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Abstract
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Paper 1: This paper examines the determinants of teacher turnover using matched employee-
employer panel data from Swedish lower and upper secondary schools in a market-oriented
institutional environment with a growing private sector and individually negotiated wages. I
find statistically significant and robust negative correlations between mobility and monetary
compensations. Unlike previous research, I do not find robust evidence that share of minorities
correlates positively with turnover. The positive association exists; however, in the case of
private and upper secondary institutions.

Paper 2: This paper examines the job mobility of teachers with different skills using matched
employer-employee data from Swedish secondary schools. In addition to standard quality
measures, | have access to population-wide data on cognitive and non-cognitive assessments
of males born in 1951 or later. The results show that high-quality teachers are less mobile
than others, and that there is no significant correlation between turnover and share of minority
students. Interestingly, teachers with better skills are less likely to leave the profession, which
suggests that the documented drop in the quality of inflowing teachers may partly be offset by
a higher tendency for high quality teachers to stay in the profession.

Paper 3: This paper examines teachers’ mobility in response to exogenous changes in
the credentials of their students using data from Stockholm high schools. I explore a major
admission reform that lead to the reshuffling of students between schools within the municipality
of Stockholm. The results show that a 10-percentile-point increase in student quality decreases
the probability of a separation by up to 9 percentage points. These effects are very similar
across all types of teachers and are found mainly for mobility between schools rather than out
of the profession. They are also present only in the lower half of the student quality distribution.
Teachers react mostly to direct measures of student quality (grades from compulsory school)
rather than to other characteristics that are correlated with student quality (immigrant status,
parental income, paternal cognitive skills). Finally, I do not find any significant effects of
changes in student quality on individual teacher’s earnings or school hiring policies.

Paper 4: We examine the effects of child’s gender on family expenditure patterns using data
from the Polish Household Budget Survey 2003-2010. A first-born daughter compared to first-
born son increases overall and child related spending on clothing. At the same time, it decreases
spending on games and toys as well as, at the intensive margin, early inputs into human capital
production function measured as pre-kindergarten and kindergarten expenditure. We show that
these findings are not driven by effects of child gender on maternal labor supply and are unlikely
to be driven by the negative effects of first-born girl on fertility decisions or marital stability.
Our findings suggest that child gender leads to differential expenditure patterns, which in turn
might lead to early assignment of social roles.

Paper 5: We estimate the effect of family size on female labour supply using data from the
Polish Household Budget Survey, and instrumenting for family size with twinning at first and
second birth. We identify a positive bias of OLS in the estimates of maternal labour supply
on family size among highly educated and older mothers, and those who had their first child
born after the age of 26. This unusual and counterintuitive result confirms the importance of
accounting for heterogeneous treatment effects in the analysis of the relationship between labour
market and family outcomes. Furthermore, among families with at least one child we identify
the total average causal effect of an additional child on mother’s employment to be -6.7 pp. We
find no significant effects of having additional children on female employment among families
with two or more kids.

Keywords: teacher mobility, labor supply, gender preferences
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Introduction

This thesis consists of five essays and can be divided into two major parts.
The first makes use of Swedish data registers to study the teacher labor mar-
ket. The second brings the analysis to Poland and studies the effects of fami-
ly size on parental labor supply as well as the effects of child gender on fam-
ily outcomes. All of the essays are empirical, but the first two present de-
scriptive evidence while the latter three attempt to gauge causal effects.

Essay I studies the institutional aspects of labor market for teachers and
how they correlate with teacher turnover. Essay II documents turnover
among Swedish teachers of different quality, where skills are measured not
only using standard input-based quality measures (education or experience),
but also cognitive and non-cognitive military assessments. Essay III investi-
gates how student quality affects teacher mobility using exogenous variation
in students’ credentials. Essay IV examines the effects of child’s gender on
family consumption, stability, fertility and labor supply using data on Polish
households. Essay V assesses the effects of family size on parental labor
supply in a setting with low levels of female employment and a low fertility
rate.

Even though all of the papers share some broad methodological attributes,
they are clearly associated with two different sub-fields of applied microe-
conomics and use data from two utterly different countries. Therefore, this
thesis is best described as first discussing job mobility of teachers in Sweden
and subsequently the impact of children on family choices in Poland.

There have been numerous studies linking teacher mobility to both pecu-
niary and non-pecuniary characteristics of teaching profession. Greenberg
and McCall (1974) were among the first to study mobility of teachers in San
Diego school district. More studies followed, and they concentrated on the
role of monetary compensations (Antos and Rosen, 1975), minorities (Falch
and Strem, 2005), outside opportunities for teachers (Dolton and van der
Klaauw, 1995), general working conditions (Mont and Rees, 1996), distance
from hometown (Barbieri et al., 2011), school resources (Feng et al., 2010),
student quality (Hanushek et al., 2004) or teacher destinations (Lankford et
al., 2002). These studies come from a variety of countries including Great
Britain, Italy, Norway and United States but this phenomenon has never
been studied in Sweden. However, analyzing teacher turnover in Sweden
should be of general interest because due to its institutional setting which
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combines many of the features listed above and the richness of data that
include, for example, explicit measures of teachers’ skills.

The first part of this thesis attempts to fill in this gap in the literature. It
has been established that teachers are one of the most important factors in
the education production function (Rivkin et al., 2005). It is not clear a pri-
ori, however, whether policy makers would want to minimize the teacher
turnover. On the one hand, they may want to lower turnover if it leads to
lower student achievement (Ronfeldt et al., 2013) or introduces substantial
transaction costs to municipality budgets. On the other hand, they may want
to increase teacher turnover in order to improve teacher-school-student
match quality (Abelson and Baysinger, 1994).

Beyond the discussion about teacher mobility, there is also a literature fo-
cusing on changes in the educational system. These include institutional
changes as well as “natural” evolution of the profession. In the former cate-
gories over the past two decades researchers were interested primarily in
school choice (Cullen et al., 2006), class size (Fredriksson et al., 2013),
school voucher programs (Hsieh and Urquiola, 2006), student busing (Jack-
son, 2009), competition between public and private sector (Hensvik, 2012),
changes in admission policies (Soderstrom and Uusitalo, 2010) or changes in
funding sources (Fredriksson and Ockert, 2008). The latter category was
mostly concerned with decreasing quality of teacher education and negative
selection of weaker candidates into teaching (Fredriksson and Ockert, 2007).
However, only few of these policies have been analyzed in the context of
labor market for teachers; the reason for these gaps in the literature relates to
data availability.

Sweden has multiple institutional features that are of importance from the
view point of all the papers. First, there is a growing private sector in school-
ing (Bjorklund et al., 2006). In 1992, Sweden introduced a school voucher
reform and this decision resulted in an increase in the fraction of privately
owned schools. Second, Sweden has shifted the financial responsibility for
schooling from the central government to municipalities (Fredriksson and
Ockert, 2008). Third, teacher wages are determined at local level through
individual wage bargaining between teacher and principal given the collec-
tive bargaining outcomes set at the national level (Skolverket, 2009). To my
knowledge there are few countries that has introduced such a level of decen-
tralization, choice and flexibility into their educational system, and thus, it is
inherently interesting to study how estimates from such a market-oriented
system compare to estimates from more rigid settings.

Essay I, “The determinants of teacher mobility in Sweden”, examines
teacher turnover using matched employee-employer panel data from Swe-
dish lower and upper secondary schools in a market-oriented institutional
environment. For example, I demonstrate that teacher turnover correlates
negatively with teacher monetary compensations but that it does not corre-
late significantly with the fraction of minorities at school on average. The
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latter finding is novel in the literate, as thus far most studies estimated strong
and positive correlations between teacher turnover and the level of minority
enrollment. More importantly, I document substantial heterogeneity in this
association and I show that it exists only for upper secondary and private
schools. If share of minorities at school is associated with a disruptive be-
havior or not-fitting-in, and these behavioral problems grow in teenagehood,
then my results suggest that the turnover rates in US high schools might
actually be even higher than estimated thus far mostly for lower levels of
educational system. Interestingly, the average association that cannot be
found in Sweden is strong and robust in the case of another Nordic country —
Norway (Falch and Strem, 2005).

Furthermore, the completeness of Swedish registry data allows me to
study associations in a setting with relatively flexible wages and private
ownership of schools. I demonstrate that privately owned schools experience
higher teacher turnover rates and that this correlation is weaker for upper
secondary schools. I also find a negative relationship between earnings and
teacher turnover, which decreases when I add control variables, and thus, a
somewhat speculative interpretation of this negative result could be that it
may be possible to influence teacher’s mobility decisions through changes in
their monetary compensations.

Essay II, “Job mobility among high-skilled and low-skilled teachers”, ex-
amines turnover of teachers with different skills using matched employer-
employee data from Swedish lower and upper secondary schools. This anal-
ysis proves to be crucial from the viewpoint of policy makers as studies have
documented a deterioration of the skills in the pool of potential teachers to
hire (Fredriksson and Ockert, 2007). Therefore, reducing turnover among
high-quality teachers must probably be crucial for any principal wishing to
sustain the competence level in their school. I show that university educated
and experienced teachers are less likely to both leave their current school
and the profession. Furthermore, using the unique enlistment records I show
that teachers with high non-cognitive skills are less likely to change employ-
ers. At the same time, I do not find robust correlations for cognitive skills
when I control for standard teacher quality measures like education or expe-
rience.

These findings may have two important policy conclusions that should be
further examined. First, the drop in teacher quality documented by others
may be partly offset by lower tendency for high-quality teachers to leave the
profession. Second, although the quality measures used previously do a fair-
ly good job in capturing teacher cognitive quality dimension, they do rather
poor job in capturing the set of socio-emotional skills. The latter finding is
also important because socio-emotional skills may be crucial in managing
classroom full of teenagers.

Finally, I provide evidence on how school and teacher characteristics in-
teract with teacher quality. For example, I do not find any support for the
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common view that schools serving minority students experience higher turn-
over rates of high-quality pedagogues. Moreover, I find a robust negative
correlation between monetary compensations and teacher turnover, and
when I add earnings to the equation, the coefficients on teacher quality
measures decrease. Although speculative, due to correlational nature of this
study, such results hint upon the possibility of influencing the mobility deci-
sions of high-quality teachers through changes in their monetary compensa-
tions.

Essay III, “Do changes in student quality affect teacher mobility? Evi-
dence from an admission reform?”, addresses the question of how exogenous
changes in student quality affect teacher labor supply decisions. I explore a
major school choice reform that was implemented in the municipality of
Stockholm in school year 2000/2001. Prior to the reform students applied
only for a program and the grades from lower secondary school decided on
the admission. Students could state their school preferences, but the ones
living closest to a particular facility enjoyed admission priority. The 2000
reform abolished all residence-based admission criteria and introduced a
system that is solely based on lower secondary school performance. The
intention of the reform was to undo the effects of residential segregation.
Soéderstrom and Uusitalo (2010) show that it induced large reshuffling of
students.

Their findings can be treated as a “first stage” relation for the question
posed in my paper. First, the reform generated an exogenous, from the per-
spective of a teacher, change in the composition of incoming students at the
school level, but it did not alter the average composition of students in the
municipality of Stockholm. In other words, some teachers ended up with
lower quality pupils and some teachers ended up with higher quality pupils
than they a priori expected. Therefore, if I observe separations in the subse-
quent periods, I can attribute them to changes in student quality. Such a de-
sign calls for difference-in-differences approach where the first difference
compares teacher mobility before and after the reform and the second differ-
ence compares teacher mobility across changes in the distribution of student
quality, i.e. dosage of the treatment.

The results suggest a strong and robust negative causal effect of student
quality on teacher turnover. This effect is very similar across all types of
teachers, so adversely shocked schools are equally likely to lose their high
and low quality teachers. In line with a simple theoretical framework, I find
that the reshuffling induces teachers to switch jobs within teaching profes-
sion rather than to quit in favor of other occupations. This finding yields an
important policy conclusion, as the negative selection into teaching does not
seem to be reinforced by high-quality teachers leaving the profession in re-
sponse to a change in the student’s composition. Furthermore, I show that
teachers react mostly to direct measures of student quality (grades) rather
than to characteristics that are correlated with student quality (immigrant
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status, parental income and paternal intellectual capacity). Finally, I do not
find any effects of the reshuffling on individual teacher’s earnings or school
hiring policies.

Summarizing, the three papers yield the following empirical findings:
first, there is a negative relationship between teacher turnover and monetary
compensations, a positive relationship between private school ownership and
teacher turnover, and no relationship on average between fraction of minori-
ty students and teacher turnover; second, there is a negative relationship
between the probability of job separation and teacher quality and teachers
rather change schools within the profession than leave for other occupations;
and third, there is strong and robust negative effect of student quality on
teacher turnover that is driven by student aptitude rather than other socio-
economic characteristics correlated with student aptitude.

The second part of the thesis studies family decisions in Poland. Together
with Michat Myck we study phenomena that have been investigated previ-
ously in the literature, but because of limited data availability have never
been causally addressed in Poland or in any other Central and Eastern Eu-
rope country. Until 1990 Polish economy was centrally planned and charac-
terized, among other features, by support to large families as the fundaments
of the economic success of the nation. For example, there was a large chain
of public childcare facilities, families with children were more likely to ob-
tain a flat from the state and women could easily come back to their work-
place after the maternity leave. Since the end of the 1980s, however, the
fertility rate declined rapidly, which is generally attributed to high economic
instability and uncertainty in the late pre-transformation period. This trend
continued in the 1990s and for the most part of the 2000s Poland experi-
enced population decline. At the same time, labor market experienced rapid
declines in female labor force participation. In such an institutional environ-
ment and using data from years 2003 to 2010 we attempt the answer causally
two empirical questions: first, how child’s gender affect within family ar-
rangements; and second, how family size affects parental labor supply deci-
sions.

Essay IV (joint with Michal Myck), “Who gets to look nice and who gets
to play? Effects of child gender on household expenditure”, examines the
effects of child’s gender on family stability, fertility, labour supply and ex-
penditure decisions. Previous research addressed the first three topics, how-
ever, to our knowledge there is not a single study from developed countries
that touches upon the last outcome (Dahl and Moretti, 2008; Ichino et al.,
2011). The identification strategy is based on the assumption that gender of a
first-born child is randomly assigned. This assumption is much more plausi-
ble in Poland, in comparison to other countries, due to cultural and economic
factors. Similarly to the previous literature, we find that a first-born girl de-
creases the probability of living with a father and mother being even mar-
ried. It also decreases the probability of having two or more children. Unlike
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previous research, we do not find any effects of first child gender on proba-
bility of divorce or maternal labor supply.

Given that when we control for family observable characteristics the dif-
ferences in spending are unlikely to be driven by partnership stability, fertili-
ty or family labor supply decisions, we interpret our estimates on consump-
tion as causal documentation of differential treatment of sons and daughters.
For example, we find that parents spend on average 12.8% less on games
and toys when their first-born child is a girl versus when it is a boy. At the
same time, they also increase spending on clothing by 9.7%. Furthermore,
we show that households with first-born girls spend significantly more on
adult female clothing and decrease spending on adult male clothing. We
interpret these findings as reflecting Polish parents’ gender stereotypical
preferences. We also find that households in Poland spend on average 6%
less on kindergarten and pre-kindergarten care if their first-born child is a
girl versus a boy. We believe that these effects could translate into important
disadvantages in school age and adult life.

Essay V (joint with Michat Myck), “For some mothers more than others:
how children matter for labour market outcomes when both fertility and
female employment are low”, addresses an old empirical question of how
family size affects parental labor supply (Rosenzweig and Wolpin, 1980;
Angrist and Evans, 1998). Poland is an interesting case-study here due to its
simultaneously low fertility and low female employment rates. The identifi-
cation strategy is based on instrumental variables, where we instrument for
family size with twinning at first and second birth. This instrument under
standard assumptions provides exogenous variation in family size as the
mother is expecting a single offspring as a result of a pregnancy, but ends up
having two children.

The results indicate that among families with at least one child, the total
average causal effect of an additional child on mother’s employment is -6.7
percentage points. However, we do not find any statistically significant ef-
fects of having additional children on female employment among families
with two or more children. We also do not find any effects of family size on
paternal labor supply decisions. In most cases, OLS estimates exaggerate the
negative effects of children on maternal labor supply, which is a standard
finding in the literature, yet in the heterogeneity analysis we demonstrate
that for some groups the effect of omitted variables may actually be re-
versed. Thus, the OLS for highly educated and older mothers, and those who
had their first child born after the age of 26 underestimates the negative
causal effects of children. To our knowledge such a positive bias in OLS has
not been documented in previous studies, and it points towards the im-
portance of accounting for heterogeneous treatment effects. The analysis
suggests that for some groups of women good labor market prospects may
be key determinants of their fertility decisions, while for some other groups
it might be the unobserved lower labor market attachment.
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Summarizing, the two papers yield the following empirical findings: first,
Polish parents tend to differentiate their child-related consumption depend-
ing on the gender of a first-born child and this calls for a further longitudinal
investigation in order to understand if such a gender stereotypical allocation
of resources has long-run consequences; second, these same parents also
differentiate the consumption of educational inputs which might hurt the
girls in a long-run; and third, family size reduces maternal labor supply in
Poland, but this effect is very heterogeneous and calls for targeted policies
rather than uniform interventions.
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Essay 1

The determinants of teacher mobility in
Sweden
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1 Introduction

The effectiveness of schools is fundamentally important for future labour
productivity and economic growth. It has been established that teachers are
one of the most important factors in the education production function (Riv-
kin et al., 2005); however, their effectiveness depends on the quality of the
match between a school and a teacher (Jackson, 2013), and teachers may
leave schools when the match quality is low. It is not clear a priori whether
policy makers would want to minimize the teacher turnover. On the one
hand, they may want to reduce turnover if its high rates lead to lower student
achievement. On the other hand, they may want to increase teacher turnover
in order to improve teacher-school-student match quality. The few empirical
studies do not help to resolve this issue (Guin, 2004). Correlational (Boyd et
al., 2005) and more recent causal (Ronfeldt et al., 2013) studies reveal a
negative relationship between teacher turnover and student achievement. At
the same time, however, the organizational management literature suggests a
positive relationship between personnel rotation and infusion of new ideas
into organizations (Abelson and Baysinger, 1994). Finally, there is the evi-
dence that more effective teachers are at least as likely and sometimes even
more likely to stay in schools than their less effective peers (Hanushek and
Rivkin, 2010; Boyd et al., 2011).

Given the importance of schooling, teacher turnover has attracted much
attention in the last decade. This is likely related to many recent educational
policies, such as alterations in teacher compensations, introduction of free
schools, or broadening school choice, that affect both students and the labor
market for teachers.! Furthermore, out-of-teaching mobility has been seen as
a potential explanation of declining teacher quality (Fredriksson and Ockert,
2007; Grongvist and Vlachos, 2008). Most of the articles studying the de-
terminants of teacher mobility have been correlational, but some are causal.
Studies show that teachers are generally discouraged by high fractions of
poor, minority, and low-achieving students (Hanushek et al., 2004; Falch
and Strem, 2005; Scafidi et al., 2007; Jackson, 2009; Barbieri et al., 2011;
Bonhomme et al., 2011). Furthermore, teachers are responsive to even small
variation in wages (Figlio, 1997; Figlio, 2002; Feng 2011; Falch, 2011);
however, this relationship failed to be robustly confirmed in a large cross-
sectional data (Hanushek et al., 2004). The competition between publicly
and privately run schools also affects teacher turnover (Jackson, 2012;
Hensvik, 2012). Finally, it is important to understand the differences be-
tween the wages offered to teachers in education and in other sectors of the
economy (Dolton and van der Klaauw, 1995, 1999; Brewer, 1996; Dolton
and Marcenaro-Gutierrez, 2011).

! Free schools and school choice is studied by Cullen et al. (2005; 2006), Hsieh and Urquiola
(2006), Jackson (2012) and Hensvik (2012) among others. Teacher compensations are studied
by Figlio (1997), Figlio (2002), Lavy (2009), Falch (2011) and Fryer (2011) among others.
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In this paper, I make use of the Swedish institutional setup and high quali-
ty administrative data to shed more light on the aforementioned associations.
I present evidence on the relationship between teacher turnover and teacher
compensations, employment in privately owned school, exposure to minori-
ties, and employment in upper secondary school in a large repeated cross-
section of lower and upper secondary schools for years 1996/1997 to
2006/2007. The correlations for compensation and private ownership could
help in understanding teachers’ decisions in an environment with much
higher variation in compensations than in previous studies and with rapidly
growing private sector. The relationship to educational system level should
be of interest as vast majority of the aforesaid studies focus on relatively
younger kids attending primary or middle school and not on teenagers whose
school behavior might be more troublesome for teachers.

I find that teacher turnover correlates negatively with teacher monetary
compensations but it does not correlate significantly with the fraction of
minorities at school on average. More importantly, I document substantial
heterogeneity in this association and I show that it exists only for upper sec-
ondary and private school. Furthermore, I demonstrate that privately owned
schools experience higher teacher turnover rates and that this correlation is
weaker for upper secondary schools. Finally, the relationship between earn-
ings and teacher turnover becomes weaker when I add control variables, and
thus, a somewhat speculative interpretation of this negative result could be
that it may be possible to influence teacher’s mobility decisions through
changes in their monetary compensations.

The paper is organized as follows: section two briefly presents the institu-
tional background, section three presents econometric modeling and data
sources, section four presents descriptive evidence, section five contains the
main results, section six includes heterogeneity analyses, and section seven
concludes.

