’ decision to stay 
at home or return to work between births and how this decision affects 
their long term labour market attachment. 

Labour market policies and financial support for families can create 
incentives for parents to stay at home. Across countries there is a wide 
variety of differences in the parental-leave systems, in terms of the ben-
efits they pay, the length of job-protected leave and so forth. These 
policy instruments are used by policy makers in their attempt to affect 
both the labour market participation and the fertility rate. In this paper 
I focus on the Finnish parental leave system and a reform that created 
exogenous variation in the level of the parental-leave allowance. 

As the parental-leave allowance in Finland is based on previous earn-
ings, which is likely to be correlated to labour market participation, 
we cannot regress the labour market outcomes directly on the level of 
allowance. Instead, we need exogenous variation in the level of the al-
lowance to identify the effect of financial incentives on labour market 
participation. In 2005, Finland introduced a reform that made it possi-
ble for a sub-group of mothers to retain the earnings-related allowance 
level for the next child without needing to return to work between births. 
The aim of the policy was to alleviate poverty in families where children 
are born relatively close to one another. The eligibility for the same al-
lowance is conditioned on children being born within three years apart. 
This reform created random variation in the allowance level at the time 
of a higher order birth. I use this variation to identify the effect of the 
level of the allowance on labour market participation between births 
and in the long run. The mothers I study were not aware of the policy 
change at the time of the birth of their first child. Hence, the intro-
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duction of the policy creates the possibility to study the effect with a 
regression discontinuity design, which I later explain in more detail. 

The results show that affected mothers decreased their labour market 
participation with three months in the short run in response to the raised 
benefit levels. The decrease is highest among middle-income mothers. 
The effects on labour market participation are however temporary; in 
the medium run, 5–8 years after the first birth, there are no effects on 
the probability of working. Hence, it seems like the reform managed to 
increase the allowance for families with short spacing between children 
without persistent negative effects on the labour market outcomes. My 
findings are in line with papers that have studied the importance of 
the length of the parental leave and the length of the benefit period 
during these leaves on the labour market outcomes in the medium and 
long run (Lalive and Zweimüller 2009, Lalive et al. 2014, Schönberg and 
Ludsteck 2014). Lalive et al. (2014) find that return-to-work is delayed 
in the short run due to an extension in the paid leave-period but long-run 
labour market outcomes are unaffected. Baker and Milligan (2008) find 
using Canadian data that extensions of parental leave expand mothers 
propensity to stay at home but also increase the job continuity. In 
German context Schönberg and Ludsteck (2014) find the same effect on 
staying at home in the short run but that the effect of extensions of 
job-protected leave have very small effect on long-term labour market 
outcomes. 

However, the closest papers to the one at hand are the ones that 
have studied a similar reform in Sweden. Sweden introduced a similar 
eligibility to the previous parental-leave allowance, ”speed-premium”, 
in 1980s with a 30 months threshold-spacing. The reform has affected 
the labour market participation negatively in the short run (Ginja et 
al. 2017) and increased take-up of parental leave by mothers (Moberg 
2016). Additionally, the reform in Sweden reduced the spacing of births 
(Hoem 1993,Andersson et al. 2006 Björklund 2006). I find no indication 
that the Finnish reform had effects on fertility outcomes.1 

My main contribution in this paper is to study the importance of a 
financial incentive on the decision to stay at home or return to work 
between births within an arguably exogenous setting. I study the effect 
of a rise in the parental-leave allowance level on mothers’ labour market 

1There is also a separate literature studying the effect of spacing on other outcomes 
than fertility and labour market. Ginja et al. (2017) study the health effects and 
educational attainment of shorter spacing in Sweden using the speed premium rules 
in the parental-leave system and find no effects on health around 24 or 30 months 
cut-offs of birth-spacing but positive effect on educational attainment. Same reform 
with a different set-up is used by Pettersson-Lidbom and Skogman Thoursie (2009) 
who find that the educational outcome of older sibling is affected negatively by the 
shorter spacing. 
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attachment between births and analyse whether this change affects also 
the medium-run labour market outcomes. The effect is studied in an 
institutional environment where the period of job protection around a 
birth of a child is long (until the youngest child turns three) and does 
not alter due to the reform. I add to the literature that studies the 
importance of parental-leave policies on mothers labour market choices. 

In Section 2 I introduce the relevant parts of the Finnish family policy. 
In Section 3 I describe the reform that I use to identify the effect of 
interest and the research design. In Section 4, I describe the data and 
the sample restrictions, and investigate the threats to identification. I 
then continue to the main results in Section 5. Finally, in Section 6, 
I conclude with discussion of the main results relative to the previous 
literature. 

2 Family policies in Finland 
Finland, together with the other Nordic countries, has a long history of 
generous family policies (Datta Gupta et al. 2008, Vikat 2004, Johnsen 
and Løken 2016). The policies include long durations of job protection, 
universal coverage of family benefits, as well as paid leave schemes with 
high replacement rates. In addition, public childcare is offered by mu-
nicipalities as a subjective right for every child. The duration of job 
protection is one of the longest in the OECD countries (OECD 2017); 
a parent can stay at home until the youngest child in the family turns 
three years without losing his or her job. 

At the time of the reform (October 2005), the Finnish parental-leave 
scheme consisted of maternity leave, paternity leave, parental leave and 
a short bonus-leave for fathers, during which parents are eligible for 
earnings-related allowance. Maternity and paternity leave are dedicated 
to the respective parent but the division of parental leave is determined 
by mutual agreement by the parents. Despite the fact that parents 
can, and are, actively encouraged to share the amount of time spent on 
parental leave, fathers generally take a small share of the days: fathers 
took up 3.4 percent of the days in 2005 (Social Insurance Institution 
of Finland statistics). Depending on how early the mother starts the 
maternity leave, the child is 10–11 month old when the earnings-related 
leaves end.2 All the three leaves—maternal, paternal and parental— 
have to be used consecutively and thus cannot be used when the child 
is older. Exception to this rule is the one month bonus-leave for fathers 
which can be used until the child turns three. 