2 Swedish schooling system and institutions

The Swedish schooling system starts with preschool and continues with nine
years of comprehensive school. Lower secondary school covers the grades 7
to 9. The academic grades in 9™ grade determine student’s chances to ad-
vance to upper secondary school. Swedish municipalities are obliged by law
to provide upper secondary schooling to all students who successfully com-
plete compulsory education. Upper secondary school consists of different
programs (subject oriented tracks), lasts three years, and provides eligibility
for post-secondary education.

Private schooling is growing in Sweden and is encouraged by the gov-
ernment. In 1992, Sweden introduced a school voucher reform that allowed
both non-profit and for-profit independent schools. The municipality is
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obliged to pay the independent schools for each student they can attract, with
an amount corresponding roughly to the average per student cost in the pub-
lic schools.” Since the reform the fraction of private schools has risen, in
particular at the upper secondary level. In the 2005/2006 school year there
were 220 private upper secondary schools, which constituted 33.1% of all
upper secondary schools in Sweden, a rise from 8.1% in 1996/1997. At the
same time, the number of private lower secondary schools constituted only
15.8% of all schools at this level starting from 3.2% in 1996/1997.}

The teaching profession in Sweden is regulated with different required
qualifications depending on the subject taught and the type of school. Teach-
ing at the secondary school level requires completing special coursework
beyond what is required from a compulsory school teacher. Individuals from
other professions who want to become teachers need to supplement their
professional degrees with a minimum of 1.5 years of preparation in peda-
gogy, didactics, and teaching practice.

Municipalities are the primary employers of teachers in Sweden, and thus,
handle the responsibility of recruiting them.* In practice, however, the deci-
sions regarding recruitment, selection, and employment of a teacher are
made at the school level by a principal. Finally, teacher wages are deter-
mined at local level through individual bargaining between teacher and prin-
cipal given the collective bargaining outcome set at the national level.’

One can distinguish several important underlying decisions related to job
mobility in this summary of the institutional setting. Every year an individu-
al teacher considers whether to leave their current school appointment or not.
Then, a school principal can either let the teacher leave or re-employ them
under the new conditions. If the teacher leaves, they can either seek em-
ployment at a different school or find a job in a different occupation. In the
former case they negotiate a new contract with a new school principal. In
both the case of re-employment and at a new hire the teacher and school
determine salary in an individual bargaining. The decision to re-employ
teachers seems to be important given that 21% of teachers are in temporary
positions. Typically, teachers in temporary positions are employed under
fixed-term contracts and are exposed to higher probabilities of job separa-

% An independent school receives around 85-95% of the average per student cost in public
schools though amounts vary year to year. Some municipalities also have a socioeconomic
gradient for the school voucher. The private schooling was effectively introduced at lower
secondary level in 1992, and at upper secondary level in 1994 (Béhlmark and Lindahl, 2007,
2008).

® This information is based on registry data.

* For more information on the reform that shifted responsibility for schooling from the central
government to municipalities see: Fredriksson and Ockert (2008). There is still a small frac-
tion of schools run by county or state, however, those employ around 1% of all the teachers
between 1996/1997 and 2005/2006. Those schools are excluded from the analysis since they
have different sources of funding and their role is diminishing.

% Individualized pay was introduced in 1996 and is discussed in detail by Hensvik (2012) and
in survey by Lindholm (2006).
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tion. In the analysis I consider three types of separations: total turnover,
within-teaching turnover, and out-of-teaching turnover.

3 Data sources and econometric modeling

This paper utilizes multiple Swedish population-wide registries. The main
data source is the teacher registry that covers all teachers employed in Swe-
dish schools in years 1996/1997 to 2006/2007. It contains information on
teachers’ education, specialization, experience, certification, place of work,
type of contract (permanent vs. temporary), and workload. To these data I
have matched background information on age, gender, immigration histories,
education, employment, and income for all teachers in the registries. I use
pupil registries for lower and upper secondary schools to obtain information
on students in a given school. These allow linking children to their parents to
schools, as well as obtaining the average percentiled GPA of the students.
Administrative records on earnings and wages provide information on teach-
ers” monetary compensations.’ The details of the sample construction are
discussed in the appendix.

This paper focuses on the relationship between pecuniary and non-
pecuniary characteristics of jobs and teachers’ decisions to stay at or leave
their current employment. The main analysis is done using a series of binary
choice models that attempt to capture the manifestation of teachers’ job pref-
erences with respect to how they value particular characteristics of the work-
ing environment. The paper is only descriptive, so I am not able to identify
teacher’s preferences in an econometric sense. Nonetheless, it should be
intuitive that leaving employment j in favor of an alternative opportunity k is
related to how teacher values employment j in comparison to k. Thus, I spec-
ify the following linear model. The dependent variable equals unity if a
teacher leaves their current employment year to year, and such a decision is
regressed on teacher’s working environment and their own characteristics.
These binary models show whether teachers who remain in their appoint-
ments have, on average, different characteristics than those who leave their
jobs.

From a policy perspective, one should also investigate whether the factors
associated with mobility differ by type of school. The uniqueness of Swedish
system and the completeness of the data allow me to study differences by
level of schooling (lower secondary vs. upper secondary) and type of owner-
ship (private vs. public). Using the main specification, I also run separate
regressions depending on the teacher’s destination. In particular, I specify
two distinct variables for transition: switching schools within the teaching

® Monthly wages are available for all public school teachers, and a sample of private school
teachers.
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profession and leaving teaching in favor of a different occupation.” This
analysis could be of interest to policy makers, as loosing pedagogues in fa-
vor of other sectors of the economy may lead to worsening productivity of
the educational system as a whole.

In order to simplify the interpretation of the results, the estimation strate-
gy is based on the least squares using linear probability model.® The follow-
ing econometric model is estimated:

Vi =0t a W,

ijt

+o, X, +o,P, +0t-cteg (1

where yj; is equal to unity if teacher i leaves the current employer j at the
period following t, Wj; is the earnings or wages of teacher i at school j and
time t, Xjj; is a vector of observable school characteristics at school j at time t
(share of minorities, student quality, mean parental income, student’s gender
composition, school resources, and school size polynomial), Py is a vector of
personal characteristics of teacher i1 at school j and time t (age polynomial,
gender, origin, marital status, education, specialization, type of employment,
type of school, and workload) and ¢ is an error term that represents unob-
served characteristics, which is clustered at school level. The clustering fol-
lows the idea that in a perfect experiment teachers would be randomly as-
signed to different schools and their mobility decisions would be observed
conditional on school characteristics. Since the turnover variation occurs at
the school level and I have an unbalanced panel of all lower and upper sec-
ondary schools in Sweden the errors should be clustered at the school level.
The vector of ds captures county-by-year fixed effects.

Ideally, an analysis of teacher sorting between schools should be based on
a complete characterization of the individual decision of occupational
choice, the initial matching process with school, and the transition of teach-
ers between schools and out of teaching. In this paper, I focus on the rela-
tionship between variety of characteristics of jobs and teachers’ decisions
whether to stay at their current appointment or not. Given the nature of the
study, I am interested in the coefficients on earnings, school types and frac-
tion of minorities; however, we can consider them jointly conditional on all
the other control variables or separately. The analysis provides evidence
about the univariate correlations of the characteristics and mobility as well as

7 Switching to primary education or adult education is treated as a school-to-school mobility.
Switching to kindergarten, pre-K, or university education is treated as leaving the profession.
The results are robust to various definitions of school-to-school mobility and quits, and are
available upon request.

8 This method yields very similar estimates to the non—linear models. The regressions using
logit and multinomial logit models with marginal effects evaluated at means are available
upon request. The majority of correlations between explanatory variables are below 0.1 and
the correlogram is available upon request.
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multivariate correlations conditional on all other variables. The latter model-

ing is the preferred specification. The results survive in the univariate regres-
3 9

sions.

4 Descriptive evidence

The total turnover is split into turnover within teaching (school-to-school
transitions) and quits (leaving teaching for a different occupation). Figures 1
to 3 provide descriptive evidence of turnover patterns by several characteris-
tics of interest. The school-to-school turnover rate increases over 11 years
from 4.3% to 4.9% (Figure 1). The quit rate increases from 6.3% in 1996 to
7.9% in 2005. This adds up to a total turnover increasing from 10.6% in
1996 to 12.8% in 2005. Over the same period of time the number of teachers
increases by 33%.

Figure 1. Turnover and number of teachers over time.

S |
/\/\/ 3
=3 / — . |
g
o
1996 1997 1998 1999 2000 2001 2002 2003 2004 2005
o

Year
T T T T v T T T T T
‘ 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005
Year

45

15

Turnover
Number of observations in 1000s
30

Total turnover

Quits School-to-school turnover ‘

Figure 2. Turnover by minority enrollment and earnings.
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Figure 2 depicts the relationship between teacher turnover and share of mi-
norities in the left panel (Falch and Strem, 2005) as well as monetary com-

° The univariate regressions can be found in table A1l in the appendix.

33



pensations in the right panel (Falch, 2011). The school-to-school transitions
are largely stable across schools with different number of minority students;
however, the share of teachers leaving teaching in favor of other occupations
is the largest in schools with zero minority enrolment. This initial decrease in
the quit rate is in opposition to findings in Falch and Strem (2005). Moreo-
ver, there is a negative relationship between earnings and turnover — the
more teachers earn the lower the turnover due to both the school-to-school
transitions and to quits. In fact, the two lines converge at about 230 000 SEK
yearly. It is worth noting, that teachers who earn less than 125 000 SEK a
year are likely to be temporarily employed, and thus I control for the type of
employment in the regressions.

Figure 3. Turnover by school type.
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Figure 3 depicts the turnover rates separately for lower, upper, public and
private institutions. There is a large jump in upper secondary school within-
teaching turnover in 1998."° Lower and upper secondary schools teachers
behave differently across years. In the upper secondary schools both school-
to-school mobility and quits seem to be relatively flat whereas in lower sec-
ondary schools the quits increase over time from 5.8% in 1996 to 8.6% in
2005, while the school-to-school mobility is flat. Turnover levels are higher
for privately owned institutions than for public schools.

Table 1 presents descriptive statistics of variables used in the econometric
analysis. Panel A presents three turnover measures, panel B presents pecuni-
ary and personal characteristics, and panel C presents average school-level
characteristics. Total turnover rate, is at 12.5%, which is lower than the
overall turnover rate across all the occupations in Sweden (Edin et al., 2009).
While studies based on the US registry data have higher school-to-school
mobility than quit rates, Sweden has higher percentage of turnover due to

19 The jump is due to the adult education expansion reform proposed in the mid-1990s. If job-
to-job mobility is of interest then this variation should be kept as teachers indeed change their
jobs voluntarily. They simply prefer moving to adult education over staying in their current
employment when such an opportunity occurs. If I exclude these transitions to adult education
then the jump vanishes. This graph is available upon request.
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leaving the profession than switching between schools. In Swedish schools
56% of teachers are women, 6.8% come from non-Nordic countries, 20.8%
are employed on temporary contracts, and their average yearly earnings
equals to 221 866 SEK. There is 15.6% science, 13.8% vocational and 6.6%
remedial education teachers and 67% of teachers are university graduates."
The fraction of teachers employed in private schools during the study period
rose from around 2% in 1996 to 10.5% in 2005. Panel C shows the student-
teacher ratio in full-time equivalence, which is a proxy for school resources,
is 11.5% and the average number of pupils is 574.” There is on average
8.3% non-Nordic immigrants in Swedish schools. This number is larger than
the one reported for Norway (Falch and Strem, 2005).

Table 1. Descriptive statistics.

Variable Mean Standard deviation
Panel A: Teacher turnover
Total mobility 0.125 (0.331)
Within profession mobility 0.051 (0.220)
Out of profession mobility 0.074 (0.262)
Panel B: Personal and pecuniary characteristics
Log yearly earnings (1000SEK) 5.290 (0.586)
Log monthly wages* 9.952 (0.161)
Upper secondary 0.437 (0.496)
Private 0.056 (0.230)
Age 44.115 (9.668)
Female 0.562 (0.496)
Foreign 0.068 (0.251)
Married 0.572 (0.495)
University diploma 0.674 (0.469)
Science 0.156 (0.363)
Vocational 0.138 (0.345)
Remedial 0.066 (0.249)
Temporary 0.208 (0.406)
Workload 86.488 (23.273)
Panel C: School characteristics
Share of foreign students 0.083 (0.086)
Student’s percentiled GPA 48.175 (6.708)
Students’ parents income in 1000SEK 380.201 (96.397)
Share of girls 0.482 (0.100)
Student-teacher ratio in full time equivalence 11.511 (3.241)
. Number of students/100 __________________ 57139 . @.574) .
N 525076
Note: mean values, standard errors in parentheses.
*N =475 505.

" Remedial education teacher (Speciallarare) works with students in need of special assis-
tance concerning learning and development. Special teacher training is a postgraduate educa-
tion in the regular teacher training and includes 90 credits. Special education teachers focus
on either language or mathematics. A university graduate is defined as an individual graduat-
ing three, four, or five year long university (hogskoleutbildning) education or individual with
a research degree. Note that other forms of post-secondary education (eftergymnasial) educa-
tion are not treated as university graduates.

12 Number of students in lower-secondary school is measured as the sum of pupils attending
grades 7 to 9 and it is provided in compulsory school registry by Statistics Sweden. Number
of students in upper secondary school is measured based on the registry of students enrolled in
grades 1 to 3 in upper secondary schools.
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5 Main results

The estimates presented in this section correspond to the model outlined in
section 3. I estimate a binary linear regression model with county-by-year
fixed effects and the dependent variable equals to unity if the teacher leaves
a particular school between year t and year t+1, and zero otherwise.” Col-
umn (1) shows estimates on types of schools controlling only for personal
characteristics. Column (2) adds average school-level characteristics to the
estimates from column (1) and additionally displays coefficient on fraction
of immigrants. Column (3) adds annual earnings to the specification from
column (2). This allows me to understand if the differences in mobility by
type of school and school characteristics are driven by differences in earn-
ings. Column (4) estimates column (3) on the sample of public school teach-
ers, which is then used in column (5), where I substitute the log yearly earn-
ings with the log monthly salary. This exercise is performed to investigate
how covariates in model from column (3) change when the sample is re-
stricted to public school teachers for whom the monthly wage data are avail-
able. Column (3) which includes all personal, pecuniary, and school-level
characteristics is the preferred specification. In addition to the main coeffi-
cients of interest in this paper the tables also report some other coefficients
that might be of interest to the readers (gender, temporary employment, for-
eign and science teacher indicators, and average school-level student GPA).

The results in columns (1), (2) and (3) suggest that private schools experi-
ence higher teacher turnover. Working in private school is associated with
1.5 to 2.6 percentage points (pp) higher turnover depending on the specifica-
tion. Teaching at upper secondary school has a negative association with
turnover when I do not control for school characteristics, but a positive asso-
ciation in the sample of public schools with all of the controls.

Column (3), where earnings are added, suggests a negative relationship
between monetary compensations and the probability that a teacher is going
to leave their employment in the following year. The significant and nega-
tive estimate of 6.4 pp indicates that principals may have a scope for chang-
ing the turnover through manipulation of monetary compensations; however,
the limitations of descriptive methods mean that there well might be other
explanations to the observed pattern. The results on earnings combined with
the Swedish institutional flexibility in pay negotiations are in line with the
causal findings from Falch (2011) that even small changes in teacher wages
can result in lower turnover rates. My estimates are smaller than those in
Hanushek et al. (2004) — another correlational study looking at teachers’
compensations. However, their measure of monetary compensation is differ-

13 Specifications with only year, or only county, or only year and county, or using municipali-
ty instead of county fixed effects have also been estimated and yield similar results. Including
school fixed effects removes some of the variation that is of interest in the heterogeneity
analyses in this paper.

36



ent than mine. In Hanushek et al. (2004) virtually all the salary associations
vanish when school district fixed effects are applied, whereas, here the coef-
ficients on both log earnings and log monthly salaries are stable qualitatively
and quantitatively across various fixed effects specifications.

Table 2. Baseline estimation results. The dependent variable is equal to unity if the
teacher changes job.

(1) () (3) “4) ()
VARIABLES Mobility Mobility Mobility Mobility Mobility
Log yearly earnings (1000SEK) -0.064%**  -0.069%**
(0.002) (0.002)
Log monthly salary -0.153%**
(0.008)
Upper-secondary school -0.009%#* -0.003 0.002 0.003 0.007**
(0.002) (0.003) (0.003) (0.003) (0.003)
Private school 0.019%** 0.026%** 0.015%*
(0.005) (0.006) (0.006)
Share of immigrant students 0.009 0.015 -0.004 -0.005
(0.016) (0.016) (0.016) (0.016)
GPA -0.001%**  -0.001%** -0.001** -0.001**
(0.000) (0.000) (0.000) (0.000)
Female -0.005%**  -0.004***  -0.009***  -0.008*%**  -0.006%**
(0.001) (0.001) (0.001) (0.001) (0.001)
Foreign born 0.013%** 0.012%** 0.005 0.004 0.004
(0.003) (0.003) (0.003) (0.003) (0.003)
Science 0.009*** 0.010%** 0.011%** 0.009%** 0.011%**
(0.001) (0.001) (0.001) (0.001) (0.001)
Temporarily employed 0.224*** 0.224*** 0.195%** 0.197%** 0.211%**
e (0.003) ____(0003) ____(0.003) ___(0.003) ____(0.003)
R-squared 0.129 0.130 0.138 0.136 0.130
Observations 525,076 525,076 525,076 475,505 475,505

Note: Standard errors clustered at school level (*** p<0.01, ** p<0.05, * p<0.1). All regressions include county-by-year fixed effects. In
addition to the displayed variables in column (1) I control for teacher’s age, marital status, university education, vocational and special
education indicator variables and workload. In column (2) on top of column (1) I control for student-teacher ratio in full time equivalence,
share of female students, mean parental income, second order polynomial in school size and indicator for schools with less than 100 students.
All regressions corrected for school mergers and dissolutions as well as for mobility in grades below 7™ that teachers work with.

The coefficients on log yearly earnings in columns (3) and (4) range from -
6.9 to -6.4 pp, and the coefficient on log monthly wages in column (5)
among public school teachers is -15.3 pp. This difference in the size of earn-
ings vs. wage coefficients in columns (4) and (5) can be attributed to differ-
ent definitions of both monetary compensation measures. At the same time,
since they give the same results qualitatively and monthly wages are not
available for all teachers further analyses are conducted on the full sample
using log yearly earnings."

The additional covariates displayed in table 2 are: gender, immigrant sta-
tus, science teacher, and temporary employment indicators. The gender indi-
cator suggests that female teachers experience lower turnover rates. Special-
izing in science and being employed on temporary contract are associated
with higher turnover rates. There is a positive relationship between being
foreign born and mobility when I do not control for monetary compensa-
tions. Finally, student quality is negatively associated with teacher turnover.

14 Estimates for public school teachers and monthly wages are available upon request. The
main findings remain unchanged.
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The results in table 2 show no relationship between the share of minori-
ties and teacher turnover, and this is in contrast to other research from the
US (Hanushek et al., 2004), Norway (Falch and Strem, 2005), Italy (Barbieri
et al., 2011) or Netherlands (Bonhomme et al., 2011). All of the coefficients
in columns (2) to (5) are statistically insignificant and substantively small. I
further explore this relationship in table 3 by grouping minorities into stu-
dents coming from European and non-European countries (panel A) and
interacting the share of minority students with an immigrant teacher dummy
variable (panel B). In panel A there is no indication for any heterogeneity in
the association depending on the geographical and cultural origin of the im-
migrants. In panel B there is suggestive evidence that immigrant teachers
cluster with immigrant students, which is in line with prior research
(Hanushek et al., 2004; Jackson, 2009). Table 3 also suggests a positive cor-
relation between an indicator for a foreign born teacher and their mobility,
which may reflect either lower quality of matches between immigrant teach-
ers and schools or generally increased occupational mobility among immi-
grants (Green, 1999). At the same time, the coefficient on the level of minor-
ity students at school is consistently small and insignificant.

Table 3. Minorities at school. The dependent variable is equal to unity if the teacher
changes job.

1)
VARIABLES Mobility
Full sample

Panel A: Split analysis

Share of European students (2.6%) 0.045
(0.036)
Share of other immigrant students (5.7%) -0.000
___________________________________________________________________________ ©0022) .
R-squared 0.138
Panel B: Interaction analysis
Immigrant teacher 0.012%**
(0.004)
Share of immigrant students 0.024
(0.016)
Share of immigrant students*Immigrant teacher -0.070%*
___________________________________________________________________________ ©0.028) ...
R-squared 0.138
Observations 525,076

Note: Standard errors clustered at school level (*** p<0.01, ** p<0.05, * p<0.1). Estimates based on specification from column (3) in table
2. All regressions corrected for school mergers and dissolutions as well as for mobility in grades below 7™ that teachers work with.

Univariate regressions (table Al in the appendix) shed more light on the
relative contributions of included covariates. Type of contract is the factor
that explains the most of the variation in teacher turnover and monetary
compensation (earnings or wages) is the second.” Considering the variables
grouped into personal, pecuniary, and school-level characteristics the
amount of explained variation in total turnover is the following: personal

'5 When all control variables are analyzed then a factor that explains the most of the variation
is the type of employment, followed by pecuniary characteristics and workload. The univari-
ate regressions for all covariates used in the analysis are available upon request.
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(R*=0.13), pecuniary (R*=0.08) and school-level (R*=0.01). When compar-
ing just the monetary vs. school-level characteristics conditional on personal
observables, the former one (R’=0.14) explains slightly more variation in the
total turnover than the latter one (R*=0.13). Thus, it is not trivial to quantita-
tively gauge the relative importance of either of these groups for teacher
turnover. However, it seems that teachers in Sweden are less sensitive to
school characteristics than teachers in other countries.