2The maternity leave starts 5–8 weeks before the expected date of birth in order to 
protect both the mother’s and child’s health. 
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The parental-leave allowance level is based on the earnings accord-
ing to the previous tax declaration, i.e. earnings two years prior to the 
birth of a child. On average, the allowance covers about 70 percent of 
the previous earnings. The effective replacement rate is lower for higher 
income levels.3 In case the previous earnings are too low to entitle the 
parent to the earnings-related allowance, the parent receives the mini-
mum parental-leave allowance. In my sample, the minimum allowance 
is about one third of the mean earning-related allowance received by 
those on leave with their first child. These features of replacement rate 
may affect who of the mothers react to the reform strongest. 

In comparison to the other Nordic countries there is one distinguish-
able feature in the Finnish family policies: until the youngest child in 
the family turns three, one parent can stay home with job protection 
and receive flat-rate home-care allowance. This addition to the benefit 
scheme for families with small children is conditional on the child not 
taking part in public daycare. Similar home-care allowance (”cash-for-
care”) has been found to negatively affect the long-term labour market 
participation of mothers in Norway (Drange and Rege 2013). Over 80 
percent of mothers receive this allowance after the earnings-related al-
lowance period has ended (Haataja and Juutilainen 2014). This feature 
of the Finnish family policies has been contributing to the lower partici-
pation rate of younger children in daycare and lower rate of employment 
for mothers with young children in Finland as compared to its Nordic 
neighbours (Johnsen and Løken 2016).4 The existence of the home care 
allowance and the job protection attached to it are likely to affect the 
impact of the reform I describe in the next section. As there already 
existed a three year job protection, the increase in the allowance level 
may have less impact on the way parents time their return to work. 

3About 80 percent of the mothers who receive earnings-related allowance fall into 
the 70 percent replacement-rate category. The mothers whose earnings exceed the 
earnings-threshold above the common replacement rate get a 40 percent coverage for 
the exceeding part. And those whose earnings are even higher (about 5 percent of all 
mothers) get 25 percent replacement for the earnings above the second threshold. 
4On top of the basic flat-rate home-care allowance, families with multiple small chil-
dren are eligible for sibling supplements. Additionally, if the family is poor a means-
tested part can be added to the allowance. Some municipalities supplement the home-
care allowance by an amount that varies across municipalities. Kosonen (2014) uses 
this variation and finds the supplements to decrease the labour market attachment 
of mothers. 
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3 The reform and the research design 
3.1 The reform 
Before October 2005, the parental-leave allowance was by default based 
on the earnings of the previous tax declaration. As many parents have 
their children within two to three years from the previous, they had no 
time to gain enough earnings to be eligible for a high earnings-related 
allowance with the subsequent child. In October 2005 a reform package 
was put in place with the aim to prevent poverty in families with small 
children. The focus of this paper is on the reform that was targeted to 
families with relatively short spacing between births.5 After the reform, 
parents could retain the same level of earnings-related allowance as they 
had received with their previous child, as long as the spacing to the next 
child was no more than three years by birth date of the previous and 
expected due date of the next child. Thus, after the reform mothers had 
no incentive to return to work between the births in order to receive 
the same earnings-related allowance as with the previous child. The 
disincentive to return to work between births and the financial incentive 
to space children within three years were unintended side-effects of the 
poverty-alleviation reform. 

The reform was passed in parliament in December 2004 and took ef-
fect for higher-order births after the 1th of October 2005. The reform 
was first discussed in the media during the governmental budget discus-
sions in the summer of 2004. The main newspapers published articles 
about the reform already in the summer and it was further reported in 
the local newspapers in the autumn of 2004. In the summer of 2005, the 
reform was discussed on a popular internet forum for families with small 
children. Thus, it seems that the information about the reform spread 
quite fast and extensively. As the focus in this paper is on parents 
who already had a child, it is likely that they quickly became fully in-
formed about the reform. Parents who already have one child know the 
parental-leave system and are likely to hear about the relevant changes 
even via their social connections with other parents. 

5The reform package also included another change in the qualifying grounds for 
earnings-related allowance. This other part was aimed to alleviate poverty in families 
where the parents have temporary job contracts. According to the reform, a parent 
who has been working at least one month before the due date of a child and could con-
tinue in the same job for at least half a year could receive earnings-related allowance 
based on the income of just one month. This reform is most likely to affect mothers 
at the lower end of the income-distribution. As I focus on mothers who have received 
earnings-related allowance with their first child, this other reform is unlikely to affect 
their decision with respect to labour market participation or fertility. The mothers 
who are more likely to be affected by this part of the reform package are those who 
have received minimum allowance with their previous child or are low-income workers 
who have not yet had their first child. 
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3.2 Treatment 
The treatment created by the reform gives covered parents the right to 
maintain the same level of allowance as with the previous child, without 
returning to work, if the next child is born within three years. The 
timeline of the reform with respect to the birth date of the first child is 
captured in Figure 1. The parents who had their first child before Octo-
ber 2002 could not be eligible for the reform at the time of the birth of 
their possible second child. These parents are non-eligible because even 
if they had their second child within three years, they could not have 
the child after the implementation date of the reform—the reform-date 
is over three years away from the birth of the previous child. Instead, 
those parents who had their first child since October 2002 (the first 
vertical dashed line in Figure 1) could be eligible for the reform as long 
as the due date of the second child was after the implementation date. 
It is this threshold, first birth after 1st of October 2002, that I use in 
my research design to define the treated.6 Parents who had their first 
child after January 2005 (second vertical line in Figure 1) were always 
eligible for the reform provided they had their second child within three 
years. In terms of the decision to work between the births, mothers who 
already knew that they will have their child after the implementation 
date and within three years could react relatively fast. Given that the 
reform created an incentive to stay at home between births we would 
expect to see, if anything, a decrease in the labour market attachment 
of mothers between births. 