Finally, I can only observe mobility if teachers leave their school between
one year and the next, but I do not know if this mobility is voluntary or not.
In particular, there can be reshuffling of teachers between schools in munici-
palities due to the fact that employment protection is based on an employ-
ment in municipality and not at the school (this does not apply to privately
owned institutions). It could also be the case that if one school has an open-
ing for a teacher and there are other schools in the same municipality laying
off teachers, there might be bargaining and reshuftling of teachers within the
municipality. To address this issue I restrict the analysis to the sample of
municipalities that never experienced reductions in teacher stock by more
than 5% over the studied period.

Table A2 in the appendix replicates table 2 using this restricted sample.
The sample size is reduced to a quarter of the full sample size, however the
coefficients on earnings and wages remain negative and significant, and are
roughly of the same magnitude, and the estimates on the minority enrollment
remain insignificant and cannot be statistically distinguished from the ones
presented in table 2. The associations between school ownership and teacher
turnover are now insignificant and smaller than in table 2 though they re-
main positive. Overall, these estimates indicate that the differences in mobil-
ity should not be driven by selective lay-offs when schools are down-sizing.

A final question is whether it is reasonable to pool 11 years of data in one
equation (Falch and Strem, 2005). It might be questionable, as teachers who
come into the sample in the later years have a smaller window in which they
can make mobility decisions than the more experienced teachers. As a fur-
ther robustness check I estimate columns (1) to (3) from table 2 using only
teachers that were present in the sample in the first year of the study. The
results are reported in table A3 in the appendix. The sample size is reduced
by approximately 48%, however the results do not change substantively. The
coefficient on earnings decreases while the ones on school ownership in-
crease. Furthermore, the coefficients on upper secondary school become
insignificant in column (1) and turn positive and significant in columns (2)
and (3). Similarly to all previous results, I do not find a statistically signifi-
cant relationship between minority enrollment and teacher turnover.
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6 Heterogeneity analysis

The results presented so far suggest that schools in Sweden experience high-
er teacher turnover rates in privately owned institutions, have a negative
relationship between teacher compensations and turnover, and do not have
an association between minority enrolment and teacher mobility decisions.
In table 4, I investigate how these characteristics differ by level of school
and by school ownership. In table 5, I further document how the estimates
differ depending on whether a teacher transfers to another school or transi-
tions out-of-teaching.

Table 4. Heterogeneity analysis by school types. The dependent variable is equal to
unity if the teacher moves.

1 ()] 3) “
VARIABLES Lower second-  Upper second- Private school Public school
ary school ary school
Log yearly earnings (1000SEK) -0.073%%* -0.056%** -0.05 1 #** -0.067%**
(0.003) (0.003) (0.005) (0.002)
Upper-secondary school -0.026** 0.002
(0.012) (0.003)
Private school 0.022%** 0.014
(0.008) (0.009)
Share of immigrant students -0.013 0.110%*** 0.131%** -0.008
(0.017) (0.039) (0.049) (0.017)
GPA -0.001** -0.001*** -0.001** -0.001**
(0.000) (0.000) (0.001) (0.000)
Female -0.014*** -0.003 -0.010* -0.009***
(0.001) (0.002) (0.005) (0.001)
Foreign born -0.003 0.013%*** 0.013 0.002
(0.004) (0.004) (0.010) (0.003)
Science 0.007*** 0.013%** 0.025%** 0.010%**
(0.002) (0.002) (0.006) (0.001)
Temporarily employed 0.219%** 0.164%** 0.139%** 0.199%**
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, Q.004)________(0.004) (0009 ______ (0.003) __
R-squared 0.149 0.132 0.100 0.142
Observations 295,454 229,622 29,520 495,556

Note: Standard errors clustered at school level (*** p<0.01, ** p<0.05, * p<0.1). Estimates based on specification from column (3) in table
2. All regressions corrected for school mergers and dissolutions as well as for mobility in grades below 7 that teachers work with.

Columns (1) and (2) in table 4 present estimates for lower and upper second-
ary schools, respectively. The association between monetary compensation
and turnover is significantly larger (p-value: 0.000) in lower secondary
schools which suggests that the cost of retaining a teacher through changes
in earnings could be lower in these schools. There is also a positive and sig-
nificant correlation between school ownership and turnover at the lower
level of schooling. Although this relationship is not significant in upper sec-
ondary schools, I cannot rule out the equality of the coefficients in both
schools (p-value: 0.483). Finally, column (2) points towards a strong correla-
tion between the share of minorities and teacher turnover in upper secondary
schools in Sweden. Prior research has focused mostly on relatively younger
kids, enrolled in elementary or lower secondary education, and found signif-
icant results for minority enrollment (Hanushek et al., 2004; Falch and
Strem, 2005; Scafidi et al., 2007; Bonhomme et al., 2011). This is not evi-
dent in the lower-secondary schools in Sweden (column (1)), however, the
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10.9 pp estimate for upper secondary schools is similar in size to Hanushek
et al. (2004) elementary schools’ results. Given that upper secondary school
covers ages when pupils go through adolescence, which is often strongly
connected to increased disruptive behavior, then the positive correlations
found for younger children in Netherlands, Norway, and the US may be even
larger in the upper secondary schools in these countries. Interestingly, Barbi-
eri et al. (2011) find similar coefficients on fraction of minorities for prima-
ry, lower secondary, and upper secondary school teachers using Italian data
from the mid-2000s. However, instead of turnover rates they use applica-
tions for transfers.

There is a positive relationship between the share of minorities and teach-
er turnover in privately owned institutions, though not in public schools
(columns (3) and (4); p-value: 0.007). At the same time, however, there is a
negative association between teaching in upper secondary private school and
individual mobility, which can explain why the coefficient on minority en-
rollment is larger in private schools given the findings from columns (1) and
(2) that point towards relationship between minorities and turnover only in
upper-secondary schools. Finally, the estimate on earnings is significantly
larger (p-value: 0.005) for public schools. This suggests that the cost of re-
taining a teacher by increasing earnings could be lower in public schools
than in private schools.

Table 5. Heterogeneity analysis by different destinations.

1) (2)
VARIABLES Within teaching mobility Out-of-teaching mobility
Log yearly earnings (1000SEK) -0.009%%** -0.055%**
(0.001) (0.002)
Upper-secondary school 0.005** -0.003*
(0.002) (0.002)
Private school 0.003 0.012%**
(0.004) (0.004)
Share of immigrant students 0.008 0.006
(0.011) (0.009)
GPA -0.001*** -0.000*
(0.000) (0.000)
Female -0.002%** -0.006***
(0.001) (0.001)
Foreign born 0.009%** -0.004
(0.003) (0.003)
Science 0.007*** 0.003%**
(0.001) (0.001)
Temporarily employed 0.057%** 0.138***
_________________________________________________ ©000) 000
R-squared 0.032 0.115
Observations 525,076 525,076

Note: Standard errors clustered at school level (*** p<0.01, ** p<0.05, * p<0.1). Estimates based on specification from column (3) in table
2. All regressions corrected for school mergers and dissolutions as well as for mobility in grades below 7 that teachers work with.

The models used so far pool all destinations of teachers leaving the school
together, however, there is research indicating that the correlations with
teacher characteristics differ depending on the destination (Lankford et al.,
2002). To investigate whether the relationship between teacher quality and
teacher turnover depends on destination, in table 5, I estimate the baseline
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specification from column (3) in table 2 for mobility within teaching profes-
sion and for mobility out-of-teaching.

The estimates on earnings are negative for both school-to-school and out-
of-teaching mobility, however, the latter one is significantly more negative.
This suggests that if indeed principals can retain teachers by increasing their
compensations, then it is relatively cheaper to encourage teachers to stay in
the profession rather than to stay with their current school. Furthermore, the
estimated relationship between upper secondary school indicator and school-
to-school transitions is positive while it is negative in the case of out-of-
teaching transitions. This indicates that upper secondary school teachers are
more mobile within teaching but they are less likely to leave the profession
for an alternative occupation. I also find positive and significant association
between school ownership and leaving teaching. This suggests that private
schools are more likely than public schools to lose teachers in favor of alter-
native jobs. Finally, in neither the case of within teaching nor out-of-
teaching transitions I find statistically significant relationship between mi-
nority enrollment and turnover. This is in stark contrast to Hanushek et al.
(2004) and Falch and Strem (2005), whose results point towards quitting the
profession rather than changing schools within the same geographical unit or
occupation.

7 Conclusions

The contemporary literature on teacher mobility lacked a detailed study us-
ing high quality data in an environment for which the economists usually
argue for i.e., with individual-level variation in wages and relatively large
and growing private sector (Bjorklund et al., 2006). Furthermore, most of the
aforementioned studies focus on rather younger kids attending primary and
middle school and we know relatively little about the teacher turnover in
high schools. This paper attempts to fill in these gaps in the literature on
teacher turnover using unusually rich data on teachers from Swedish lower
and upper secondary schools covering years 1996/1997 to 2006/2007.

The results indicate that, in Sweden unlike in US, Italy, the Netherlands,
and Norway, schools with higher shares of minorities on average do not
seem to experience higher turnover rates. At the same time, I document sub-
stantial heterogeneity in this association. In particular, I show that this rela-
tionship exists for upper secondary and private schools and is roughly of the
same magnitude as the one documented for lower levels of schooling in
Hanushek et al. (2004). If share of minorities at school is associated with the
disruptive behavior or not-fitting-in and these behavioral problems grow in a
teenagehood, then my results suggest that the turnover estimates in US high
schools might actually be even higher. I also find support for the hypothesis
that privately owned institutions experience higher teacher turnover and that

42



this correlation is smaller for upper secondary schools. On the other hand, I
do not find any support for the fact that turnover differs by level of school-
ing. The average differences in turnover in lower vs. upper secondary
schools and small and insignificant. Finally, a somewhat speculative inter-
pretation of the negative results found for earnings and wages is that it may
be possible to influence teacher’s mobility decision through changes in their
monetary compensations.
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Appendix

Tables
Table A1l. Estimation results from univariate OLS models.
1 () 3)
VARIABLES Within teach- Out-of-
Mobility R? ing mobility R? teaching R?
mobility
Log-carnings 0(0134(1);* 0.079 0((?3%?;* 0.018 'O('Ol_lof);* 0.068
Private 0('3.50%*6’;* 0.008 0('8_1050;* 0.008 0('81)30’:;* 0.004
Share of immigrant students (2003(1);; 0.006 (88(1)491) 0.008 (000 Ol 059*) 0.002
aPa DO gy DI RO
Female (8:88%) 0.006 ‘20083:“ 0.008 ('ggglo) 0.002
Foreign born 0('8702021* 0.009 0('8'20%*;;* 0.009 0('8?0*;;* 0.004
Science (31885) 0.006 0(‘8?0%*: 0.008 'O(‘Oo_gf;:* 0.002

Note: Standard errors clustered at school level (*** p<0.01, ** p<0.05, * p<0.1). All regressions include only county-by-year fixed effects.
All regressions corrected for school mergers and dissolutions as well as for mobility in grades below 7™ that teachers work with. All models
except for wages regressions are based on 525 076 observations. Regressions for wages are based on 475 505 observations.
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Table A2. Estimation results on a sample of municipalities with limited reductions
in teacher stock. The dependent variable is equal to unity if the teacher changes job.

(1) (2 (3) “) (5)
VARIABLES Mobility Mobility Mobility Mobility Mobility
Log yearly earnings (1000SEK) -0.070***  -0.070%**
(0.004) (0.006)
Log monthly salary -0.174%**
(0.017)
Upper-secondary school -0.021%** -0.009 -0.007 -0.000 0.005
(0.004) (0.008) (0.008) (0.009) (0.009)
Private school 0.013 0.017 0.007
(0.009) (0.011) (0.010)
Share of immigrant students 0.034 0.040 0.017 0.008
(0.028) (0.028) (0.027) (0.028)
GPA -0.002%#*  -0.001***  -0.001** -0.001*
(0.000) (0.000) (0.000) (0.000)
Female -0.007***  -0.007**%*  -0.011%**  -0.010%**  -0.008***
(0.002) (0.002) (0.002) (0.002) (0.002)
Foreign born 0.020%** 0.019%#* 0.012* 0.011 0.009
(0.007) (0.006) (0.007) (0.007) (0.007)
Science 0.006** 0.007** 0.008%*** 0.008%** 0.010%**
(0.003) (0.003) (0.003) (0.003) (0.003)
Temporarily employed 0.234%%* 0.234%%* 0.204%%** 0.213%%* 0.226%**
S (0.005)____(0.005) ___(0.005)_ ____(0.005) ___(0.005)
R-squared 0.134 0.135 0.144 0.144 0.138
Observations 129,275 129,275 129,275 114,874 114,874

Note: Standard errors clustered at school level (*** p<0.01, ** p<0.05, * p<0.1). All regressions include county-by-year fixed effects. In
addition to the displayed variables in column (1) I control for teacher’s age, marital status, university education, vocational and special
education indicator variables and workload. In column (2) on top of column (1) I control for student-teacher ratio in full time equivalence,
share of female students, mean parental income, second order polynomial in school size and indicator for schools with less than 100 students.
All regressions corrected for school mergers and dissolutions as well as for mobility in grades below 7™ that teachers work with. Sample
reduced to municipalities, which do not experience reductions in teacher stock of more than 5% over the studied period.

Table A3. Baseline estimates restricted to the sample of teachers present in the first
year of the analysis. The dependent variable is equal to unity if the teacher changes
job.

1) (@) (3)
VARIABLES Mobility Mobility Mobility
Log yearly earnings (1000SEK) -0.040%**
(0.003)
Upper-secondary school -0.000 0.007* 0.010%***
(0.002) (0.004) (0.004)
Private school 0.020%** 0.030%** 0.024%**
(0.007) (0.007) (0.007)
Share of immigrant students 0.011 0.016
(0.016) (0.016)
GPA -0.001*** -0.001***
(0.000) (0.000)
Female -0.007*** -0.007%** -0.009%**
(0.001) (0.001) (0.001)
Foreign born 0.009%** 0.008%** 0.005
(0.003) (0.003) (0.003)
Science 0.008%** 0.009%** 0.009%**
(0.002) (0.002) (0.002)
Temporarily employed 0.177*** 0.176%** 0.161%***
e Q00 0.004) 000
R-squared 0.074 0.076 0.079
Observations 275,723 275,723 275,723

Note: Standard errors clustered at school level (*** p<0.01, ** p<0.05, * p<0.1). All regressions include county-by-year fixed effects. In
addition to the displayed variables in column (1) I control for teacher’s age, marital status, university education, vocational and special
education indicator variables and workload. In column (2) on top of column (1) I control for student-teacher ratio in full time equivalence,
share of female students, mean parental income, second order polynomial in school size and indicator for schools with less than 100 students.
All regressions corrected for school mergers and dissolutions as well as for mobility in grades below 7 that teachers work with. Sample
reduced to teachers observed in the first year of data.
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Details of sample construction

I construct the sample of lower and upper secondary school teachers for the
school years 1996/1997 to 2006/2007. The information about teachers comes
from the teacher registry and the analysis focuses on teachers working in
grades 7-9 (lower secondary school) of compulsory education and in grades
1-3 (upper secondary school) of secondary education. The reason for restrict-
ing the analysis to these grade levels, is that I lack information on student
characteristics for lower levels. Teachers who are on unpaid leave of absence
or whose workloads are zero hours (i.e., they do not perform any pedagogi-
cal duties) are excluded from the analysis. Such teachers are treated neutrally
in terms of mobility if they come back after the absence period to the same
school. Similarly, I exclude teachers who are employed as principals, study
counselors etc. In each year if a teacher has multiple entries in the registry,
the observation with the highest workload is selected irrespectively whether
it is at the same or at different schools.'® The teacher registry is a high quality
data set, that allows recovering information on school location (unique iden-
tifier), school ownership and type, teacher certification, workload, employ-
ment type (temporary vs. permanent), education and position.

Teachers are grouped into either lower or upper secondary education and
teachers working in grades 7-9 are recovered by merging the teacher registry
to the pupil registry via unique school identifier. There exist schools with
more grades covered under the same school identifier (i.e. 1-9 or 4-9) and
one possible source of bias would be, for instance, relating teachers who
work with students in grades 1-3 to school characteristics measured for stu-
dents in grades 7-9. Since I have information about the grades in which
teachers work I address this issue by excluding teachers coded as primary
(grades 1-3) and middle (grades 4-6) school teachers. Such a procedure does
not solve the problem completely as some teachers (arts or music) are not
necessarily coded by grades. Thus, I may still include some miscoded teach-
ers, however, the share of miscoded teachers is likely low. Nonetheless, each
included school serves grades 7-9 and only turnover between such schools is
considered at lower secondary level.

Teachers are then linked (using unique identifier) to population registry,
which covers all individuals living in Sweden. The population registry is a
high quality data set that allows recovering information on gender, marital
status, age, family composition (using unique family identifier), immigration
history, education and income. Income is measured as a gross salary plus
income from business and self-employment plus any work-related allowanc-
es. Investment losses are not included, and thus, income is lower-bounded at
zero. The analysis is restricted to teachers aged 25-58 years, to abstract from
mobility driven by educational attainment and retirement decisions.

16 The workload of teachers having multiple positions at the same school is not summed and
the highest workload position is selected.
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The earnings registry often contains multiple entries per individual, which
reflect different sources of labor compensations but are uniquely identifiable
based on establishment identifier. This poses linking problem for individuals
with multiple entries as [ may miss-assign earnings from different establish-
ment to a particular school code. Since there is no direct link between unique
school code and establishment identifiers, I create such a link using a mode
rule. In particular, based on the individuals with only one record I define
most often occurring establishment identifier for each school code. I then use
this data to resolve matching of individuals with multiple earnings entries.

The students’ characteristics are based on “school in” and “school out”
pupil registries. The lower secondary school composition is based on out-
going students. The quality of students in lower secondary school is meas-
ured based on their 9" grade outgoing grades. The measure is calculated for
year t as a mean percentiled GPA from cohorts graduating in years t+1, t+2
and t+3.

The upper secondary school composition is based on all the students that
are in a given school in a particular year. The quality of students in upper
secondary school is measured based on their 9" grade grades. The main ad-
vantage of using lower secondary school grades as a measure of upper sec-
ondary school quality is that it is largely exogenous to upper secondary
school teachers. I match these students to their parents using unique family
identifier and obtain the family level socioeconomic indicator i.e. mean pa-
rental income.

Finally, having data with teachers and students I match the two using a
unique school identifier. Naturally since the mobility itself is a lagged varia-
ble school year 2006/2007 is dropped from the analysis. The final sample
includes 136 100 teachers and 622 453 person—year observations. I exclude
the following observations from the sample: very small schools with number
of teachers in full time equivalence less than 3 (5 170 observations), teachers
that are below 25 years old (8 370 observations), teachers that are above 58
years old (82 298 observations), and schools with the number of students
less than 15 (1 539 observations). The final sample consists of 121 580
teachers, 2703 unique schools and 525 076 person-years. Applying the
monthly wages sample restriction further reduces the sample to 109 541
teachers, 2172 unique schools and 475 505 teacher-years.
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Essay 2

Job mobility among high-skilled and low-
skilled teachers
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1 Introduction

Teachers are important for student achievement (Rockoff, 2004; Rivkin et
al., 2005; Aaronson et al., 2007). Even though it has proved hard to pin-point
exactly what makes a good teacher, a number of studies suggest that teacher
effects can be related to observed measures of teacher skills. Experienced
teachers have been shown to provide more skills to students than teachers
that are new to the profession (Rockoff, 2004; Harris and Sass, 2011; Clot-
felter et al., 2007). Few studies have found any effect of teacher education
on student outcomes, but there is some evidence that more detailed infor-
mation on teacher quality may be important in the production of skills. Clot-
felter et al. (2007) find that teacher test scores and regular licensure have
positive effects on student achievement. Rockoff and Speroni (2011) docu-
ment that subjective evaluations of teacher effectiveness have a predictive
power for the achievement gains of their students. On the other hand,
Grongvist and Vlachos (2008) find no overall relationship between teachers’
cognitive and non-cognitive assessments and student outcomes.'

The quality of teachers may be of particular importance for disadvantaged
students. For example, Gronqvist and Vlachos (2008) find that the effect of a
teacher with high non-cognitive skills is stronger among low-performing
students. At the same time, they also find that high cognitive skills’ teachers
might actually harm low-aptitude students. In the US Aaronson et al. (2007)
find that teacher quality, measured by value added, is particularly important
for lower-ability students and that a one standard deviation in teacher quality
is worth as much as 24% of average test score gain between eight and ninth
grade for students from the bottom tertile of the quality distribution. At the
same time, this effect for the top tertile is only 6%. The heterogeneity in
teacher effects found in the econometric analyses has also been confirmed
using a random assignment of teachers to classrooms. Nye et al. (2004),
using data from Tennessee STAR experiment, show that the variance of
teacher effects is much larger in low than in high socioeconomic status
schools. This means that in low SES schools, it matters more which teacher a
child receives than it does in high SES schools. Furthermore, it suggests that
interventions to replace less effective teachers with more effective teachers
may be more promising for disadvantaged than for privileged children.