Figure 1. Timeline of the reform with respect to the birth date of the first 
child. 

Figure 1. Notes: The first vertical dashed line depicts the reform date in terms 
of the time of birth of the first child. The second vertical dashed line depicts 
the point of time after which all first births make parents eligible for the reform. 
Between the lines, there is a likelihood to be treated conditional on having the 
second child within three years and after the reform-date. 

6An alternative threshold to study is that of the reform date. However, given the 
media spread before the reform it is possible that parents have altered the timing of 
the births around this threshold. 
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Figure 2 shows that the effect of the reform on the qualifying grounds 
for earnings-related allowance with the second child was sizeable. The 
figure depicts the change for those who had received earnings-related al-
lowance with their first child and who had their second child within three 
years. We see a notable change in the qualifying grounds. This is the 
change in the allowance level that I exploit to investigate the effect on 
labour market participation. The share of mothers who began receiving 
allowance based on the replacement rate of previous earnings, has been 
about 40 percent since the implementation of the reform. The share of 
mothers receiving minimum allowance is almost non-existing after the 
reform, a marked change from the 20 percent during the pre-reform pe-
riod. The decrease in the share of mothers receiving allowance based on 
current earnings is due to mothers who have re-entered the labour mar-
ket between births but whose earnings would qualify them for a smaller 
earnings-related allowance than the one enabled by the reform, i.e. the 
allowance with the previous child exceeds the one that they would re-
ceive based on the more recent earnings. The few minimum-allowance 
receivers that still exist after the reform are those whose earnings-related 
allowance was just above the minimum-allowance level at the time of 
the first birth. As the minimum-allowance level has gradually increased 
over time, some at the margin have received minimum allowance instead 
of earnings-related at the time of the second birth.7 

7The slight decrease earlier in the share of mothers receiving minimum allowance is 
due to a reform in January 2003. Since then unemployment benefits have also been 
considered as qualifying grounds for the parental-leave allowance. I only include those 
mothers who have received earnings-related allowance during the leave with their first 
child. Hence, the reform in 2003 should not be a concern for my research design. 
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Figure 2. Share of mothers who receive maternal-leave allowance on different 
basis, at monthly level. 
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Figure 2. Notes: The figure shows the allowance basis at the time of the second 
birth for mothers who received earnings-related allowance with their first child 
and had their second child within three years. The figure shows the share of 
mothers who have the allowance based on different qualifying grounds. Income-
related allowance is based on the income in the last tax-declaration. Minimum 
allowance is received by those whose pre-birth earnings have not been high 
enough to qualify for income-related allowance. Other basis are cases where 
the allowance is based on rehabilitation benefit or unemployment benefit. PL 
allowance is the basis that was introduced by the reform of October 2005 and 
is based on the previously received parental-leave allowance. 

The change in the qualifying grounds of the allowance provides a 
first step towards the analysis of whether the reform affected the deci-
sion to work between births. To analyse whether the reform also had 
behavioural effects in terms of potential changes in the labour market 
participation of mothers or spacing of births, we need to quantify its 
effects on the size of the allowance. Given that the mean allowance is 
about 1,000 euros per month, net of tax, for those mothers who received 
earnings-related allowance with their first child, the financial disincen-
tive to return to work is sizeable. If we consider receiving minimum 
allowance with the second child as a counter-factual scenario, the finan-
cial incentive to stay at home for a mean-allowance receiver would be 
about 650 euro per month for a period of 10 months.8 

8All monetary values presented in year 2016 value. 
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3.3 Research design 
I am interested in understanding the effect of the parental-allowance 
level on the labour market outcomes of mothers. If I were to regress 
a simple OLS with the allowance level on the outcome of interest the 
estimate would likely be biased as the allowance level is depended on 
the pre-birth earnings. The pre-birth earnings are correlated with other 
characteristics of mothers which may affect the labour market outcomes 
and the spacing of births. I use the year 2005 reform to overcome this 
problem as it created a clear cut-off date for those who were treated and 
those who were not with respect to the date of birth of the first child. 
This set-up gives good grounds for a regression discontinuity design. 
The reform applied to all higher order births but my focus is on the 
mothers who were having a second birth as this is the most frequent 
higher order birth. 

To identify the causal effect of the allowance level on the labour mar-
ket attachment of mothers, I exploit the exogenous variation that the 
reform created in the allowance level for the second births close to Oc-
tober 2005. In the research sample the parents could not anticipate 
the reform at the time of the birth of their first child—they could not 
change the timing of their first child any more at the time of the first 
media announcements. Hence, it is as if random which parents were 
exposed to the reform and who were not. As the the change in the 
qualifying criteria for the allowance is restricted to a birth interval of 
maximum of three years from the birth date of the previous child to 
the due date of the next child, the cut-off date in terms of the birth 
date of the first child is 1th of October 2002 (see timeline in Figure 1 for 
clarification). The births that occurred before October 2002 could not 
make the parents eligible for the changed basis of the allowance by the 
time of the birth of the second child. Hence, mothers who had their first 
child before October 2002 form the control group and mothers who had 
their birth after this date form the group that is treated. The research 
sample consists of around 750–900 first births per month. The mothers 
who can react to the reform are those who become pregnant early 2005 
or later such that the age difference to the previous child is not over 
three years and the next child’s due date is after the implementation 
date. I sample mothers who had their first child 6 months before the 
cut-off date (control) of 1th of October 2002 and 6 months after the 
date (treatment). The number of births is evenly distributed around 
the cut-off date: about half of the mothers belong to the pre-reform 
group (5,027) and half to the post-reform group (4,887). I return to the 
formal tests of randomness around the cut-off in Section 4.2. 