School principals can try to enhance the quality of the teacher stock, ei-
ther by hiring good teachers or by firing bad ones (Bohlmark et al., 2012).
However, the success of such employment policies depends, in part, on the
skills of available teachers to hire. Many studies have documented falling
quality of new entrants into the profession over the past decades, leading to

! Their empirical strategy relates within-school variation in teacher quality to within-student
variation in performance between subjects, and may not be appropriate for identifying main
effects of teacher quality.
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deterioration of the skills in the pool of potential teachers to hire.” Thus,
reducing turnover among high-quality teachers must probably be crucial for
any principal wishing to sustain the competence level in their school.

A growing number of studies document turnover among teachers of dif-
ferent quality. One strand of the literature makes use of input-based
measures of teacher quality, such as certification, education and experience
(Boyd et al., 2005; Feng, 2010; Barbieri et al., 2011; Clotfelter et al., 2011).
However, most of these studies use quite crude quality measures, which have
shown to be only weakly related to student performance. Another strand of
the literature exploits output measures of teacher quality, such as the esti-
mated value-added of different teachers. This approach is not limited to ob-
served determinants of student performance, but the validity and stability of
teacher fixed effects models have been questioned in the literature (Roth-
stein, 2010).

In addition to the standard input-based teacher quality measures used in
the literature (education and experience), this study makes use of a popula-
tion-wide data on both cognitive and non-cognitive skills among male teach-
ers (born 1951 or later) to study teacher turnover in Swedish secondary
schools. In particular, I study differences in teacher mobility, to other
schools or out of the profession, among high-quality and low-quality teach-
ers. Further, I relate any differences in teacher turnover to a number of job
attributes, such as student quality, teacher wages and type of contract.

This paper should also be of interest due to the uniqueness of the Swedish
institutional setup. Unlike most countries (Falch and Strem, 2005; Jackson,
2009; Falch, 2010), the Swedish labor market for teachers does not differ
much from other white-collar job markets and is an excellent example of
monopsonistic competition with individual wage bargaining and a growing
private sector (Manning, 2011; Karbownik, 2013). Similar to other countries,
Sweden also struggles with attracting high skilled individuals into the teach-
ing profession and experiences teacher shortages, yet has introduced utterly
different institutions.’

I show that university educated and experienced teachers are less likely to
both leave their current school and the profession. Furthermore, using the
unique enlistment records I document that teachers with high non-cognitive
skills are less likely to change employers. At the same time, I do not find

2 Gronqvist and Vlachos (2008) document a close to 20 percentile ranks decline in the average
cognitive ability of Swedish teachers since the early 1990s and also a substantial decrease in
social abilities and GPAs. Fredriksson and Ockert (2007) present evidence of a deterioration
of returns to teacher education and experience among Swedish teachers. Similarly, Nickell
and Quintini (2002) report severe declines in investment in teachers in Britain, while Leigh
and Ryan (2008) find about 10 percentile rank declines in Australian teacher quality. Both
Bacolod (2007) and Corcoran et al. (2004) document that contemporary teachers in the US are
less qualified than their counterparts in the 1960s and 1970s.

3 Bjorklund et al. (2006) or National Agency for Education (2003) provide details about
teacher shortages.
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robust correlations for cognitive skills when I control for standard teacher
quality measures like education or experience. Moreover, I do not find any
support for the common view that schools serving minority students experi-
ence higher turnover rates of high-quality pedagogues. Finally, I present
robust negative correlation between teacher turnover and monetary compen-
sations.

The paper is organized as follows: section two offers a short literature re-
view, section three briefly presents the institutional background, data
sources, and the econometric model, section four presents descriptive evi-
dence, section five contains the main results, section six includes heteroge-
neity analyses, and finally section seven concludes.

2 Literature review

It is important from the education policy stand point to understand if disad-
vantaged schools experience outflow of high quality teachers or attract par-
ticularly bad teachers, and thus there is a growing number of studies that
document turnover among teachers of different quality. Using the data from
New York State, Lankford et al. (2002) show that urban (low-income, low-
achieving and non-white) schools deter high quality teachers and that salary
variation rarely compensates for the difficulties of teaching in these disad-
vantaged schools. Their measures of teacher quality are based on experience,
formal education and its quality as well as certification. Furthermore, using
the same dataset and quality measures Boyd et al. (2005) show that there is a
significant heterogeneity in teacher responses when exposed to low-quality
pupils. For example, when considering probability of separation, the top 75
percent of teachers, as measured by general knowledge certification exam,
reacts much more strongly to low-aptitude students than does the bottom 25
percent. The differences in teacher turnover by experience are also found in
Feng (2010), who uses Florida school teachers and explores an assignment
to tough classrooms. She documents that it is rather inexperienced teachers
that are most likely to exit the profession when facing low-achieving and
misbehaving students. Clotfelter et al. (2011) using data from yet another
State in the US, North Carolina, show that teachers with stronger qualifica-
tions are both more responsive to racial and socioeconomic mix of school’s
students and less responsive to salary changes. The authors use four
measures of teacher qualifications: teachers’ average licensure test scores,
alma mater competitiveness, experience and certification. In the European
context, Barbieri et al. (2011) document that experienced teachers are driven
away from the most difficult schools and that the major discouraging factors
include high shares of disabled and foreign students, as well as students who
had to repeat a grade.
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Research also suggests that teachers react to changes in their working en-
vironment. Studies show that teachers are responsive to even small variation
in wages (Baugh and Stone, 1982; Murnane and Olsen, 1990; Figlio, 1997;
Figlio, 2002; Feng, 2009; Falch, 2011; Karbownik, 2013). Another factor
affecting teachers’ turnover and compensations is the competition between
publicly and privately run schools (Jackson, 2012; Hensvik, 2012). It is also
important to understand the differences between the wages offered to teach-
ers in education and in other sectors of the economy (Dolton and van der
Klaauw, 1995, 1999; Brewer, 1996; Fredriksson and Ockert, 2007; Dolton
and Marcenaro-Gutierrez, 2011). Non-pecuniary characteristics play an im-
portant role alike and sometimes they even dominate monetary compensa-
tions (Hanushek et al., 2004). As the literature suggests, teachers are general-
ly discouraged by high fractions of poor, minority and low-achieving stu-
dents (Falch and Strem, 2005; Scafidi et al., 2007; Barbieri et al., 2011;
Bonhomme et al., 2011).* Finally, there is evidence that the quality of match
between a school and a teacher is an important issue (Jackson, 2013).

3 Institutional setting, data and empirical set-up

3.1 Institutions

The Swedish schooling system starts with voluntary pre-school and contin-
ues with nine years of compulsory education. Lower secondary school co-
vers the grades 7-9. The 9™ grade grades determine student’s chances to
advance to upper secondary school. Swedish municipalities are obliged by
law to provide upper secondary schooling to all students who successfully
completed compulsory education. Upper secondary school consists of differ-
ent programs, lasts three years and provides eligibility for post-secondary
education.

Private schooling is growing in Sweden and is encouraged by the gov-
ernment. In 1992, Sweden introduced a school voucher reform that allowed
for both non-profit and for-profit independent schools. The municipality is
obliged to pay the independent schools for each student they can attract, with
an amount corresponding roughly to the average per student cost in the pub-
lic schools.’ Since the reform the fraction of private schools has risen, in
particular at the upper secondary level. In the school year 2005/2006 there

* More recent literature relying on quasi-experimental methods (Jackson, 2009) and based on
administrative data (Karbownik, 2013) finds rather heterogeneous impact of minorities on
teacher turnover.

> An independent school receives around 85-95% of the average per student cost in public
schools and this varies from year to year. Some municipalities also have a socioeconomic
gradient for the school voucher. The private schooling was effectively introduced at lower
secondary level in 1992, and at upper secondary level in 1994 (Béhlmark and Lindahl, 2007,
2008).
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were 220 private upper secondary schools, which constituted 33.1% of all
upper secondary schools in Sweden, a rise from 8.1% in 1996/1997. At the
same time, the number of private lower secondary schools constituted only
15.8% of all schools at this level starting from 3.2% in 1996/1997.°

Teaching profession in Sweden is regulated and different qualifications
are required depending on the subject taught and on the type of school.
Teaching at the secondary school level requires completing special course-
work beyond what is required from a compulsory school teacher. Individuals
from other professions who want to become teachers need to supplement
their professional degrees with a minimum of 1.5 years of preparation in
pedagogy, didactics and teaching practice.

Municipalities are the primary employers of teachers in Sweden, and thus,
handle the responsibility of recruiting them.” In practice, however, the deci-
sions regarding recruitment, selection and employment of a teacher are made
at the school level by a principal. Finally, teacher wages are determined at
local level through individual bargaining between teacher and principal giv-
en the collective bargaining outcome set at the national level .

3.2 Data

This paper utilizes Swedish population-wide registries. The main data source
is the teacher registry that covers all teaches employed in Swedish schools in
years 1996/1997 to 2006/2007. It contains information on teachers’ educa-
tion, specialization, experience, certification, place of work, type of contract
(permanent vs. temporary) and workload. To these data I have matched
background information on age, gender, immigration histories, employment
and income for all teachers in the registers. The pupil registries for lower and
upper secondary schools are used to obtain information on students in a giv-
en school. These allow linking children and their parents to schools, as well
as obtaining the average percentile ranked GPA of the students. Administra-
tive records on earnings provide information on teachers’ monetary compen-
sations. The details of the sample construction are discussed in the appendix.

Since, the core focus of this paper is on teacher quality, for the subsample
of male teachers born 1951 or later, I use military enlistment data to obtain
information on cognitive and non-cognitive test scores. Until the 1* of July
2010 the military service in Sweden was mandatory for all males aged 18-

® This information is based on registry data.

7 For more information on the reform that shifted responsibility for schooling from the central
government to municipalities see: Fredriksson and Ockert (2008). There is still a small frac-
tion of schools run by county or state, however, those employ around 1% of all the teachers
between 1996/1997 and 2005/2006. Those schools are excluded from the analysis since they
have different sources of funding and their role is diminishing.

8 Individualized pay was introduced in 1996 and is discussed in detail by Hensvik (2012) and
in survey by Lindholm (2006).
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47.° The enlistment procedure lasts two days and comprises of medical and
physical assessments, cognitive ability tests and 20 minutes semi-structured
interview with a trained, and often very experienced, psychologist (Mood et
al., 2012). It was not possible to avoid military service by obtaining a low
score on cognitive or non-cognitive ability assessments but about 5-10 per-
cent of enlisted men did not attend the enlistment because of the mental or
physical handicaps. The data is also restricted to the natives, since only
Swedish citizens were allowed and obliged to attend the enlistment.

The cognitive assessment of Swedish conscripts has been conducted since
the mid-1940s. The tests have changed somewhat over the years, but they
have always been intended to measure the same four underlying cognitive
traits: logic-inductive ability, verbal comprehension, spatial ability and tech-
nical comprehension.'® Each of these tests was graded on a scale from 1 to 9,
where 1 is the lowest possible and 9 is the highest possible score. These
scores were then transformed to a discrete variable of general cognitive abil-
ity ranging from 1 to 9. In the analyses, I use the final score which is compa-
rable across all years.

Similarly to cognitive assessment, the personality tests were introduced at
the military enlistment in the early 1940s. All the men in the data had their
psychological profiles evaluated according to a procedure that was adopted
in 1969 and kept unchanged up to 1995 when it was subject to minor revi-
sions. The personality assessment which is based mostly on behavioral ques-
tions can be categorized into four parts: social maturity (extroversion, having
friends, taking responsibility, independence), psychological energy (perse-
verance, ability to fulfill plans, ability to remain focused), intensity (the ca-
pacity to activate oneself without external pressure, the intensity and fre-
quency of free-time activities) and emotional stability (ability to control and
channel nervousness, tolerance of stress, and disposition of anxiety). The
general objective of the interview was to assess the conscript’s ability to
cope with the psychological requirements of the military service, and in the
extreme case, war. As the final outcome of the interview the psychologists
assign each man military aptitude score from 1 to 9, which is comparable
over years.

I am able to recover information on cognitive and non-cognitive test
scores for 89% of Swedish male teachers born in 1951 or later." Since most

? At the end of 2000s not the whole population was drafted and thus the data are reliable only
until 2006. The enlistment usually takes place right after upper secondary school graduation
i.e., when man turns 18 or 19 years old. Among the teachers for whom I have data 96.3% did
the enlistment when they were 18 or 19, 2.3% when they were 20, 0.3% when they were
below 18 and the remaining 1.1% when they were older than 20 years old.

10 Carlstedt (2000) describes the history of psychometric testing in the Swedish military.
Unlike AFQT, the Swedish cognitive assessment is a good measure of a general intelligence.
"' The first draft year I use is 1970 and the last one is 1999. Most of the data for individuals
tested in 1978 are lost, and thus only 15 412 observations are recorded for this year. This loss
is not systematically related to individual characteristics other than year of birth.
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of the missing individuals were exempted from the draft due to mental and
physical disabilities, there are differences in observables between them and
those for whom the scores are available. More details regarding the construc-
tion of final scores used in the analyses are provided in the appendix. For
details regarding the testing procedure itself and various applications of
Swedish military enlistment registries see: Lindqvist and Vestman (2011).

3.3 Econometric modeling

The main analysis is done using a series of binary choice models that attempt
to capture the manifestation of teachers’ job preferences conditional on
teacher quality. Since this paper is only descriptive I am not able to identify
teacher’s preferences in an econometric sense. Nonetheless, it should be
intuitive that leaving employment j in favor of an alternative opportunity k is
related to individual preferences with respect to employers j and k. Thus, I
specify the following linear model. The dependent variable is equal to unity
if a teacher leaves their current employer from year to year, and such a deci-
sion is regressed on teachers’ working environment and their own character-
istics. In particular, these binary models show whether teachers who remain
in their appointments have, on average, different quality than those who
leave their jobs.

From the policy point-of-view, one should also investigate what are the
factors that drive high quality teachers to seek a better employment match as
such sorting of teachers may indicate permanent quality drop of particular
institutions, and thus, have adverse influence on student achievement.'
Therefore, the heterogeneity analyses based on the differences in school
characteristics shed light on what job characteristics are important for low
and high quality teachers. Using the main specification, I also run separate
regressions depending on teacher’s destination. In particular, I specify two
distinct variables of transition. These are: switching schools within a teach-
ing profession and leaving teaching in favor of a different occupation.” This
analysis could be of interest for policy makers, as losing highly educated
pedagogues in favor of other sectors of the economy may lead to worsening
productivity of the whole educational system in the future.

"2 High quality teachers are these with university education (Ehrenberg and Brewer, 1994;
Harris and Saas, 2011), longer experience (Rockoff, 2004), above median cognitive and non-
cognitive test scores (Hanushek, 1971; Harbison and Hanushek, 1992; Gronqvist and Vla-
chos, 2008). A university graduate is defined as an individual graduating three, four or five
year long university (hogskoleutbildning) education or an individual with a research degree.
Note that other forms of post-secondary (eftergymnasial) education are not treated as univer-
sity graduates.

13 Switching to primary education or adult education is treated as school-to-school mobility.
Switching to kindergarten, pre-K or university education is treated as quit. The results are
robust to various definitions of school-to-school mobility and quits and are available upon
request.
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In order to maintain simplicity of the interpretation of the results, the es-
timation strategy is based on the least squares using linear probability mod-
el." The following econometric model is estimated:

Vi =0+ 051ny +ao, W,

w+a3Xﬁ+a413jt+5t-c+gm (D

where yj; is equal to unity if teacher i leaves the current employer j at a peri-
od following t, Wi is teacher i earnings at school j and time t, Xy is a vector
of observable school characteristics at institution j at time t (polynomial of
school size, share of girls, student-teacher ratio in full time equivalence as a
proxy for school resources, share of non-Nordic students, student’s precen-
tiled GPA and mean parental income), Py is a vector of personal characteris-
tics of teacher i at school j and time t (gender, non-Nordic teacher indicator,
marital status indicator, three specialization indicators, workload, type of
school, school ownership indicator and type of employment), and & is an
error term that represents unobserved characteristics, which is clustered at
school level. I use four types of quality indicators, Qj;. In the full sample of
teachers, the quality of teacher i at school j and time t is measured using
experience and education. In the sample of younger males, which is of inter-
est due to the unique data, I use cognitive and non-cognitive military as-
sessment of a teacher as quality measures."” Vector of 6s captures county-by-
year fixed effects.

4 Descriptive evidence

This paper focuses on four measures of teacher quality: university education,
teaching experience, cognitive and non-cognitive test scores. In order to
better understand how these measures relate to particular school characteris-
tics, Figures 1 and 2 plot their means against the deciles of student’s GPA
and share of minorities.' In particular, the figures illustrate the distribution
of teacher quality across schools with different pool of students, which
should help understanding what type of teachers in terms of quality cluster in
a given type of schools.

' This method yields very similar estimates to the non-linear models. The regressions using
logit and multinomial logit models with marginal effects evaluated at mean are available upon
request. Majority of correlations between explanatory variables are below 0.1 and the correlo-
ram is available upon request.
> The correlation coefficient between cognitive and non-cognitive assessment in the studied
sample is 0.15, which is lower than the one reported by Gronqvist and Vlachos (2008) for the
whole population (0.36).
1 Lower secondary school GPA is the percentiled GPA in 9" grade. See the appendix for
details.
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Teacher education correlates positively with student achievement meas-
ured by GPA, and the worst performing students are taught by a lower num-
ber of university educated teachers. At the same time, both low and high
achievers are taught by rather less experienced teachers. Similar u-shaped
pattern can be found in the relationship between the proportion of immigrant
students and teachers experience. Finally, the slope of the relationship be-
tween the level of immigrants in school and share of teachers with university
education is smaller than the one for student quality measured with GPA.

As far as intellectual assessment is concerned the patterns are mostly sta-
ble with a significant gap between cognitive and non-cognitive scores. First,
teachers are more positively selected on cognitive than on non-cognitive
scores. Second, teachers with higher cognitive abilities are matched to high-
performing students. Third, teachers with higher cognitive skills are matched
to schools with more minorities, while the opposite is true for teachers with
high non-cognitive skills.

Figure 3 shows the evolvement of teacher mobility with different destina-
tions for teachers with and without university degree. Figure 4 depicts the
three mobility measures split by teacher experience, cognitive skills, and
non-cognitive skills, respectively. Teacher turnover differs systematically by
teachers’ educational attainment. This difference is almost entirely driven by
a higher probability for teachers without a university degree to leave the
profession, while there is more or less no difference in the school-to-school
mobility. Teacher turnover decreases with teacher experience. Less experi-
enced teachers are also more likely to leave the profession than to move to
another school, but the mobility to different occupations converges to
school-to-school mobility for teachers with more than 8 years of experience.
As far as intellectual assessment is concerned, turnover rate is stable across
deciles of cognitive and non-cognitive scores, except for the bottom of the
distributions, where it is larger for quits. Thus, it is the teachers with the very
worst abilities that are more likely to leave the profession, partly offsetting
the documented by others decline in skills among inflowing teachers.
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Figure 1. Teacher quality by student GPA.
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Figure 3. Turnover over time for teachers with and without university degree.
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Figure 4. Experience, intellectual assessment and teacher turnover.
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In sum, the descriptive evidence suggests that there is a substantial heteroge-
neity in teacher turnover with respect to teacher quality, irrespectively
whether it is measured as formal education, tenure in teaching or intellectual
and behavioral assessments. There are also differences in teacher quality
across school characteristics i.e., teachers of different quality tend to cluster
at schools with particular observable characteristics.

Table 1 presents the descriptive statistics of variables used in the econo-
metric analysis. Panel A presents three turnover measures, panel B presents
teacher quality measures, panel C presents personal and pecuniary character-
istics, while panel D presents average school-level characteristics. Total
turnover rate, is at 12.5%, which is lower than the overall turnover rate in all
the occupations in Sweden (Edin et al., 2009). This could be driven by the
fact that people who invest heavily in occupation-specific human capital
(teaching) may have lower turnover rates in general. Although the quit rate
in Sweden is larger than in Norway, these two countries share a common
feature that the outflow from teaching is larger than the mobility within the
profession. In the US registry data from Texas, Hanushek et al. (2004) find
the opposite pattern (i.e., there is higher mobility within teaching rather than
out of the profession). In panel B experience and university indicator are
based on the whole sample of 525 076 observations from 2703 schools."”
However, the intellectual assessment measures are based on the sample of
native males, born prior to 1951 and drafted prior to 1970 with available data
contributing 115 350 observations from 2628 schools. In the analyzed
schools 67% of teachers are university graduates with an average experience
of 11.5 years and scores of 64 and 60 points on a standardized 0-100 scale
for cognitive and non-cognitive assessments, respectively.

In Swedish schools 56% of teachers are women, 6.8% come from non-
Nordic countries, 20.8% are employed on temporary contracts and their av-
erage yearly earnings equals to 221 866 SEK. There is 15.6% science, 13.8%
vocational and 6.6% remedial education teachers.' The fraction of teachers
employed in private schools during the studied period rose from around 2%
in 1996 to 10.5% in 2005. The student-teacher ratio in full time equivalence,
which can be seen as proxy for school resources, is 11.5% and the average
number of pupils is 574." There is on average 8.3% non-Nordic immigrants

17 Teacher experience is not available for all years, and thus, I use the predicted experience in
the analysis. In particular, since the teacher registries date back to 1979 I explore this feature
to construct the “in teaching predicted experience” variable. I create a panel of all teachers
between 1979 and 2006 and link it to population enlistment data between 1985-2006 in order
to obtain teacher’s birth date. I then use all this information and tenure data provided in the
later registries (since 1999 onwards) to construct the predicted measure of experience.
'8 Remedial education teacher (Speciallarare) works with students in need of special assis-
tance concerning learning and development. Special education teachers focus on either lan-
guage or mathematics.