As the reform is conditional on having a second child, I focus on those 
mothers who had a second child within five years. This group of mothers 
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constitutes 69 percent of all the first-birth givers around the cut-off date 
in my sample.9 I discuss the potential endogeneity problem that this 
restriction raises later in this section. I argue that in the research design 
that I use, it is not a problem. 

I implement a sharp regression discontinuity design where I estimate 
a linear regression in the form: 

Yi = α + β1treati + β2datei + β3treati ∗ datei + �i (1) 

The main coefficient of interest is β1, which estimates the marginal 
impact of the allowance around the cut-off date on the outcome variable 
of interest, Yi, for mother i. For mothers whose first child was born 
before October 2002 the variable treati takes the value zero and for 
those who had their first child after October 2002 it takes the value 
one. Hence, in this setting, birth date of the first child (datei) is the 
assignment variable that defines the treatment status. The cut-off date 
is 1th of October 2002 which is set to zero. The variable datei measures 
the distance to the cut-off date in days. Finally, �i is the error term. 
I use triangular kernel for the weighting of the observations. In the 
following section I discuss the identifying assumptions in the research 
design.10 

4 Data and threats to identification 
4.1 Data 
In the main analysis, I employ a register-based sample of 60 percent of 
mothers who have given birth to their first child 6 months before and 
6 months after October 2002. For these mothers, I have information 
from the Population Register on all their births at monthly level un-
til the year 2013. This information is then connected to the registers 
of the Social Insurance Institution of Finland with information on the 
receivers of family benefits. The registers include information on the 
exact date of birth, the expected date of birth of children as well as 
the the amounts and the qualifying grounds and timing of the parental 
allowances. Information on mothers’ education, age, labour market his-
tory, earnings, socio-economic status and regional characteristics are 
added from different administrative registers of Statistics Finland. 

I restrict my analysis to mothers who received earnings-related al-
lowance with their first child, whose first birth was a singleton, whose 

9Within 10 years from the first birth 78 percent of these mothers have had a second 
child. 

10For further discussion about the the regression discontinuity design, see for example 
Lee and Lemieux (2010) or Angrist and Pischke (2009). 
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first child did not die within the first 27 months11 and who had the same 
partner the year after the birth of the first child. The reason for these 
restrictions is that being a single mother, giving a birth to multiple chil-
dren or losing your child are all factors that are likely to limit the effect 
of the reform. The analysis are conducted for those mothers who have 
a second child within five years as the reform is constructed such that 
it only could affect the ones with further births. I show later in Section 
4.3 that the fertility patterns were not affected due to the reform. 

I study whether the reform affected the labour market attachment of 
mothers between births and the probability of being employed five to 
eight years after the birth of the first child. I use two measures of labour 
market attachment. Firstly, the registers include information about the 
exact calendar months a mother has a job-contract. This information 
is used to study the effect on labour market attachment between the 
births in case the mother has her second child within five years. How-
ever, having a job-contract does not reveal whether the mother actually 
worked, it only tells that the mother has a contract with an employer. 
Therefore I also study the number of months a mother worked within 
a year. For this measure I do not know the calendar months that the 
work has taken place. As I only know the number of months of work 
within a year for this measure, I use the following three years from the 
birth year as a proxy for how much the mothers worked between births. 
I construct a dummy for whether a mother worked 12 months within 
a certain year after the year of birth of the first child, and use that to 
measure the medium-run labour market participation. 

4.2 Fulfilment of the identification assumptions 
The main identification assumption of the regression discontinuity de-
sign is that the individuals do not have perfect control over the assign-
ment variable around the cut-off. In my set up it is important that 
the parents do not have perfect control over the birth date of their first 
child, and most importantly that they cannot adjust this date with re-
spect to the reform. This is indeed the case in this research set-up: at 
the time of the cut-off date no-one was aware of the up-coming reform 
that could affect their later level of allowance. The cut-off date is deter-
mined by the birth date of the first child as 1th of October 2002 but the 
up-coming reform was not discussed earlier than in the summer 2004. 
Hence, it was impossible for the parents to consider the up-coming re-
form when planning the timing of their first child. Given this close to 

11On average pregnancy lasts 9 months. If a previous child dies within 27 months this 
is likely to postpone the birth of a subsequent child over the 36 months’ time limit of 
the reform (27+9). 
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random assignment of treatment, it is plausible to interpret the results 
as causal. 

To investigate this claim of randomness around the cut-off date for-
mally, I investigate the distribution of the births for the whole research 
period (half a year around the cut-off date) and conduct the McCrary 
test (McCrary 2008) to account for the possibility of violating the con-
tinuity assumption in the assignment variable. The distribution of the 
births in Figure A1 shows some seasonality in the number of births 
throughout the entire period but there is no apparent jump in the num-
ber of first births around the cut-off date. The even distribution of the 
births is further demonstrated by the McCrary test, where the density of 
the assignment variable is used as the outcome variable to test for possi-
ble discontinuities. Figure A2 depicts the McCrary test’s discontinuity 
measure with different bandwidths. There is no statistically significant 
discontinuity at the 95 percent level in the assignment variable with a 
bandwidth of less than a half a year. 

Additionally, if the assignment into the pre- and post-reform period is 
random the characteristics of mothers should be the same on both sides 
of the cut-off. I conduct a covariate-balance test by running regression 
1 on some important observable background characteristics. The age at 
first birth and the education level are important determinants of further 
fertility behaviour, whereas the share of allowance of total disposable 
income of the household (for the first child) is a good indicator of the 
importance of the public support for families. Local unemployment rate 
is relevant when we consider the labour market possibilities of the moth-
ers. These regression results are shown in Table A1 in the Appendix. 
The similarity of mothers on both sides of the cut-off date are also shown 
in Figure A3 in weekly bins. There are no statistically significant jumps 
in the observable characteristics at the cut-off, except for a marginal 
change for years of education at a 10 percent confidence interval. The 
mothers are on average about 29 years old at the time of their first birth 
and have on average 14 years of education. On average, the allowance 
accounts for almost 30 percent of household income during the year the 
first child is born and local unemployment rate was about 11 percent at 
the time. 

For the RD design framework it is also important to consider the 
bandwidth for the analysis. If we expand the bandwidth, i.e. the time 
span of first births around the cut-off, we increase the precision as more 
individuals are included but the further away we go from the cut-off, the 
larger is the bias in the estimate as it is harder to argue for randomness of 
those individuals on either side of the cut-off as parents can then adjust 

105 



the timing of their first child by taking into account the existing rule.12 

Instead of the suggested bandwidth by the McCrary test (see dashed 
vertical line in Figure A2), I use a data-driven bandwidth selection, 
which estimates the means-squared-error optimal bandwidth for each 
outcome variable separately. These optimal bandwidths are marked in 
the graphical presentations of the results with dotted vertical line. For 
ease of comparison, I additionally mark the optimal bandwidth of the 
outcome ”months of job contract” to each graph with dashed line. The 
optimal bandwidth for the outcome of months of job contract between 
births is about 100 days. This bandwidth is very close to the one sug-
gested by the McCrary test. In the tables, I report the point-estimates 
according to the bandwidth of 100 days. Importantly, the results are 
shown visually with a variety of different bandwidths to transparently 
demonstrate the robustness of the results with respect to the different 
bandwidths. 

4.3 Potential endogeneity due to timing of births 
Given the type of reform that gives rise to the exogenous variation 
in the allowance level, restricting the analysis to those who have two 
children within relatively short birth interval is reasonable. However, 
restricting the sample to those having a second child within five years 
raises a potential endogeneity problem, due to the fact that the reform 
encourages mothers to have their second child within three years. If 
the mothers respond to the reform by altering the timing of the second 
child, this would change the composition of mothers in the treatment 
group and also affect their labour market outcomes. I argue that in my 
research set up, the potential endogeneity is not a problem. The parents 
who had their first child close to the threshold date (October 2002) had 
little time to react in terms of timing of their second child for eligibility 
of the reform. This argument is based on the fact that it is close to 
biologically impossible for the mothers in my research sample to react 
to the reform by altering the timing of their births (getting pregnant 
usually takes time and pregnancy lasts on average for nine months). As 
I study the mothers half a year before and after the cut-off date, they 
would have to get immediately pregnant in order to be eligible for the 
allowance basis of the reform. For example, parents who had their first 
child in October 2002 would have to have their second child during the 
month of October 2005 when the reform was implemented. The reform 
was signed in December of the previous year, which gives these example 
parents only one month time to conceive. Due to biological restrictions 

12Within the time line I use for the analysis, parents have no possibility to alter the 
timing of their first child. 
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it is fairly unlikely that anyone, even the ones 6 months away from the 
cut-off, had the possibility to alter the timing of their second child when 
they learned about the reform. 

Figure 3 shows the trends in the share having a second child within 
three years for the period 1999–2005 (Figure 3a) and the trend of number 
of children within five years from the first one for all mother who have 
had their first child within the time interval (Figure 3b). The number of 
children within five years seems very stable. If anything, there has been 
a trend of closer spacing of births already pre-reform. This shortening 
of spacing prior to the reform is evident from the Figures 3c and 3d. In 
Figure 3c I compare the spacing pre-reform (1999–2002) to post-reform 
(2003-2005). In Figure 3d instead, I compare two pre-reform years (2000 
and 2001), when the reform has not had any effects yet. There has been 
a shift for shorter spacing already pre-reform and this shortening of 
spacing has continued after the reform but not to a larger extend. I also 
investigate the change in number of children within 10 years and find 
no effects on the outcome. The distribution of the number of births and 
the estimates in line with Equation 1 are shown in Figure A4. 
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Figure 3. Trends and distribution of spacing and number of children pre and 
post reform. 
(a) Trend, second within 3 years (b) Trend, # of children within 5 years 
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Figure 3. Note: The solid vertical line depicts the reform date with respect to 
the birth date of the first child in Figures (a) and (b). In Figures (c) and (d) 
the solid vertical line depicts the 36-months spacing threshold. 