Number of students in lower-secondary school is measured as the sum of pupils attending
grades 7 to 9 and it is provided in compulsory school registry by Statistics Sweden. Number
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in Swedish schools. This number is larger than the one reported for Norway
(Falch and Strem, 2005).

Table 1. Descriptive statistics.

Standard devia-

Variable Mean .
tion
Panel A: Teacher turnover
Total mobility 0.125 (0.331)
Within profession mobility 0.051 (0.220)
Out of profession mobility 0.074 (0.262)
Panel B: Teacher quality
Experience 11.445 (7.778)
University graduate 0.674 (0.469)
Cognitive test score*® 0.641 (0.244)
Non-cognitive test score* 0.603 (0.273)
Panel C: Personal and pecuniary characteristics
Female 0.562 (0.496)
Foreign 0.068 (0.251)
Married 0.573 (0.495)
Upper secondary 0.437 (0.496)
Private 0.056 (0.230)
Science 0.156 (0.363)
Vocational 0.138 (0.345)
Remedial 0.066 (0.249)
Temporary 0.208 (0.406)
Workload 86.488 (23.273)
Log yearly earnings (1000SEK) 5.290 (0.586)
Panel D: School characteristics
Share of girls 0.482 (0.100)
Share of foreign students 0.083 (0.086)
Student-teacher ratio in full time equivalence 11.511 (3.241)
Number of students/100 5.739 (4.574)
Students’ parents income in 1000SEK 380.201 (96.397)
. Student’s percentiled GPA .. A8175 ______(6708) ____
N 525076
Note: mean values, standard errors in parentheses.
*N=115350

5 Main results

The estimates presented in this section correspond to the model outlined in
section 3.3. I estimate a binary linear regression model with county-by-year
fixed effects where the dependent variable equals to unity if the teacher
leaves a particular school from year t to year t+1, and zero otherwise.® The
results are presented in table 2. Column (1) shows the raw correlation be-
tween the total turnover and teacher quality measured by university gradua-
tion and experience. Column (2) adds individual characteristics to the esti-
mates from column (1). Column (3) provides estimates, including both indi-
vidual and school level covariates. Column (4) adds yearly earnings to the
specification from column (3). This allows me to understand if the differ-

of students in upper secondary school is measured based on the registry of students enrolled in
§0rades 1 to 3 in upper secondary schools.

Specifications with only year, or only county, or only year and county, or using municipali-
ty instead of county fixed effects has also been estimated and yield similar results. Including
school fixed effects removes some of the variation that is of interest in the heterogeneity
analyses presented in this paper.

62



ences in mobility by education and experience are driven by differences in
earnings. At the same time, earnings are also a teacher quality measure, and
thus the contribution of having higher education or more experience holding
earnings constant is not trivial to interpret. Therefore, in the heterogeneity
analysis I do not condition on earnings and use the specification from col-
umn (3).

Table 2. Main results using university education and experience. The dependent
variable is equal to unity if the teacher changes job.

(1) (2 3) @

VARIABLES Mobility Mobility Mobility Mobility
University graduate -0.040%%** -0.005%** -0.004** -0.002

(0.002) (0.001) (0.001) (0.001)
Experience -0.009%*** -0.004*** -0.004%** -0.003%%**
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, (0.000) _______(0.000) ______(0.000) ______(0.000) __
R-squared 0.060 0.132 0.133 0.140
Observations 525,076 525,076 525,076 525,076
Personal characteristics X X X
School characteristics X X
Log-earnings X

Note: Standard errors clustered at school level (*** p<0.01, ** p<0.05, * p<0.1). All regressions include county-by-year fixed effects.
Personal characteristics include: gender, immigration status, marital status, indicators for science, vocational and remedial specialization,
indicator for temporarily employed, workload, indicators for upper secondary and private school teachers. School characteristics include:
student-teacher ratio in full time equivalence, number of students and its square, indicator for schools with less than 100 students, share of
girls and immigrants at school, mean percentiled student GPA and mean parental income. All regressions corrected for school mergers and
dissolutions as well as for mobility in grades below 7™ that teachers work with.

The results from columns (1) to (3) suggest that schools in Sweden do not
lose university educated and experienced teachers, as both of the coefficients
are negative and significant. An additional year of experience is associated
with 0.3 to 0.9 percentage points (pp) lower mobility while holding universi-
ty diploma is associated with 0.4 to 4.0 pp lower mobility depending on the
specification. In columns (2) and (3) the coefficient on university education
decreases about 10 folds in comparison to column (1) and these changes are
virtually entirely driven by accounting for temporary employment status.
This likely is due to the Swedish institutional setting, where permanent con-
tracts typically are given only to teachers who have a university degree.
When the earnings are added (column (4)) both coefficients decrease even
more and the coefficient on university education becomes insignificant. This
could mean that principals may have a scope for changing the mobility be-
havior of teachers of different quality through manipulation of monetary
compensations and type of employment, but since this paper documents only
descriptive associations there may well be other explanations to the observed
pattern. If these job attributes can help retain experienced and educated
teachers, then one would expect the estimates of teacher quality to be weaker
when the controls are added into the model.”

21 T have also estimated models for public schools only using monthly wages. The results are
similar to these reported in column (4) i.e., they yield an insignificant and close to zero coeffi-
cient on university education and a negative 0.3 pp estimate on experience. Since the infor-
mation on monthly wages is available only for public school teachers and the main results
using both compensation measures are similar then the analyses in this paper use earnings. [

63



It is a question of general interest, how individuals’ intellectual capacities
affect their decisions to change jobs. Table 3, in columns (1) to (4), re-
estimates the specifications from table 2, while substituting education and
experience by cognitive and non-cognitive test scores. In columns (5) and
(6) I re-estimate specifications from columns (3) and (4) while controlling
for education and experience. This allows me to understand the value-added
from using the intellectual skills measures as compared to measures typically
used in the literature. Panel A estimates association between non-cognitive
skills and turnover unconditional on cognitive skills while panel B uses cog-
nitive skills unconditional on non-cognitive skills. In panel C I include both
measures simultaneously.

Results in columns (1) to (3) suggest a negative relationship between a
propensity to leave current employment and both cognitive and non-
cognitive skills with larger estimates for the former measure. This associa-
tion is estimated to be between 4.7 and 0.9 pp depending on the specification
and measure. In column (4) where I include earnings both coefficients de-
crease and only the estimate on non-cognitive skills remains significant.
Estimates from column (5) suggest that controlling for teacher education and
experience captures well the set of skills related to cognition, however, these
measures are not so effective in terms of non-cognitive capabilities. Even
when controlling for education, experience and cognitive skills I still find a
significant and negative correlation of 1.0 pp between teacher mobility and
non-cognitive skills. This is filtered out in column (6) where I also control
for earnings but as it has been noted in the first paragraph of section 5 these
results are not trivial to interpret given the fact that earnings itself is a meas-
ure of teacher quality.

Finally, I can only observe mobility if teachers leave their school from
one year to another, however, it may be questioned whether this mobility is
voluntary or not. In particular, there can be reshuffling of teachers between
schools in municipality due to the fact that employment protection is based
on an employment in municipality and not at the school (this naturally does
not apply to privately owned institutions). It could also be the case that if one
school has an opening for a teacher and there are other schools in the same
municipality laying off teachers, there might be bargaining and reshuffling
of teachers within the municipality. To address this issue I restrict the analy-
sis to the sample of municipalities that never experienced reductions in the
teacher stock by more than 5% over the studied period.

Tables Al and A2 in the appendix present the estimation results using the
sample described above and the specifications from tables 2 and 3. The sam-
ple size is reduced around four-fold, however, the majority of the results
using education and experience remain unchanged. Unlike in table 3, how-

have also estimated models where the two quality measures are included separately, and the
conclusions do not change. These are available upon request.
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ever, the estimates on cognitive and non-cognitive skills in this restricted
sample become mostly insignificant but very similar quantitatively. Thus,
the lack of significance should rather be associated with increased standard
errors due to reduction in sample size than with sample selection and chang-
es in point estimates. Overall, these estimates suggest that the differences in
mobility for teachers of different quality should not be driven by selective
lay-offs when schools are down-sizing.

Table 3. Main results using cognitive and non-cognitive assessment. The dependent
variable is equal to unity if the teacher changes job.

(1) (2) (3) “) (5) (6)
VARIABLES Mobility Mobility Mobility Mobility Mobility Mobility
Panel A: Non-cognitive assessment unconditional on cognitive score
Non-cognitive score -0.039%** -0.014%** -0.014%%* -0.008%** -0.01 1#** -0.007
R 0.005) 0.004) 0.004) 0.004) ____(0.004) (0.004)
R-squared 0.011 0.116 0.117 0.129 0.122 0.131
Panel B: Cognitive assessment unconditional on non-cognitive score
Cognitive score -0.047%%* -0.012%* -0.011%* -0.007 -0.003 -0.003
e (0.005)_____(0:005)____(0.005)_____(0.005)_____(0.005) ___(0.005)__
R-squared 0.011 0.116 0.117 0.129 0.122 0.131
Panel C: Both scores included.
Non-cognitive score -0.033%** -0.013%%* -0.013%** -0.008* -0.010%* -0.006
(0.005) (0.004) (0.004) (0.004) (0.004) (0.004)
Cognitive score -0.041 *** -0.010** -0.009* -0.006 -0.002 -0.002
e (0005 (0.005)____(0.005)_____(0.005) ____(0.005) __(0.005)_
R-squared 0.012 0.116 0.117 0.129 0.122 0.131
Observations 115,350 115,350 115,350 115,350 115,350 115,350
Personal characteristics X X X X X
School characteristics X X X X
Log-earnings X X
University and experience X X

Note: Standard errors clustered at school level (*** p<0.01, ** p<0.05, * p<0.1). All regressions include county-by-year fixed effects.
Personal characteristics include: marital status, indicators for science, vocational and remedial specialization, indicator for temporarily
employed, workload, indicators for upper secondary and private school teachers. School characteristics include: student-teacher ratio in full
time equivalence, number of students and its square, indicator for schools with less than 100 students, share of girls and immigrants at
school, mean percentiled student GPA and mean parental income. All regressions corrected for school mergers and dissolutions as well as for
mobility in grades below 7™ that teachers work with.

6 Heterogeneity analysis

So far the evidence suggests that schools in Sweden experience lower turno-
ver rates of high skilled teachers, which is true both for the whole population
and for the sample of schools where we shut down the potential for selective
lay-offs. In the heterogeneity analyses, I give insights on how the high quali-
ty teachers match to the most disadvantaged schools. In particular, I analyze
if teachers of different quality differ in the probability to leave schools with
certain characteristics. For instance, high quality teachers may be more
prone to leave schools with higher shares of minorities or schools with lim-
ited financial resources. The quality in table 4 is measured by education and
experience, while in table 5 by cognitive and non-cognitive assessments.
University educated teachers tend to leave the private sector with higher
likelihood, which works against the common perception that private schools
cream skim the best teachers from the market (p-value: 0.028). It is also the
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highly educated for whom I find association between mobility and student
quality (p-value: 0.000). Identical conclusion holds for school resources
measured by student-teacher ratio in full-time equivalence. As far as experi-
ence is concerned, there is no significant positive correlation between mobil-
ity and working in private sector only among the least experienced teachers.
The coefficient on student quality is insignificant also only for the least ex-
perienced individuals. Finally, unlike Hanushek et al. (2004) I do not find
any relationship between the share of minorities at school and teacher mobil-
ity for teachers with different education or experience. This supports find-
ings from Karbownik (2013) who found only scarce and heterogeneous evi-
dence of increased teacher turnover in schools with high minority enroll-
ment.

Table 4. Heterogeneity analyses in education and experience. The dependent varia-
ble is equal to unity if the teacher changes job.

(M @ (3) “) (%) (6) (M ®)

University graduate Years of experience
VARIABLES Yes No 0-2 3-5 6-10 11-15 16-20 20+
Share of -0.007 0.031 -0.009 0.031 0.029 0.037 -0.004 0.007
immigrants (0.015) (0.025) (0.029) (0.026) (0.023) (0.026) (0.019) (0.016)
GPA -0.001*** -0.000 -0.001 -0.001**%* — -0.001**  -0.001*** -0.001*** -0.001***

(0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
Mean parental -0.000 -0.000 -0.000* -0.000 -0.000 0.000 0.000 -0.000
income (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
Private school 0.040%#%  0.024%** -0.000 0.021** 0.022%*%  (0.039%**  0.031***  0.038%**
teacher (0.006) (0.008) (0.010) (0.009) (0.007) (0.009) (0.010) (0.009)
Student-teacher ~ -0.001*** 0.000 0.000 0.001* -0.001 -0.001 -0.002%*#* -0.001
ratioFTE _ (0.000) __(0.000) __ (0.001) __(0.001) ___(0.001) ___(0.00h) __(0.001) __ (0.001)
R-squared 0.101 0.137 0.097 0.084 0.079 0.064 0.050 0.049
Observations 354,121 170,955 82,691 92,260 85,799 65,023 117,402 81,901

Note: Standard errors clustered at school level (*** p<0.01, ** p<0.05, * p<0.1). All regressions include county-by-year fixed effects.
Personal characteristics include: gender, immigration status, marital status, indicators for science, vocational and remedial specialization,
indicator for temporarily employed, workload, indicators for upper secondary and private school teachers. School characteristics include:
student-teacher ratio in full time equivalence, number of students and its square, indicator for schools with less than 100 students, share of
girls and immigrants at school, mean percentiled student GPA and mean parental income. All regressions corrected for school mergers and
dissolutions as well as for mobility in grades below 7™ that teachers work with.

Table 5. Heterogeneity analyses in cognitive and non-cognitive assessment. The
dependent variable is equal to unity if the teacher changes job.

1) ) 3) “)
VARIABLES Cognitive score Cognitive score Non-cognitive score Non-cognitive score
below median above median below median above median
Share of immigrants 0.060 0.031 0.053 0.027
(0.039) (0.028) (0.033) (0.029)
GPA -0.000 -0.001*** -0.001 -0.001%*
(0.001) (0.000) (0.000) (0.000)
Mean parental income -0.000 -0.000 -0.000 -0.000
(0.000) (0.000) (0.000) (0.000)
Private school teacher 0.026%* 0.027%*** 0.014 0.038***
(0.012) (0.008) (0.010) (0.009)
Student-teacher ratio FTE 0.000 -0.001 -0.000 -0.001
____________________________ ©o00h ooy _________©oony ___________(©00h)
R-squared 0.125 0.115 0.135 0.106
Observations 34,071 81,279 50,091 65,259

Note: Standard errors clustered at school level (*** p<0.01, ** p<0.05, * p<0.1). All regressions include county-by-year fixed effects.
Personal characteristics include: marital status, indicators for science, vocational and remedial specialization, indicator for temporarily
employed, workload, indicators for upper secondary and private school teachers. School characteristics include: student-teacher ratio in full
time equivalence, number of students and its square, indicator for schools with less than 100 students, share of girls and immigrants at
school, mean percentiled student GPA and mean parental income. All regressions corrected for school mergers and dissolutions as well as for
mobility in grades below 7™ that teachers work with.
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In table 5 I focus on the relationship between job characteristics and teacher
turnover for teachers from different parts of intellectual assessment distribu-
tion. In particular, columns (1) and (3) report results for individuals below or
equal to the median, while columns (2) and (4) report results for individuals
above the median. Working in the private sector is equally associated with
higher mobility among high and low cognitive abilities teachers, yet it is
only positively correlated with mobility of high non-cognitive ability teach-
ers (p-value: 0.021). Furthermore, table 5 again suggests no relationship
between share of minorities and turnover. This is reassuring, as the disadvan-
taged schools in Sweden do not seem to lose their highly educated, experi-
enced and skilled teachers. Finally, the negative association between mobili-
ty and student quality is confirmed for both above median cognitive and
non-cognitive aptitude.

Table 6. Teacher quality and school types. The dependent variable is equal to unity
if the teacher changes job.

(O] ()] 3) “4)
VARIABLES Lower secondary Upper secondary Public Private
Panel A: University education and experience measures
University graduate -0.005%%** 0.001 -0.003** 0.003
(0.002) (0.002) (0.001) (0.006)
Experience -0.004*** -0.003 %% -0.004#** -0.004%#**
____________________________ 0000 (0000) (0000 (0000)
R-squared 0.144 0.128 0.137 0.096
Observations 295,454 229,622 495,556 29,520
Panel B: Non-cognitive and cognitive measures
Non-cognitive score -0.023%** -0.001 -0.014%%* 0.012
(0.006) (0.006) (0.004) (0.017)
Cognitive score -0.006 -0.010 -0.008 -0.019
____________________________ ©007) 0007 (0005 (0019
R-squared 0.132 0.113 0.122 0.103
Observations 58,567 56,783 107,020 8,330

Note: Standard errors clustered at school level (*** p<0.01, ** p<0.05, * p<0.1). All regressions include county-by-year fixed effects.
Personal characteristics include: gender, immigration status, marital status, indicators for science, vocational and remedial specialization,
indicator for temporarily employed, workload, indicators for upper secondary and private school teachers. School characteristics include:
student-teacher ratio in full time equivalence, number of students and its square, indicator for schools with less than 100 students, share of
girls and immigrants at school, mean percentiled student GPA and mean parental income. All regressions corrected for school mergers and
dissolutions as well as for mobility in grades below 7™ that teachers work with. Regressions in panel B exclude gender and immigrant
indicator as intellectual assessment is available only for native males. Columns (1) and (2) exclude high school indicator from regressions
while columns (3) and (4) exclude private school indicator from regressions.

Since the 1990s there has been a heated discussion in the public debate and
among researchers regarding allowing private sector to the public schooling
system. Researchers assessed the influence of such changes on student
(Ladd, 2002; Sandstrom and Bergstrom, 2005; Hsieh and Urquiola, 2006)
and teacher (Hoxby, 2002; Hensvik, 2012; Jackson 2012) outcomes. Kar-
bownik (2013) documents differences in turnover rates between private and
public school teachers in Sweden. Furthermore, both tables 4 and 5 suggest
that teachers of different quality experience differences in mobility depend-
ing on whether they work in private or public institution. Table 6 studies
differences in mobility for different measures of teacher quality and different
types of schools. In particular, columns (1) and (2) present differences be-
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tween lower and upper secondary schools and columns (2) and (4) illustrate
differences between public and private sector.”

Significant negative coefficient on university educated teachers is present
only in lower secondary and public schools. In the former case, I can statisti-
cally reject the difference between lower and upper secondary school esti-
mates (p-value: 0.055), however, in the latter case I am unable to reject the
equality of estimates for public and private institutions (p-value: 0.306).
These results might be driven by the fact that university graduates in public
schools are different from those in private schools. Statistical investigation
confirms that among university graduates those teaching in private schools
differ significantly from those working in public schools as far as observable
socio-economic characteristics are concerned. Nevertheless, even if these
correlations are driven by selection into different sectors, they still should
draw an attention of policy makers. The estimates on experience are similar
for both school types and levels. Finally, I find strong and significant nega-
tive relationship between non-cognitive aptitude and mobility for lower sec-
ondary schools (p-value: 0.007). Similarly, I find a negative 1.4 pp associa-
tion for public schools and I can reject that it is equal to insignificant but
positive estimate for private schools (p-value: 0.086). Table 6 shows no dif-
ferences in terms of cognitive skills.

The models used so far pool all destinations of teachers leaving the school
together, however, there is research indicating that the correlations with
teacher characteristics differ depending on the destination (Lankford et al.,
2002). To investigate whether the relationship between teacher quality and
teacher turnover depends on destination, I estimate the baseline specifica-
tions from tables 2 and 3 separately for mobility within teaching profession
as well as out-of-teaching to a different occupation. Panel A reports esti-
mates based on the specification from column (3) in table 2, while panel B
reports estimates based on the specification from column (3) in panel C in
table 3.

University educated teachers are more likely to change jobs within teach-
ing, than leave for alternative occupations. Similar pattern can be observed
as far as experience is concerned, however, here both coefficients in the
within and out-of-profession mobility regressions are negative with the one
on quits being significantly larger. There is no significant relationship be-
tween cognitive skills and either type of mobility. I do, however, find a sig-
nificant and negative association between non-cognitive skills and both mo-
bility measures. These coefficients are of similar magnitude and cannot be
statistically distinguished from one another. Thus, I conclude that better

22 This distinction is of interest as Karbownik (2013) shows that although there is no relation-
ship between minorities and turnover rate in lower secondary and public schools, it is signifi-
cant and positive at the upper secondary level and in private schools.
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teachers are less likely to leave the profession and this is most pronounced in
terms of formal education.

Table 7. Analyses by different destinations.