Already before the reform, there was a shift in the spacing distribution 
towards closer spacing and the shifting seems not to have increased after 
the reform. Given these findings, I conclude that the reform has not had 
effect on the average spacing between the first and the second birth nor 
has it affected the total fertility rate. Instead, there has been a general 
upward trend in the share who have had their second child within three 
years but the total number of children has remained stable. In Sweden a 
similar reform in the qualifying grounds for the parental leave allowance 
was implemented in the 1980s and according to multiple studies this 
reform did affect the timing of higher order births. In Finland, at the 
time of the reform in 2005, the share of families having their second child 
within three years was already relatively high in comparison to other 
countries. Hence, the fact that the reform did not affect the timing 
decision of second child might not be that surprising. 
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5 Results 
In this section, I first show the results for the full sample of earnings-
related allowance receivers. I then study heterogeneous effects in terms 
of mothers’ income to understand better who are the mothers who re-
acted to the reform. Finally, I run a robustness check with a placebo 
cut-off date a year earlier, when no one was eligible for the reform. 

5.1 Labour market attachment in the short and medium run 
In Figure 4, we can see the weekly averages around the cut-off date in 
terms of labour-market attachment between births. There is no clear 
pattern; if anything it seems that there is a slight decrease after the 
reform. To investigate this pattern further, I have depicted average 
allowance level for mothers who have had their second child within three 
years with respect to the birth date of the first child in Figure 5. The 
further the first birth has happened after the cut-off date the more likely 
it is that the parents are eligible for the new rule as the second birth 
has to take place within three years but after the implementation of the 
reform for them to be eligible. Due to this increased likelihood of being 
eligible, we see in Figure 5 that the average allowance level increased 
gradually until year 2005 at the time of the second child. The increase 
is notable in the gross benefit level: from about 40 to 70 euro per day. 
However, around the threshold where I study the effect, the change is 
modest in the allowance level between those who were treated and those 
who were untreated. This is driven by the fact that only few mothers 
just at the cut-off met the requirement of having the second child within 
three years but after the implementation date. 

Figure 4. Labour market attachment between births if second child born within 
5 years in weekly averages. 
(a) Job contract (b) Months of work 
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Figure 5. The average daily allowance, at monthly level. 
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Figure 5. Notes: The daily allowance at the time of the second birth for 
mothers who received earnings-related allowance with their first child and had 
their second child within three years. 

Figure 6 shows the averages for the medium-run outcomes. We see 
that the share of mothers who work a full year (12 months) increases 
the further we go from the birth of the first child. However, there seem 
not to be clear differences across those who were treated and those who 
were not. 

The regression discontinuity estimates are shown in the Figures 7 
and 8, and the point estimates at bandwidth of 100 days are shown in 
Table A2 and A3.13 We can see a slight decrease in short-run labour 
market attachment, regardless how we measure it. Hence, despite the 
fact that the mothers had not much time to react to the reform, we 
find an effect in the short-run results. On average, mothers who were 
eligible for the reform have fewer months of job contract (2.8 months) 
between births than those who were not eligible. Job contract is a more 
accurate measure of labour market attachment than months worked, as 
the former is measured in exact months and the latter at yearly level. 
The number of months worked captures a similar story: mothers worked 

13Means and estimates for labour market attachment (working every month within a 
year) after 2–4 years from the first birth of a child are presented in Figures A5 and 
A6 and in Table A2. The point-estimate for full time work after two to three years 
indicates that it is 5 percent less likely for the mothers who are eligible for the reform 
to work over the whole year. The effect diminishes over the next years. 
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1.8 months less between births when they could retain the same level of 
parental leave allowance without returning to work. However, this effect 
is short-lived, as can be seen in Figure 8: after eight years from the birth 
of the first child, the effect is essentially zero. The decrease in the short 
run did not affect the medium-run labour market participation.14 

Figure 6. Labour market attachment in the medium run after birth of first 
child if second child born within 5 years in weekly averages. 
(a) After 5 years (b) After 6 years 
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(c) After 7 years (d) After 8 years 
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14These results are for the sample of mothers who had their second child within five 
years from the first. I have also investigated the sample of all mothers who had their 
first child around the cut-off date, without restriction on further births. The averages 
for these mothers are shown in the Figures A7 and A8, the estimates in Figures A9 
and A10 and the point-estimates for bandwidth of hundred days in Table A4. As 
one would expect, the effect is less visible when mothers who had no further births 
are included. However, the effect after second year from birth is still very similar to 
those who had a second child within five years as this group of mothers constitutes 
the majority of the sample. 
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Figure 7. Estimates for labour market attachment between births if second 
child born within 5 years. 
(a) Job contract (b) Months of work 
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Notes: The dotted vertical line depicts the optimal bandwidth for each outcome in 
question. The dashed one depicts the same for the outcome ”job contract between 
births” for each of comparison across outcomes. 

Figure 8. Estimates for labour market attachment in the medium run after 
birth of first child if second child born within 5 years. 
(a) After 5 years (b) After 6 years 
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(c) After 7 years (d) After 8 years 

-.6
-.4

-.2
0

.2
.4

Es
tim

at
e

0 30 60 90 120 150 180
Bandwidth in days

Point estimate RD 95% CI

-.6
-.4

-.2
0

.2
.4

Es
tim

at
e

0 30 60 90 120 150 180
Bandwidth in days

Point estimate RD 95% CI

Notes: The dotted vertical line depicts the optimal bandwidth for each outcome in 
question. The dashed one depicts the same for the outcome ”job contract between 
births” for each of comparison across outcomes. 
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5.2 Heterogeneous effects by income 
The level of the allowance that mothers receive with their first child (the 
financial incentive to react to the reform) is a measure of their earnings 
prior to the birth of their first child. Those who receive a low earnings-
related allowance, whom I define as the bottom 20th percentile, are less 
likely to react to the reform as the financial incentive is small for them. 
As mothers with high earnings-related allowances are by definition high-
wage earners, they likely have a closer attachment to the labour market 
than others and are likely less responsive to the policy change. I explore 
this heterogeneity in this section according to the 20th percentile division 
of the low and high allowance-receivers. 