(1) ()
VARIABLES Within Quit
Panel A: University education and experience measures
University graduate 0.013%*** -0.017***
(0.001) (0.001)
Experience -0.001 *** -0.003***
______________________________________________ ©000) _______.____.___..__(0000)
R-squared 0.032 0.108
Observations 525,076 525,076
Panel B: Non-cognitive and cognitive measures
Non-cognitive score -0.007%%%* -0.006*
(0.003) (0.003)
Cognitive score -0.003 -0.006
______________________________________________ ©003) .00
0.027 0.099
115,350 115,350

Note: Standard errors clustered at school level (*** p<0.01, ** p<0.05, * p<0.1). All regressions include county-by-year fixed effects.
Personal characteristics include: gender, immigration status, marital status, indicators for science, vocational and remedial specialization,
indicator for temporarily employed, workload, indicators for upper secondary and private school teachers. School characteristics include:
student-teacher ratio in full time equivalence, number of students and its square, indicator for schools with less than 100 students, share of
girls and immigrants at school, mean percentiled student GPA and mean parental income. All regressions corrected for school mergers and
dissolutions as well as for mobility in grades below 7™ that teachers work with. Regressions in panel B exclude gender and immigrant
indicator as intellectual assessment is available only for native males.

Figure 5. Leaving the profession and teacher quality - estimates over time. Universi-
ty education and experience.

Estimate
-01
Estimate
-.002

-.02

)
3

1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005
Year Year

Estimate —--—- 95% confidence interval [

Estimate -—---- 95% confidence interval

In their paper, Gronqvist and Vlachos (2008) document a declining quality
of new teachers entering the profession in Sweden. In this research, I show
that this decline in teacher quality is partly offset by a lower tendency for
high-quality teachers (educated and experienced) to quit teaching. This ten-
dency stayed roughly constant over time for university education and intel-
lectual measures, with the former one being consistently negative and the
latter two bouncing around zero (figures 5 and 6). It is, however, becoming
less and less negative in terms of experience. In fact, between 1996 and 2005
the association between quitting teaching and experience decreased by a
half. Finally in this paper, I focus on teacher quality conditional on the selec-
tion into teaching and show that among the pool of teachers who decide to
pursue a teaching career it is the lower skilled ones who exit. My results do
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not give any insight about the total population of potential teachers, and in
that sense cannot be directly compared to Fredriksson and Ockert (2007)
who show that individuals with higher abilities do not enter teaching profes-
sion after teacher’s training.

Figure 6. Leaving the profession and teacher quality - estimates over time. Cogni-
tive and non-cognitive skills.
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7 Conclusions

The contemporary literature on the teacher mobility lacked a detailed study
relating turnover rates to teacher quality. Although high turnover rates may
state a problem to some schools, principals (and students) are probably more
concerned about the quality of teachers leaving the school. In particular,
losing skilled teachers may be especially problematic for schools with many
disadvantaged students. This paper attempts to fill in this gap in the literature
on teacher turnover using unusually rich data on teacher skills for Swedish
secondary school teachers covering years 1996/1997 to 2006/2007.

The results indicate that in Sweden schools do not seem to lose university
educated and experienced teachers, and such teachers also do not leave the
profession. In particular, teachers with high non-cognitive skills are less
likely to change employers. This suggests that the drop in teacher quality
documented by others is partly offset by lower tendency for high-quality
teachers to leave the profession. I do not find any support for the common
view that schools serving minority students experience high turnover rates
and outflow of high quality pedagogues. There is no evidence that a higher
share of minority enrollment correlates positively with quits of high quality
teachers. Finally, a somewhat speculative interpretation of the results is that
it may be possible to influence teacher’s mobility decision through changes
in their monetary compensations or type of employment.
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Appendix
Tables

Table Al. Estimation results on a sample of municipalities with limited reductions
in teacher stock. The dependent variable is equal to unity if the teacher changes job.

(1) (2) 3) “)
VARIABLES Mobility Mobility Mobility Mobility
University graduate -0.04 1 #%* -0.010%** -0.009%%** -0.007**
(0.004) (0.003) (0.003) (0.003)
Experience -0.009%*** -0.004*** -0.004%** -0.003%**
_______________________________________ (0.000) _______(0000) _______ (0000 ______ (0000 __
R-squared 0.060 0.137 0.138 0.146
Observations . 129275 129275 ] 129275 ] 129275 ___.
Personal characteristics X X X
School characteristics X X
Log-earnings X

Note: Standard errors clustered at school level (*** p<0.01, ** p<0.05, * p<0.1). All regressions include county-by-year fixed effects.
Personal characteristics include: gender, immigration status, marital status, indicators for science, vocational and remedial specialization,
indicator for temporarily employed, workload, indicators for upper secondary and private school teachers. School characteristics include:
student-teacher ratio in full time equivalence, number of students and its square, indicator for schools with less than 100 students, share of
girls and immigrants at school, mean percentiled student GPA and mean parental income. All regressions corrected for school mergers and
dissolutions as well as for mobility in grades below 7™ that teachers work with. Sample reduced to municipalities, which do not experience
reductions in teacher stock of more than 5% over the studied period.

Table A2. Estimation results on a sample of municipalities with limited reductions
in teacher stock. The dependent variable is equal to unity if the teacher changes job.

1) (2 (3) “) (%) (6)
VARIABLES Mobility Mobility Mobility ~ Mobility  Mobility  Mobility
Panel A: Non-cognitive assessment unconditional on cognitive score
Non-cognitive score -0.040%*** -0.010 -0.011 -0.006 -0.008 -0.004
e 0.010) ____ (0.008) (0.008) ___(0-008) __(0.008) __(0.008)
R-squared 0.013 0.125 0.127 0.140 0.131 0.142
Panel B: Cognitive assessment unconditional on non-cognitive score
Cognitive score -0.039%** -0.008 -0.007 -0.002 0.002 0.002
R (0.012)____ (0.010) ___(0.010) ___(0010)___(0.010)___(0.010) .
R-squared 0.013 0.125 0.127 0.140 0.131 0.142
Panel C: Both scores included.
Non-cognitive score -0.035%%* -0.010 -0.011 -0.006 -0.009 -0.005
(0.010) (0.009) (0.009) (0.008) (0.008) (0.008)
Cognitive score -0.033%** -0.007 -0.005 -0.001 0.003 0.003
R 0.012) ___(0010) ___(0.010) ___(0010) __(0.010) __(0.010) _
R-squared 0.014 0.125 0.127 0.140 0.131 0.142
Observations 28,874 28,874 28,874 28,874 28,874 28,874
Personal characteristics X X X X X
School characteristics X X X X
Log-earnings X X
University and experience X X

Note: Standard errors clustered at school level (*** p<0.01, ** p<0.05, * p<0.1). All regressions include county-by-year fixed effects.
Personal characteristics include: marital status, indicators for science, vocational and remedial specialization, indicator for temporarily
employed, workload, indicators for upper secondary and private school teachers. School characteristics include: student-teacher ratio in full
time equivalence, number of students and its square, indicator for schools with less than 100 students, share of girls and immigrants at
school, mean percentiled student GPA and mean parental income. All regressions corrected for school mergers and dissolutions as well as for
mobility in grades below 7" that teachers work with. Sample reduced to municipalities, which do not experience reductions in teacher stock
of more than 5% over the studied period.

Details of sample construction

I construct the sample of lower and upper secondary school teachers for the
school years 1996/1997 to 2006/2007. The information about teachers comes
from the teacher registry and the analysis focuses on teachers working in
grades 7-9 (lower secondary school) of compulsory education and in grades
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1-3 (upper secondary school) of secondary education. The reason for restrict-
ing the analysis to these grade levels, is that I lack information on student
characteristics for lower levels. Teachers who are on unpaid leave of absence
or whose workloads are zero hours (i.e., they do not perform any pedagogi-
cal duties) are excluded from the analysis. Such teachers are treated neutrally
in terms of mobility if they come back after the absence period to the same
school. Similarly, I exclude teachers who are employed as principals, study
counselors etc. In each year if a teacher has multiple entries in the registry,
the observation with the highest workload is selected irrespectively whether
it is at the same or at different schools.” The teacher registry is a high quality
data set, that allows recovering information on school location (unique iden-
tifier), school ownership and type, teacher certification, workload, employ-
ment type (temporary vs. permanent), education and position. The construc-
tion of teaching experience is presented in the descriptive statistics section.

Teachers are grouped into either lower or upper secondary education and
teachers working in grades 7-9 are recovered by merging the teacher registry
to the pupil registry via unique school identifier. There exist schools with
more grades covered under the same school identifier (i.e. 1-9 or 4-9) and
one possible source of bias would be, for instance, relating teachers who
work with students in grades 1-3 to school characteristics measured for stu-
dents in grades 7-9. Since I have information about the grades in which
teachers work I address this issue by excluding teachers coded as primary
(grades 1-3) and middle (grades 4-6) school teachers. Such a procedure does
not solve the problem completely as some teachers (arts or music) are not
necessarily coded by grades. Thus, I may still include some miscoded teach-
ers, however, the share of miscoded teachers is likely low. Nonetheless, each
included school serves grades 7-9 and only turnover between such schools is
considered at lower secondary level.

Teachers are then linked (using unique identifier) to population registry,
which covers all individuals living in Sweden. The population registry is a
high quality data set that allows recovering information on gender, marital
status, age, family composition (using unique family identifier), immigration
history, education and income. Income is measured as a gross salary plus
income from business and self-employment plus any work-related allowanc-
es. Investment losses are not included, and thus, income is lower-bounded at
zero. The analysis is restricted to teachers aged 25-58 years, to abstract from
mobility driven by educational attainment and retirement decisions.

The earnings registry often contains multiple entries per individual, which
reflect different sources of labor compensations but are uniquely identifiable
based on establishment identifier. This poses linking problem for individuals
with multiple entries as [ may miss-assign earnings from different establish-

2 The workload of teachers having multiple positions at the same school is not summed and
the highest workload position is selected.
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ment to a particular school code. Since there is no direct link between unique
school code and establishment identifiers, | create such a link using a mode
rule. In particular, based on the individuals with only one record I define
most often occurring establishment identifier for each school code. I then use
this data to resolve matching of individuals with multiple earnings entries.

The students’ characteristics are based on “school in” and “school out”
pupil registries. The lower secondary school composition is based on out-
going students. The quality of students in lower secondary school is meas-
ured based on their 9" grade outgoing grades. The measure is calculated for
year t as a mean percentiled GPA from cohorts graduating in years t+1, t+2
and t+3.

The upper secondary school composition is based on all the students that
are in a given school in a particular year. The quality of students in upper
secondary school is measured based on their 9™ grade grades. The main ad-
vantage of using lower secondary school grades as a measure of upper sec-
ondary school quality is that it is largely exogenous to upper secondary
school teachers. I match these students to their parents using unique family
identifier and obtain the family level socioeconomic indicator i.e. mean pa-
rental income.

The enlistment registry covers period 1969 to 2006 and provides infor-
mation on cognitive and non-cognitive assessments. Each of the parts that
contribute to a final cognitive score is graded on 1 to 9 scale, and the final
score is given in the same format. To make the variable more continuous and
utilize all the information I predict the final score using its separate compo-
nents. I obtain a variable with mean 97.4 and standard deviation of 23.7. The
non-cognitive score is based on 1 to 9 scale and each of the four contributing
personality traits is rated on 1 to 5 scale. Here again, I utilize all this infor-
mation and I predict the final score using separate components. Then, I per-
centile rank all the male, native individuals by type of assessment and year
of draft. This procedure yields ranking of individuals in every test in every
draft year for the whole tested population. The data is linked to teacher regis-
try via unique personal identifier and scores are assigned to native, male
teachers for whom the data is available.

Finally, having data with teachers and students I match the two using a
unique school identifier. Naturally since the mobility itself is a lagged varia-
ble school year 2006/2007 is dropped from the analysis. The final sample
includes 136 100 teachers and 622 453 person—year observations. I exclude
the following observations from the sample: very small schools with number
of teachers in full time equivalence less than 3 (5 170 observations), teachers
that are below 25 years old (8 370 observations), teachers that are above 58
years old (82 298 observations), and schools with the number of students
less than 15 (1 539 observations). The final sample consists of 121 580
teachers, 2703 unique schools and 525 076 person-years. Applying the intel-
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lectual assessment sample restriction further reduces the sample to 26 235
teachers, 2628 unique schools and 115 350 teacher-years.
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Essay 3

Do changes in student quality affect teacher
mobility? Evidence from an admission reform
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1 Introduction

Many educational interventions such as student busing, school choice or
changes in admission policies impact the composition of students in schools.
The interventions have been motivated by the idea that it could be beneficial
for certain groups of students to meet better peers while keeping constant
other inputs of the education production function." This hypothesis relies
heavily on the assumption that inputs of the educational production function
are exogenous to student characteristics. It is quite possible, however, that
low-performing students impose a heavier burden on teaching. Thus, if
changes in student composition affect other factors of input such as teacher
quality or school resources (Hanushek, 1986), then polices aimed at chang-
ing the peer group composition in schools may have unintended conse-
quences.

In this paper, I study how exogenous changes in student composition af-
fect teacher mobility. In particular, I investigate whether teachers who expe-
rience an inflow of high quality students are less likely to quit their jobs in
comparison to teachers who face an inflow of lower quality students. Multi-
ple correlational studies suggest that teacher mobility is negatively related to
pupil quality.” At the same time, we know relatively little about whether this
descriptive relationship can be given a causal interpretation, with the excep-
tion of a busing policy study by Jackson (2009). However, due to the nature
of the policy, he focuses primarily on racial sorting, which only has a sec-
ondary relationship with student quality.’

Uncovering the causal relationship between student quality and teacher
mobility should be a central priority for policy makers for two reasons. First,
if worse quality students induce teachers, particularly of high quality, to
leave their schools, then the problem with an inflow of less able students
may be reinforced by higher teacher turnover and by unfavorable sorting of
teachers. Second, the potential positive effects of policies aimed at reshuf-
fling students between schools may be dwarfed by teacher mobility if high
quality teachers leave in response to an inflow of low quality pupils. Hoxby
(2002) shows that school choice creates a more high-powered incentive en-
vironment within the teaching profession and requires teachers to have high-
er levels of human capital and effort in return for higher marginal wages for
such characteristics. In other words, it is possible that, on the margin,

! Examples of policies that lead to reshuffling of peers are: increased freedom in school
choice (Cullen et al, 2006); school voucher programs (Hsiech and Urquiola, 2006); student
busing (Jackson, 2009); increased competition from the private sector (Jackson, 2012;
Hensvik, 2012); changes in school admission policies (Soderstrom and Uusitalo, 2010); and
court-ordered desegregation (Reber, 2005).

% For example: Hanushek et al. (2004) for Texas; Falch and Strem (2005) for Norway; Scafidi
et al. (2007) for Georgia (US); Karbownik (2013) for Sweden.

* A third quasi-experimental study in the relevant literature is Feng et al. (2010), who study
the effects of changes in school resources on teacher mobility.
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schools enrolling more high quality students face pressure to retain high
quality and fire low quality teachers. At the same time, schools that are ad-
versely shocked may not be able to keep their best teachers, thus lowering
the school quality even more.

I explore a major reshuffling of students induced by an admission reform
introduced in the municipality of Stockholm, Sweden, in the fall of 2000.
Prior to the reform, students applied only for a program and their grades
from lower secondary school determined admission. Students could state
their preferences for the school they would like to attend, but those living
closest to a school had priority. Thus, although the program choice included
an element of school choice, it essentially limited the choice of students liv-
ing in less affluent neighborhoods as they never had a chance to be admitted
to permanently oversubscribed programs in prestigious downtown schools.*
The 2000 reform abolished all residence-based admission criteria and intro-
duced a system that is based solely on lower secondary school performance.
The reform was intended to undo the effects of residential segregation and to
give the option of attending the most prestigious schools in downtown
Stockholm to all students, irrespectively of where they lived.

I make use of rich registry data and a difference-in-differences strategy to
identify the effect of student quality on teachers’ decisions to leave their
current employment. Since the composition of students changed exogenous-
ly and teachers faced students of utterly different quality before versus after
the reform, the estimate can be treated as teacher preference for student qual-
ity, under certain theoretical assumptions on the teacher’s utility function. In
Section 7, I also consider a broader school-level perspective of the reform. In
particular, I investigate whether the reform affected schools’ hiring policies
and if it changed an individual teacher’s monetary compensation.

I find that a 10-percentile-point decline in average incoming student cre-
dentials increases 4-year separation rates by up to 9 percentage points (pp).
The effect is driven primarily by teachers switching schools rather than
teachers leaving the profession, and it is concentrated at the bottom half of
the student quality distribution. The estimated effect is statistically and eco-
nomically significant and similar across groups of teachers whose baseline
mobility is very different. Furthermore, teachers seem to react to the direct
measures of student quality. Once student credentials are taken into account,
other characteristics like immigration background become unrelated to
teacher mobility. Finally, I do not find any significant effects of changes in
student quality on an individual teacher’s earnings or school hiring policies.

* Although, Stockholm has a very well developed public transportation system, its housing
market is highly regulated. It is much easier to buy or rent a flat in a low quality neighborhood
and commute within the city than it is to get housing in an affluent location and cut down on
transportation costs and time. This feature becomes even more important if the school admis-
sion system is, for the most part, residence based.
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The reminder of the paper is organized as follows. Section 2 gives details
regarding educational institutions in Sweden: the reform, data used and iden-
tifying variation. Section 3 presents a simple theoretical framework for
teacher mobility and sets up the empirical analysis while Section 4 contains
main results. Section 5 presents sensitivity analyses, while Section 6 in-
cludes heterogeneity analyses and Section 7 extends the analysis to school-
level responses to the change in student quality. Finally, Section 8 con-
cludes.

2 Institutions, reform, data and identification

2.1 Educational institutions in Sweden

The Swedish schooling system starts with voluntary pre-school and contin-
ues with nine years of compulsory education. Lower secondary school co-
vers grades 7 to 9. The grades received in 9™ grade determine a student’s
chances to advance to upper secondary (high) school. Swedish municipali-
ties are obliged by law to provide upper secondary schooling to all students
who successfully completed compulsory education. Upper secondary school
consists of different programs, lasts three years and typically provides eligi-
bility for post-secondary education.

Private schooling is growing in Sweden and is encouraged by the gov-
ernment.’ In 1992, Sweden introduced a school voucher reform that allowed
for both non-profit and for-profit independent schools. The municipality is
obliged to pay the independent schools for each student they can attract, with
an amount corresponding roughly to the average per-student cost in the pub-
lic schools.

The teaching profession in Sweden is regulated and different qualifica-
tions are required depending on the subject taught and on the type of school.
Teaching at the secondary school level requires completing special course-
work beyond what is required from a compulsory school teacher. Individuals
from other professions who want to become teachers need to supplement
their professional degrees with a minimum of 1.5 years of preparation in
pedagogy, didactics and teaching practice. However, uncertified teachers
could also be hired on short-term contracts.

* The fraction of independent high schools has risen from 7.5% in the 1994/1995 school year
to 32.0% in the 2004/2005 school year.

® An independent school receives around 85-95% of the average per-student cost in public
schools and this amount varies from year to year. Some municipalities also have a socioeco-
nomic gradient for the school voucher. Private schooling was effectively introduced at the
lower secondary level in 1992, and at the upper secondary level in 1994 (B6hlmark and Lin-
dahl, 2007).
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Municipalities are the primary employers of teachers in Sweden, and thus,
handle the responsibility of recruiting them.” In practice, however, the deci-
sions regarding recruitment, selection and employment of a teacher are made
at the school level by a principal. Finally, teacher wages are determined at
the local level through individual bargaining between a teacher and a princi-
pal, given the collective bargaining outcome set at the national level.®

2.2 The admission reform

In the fall of 1999 the municipality of Stockholm passed legislation that
changed the high school admission rules. Up to the 1999/2000 school year,
students applied only for a program and their grades from lower secondary
school determined admission. Students could state their preferences for
which school they would like to attend, but those living closest to a school
had priority. In practice, the educational administration first counted the
number of places per program in any given municipality and then ranked the
student choices according to grades, and accepted students to a certain pro-
gram. Subsequently, they assigned the students to the specific schools based
on their residence, and thus, assuming competitive grades, it was possible to
get accepted into a better program in a school further away, but only if it was
not oversubscribed with students residing in the neighborhood. For example,
if school A, located in downtown Stockholm, excelled in a science program
and there were enough students living nearby who subscribed to the pro-
gram, then students with better grades residing in Tensta (a relatively poor
and disadvantaged district in Stockholm) would be unable to gain admission
to the program.’ In particular, the restriction was binding for the two most
popular and broadest programs: social sciences (samhéllskunskap) and natu-
ral sciences (naturvetenskap). Generally, those from low-income, disadvan-
taged districts had virtually no chance of attending the most popular inner-
city schools, even if they had competitive grades.

The cohort applying to high school in May 2000 for the 2000/2001 school
year faced utterly different admission criteria. In line with the legislation, all
residence-based school allocation within the municipality of Stockholm was
abolished and replaced by a system based exclusively on grades from the 9"
grade in lower-secondary school. In this paper, the grades of incoming high
school students is the variable of interest.'’ In the new system, students apply
for a specific program in a specific school and applicants are ranked by

7 For more information on the reform that shifted responsibility for schooling from the central
govemment to municipalities see Fredriksson and Ockert (2008).

Individualized pay was introduced in 1996 and is discussed in detail by Hensvik (2012), in a
survey by Lindholm (2006) and in a report by Skolverket (2009).
? Independent high schools were allowed to select students on the basis of GPA also before
the reform and there were no geographical restrictions in applying to these schools.
1% From here on, I refer to grades as students’ credentials, student quality or student GPA.
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schools and programs. If a student’s first choice is not accepted, the second
choice is considered, and so on. Importantly, this reform was introduced
only in the municipality of Stockholm, and thus, the rest of Stockholm
County was not affected.

It is important to note that most municipalities surrounding Stockholm do
not offer all of the programs, and a student has the right to attend their cho-
sen program in another municipality, financed by the municipality in which
they reside. Cross-municipality commuting is relatively common in Sweden,
and if increased school choice incentivizes more students from out-of-
Stockholm to apply to schools in Stockholm, then they may crowd out stu-
dents residing in Stockholm. Furthermore, Stockholm schools may decide to
change the number of admitted students in response to higher demand for
quality, which would in turn lead to either lower student-teacher ratio, and
thus, impoverishment of school resources, or to the need for additional hires.
I address the latter issue in Section 4. Finally, my calculations show that the
fraction of students living outside of Stockholm municipality but attending
Stockholm schools is stable at around 20% over the analyzed period.

Soéderstrom and Uusitalo (2010) found clear evidence that the Stockholm
admission reform affected both student mobility and the sorting of students
by quality. In particular, the grade-based admission system increased the
sorting of students to schools according to their ability, as well as ethnic and
socio-economic background. However, the segregation between immigrants
and natives increased more than one would expect as a result of increased
sorting by ability. Edin et al. (2011) used the same strategy to evaluate the
effects on student outcomes. They find either zero or negative effects on
student performance. The authors conclude that their results do not support
the idea that choice and competition improve performance. One possible
mechanism behind this finding could be that schools that face inflowing
students of poorer quality may also lose their best teachers." Thus, this study
evaluates how the resorting of students between schools in Stockholm af-
fected teacher turnover rates.

2.3 Data and descriptive statistics

This paper utilizes Swedish population-wide registries. The main data source
is the teacher registry that covers all teaches employed in Swedish schools
during the 1991/1992 through 2004/2005 school years. It contains infor-
mation on teachers’ education, specialization, experience, certification, place
of work, type of contract (permanent vs. temporary) and workload. I have
matched background information on age, gender, immigration histories,
education, employment and income to these data. The pupil registers for

"' This assumes that there is a positive interaction effect between student quality and teacher
quality in the production of student skills.
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lower and upper secondary schools are used to obtain information on stu-
dents in a given upper secondary school and their credentials from lower
secondary school. All students have also been matched to their parents to
obtain measures of family background. Administrative records on earnings
provide information on teachers’ monetary compensations. The details of the
sample construction are discussed in the appendix.

Given the timing and the geographical implementation of the reform, I fo-
cus on secondary schools that have been in operation in Stockholm for all
school years from 1991/1992 to 2004/2005. This avoids potential composi-
tion effects related to school openings and closures. However, all the results
carry over if I use repeated cross-section of schools. Due to the reform im-
plementation date there are no independent high schools in the 1991/1992 to
2004/2005 panel sample. I can observe, however, if a teacher leaves their
current school in favor of a privately run institution. In the pooled sample of
all secondary schools in Stockholm prior to the 1999/2000 school year there
are 8 private schools out of 29 schools in total.

Since the reform was only implemented in the municipality of Stockholm,
it is important for potential generalizations of the results to gauge how com-
parable the Stockholm population is to the overall population of teachers and
schools in Sweden. Table A1 compares basic descriptive statistics for Stock-
holm and non-Stockholm schools for the last pre-reform (1999/2000) and
first post-reform school year (2000/2001). It is clear that Stockholm is more
affluent in many dimensions than the rest of Sweden. Schools in Stockholm
admit students with higher credentials, who come from richer and better
educated families, and whose fathers obtain higher cognitive and non-
cognitive scores during military assessment. At the same time, these schools
admit more minority students, which is not surprising given that Stockholm
has a major concentration of immigrants to Sweden. Stockholm schools also
have the advantage of employing more teachers with university diplomas;
however, the teachers are on average less experienced.

The reform was implemented in the 2000/2001 school year, and thus, as a
starting point, I present descriptive evidence for the 1999/2000 school year
as the last pre-reform year and the 2000/2001 school year as the first post-
reform year."”” This paper focuses on the exogenous reshuffling of students
within the municipality of Stockholm and responses of teachers when they
face a different set of pupils. Therefore, in Table 1, I present descriptive
statistics from the 1991/1992 to 2004/2005 panel of Stockholm schools for
the immediate pre- and post-reform periods, separated by changes in their
student composition. In particular, for each school j in the panel, I calculate
the difference between mean-incoming-student credentials in the first post-
reform year, 2000/2001, and the last pre-reform year, 1999/2000. Then, I
order these differences from the schools most negatively affected to those

12 Later in the paper I discuss, test and account for possible anticipation effects.
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most positively affected and divide the ranking into tertiles. I call these
schools downward, middle and upward shocked schools. The bottom of the
table reports the number of schools and teachers in each group.

Table 1. Descriptive statistics — panel of Stockholm schools. Comparison across
treatments.

Pre-reform = 1999 [ Post-reform = 2000
Variables Change in student credentials
(1) ) (3) “) (5) (6)
173 173 1/3 1/3 1/3 1/3

downward  middle  upward | downward middle  upward
Outcome variable
0.10 0.16 0.11 0.10 0.13 0.08
(0.30) 0.37) (0.32) (0.30) (0.33) 0.27)
Treatment variable
50.45 54.84 62.31 45.70 57.36 71.92
(11.82) (20.06)  (10.36) (10.40) (20.09) (14.19)
Teacher characteristics

One-year mobility

Incoming students’ credentials

Fraction of female teachers 0.56 0.53 0.45 0.53 0.56 0.46
(0.50) (0.50) (0.50) (0.50) (0.50) (0.50)
Mean teacher experience 13.00 11.13 11.79 13.01 11.21 11.46
(6.92) (7.04) (7.59) (7.49) (7.03) (7.73)
Fraction of teachers with university diploma 0.77 0.66 0.74 0.75 0.68 0.77
(0.42) 0.47) (0.44) (0.43) 0.47) (0.42)
Fraction of teachers employed on temporary 0.18 0.26 0.24 0.22 0.27 0.23
contracts (0.38) (0.44) (0.43) (0.42) (0.45) (0.42)
Mean yearly teacher earnings in 1000 SEK (284 45) (271 68) (28106> (2;88) (27371) (28283)
Student characteristics (alternative treatment variables)
Share of immigrants 0.18 0.12 0.10 0.23 0.11 0.09
(0.08) (0.05) (0.05) (0.09) (0.03) (0.04)
Mean yearly parental income in 1000 SEK (3;‘ 46) (?83) ?5282) (3438(; g;lg) (?gg)
Mean parental education 12.34 13.12 13.66 12.37 13.22 13.77
(0.55) (1.33) (0.90) (0.43) (1.28) (0.83)
Mean paternal draft score 54.81 57.39 58.08 53.83 55.96 58.34
e e . 612)____(713).__(420) | __(810) ___(693) (384 _
Number of schools 5 5 5 5 5 5
Number of teachers 266 238 274 260 240 312

Note: Means and standard deviations. Columns (1) to (3) present descriptive statistics for the last pre-reform year while
columns (4) to (6) present descriptive statistics for the first post-reform year. All descriptive statistics are based on the
panel sample of Stockholm schools in operation between 1991 and 2004 and refer to incoming first year students as far
as aggregate school characteristics are concerned. For each characteristic I report descriptive statistics for teachers and
schools affected differently by the reform. In particular, columns (1) and (4) describe a third of most downward shocked
schools. Columns (3) and (6) describe a third of most upward shocked schools. Columns (2) and (5) describe a third of
middle tertile schools. Shock is defined as a difference between mean students’ credentials measured by primary school
9™ grade GPA (only first-grade students who applied to school in the same year) in high school j in the first post-reform
year 2000 and mean students’ credentials in the last pre-reform year 1999 in these same schools.

As is evident from Table 1, the reform indeed reshuffled incoming first-
grade pupils between schools in Stockholm. In particular, student GPA in the
top schools increased from 62.3 to 71.9 percentile points while it decreased
at the bottom schools from 50.5 to 45.7 percentile points, widening the gap
between best and worst schools from less than 12 to over 26 percentile
points. This is equivalent to over two-thirds of a standard deviation change
in student quality.

At the same time, other student characteristics correlated with student
quality, such as parental income or share of minorities, also changed. For
example, the gap between the best and worst schools in terms of mean pa-
rental income doubled, while in terms of the share of minority students in-

86



creased by 75 percent. As a result of teacher turnover and school hiring deci-
sions, the reform also affected the composition of the teacher stock. For ex-
ample, there were on average more teachers with university diplomas in the
upward shocked schools and more teachers on temporary contracts in
downward shocked schools in the post-reform period in comparison to the
pre-reform period. The gap in teacher compensation did not seem to widen,
as it actually decreased from 29000 to 25000 Swedish Kronor. Interestingly,
teachers in schools with better students earned less than those in schools
with low-quality students, suggesting the presence of compensating wage
differentials in a system with fairly flexible teacher pay scheme.

In summary, the descriptive evidence in Table 1 suggests that downward
shocked schools attracted lower quality students even prior to the reform, but
this gap increased after the reshuffling. Quite the opposite, however, is the
relationship between school shock and teacher separation rates. Prior to the
reform, the upward shocked schools experienced more one-year separations,
but the fraction of separations is higher in downward shocked schools in the
school year 2000/2001. Since these two facts are crucial for the identifica-
tion in this paper I explore them further in Section 2.4.

2.4 Identifying variation

The implementation of the reform lead to abrupt changes in the sorting of
students over schools in Stockholm. From one year to another, the same set
of teachers experienced radical changes in the quality of the incoming stu-
dents. In particular, some teachers ended up with lower quality pupils and
some other teachers ended up with higher quality pupils than in the pre-
reform period. The aim of this paper is to study how teacher mobility
changed in response to this unexpected change in student quality. In this
section | probe deeper into the changes in students’ credentials and the
changes in teacher mobility.

Figure 1 shows the differences in average student credentials for every
year (1996 to 2004) and for upward and downward shocked schools relative
to average student credentials in the same schools during the 1995/1996
school year. In Figure 1, these differences are plotted as points, while the
vertical lines at each year show 95-percent confidence intervals from a linear
regressions with the difference in the average first-year student credentials
compared to 1996 as the dependent variable and year dummies (one for each
year between 1996 and 2004) as independent variables. Figure 1 clearly
shows that the reform caused a differential change in average student quali-
ty. Prior to the reform there are no significant differences in average stu-
dents’ credentials in upward and downward shocked schools, yet post-
reform, the average credentials for these two groups of schools clearly di-
verge from one another. For the most part, I do not explore the changes in
average characteristics in this paper, but rather, I focus on the changes in
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incoming student credentials since it is the margin for which the shock in-
duced by the reform was the most pronounced. Naturally, the two measures
are highly correlated, and Figure 2 confirms that the largest shock in incom-
ing students quality occurred between the 1999/2000 and 2000/2001 school
years, while the subsequently admitted cohorts mimicked the quality of the
first graders from the 2000/2001 school year."

Figure 1. Variation in treatment: Correlation in mean school quality between 1995
and subsequent years. All grades and all students.

Change in average student credentials (relative to 1995 levels)
by quality shock experienced between 1999 and 2000
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Note: Shock is defined as a difference between mean incoming students’ credentials measured by primary school 9" grade GPA in high
school j in the first post-reform year 2000 and mean incoming students’ credentials in the last pre-reform year 1999 in these same schools.
Based on the shock schools are divided into these that experience the most positive change (one-third upward shocked schools) and these that
experience the least positive change (one-third downward shocked schools). Each point represents a difference between average all-grades
credentials in these schools in a given year (1996 to 2004) and average all-grades credentials in these same schools in 1995. Each dot is
related to a single difference for a single school. Lines plot coefficients and 95% confidence intervals from regressing these differences on
year dummies (one for each year between 1996 and 2004). Robust standard errors. Black solid vertical line depicts reform implementation.
Only schools that are present in the data in each year between 1991 and 2004 are included in the analysis.

3 Throughout the paper I use the incoming students’ credentials (Figure 2) as the main treat-
ment variable, however, one might also think about using the average student quality from all
grades (Figure 1). In fact, if we compare average student characteristics between school years
1999/2000 and 2000/2001 in a regression framework with year and school fixed effects then
we are effectively comparing 3™ grade students in pre-reform period to 1% grade students in
post-reform period. If the reform is truly exogenous then this should not make much of a
difference because the correlation between 1% and 3™ graders in the pre-reform period will be
high, while the correlation between 3™ graders in the pre-reform and 1 graders in the post-
reform period will be low. The results are qualitatively similar irrespectively of the measure
used and in fact they are larger quantitatively if I use all-grades GPA as student quality meas-
ure.
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Figure 2. Variation in treatment: Correlation in mean school quality between 1996
and subsequent years. First grade students who applied to high school in the same
year.

Change in average first grade student credentials (relative to 1995 levels)
by quality shock experienced between 1999 and 2000
Incoming students directly post primary school
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Note: Shock is defined as a difference between mean students’ credentials measured by primary school 9™ grade GPA (only students who
applied to school in the same year) in first grade of high school j in the first post-reform year 2000 and alike defined mean students’ creden-
tials in the last pre-reform year 1999 in these same schools. Based on the shock schools are divided into these that experience the most
positive change (one-third upward shocked schools) and these that experience the least positive change (one-third downward shocked
schools). Each point represents a difference between incoming students’ credentials in these schools in a given year (1996 to 2004) and
incoming students’ credentials in these same schools in 1995. Each dot is related to a single difference for a single school. Lines plot
coefficients and 95% confidence intervals from regressing these differences on year dummies (one for each year between 1996 and 2004).
Robust standard errors. Black solid vertical line depicts reform implementation. Only schools that are present in the data in each year
between 1991 and 2004 are included in the analysis.

Figures 1 and 2 documented that the reform abruptly reshuffled students
across schools in the municipality of Stockholm. In Figure 3, I provide some
first evidence on how this reshuffling affected the probability that a teacher
left their current employment. In particular, I start with the pool of teachers
in 1995 (pre-reform) and in 2000 (post-reform), and I plot the fraction of
teachers that remained employed from one up to four years. I plot these per-
centages separately for upward and downward shocked schools defined in
the same manner as in Figures 1 and 2. Although the figure is uninformative
about the pre-reform trends in teacher mobility and thus potential bias, it
shows the mobility differences in levels before and after the reform for the
two types of schools. For example, it depicts that upward shocked schools
had higher levels of turnover before the reform, and that these same schools
switched to having lower turnover rates in comparison to downward shocked
schools post-reform. This is of importance as one might be worried that find-
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ing a negative effect of increased student quality on teacher turnover is driv-
en by the fact that upward shocked teachers had lower mobility rates even
prior to the reform. Figure 3 clearly shows that this is not the case and, if
anything, the opposite is true. Thus, the empirical strategy should provide a
lower bound estimate for the rate of mobility.

Figure 3. Variation in dependent variable: Teachers leaving their 1995 or 2000 em-
ployment.

Percentage of teachers present in 1995 (pre-reform) and 2000 (post-reform)
remaining in same school by year t by quality shock experienced
between 1999 and 2000
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Note: Shock is defined as a difference between mean students’ credentials measured by primary school 9" grade GPA (only students who
applied to school in the same year) in first grade of high school j in the first post-reform year 2000 and alike defined mean students’ creden-
tials in the last pre-reform year 1999 in these same schools. Based on the shock schools are divided into these that experience the most
positive change (one-third upward shocked schools) and these that experience the least positive change (one-third downward shocked
schools). Each point represents percentage of teachers who were teaching in school j in year 1995 (2000) and remain in this same school in
year t. Black solid vertical line depicts reform implementation. Only schools that are present in the data in each year between 1991 and 2004
are included in the analysis.

3 Theoretical framework and empirical specification

3.1 Teachers’ decision making process

The decision making process of teachers choosing whether to stay with their
current employer or search for a new job can be framed within a turnover
theory proposed by Jovanovic (1979). In the first period of time, I observe a
teacher employed by a certain school and I assume that the employment
decision was made so that it maximizes their utility with respect to the job
characteristics (Jackson, 2013). For simplicity, let us assume that teachers
only value the quality of their students and the monetary compensation they
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obtain from employment, and that they weakly prefer higher compensation
and better students. Thus, the quality of the match between an individual
teacher and school can potentially be altered either by changes in student
composition or by changes in wages.

Since the admission system did not change over time, the expected quali-
ty of incoming students was roughly constant prior to the reform. Therefore,
teachers did not expect that their match quality with respect to student quali-
ty would rapidly change and teachers with good matches were less likely to
separate from their schools. Naturally, even without a policy change, teacher
mobility is not zero. There are several reasons for this phenomenon. First,
since at any point in time there are poor matches between schools and teach-
ers — formed due to imperfect information or uncertainty about student com-
position — there are teachers switching schools in between school years. Sec-
ond, there are teachers employed on fixed contracts (for example, as substi-
tutes for permanent teachers who are on leaves) who leave their position
once it can be filled again. Third, teachers retire or pass away, and thus, they
drop out of the sample and new teachers need to be hired as replacements.'
Having a poor match, however, is specific for a given school but not teach-
ing as a profession, and thus, teachers with low quality matches should ra-
ther switch schools than leave the profession. On the other hand, retired or
deceased teachers will naturally leave the profession. Finally, it is not clear a
priori if teachers employed on fixed contracts are more likely to leave for a
different occupation or switch schools within the profession.

So far I have discussed an individual teacher’s separation decision - sup-
ply side. However, the decision naturally interacts with their employer’s
demand for new or existing teachers. Although firing teachers is relatively
hard in Swedish schools, quitting is not. Thus, the principal’s role in this
optimization problem is related to either manipulating teacher compensation,
or hiring new teachers when they face a teacher shortage, possibly as a result
of increased mobility following the reform. However, the decisions made by
principals regarding hires will only be observed after teachers decide wheth-
er to stay with his or her current school or separate. Therefore, the reform
should not have an immediate influence on hiring policies but rather a de-
layed effect.

The framework discussed above generates two predictions that can be
tested empirically: first, since teachers value working with high quality stu-
dents, they will be less likely to leave schools experiencing inflow of stu-
dents with better credentials; second, if monetary and student quality inputs
to a teacher’s utility function are jointly determined then non-switchers who
experience an inflow of students with worse credentials should expect a rise
in monetary compensation.

14T shut down the retirement channel by limiting the sample to teacher no older than 58 years
of age, however, I cannot exclude any disability pensions.
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3.2 Empirical specification

The reform can be described in two stages. First, it generated a change in the
composition of incoming students in different schools, but it did not alter the
average quality of students in the municipality of Stockholm. Figures 1 and 2
show that the reform indeed altered the student quality in different schools.
Second, the change in student composition caused teachers to face a differ-
ent set of students from one year to the next, and generated a reshuffling of
teachers whose match quality had been exogenously altered. For this second
stage to be due to changes in student quality only, I require that students did
not select schools based on the underlying trends in teacher turnover — I dis-
cuss this possibility in the main results.

Since the reform was implemented in the school year 2000/2001, it is nat-
ural to first compare schools before and after this date which experienced
different changes in student quality. Such a comparison yields a difference-
in-differences estimator in which schools are treated to different extents,
depending on the change in student quality. Thus, I compare teacher turno-
ver in schools that experienced a sharp increase (or fall) in student quality to
teacher turnover in schools where the student composition did not change
that much.

Furthermore, since high school education in Sweden consists of three
grades, it took up to three years for the reform to be fully implemented.
Thus, in school year 2000/2001 only a third of the student stock had been
admitted under the new rules and it was not until the school year 2002/2003
that the reform came into effect for the full student stock. Because of this
feature of the reform, I study how teacher mobility changes up to three years
after the reform. For the pre-treatment period not to overlap with the post-
treatment period, I lag the pre-treatment measure of student quality one year
for every additional year that I follow teacher mobility. In other words, a
one-year teacher mobility analysis compares students in school year
1999/2000 to students in 2000/2001. A two-year mobility analysis compares
students in school year 1998/1999 to students in 2000/2001, while a three-
year mobility analysis compares students in school year 1997/1998 to stu-
dents in 2000/2001.

Given the nature of the outcome variable I need at least two years to con-
struct a single observation of the outcome variable, that is, I need to observe
a teacher in periods t and t+1 to construct a mobility indicator. Since it took
up to three years for the reform to be fully implemented, I construct three
mobility measures. In each measure teacher is observed in school j in period
t, and then separately in period t+1 (one-year mobility), period t+2 (two-year
mobility) or period t+3 (three-year mobility). Thus, if I want to study the full
effect of the reform, I compare the probability that teacher i in school j in
1997/1998 had left the school by 2000/2001 with the probability that teacher
i in school j in 2000/2001 had left the school by 2003/2004. The treatment is
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set to the first year in the mobility window and, thus, compares the differ-
ence in incoming student quality in school year 1997/1998 to incoming stu-
dent quality in school year 2000/2001. This can be written as:

(Y;z xxxxxx _ Y”:wmm)_(y;:nuu £ Y;z xxxxxx ) _ 0{+ﬂ(7’:1 (((((( _T::uuu A)+ }/(X”Z (((((( _X”muu A)+ 5’ +¢7’ +£” (1)

xxxxxxx

where i denotes individual teachers, j denotes schools and k denotes expo-
sure length. The variable Y equals unity if teacher i is observed in school j in
a given year and zero otherwise; T represents student quality or any alterna-
tive student characteristic measured at school j in a given year; X denotes
individual teacher covariates including gender, marital status, immigration
status, specialization (science, vocational, special education), university edu-
cation indicator and experience; the parameters ¢ and ¢ are school and time
fixed effects; and ¢ is a heteroskedasticity-robust standard error. The coefti-
cient of interest in this paper is B and it identifies the effect of student quality
on teacher mobility.