Figure 9. Distribution of the size of the financial incentive, per month. 
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Figure 9. Notes: The financial incentive is the allowance received at the time of 
the first child. The vertical dashed lines depict the 20th and 80th percentiles of 
the distribution, which are the thresholds for the low-, middle- and high-income 
mothers used in this paper. 

In Figure 10 we see that the previously shown results are strongest 
among the middle-income mothers (Figure 10b). For the middle-
allowance receivers the decrease in months of job contract after the 
reform is 3.4 months. For the low- and high-income mothers the 
point-estimates are also negative but less than for the middle-income 
mothers. The lack of statistical significance in the results for low- and 
high-income mothers could be due to the smaller sample sizes. 
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Figure 10. Estimates for labour market attachment between births if second 
child born within 5 years with respect to the size of the allowance at the time 
of first birth. 

(b) Job contract, middle (>20pct and 
(a) Job contract, low (≤20pct) 
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Notes: The dotted vertical line depicts the optimal bandwidth for each outcome in 
question. The dashed one depicts the same for the outcome ”job contract between 
births” for each of comparison across outcomes. 

5.3 Placebo timing: one year before the reform 
As a robustness check for the results, I conduct the same analyses as 
previously but with a cut-off date that should not trigger any effects in 
terms of labour market attachment due to the reform. I use the same 

1st date in terms of month for the cut-off date but a year earlier, i.e. 
of October 2001, and first births half a year before and after this date 
as the sample of mothers. At this point in time no mother could be 
eligible for the reform. As shown in figure 11, no effects are found at 
this placebo set-up. This finding makes the found effects around the 
actual reform date more plausible. 
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Figure 11. Placebo timing: estimates for labour market attachment between 
births if second child born within 5 years. 
(a) Job contract (b) Months of work 
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Notes: The dotted vertical line depicts the optimal bandwidth for each outcome in 
question. The dashed one depicts the same for the outcome ”job contract between 
births” for each of comparison across outcomes. 

6 Concluding discussion 
In this paper I have studied the effect of a poverty-alleviation reform 
on labour market outcomes of mothers. As a side-effect, the reform 
created a disincentive to return to work between births for mothers with 
children spaced maximum of three years apart, and a financial incentive 
to have children within three years apart. The disincentive to work 
between births decreased mothers’ labour market attachment between 
births. According to my results, this decrease of a few months, did not 
translate to an effect on labour market attachment in the medium run. 
The reform affected many families with a positive income shock without 
the need to change plans about timing of the next child: most families 
who have a second child have it within three years form the previous. As 
such, the reform met its initial goals of increasing the level of allowance 
for families where children are spaced close without persistent effects 
on the labour market outcomes. The reform did not seem to shorten 
spacing between births—instead there had been a general trend towards 
shorter spacing already pre-reform. In total, it seems that the reform 
met its goals without deteriorating the labour market attachment of 
mothers or fertility responses. 

It should be noted that the reform under study in this paper did 
not affect the job-protected leave period during early childhood. A 
parent could stay at home with home-care allowance already pre-reform 
and gain right for leave until the youngest child in the family turns 
three. This institutional rule has likely shaped the idea of optimal timing 
of second child already before the introduction of the speed-premium 
reform. The fact that only the level of the allowance differed from 
earlier without change in the period of allowance payment or the period 
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of job protected leave differs from the set up of some recent studies. 
Lalive et al. (2014) and Schönberg and Ludsteck (2014) as well as Baker 
and Milligan (2008) use the change in length to study the responses 
of mothers in terms of labour market outcomes. However, the results 
are fairly similar; only short term effects are found. Both Ginja et 
al. (2017) and Moberg (2016) also find short-run effect on the labour 
market outcomes of parents in the Swedish context. Ginja et al. (2017) 
find that the income of mothers is decreases whereas Moberg (2016) 
finds that mothers who are eligible for the higher level of allowance stay 
longer on parental leave. 

It could still be that at times of high unemployment the speed-
premium matters more both in terms of labour market attachment and 
fertility decisions. If there are more short-term contracts that end be-
fore starting the parental leave and it is hard to find a new job, it might 
be more appealing to have second child within the three years. On the 
other hand, it could be that in worse labour market conditions those 
with job contracts feel more pressure to return to work between births. 
Thus, it would be interesting to study the role of the rule for births after 
2008 when the economic crisis hit Finland. 
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Appendix 

A Figures 

Figure A1. Distribution of the assignment variable 180 days around the cut-off 
date. 
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Figure A2. McCrary test for the discontinuity of the assignment variable, birth 
date of the first child, with different bandwidths. The optimal bandwidth 
according to the McCrary test is depicted with the dotted vertical line. 
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Figure A3. Covariate balance around the cut-off date, which is marked with 
a solid vertical line, for mothers who had their second child within five years 
from the first one. One week averages of the background characteristics for 
mothers during the year their first child was born. 
(a) Mother’s age at first birth. (b) Mother’s years of education. 
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Figure A4. Number of children in 10 years pre and post reform. 
(a) Density, # of children in 10 years (b) Estimates 
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Figure A5. Labour market attachment in the short run after birth of first child 
if second child born within 5 years in weekly averages. 
(a) After 2 years (b) After 3 years 
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(c) After 4 years 

.3
5

.4
.4

5
.5

.5
5

.6
.6

5
.7

.7
5

.8
.8

5
Sh

ar
e

-180 -120 -60 0 60 120 180
Days from reform

One week bins.

121 



Figure A6. Estimates for labour market attachment in the short run after birth 
of first child if second child born within 5 years. 
(a) After 2 years (b) After 3 years 
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(c) After 4 years 
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Notes: The dotted vertical line depicts the optimal bandwidth for each outcome in 
question. The dashed one depicts the same for the outcome ”job contract between 
births” for each of comparison across outcomes. 
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Figure A7. Labour market attachment in the short run after birth of first child 
for all mothers who had their first child around the cut-off in weekly averages. 
(a) After 2 years (b) After 3 years 
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(c) After 4 years 
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Figure A8. Labour market attachment in the medium run after birth of first 
child for all mothers who had their first child around the cut-off in weekly 
averages. 
(a) After 5 years (b) After 6 years 
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(c) After 7 years (d) After 8 years 
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Figure A9. Estimates for labour market attachment in the short run after birth 
of first child for all mothers who had their first child around the cut-off. 
(a) After 2 years (b) After 3 years 
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(c) After 4 years 
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Notes: The dotted vertical line depicts the optimal bandwidth for each outcome in 
question. The dashed one depicts the same for the outcome ”job contract between 
births” for each of comparison across outcomes. 
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Figure A10. Estimates for labour market attachment in the medium run after 
birth of first child for all mothers who had their first child around the cut-off. 
(a) After 5 years (b) After 6 years 

-.6
-.4

-.2
0

.2
.4

Es
tim

at
e

0 30 60 90 120 150 180
Bandwidth in days

Point estimate RD 95% CI

-.6
-.4

-.2
0

.2
.4

Es
tim

at
e

0 30 60 90 120 150 180
Bandwidth in days

Point estimate RD 95% CI

(c) After 7 years (d) After 8 years 
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Notes: The dotted vertical line depicts the optimal bandwidth for each outcome in 
question. The dashed one depicts the same for the outcome ”job contract between 
births” for each of comparison across outcomes. 
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B Tables 

Table A1. Covariate balance test with bandwidth based on the optimal bandwidth of the outcome ”job contract between births” for 
mothers who had their second child within five years from the first one.. 

(1) (2) (3) (4) 
Age Years of education Allowance/Hh inc. Local UE rate 

Coefficient 0.111 -0.333∗ -0.001 -0.172 
(0.286) (0.192) (0.014) (0.269) 

Bandwidth 100.0 100.0 100.0 100.0 
N (left of cut-off) 1971 1975 1959 1971 
N (right of cut-off) 1806 1810 1787 1806 
Order of local polynomial 1 1 1 1 
Kernel Triangular Triangular Triangular Triangular 
∗ p < .10, ∗∗ p < .05, ∗∗∗ p < .01 
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Table A2. Point-estimates for the labour market outcomes in the short run with bandwidth based on the optimal bandwidth of the 
outcome ”job contract between births” if second child born within 5 years. 

Between births Working after 

(1) (2) (3) (4) (5) 
Job contract Months work 2 years 3 years 4 years 

Coefficient -2.805∗∗∗ -1.889∗∗ -0.057 -0.058∗ -0.044 
(1.029) (0.900) (0.035) (0.035) (0.035) 

Bandwidth 100.0 100.0 100.0 100.0 100.0 
N (left of cut-off) 1975 1975 1975 1975 1975 
N (right of cut-off) 1810 1810 1810 1810 1810 
Order of local polynomial 1 1 1 1 1 
Kernel Triangular Triangular Triangular Triangular Triangular 
∗ p < .10, ∗∗ p < .05, ∗∗∗ p < .01 



Table A3. Point-estimates for the labour market outcomes in the medium run with bandwidth based on the optimal bandwidth of 
the outcome ”job contract between births” if second child born within 5 years. 

Working after 

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

Coefficient -0.046 -0.035 -0.031 -0.007 
(0.035) (0.033) (0.032) (0.031) 

Bandwidth 100.0 100.0 100.0 100.0 
N (left of cut-off) 1975 1975 1975 1975 
N (right of cut-off) 1810 1810 1810 1810 
Order of local polynomial 1 1 1 1 
Kernel Triangular Triangular Triangular Triangular 
∗ p < .10, ∗∗ p < .05, ∗∗∗ p < .01 
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Table A4. Point-estimates for the labour market outcomes in the short and medium run with bandwidth based on the optimal 
bandwidth of the outcome ”job contract between births” for all mothers. 

Working after 

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

Coefficient -0.051∗ -0.023 -0.013 -0.012 -0.00193 0.007 0.010 
(0.029) (0.030) (0.029) (0.028) (0.027) (0.026) (0.025) 

Bandwidth 100.0 100.0 100.0 100.0 100.0 100.0 100.0 
N (left of cut-off) 2844 2844 2844 2844 2844 2844 2844 
N (right of cut-off) 2639 2639 2639 2639 2639 2639 2639 
Order of local polynomial 1 1 1 1 1 1 1 
Kernel Triangular Triangular Triangular Triangular Triangular Triangular Triangular 
∗ p < .10, ∗∗ p < .05, ∗∗∗ p < .01 



Table A5. Point-estimates for the labour market outcomes w.r.t. size of the 
allowance, with bandwidth based on the optimal bandwidth of the outcome ”job 
contract between births”. 

(1) (2) (3) 
Low Middle High 

Coefficient -2.216 -3.436∗∗∗ -1.600 
(2.617) (1.319) (1.991) 

Bandwidth 100.0 100.0 100.0 
N (left of cut-off) 361 1198 416 
N (right of cut-off) 304 1112 394 
Order of local polynomial 1 1 1 
Kernel Triangular Triangular Triangular 
∗ p < .10, ∗∗ p < .05, ∗∗∗ p < .01 
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