Equation (1) estimates the causal effect of student quality on the probabil-
ity that a teacher separates from his or her current school, assuming that
changes in student composition are not correlated with changes in teacher
mobility in an absence of the reform. One testable implication of the identi-
fying assumption is that post-reform changes in student quality in different
schools are not correlated with pre-reform changes in teacher mobility in
these schools. This examines if the assumption about common underlying
trends in teacher turnover in the absence of the reform is plausible. For the
placebo analysis to be meaningful, however, the placebo treatment period
must not overlap with the true treatment period. Thus, studying pre-reform
teacher mobility over a 3-year period requires lagging the outcome variable
by three years. This can be written as:

2000k 2000 2000-2%k 20 0 2000 2000 &
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where Y, T, X, 9, ¢ and ¢ are defined as in Equation (1).

Equation (2) directly estimates the possibility of an anticipation effect.
However, finding insignificant results in placebo estimates does not prove
that the effect is not present as failing to reject a hypothesis does not imply it
is true. Furthermore, one should focus not only on the second moment,
which could be uninformative in the case of low precision in the estimates,
but also on the point estimate which should be as close to zero as possible.
Therefore, in order to be on the safe side, and since it is possible to directly
account for an anticipation effect, I lag the dependent variable by one period
in Equation (3). Such a procedure mechanically purges the possibility of a
reaction to student quality in advance of the policy implementation. It re-
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quires, however, following teachers for four years for the reform to be fully
implemented. In other words, the point estimates for one-, two- and three-
year mobility estimated by Equation (1) should be compared to point esti-
mates for two-, three- and four-year mobility estimated by Equation (3).

In specification described by Equation (3) I define the outcome variable
as a comparison between the probability that teacher i in school j in
1995/1996 had left the school by 1999/2000 and the probability that teacher i
in school j in 1999/2000 had left the school by 2003/2004. At the same time,
the treatment compares the difference in incoming student quality between
school year 1996/1997 and incoming student quality in school year
2000/2001. If there is no anticipation effect and the placebo regression speci-
fied in Equation (2) does not yield any large or significant results, then we
should observe close to zero estimates in a one-period window in this speci-
fication. More formally, I can write:

(Ywmq _ Yquw ) _ (YW?‘P)( _ wagq) —a+ ﬁ(]_:, (((((( _ T:: (((((( -k ) + }/(X”]M _ quwa ) + 5/ + Qggg + 6” (3)

where Y, T, X, 9, ¢ and ¢ are defined as in Equation (1). Details about spe-
cific school years that I use for outcome and treatment variables of different
exposure lengths in regressions defined by Equations (1) and (3) can be
found in Tables A2 and A3. Note that in each regression I use only one pre-
and one post-reform period, although I use multiple years to construct the
outcome variables.

In order to illustrate the logic behind the difference-in-differences strategy
used in this paper, Table 2 presents changes in teacher mobility over time for
schools that experienced positive or negative changes in student quality,
respectively.” T divide schools into two groups based on their changes in
incoming student credentials between school years 1999/2000 (pre-reform)
and 2000/2001 (post-reform). In the first column, I show data for one-third
of schools with the most positive changes in incoming student credentials
(one-third upward) while in the second column I show data for one-third of
schools with the least positive (or negative) changes in incoming student
credentials (one-third downward). On average, student quality increased by
15.79 percentile points in upward shocked schools and it decreased by 6.78
percentile points in downward shocked schools.'® Concurrently, teacher mo-

' In order to provide better intuition about the timing of the reform and the reshuffling of
students I start off with the model that does not account for the anticipation effect and does
not require a lagged dependent variable. In Table A4, however, I also present the results for
the Wald estimator accounting for the anticipation effects. Thus, Table A4 compares four-
year mobility and four-year changes in student quality before and after the reshuffling started.
The results are remarkably similar.

'8 This does not indicate that the average student quality in Stockholm increased due to the
reform as the comparison excludes the middle quality schools. However, comparing the quali-
ty of incoming students between 1997 and 2000 indeed suggests that student quality increased
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bility decreased by 20 pp in upward shocked schools and there was virtually
no change in mobility in downward shocked schools.

Table 2. Effects of changes in students’ credentials and probability of leaving school
within 3-years. Wald estimator without accounting for an anticipation effect.

Effects of 3-year changes in student quality on 3-year teacher mobility

Schools
1/3 upward shocked 1/3 downward shocked Difference

Treatment: Student quality - percentile ranked GPA from 9™ grade in primary school. Incoming students gradu-
ating 9" grade in the same year.

Year 2000 71.92 45.70 26.22%%*
(14.19) (10.40) (1.06)
Year 1997 56.13 52.48 3.65%%*
(13.41) (12.68) (1.03)
Difference 15.79%** -6.78%** 22.57%*%*
(1.09) (0.99) (1.46)
Dependent variable: Leaving school j from year 1997 to year 2000 (3-year mobility)
Year 2000 0.17 0.22 -0.06*
(0.37) (0.42) (0.03)
Year 1997 0.36 0.26 0.10%**
(0.48) (0.44) (0.04)
Difference -0.20%** -0.04 -0.16%%*
(0.03) (0.04) (0.05)
Wald estimate
-0.007%**
(0.002)

Note: Shock is defined as a difference between mean students’ credentials measured by primary school 9™ grade GPA (only students who
applied to school in the same year) in first grade of high school j in the first post-reform year 2000 and alike defined mean students’ creden-
tials in the last pre-reform year 1999 in these same schools. Based on the shock schools are divided into these that experience the most
positive change (one-third upward shocked schools) and these that experience the least positive change (one-third downward shocked
schools). Only schools that are present in the data in each year between 1991 and 2004 are included in the analysis. It results in a sample of
15 schools. Dependent variable is defined as probability of leaving school j from school year 1997/1998 to school year 2000/2001 pre-reform
and probability of leaving school j from school year 2000/2001 to 2002/2003 post-reform. Independent (treatment) variable is defined as
difference in mean incoming students’ credentials between 1997 in pre-period and 2000 in post-period. Differences report the interaction
coefficients from regression of students’ credentials or mobility on year dummy, upward shock dummy and their interaction. Wald estimate
reports coefficient from instrumental variables regression of probability that teacher leaves school j on students’ credentials, year dummy and
upward shock dummy. Students’ credentials are instrumented by interaction between year and shock. Robust standard errors and differences
rounded to second decimal.

By calculating the ratio of the two changes (-16 pp divided by 22.57 percen-
tile points) I obtain the Wald estimate of 3-year teacher mobility on incom-
ing students quality. It implies that increasing incoming student credentials
by 10 percentile points reduces teacher mobility by 7 pp. In the reminder of
the paper I investigate whether these results hold up in a more formal regres-
sion analysis where the dummy variable for school shock is replaced with a
continuous measure of incoming student credentials.

Finally, to illustrate how I exploit all of the variation in the changes in
student quality, Figure 4 plots the differences in mobility for each school

by 6 percentile points. This fact can be driven by multiple factors: focusing on a panel of
more stable schools, differential inflow of high-quality students from outside-of-Stockholm;
or differential grade inflation. When analyzing all schools in Stockholm the average incoming
students GPA is 54 in 1997, 58 in 1999, and 58 in 2000. Furthermore, my calculations show
that there is no differential inflow of students residing outside of Stockholm. Thus, given that
the averages in 1999 and 2000 are very similar but the average in 1997 is lower I conclude
that over time there is some grade inflation at the upper end of the grade distribution. It is,
however, small in comparison to the magnitude of the shock and should be purged by school
and time fixed effects.
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against the differences in the GPA of incoming students. This figure sug-
gests that, on average, the negatively shocked schools experienced either
small increases in teacher mobility or no changes at all. On the other hand,
schools that were positively shocked were more likely to have experienced
relatively large reductions in mobility. The dashed line in the figure shows a
linear fit of the individual school observations and clearly points towards a
negative relationship between changes in student quality and changes in
teacher mobility."”

Figure 4. Difference-in-Differences. Probability of leaving school j in 3-years.

Graphical illustration of Wald estimator
Difference-in-Differences without accounting for anticipation effect
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1 1
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Note: Values on the vertical axis represent differences in mean 3-year mobility between 1997 (pre-reform) and 2000 (post-reform). This
figure does not account for potential anticipation effects and quits related to rumours or announcement of the reform. Values on the horizon-
tal axis represent changes in mean students’ credentials between 2000 and 1997. Student credentials are based on first grade students who
applied to high schools in the same year. Student credentials are measured using primary school 9" grade GPA. Line represents linear
regression fit. Only schools that are present in the data in each year between 1991 and 2004 are included in the analysis.

4 Main results

I start by presenting the results for the regressions specified in Equation (1).
I assume that teachers did not anticipate the changes in student quality. In
Table 3, I report the estimates for the effects of changes in student quality on
one-year mobility (row 1), two-year mobility (row 2) and three-year mobility
(row 3). In column (1) I present correlations between GPA and mobility, in

17 Figure Al presents the same graph but for fully implemented reform specified by Equation
(3). It points to the same conclusion as Figure 4.
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column (2) I present difference-in-differences estimates without controlling
for any observable teacher characteristics, while in column (3) I condition on
a set of teacher controls. The estimates do not change much when I control
for teacher characteristics, thus supporting the quasi-experimental nature of
student resorting.'® Since the reform gradually changed the student composi-
tion in schools, it is interesting to note that teachers’ responses seem stronger
the larger the share of students that gained admission under the new rules.
The point estimate in row (3) in column (3) indicates that a 10-percentile-
point increase in student quality reduces the probability of teacher turnover
within three years by 7 pp.

Table 3. The effects of student credentials (first grade) on probability of leaving
school j. No anticipation effects.

Dependent variable: probability of leaving school j within k years (1 2) 3)
OLS DD DD

1-year mobility 0.000 -0.001 -0.002
R 000D 0.002) ______(0002) __.

Observations 1,590

2-year mobility -0.002%%** -0.002 -0.004*
e 0.001)_ ______ 0.002) ______(0002) __

Observations 1,770

3-year mobility -0.001* -0.006%** -0.007***
B 000D (0.002) ______(0002) __.

Observations 1,710

School and year fixed effects X X

Individual controls X X

Note: Teacher level regressions. Each estimate comes from a separate regression. Column (1) presents correlations conditional on individual
teacher observable characteristics. Column (2) presents difference-in-differences estimates without controlling for any observable teacher
characteristics. Column (3) adds individual level controls to column (2). Individual controls include: gender, marital status, immigration
status, specialization (science, vocational, special education), university education indicators and experience. This table does not account for
potential anticipation effect and quits related to rumours or announcement of the reform. The dependent variables are defined according to
rows (1) to (3) in Table A2. The independent variables of interest measuring students’ credentials are defined according to columns (2) and
(4) in Table A2. Students’ credentials measured by primary school 9" grade GPA (only students who applied to school in the same year) in
first grade of high school j. Only schools that are observed in each year between 1991 and 2004 are included in the regressions. Robust
standard errors.

The model underlying the estimates in Table 3 assumes that teachers did not
anticipate the changes in student composition that followed the announce-
ment of the reform in the fall of 1999. However, the GPA of incoming stu-
dents at the school was made public around May 2000 and teachers could
have left the school until October 2000.” The crucial question is whether
teachers react to information about the quality of incoming students or the
realization of the quality of incoming students. Thus, in an attempt to detect
any potential anticipation effects, I estimate Equation (2), which is a placebo
test of the difference-in-differences specification in Equation (1). The results
are presented in Table 4. They clearly support the fact that teachers did not
seem to respond to the information on future student quality. The estimates
are insignificant and relatively small.

'8 Individual control variables do not include teacher earnings or type of contract as these
might be an outcome of the reform. The estimates are identical whether I condition on earn-
ings and type of contract or not.

19 Although teachers could have left within a school year, such situations are rare, and this
type of mobility would be captured by comparing two adjacent registers.
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Table 4. Placebo analysis for regressions in table three. Effects of post reform
changes in students’ credentials on pre-reform changes in probability of leaving
school j.

(€] () 3)
Variable of interest/Difference 1-year 2-years 3-years
1™ graders quality -0.001 -0.002 -0.001
. 0.002) _______(0002) ______ 0.002) __
Observations 1,736 1,847 1,839

Note: Teacher level regressions. Each estimate comes from a separate regression. All point estimates come from difference-in-differences
regressions including school and year fixed effects as well as individual controls (see column (3) in Table 3). The independent variables of
interest measuring students’ credentials are defined according to columns (2) and (4) in Table A2. Students’ credentials measured by primary
school 9™ grade GPA (only students who applied to school in the same year) in first grade of high school j. The dependent variables are
lagged by one exposure-period in comparison to these described in Table A2. That is in column (1) I compare one-year mobility in
1998/1999 to one-year mobility in 1999/2000. In column (2) I compare two-year mobility in 1996/1997 to two-years mobility in 1998/1999.
In column (3) I compare three-year mobility in 1994/1995 to three-years mobility in 1997/1998. Only schools that are observed in each year
between 1991 and 2004 are included in the regressions. Robust standard errors.

Thus far I have focused on the supply side of the teacher’s labor market.
Teachers who faced abrupt positive changes in the quality of their incoming
students became less likely to separate from their current school. In this sec-
tion, I analyze school responses to changes in student quality. In particular, I
test whether the reform affected the number of enrolled students, which
could mechanically lead to changes in teacher turnover. For example, if
schools that experienced a positive shock to student quality also admitted
more students after the reform, then it is possible that these schools attempt-
ed to retain or hire more teachers. Conversely, if unpopular schools both lost
pupils and admitted students of lower quality after the reform they may have
been forced to let some teachers go.* In addition, I analyze to what extent
changes in student quality affected the number of teachers in the school as
well as the student-teacher ratio.

Table 5 presents the effects of the reform on changes in the number of
students, the number of teachers and the student-teacher ratio. Contrary to
the mobility analysis, these regressions are based on a static model in which
the outcome is determined at a given point in time, similar to the treatment,
but not over multiple time periods as in the case of mobility. Furthermore,

2 Note that the funding of schools in Sweden is tied to the number of enrolled students. The
reform could also force some students to change schools as a response to changes in peer
composition. I address this issues by estimating a model in which I define the outcome as the
probability that I do not observe currently enrolled student i in school j in the next school
year, and construct the mean probability at the school level. The regression framework is
identical to Table 5 with mean probabilities as outcomes, and I lag the last pre-reform period
by one (to 1998) in order to account for potential anticipation effects by the students. For each
exposure length I find small but highly significant results on student mobility. In the anticipa-
tion year the point estimate is 0.001 and in subsequent differences these are -0.001, -0.0008
and -0.0005 for one, two and three year windows, respectively. Given that roughly 12% of
students change schools from year to year, these effects are tiny in terms of magnitude, alt-
hough they are statistically significant. Given an average school size of 825 pupils, the esti-
mate suggests that when a school is shocked by a one-standard-deviation decrease in school
quality, for each 91 pupils that would normally leave the school, an extra student will leave
due to the changes in student quality. Since this estimate is tiny and I do not find any effects
on the average school size, I conclude that general equilibrium effects are unlikely to play a
major role in a teacher’s decision making process.
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since school composition was determined during the pre-period of Septem-
ber 1999, and the reform was not voted into power until later in 1999, there
is no need to account for an anticipation effect in this setting. Thus, the out-
come variable takes the form of a comparison between the last year prior to
the reform and the first three years after the reform, but I set up the treatment
as in all other regressions. The results in Table 5 show that neither the num-
ber of students, the number of teachers nor the student-teacher ratio respond-
ed to changes in student quality. Thus, it is unlikely that the changes in
teacher mobility following the reform were a mechanical consequence of
changes in school size or school resources.

Table 5. Difference-in-Differences: Effects of the reform on school size and re-
sources.

@ 2 3)
VARIABLES 1-year 2-year 3-year
Panel A: Number of students
1™ graders quality 0.143 1.272 2.749
(2.742) (3.298) (3.608)
Panel B: Number of teachers
1™ graders quality 0.182 0.195 0.230
(0.367) (0.466) (0.755)
Panel C: Student-teacher ratio
1** graders quality -0.018 -0.002 -0.002
e (0068) ©0062) ... ©0.08) .
Observations 30 30 30

Note: School level difference-in-differences. Regressing number of students attending school (panel A), number of teachers at school (panel
B) and student-teacher ratio at school (panel C) on students’ credentials and school and time fixed effects. Students’ credentials measured by
primary school 9" grade GPA (only students who applied to school in the same year) in first grade of high school j. The independent
variables of interest measuring student credentials are defined according to columns (2) and (4) in Table A3. The dependent variables are
measured in 1999 in the pre-reform period and in 2000, 2001, 2002 in the post-reform period for 1, 2, and 3-year exposure, respectively.
Only schools that are observed in each year between 1991 and 2004 are included in the regressions. Robust standard errors.

Table 6. The effects of student credentials (first grade) on probability of leaving
school j. Accounting for anticipation effects.

Dependent variable: probability of leaving school j within k years 1) ?2) 3)
OLS DD DD

1-year -0.001** -0.000 -0.001
RS ©.00D_______| (0.002) ______(0002) __.

Observations 1,736

2-years -0.001 -0.003 -0.004**
B ©0.001) 0002) ___(0002)

Observations 1,676

3-years -0.000 -0.006%** -0.007%**
e 0.001)_ ______ 0.002) ______(0002) __

Observations 1,667

4-years -0.001 -0.008%** -0.009%**
e e 0.00D)_ ______ 0.002) ______(0002)

Observations 1,657

School and year fixed effects X X

Individual controls X X

Note: Teacher level regressions. Each estimate comes from a separate regression. Column (1) presents correlations conditional on individual
teacher observable characteristics. Column (2) presents difference-in-differences estimates without controlling for any observable teacher
characteristics. Column (3) adds individual level controls to column (2). Individual controls include: gender, marital status, immigration
status, specialization (science, vocational, special education), university education indicators and experience. This table through one-year lag
in outcome variable (with respect to reform timing) accounts for potential anticipation effect and quits related to rumours or announcement
of the reform. The dependent variables are defined according to rows (1) to (3) in Table A3. The independent variables of interest measuring
students’ credentials are defined according to columns (2) and (4) in Table A3. Students’ credentials measured by primary school 9" grade
GPA (only students who applied to school in the same year) in first grade of high school j. Only schools that are observed in each year
between 1991 and 2004 are included in the regressions. Robust standard errors.
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In Table 4 1 showed placebo estimates suggesting that there is no significant
anticipation effect in teacher turnover decisions. However, in order to further
rule out the possibility of a biased estimate, | show estimates of the effects
using the specification from Equation (3) in Table 6. It implies that teachers
could not possibly anticipate changes in student quality because I lag the
dependent variable by one year and the reform was not even announced yet
early in the fall of school year 1999/2000. The first row of Table 6 can also
be treated as a test for the anticipation effects as it compares one-year mobil-
ity in 1998/1999 to one-year mobility in 1999/2000. If there are no anticipa-
tion effects, then I should find an effect that is insignificant and close to ze-
ro. This is indeed the case, which should reassure the readers that teachers in
Stockholm did not react significantly to the information and expectations,
but rather they reacted to realized changes in student quality. Although the
OLS point estimate in column (3) is significantly different from zero, it is
very small in magnitude and does not point quantitatively towards any sub-
stantial bias. The estimates in column (3) for rows (2) through (4) in Table 6
that correspond to estimates from column (3) in Table 3 are slightly larger
but in the same general ballpark. Thus far I have shown that there is no an-
ticipation effects on average, yet it may well be the case that some teachers,
such as better educated ones, are better at anticipating the effects of the re-
form than other teachers. Therefore, instead of presenting placebo estimates
for all possible settings studied in this paper, I lag the outcome variables of
interest in each case, and thus, mechanically purge the possibility of an an-
ticipation effect.

The point estimate in row (4) of column (3) in Table 6 is the most im-
portant and most conservative estimate to be taken away from this paper. It
suggests that when the reform was fully implemented a 10-percentile-point
increase in student quality reduced the probability of a teacher leaving his or
her school by 9 pp. Alternatively, a one standard deviation (17.3) increase in
incoming student credentials decreased the probability of a separation within
four years by 16 pp.* Given that the average four-year separation rate in this
sample is 32%, the result implies a 50% reduction in mobility. As can be
seen in Figure Al, there are two schools in Stockholm in which students
improved by more than a standard deviation, three schools that improved by
roughly three-quarters of a standard deviation, two schools that depreciated
by a half of a standard deviation, and three schools that depreciated by
roughly a third of a standard deviation. In summary, my findings are not
only statistically significant, but also economically large and policy relevant.

2! When I include the quadratic in students’ credentials in the equation the coefficient on
linear part remains negative and significant while the coefficient on quadratic term is positive
and significant. Thus, the relationship between student quality and teacher mobility is esti-
mated to be convex i.e., the higher inflow of good students has marginally diminishing effect
on teacher separation rates.
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Finally, in order to visualize how the effect of the changes in student
quality evolved over time as the reform progressed, Figure 5 shows point
estimates from column (3) of Table 6 with 95% confidence intervals. The
line is clearly downward sloping, starting close to zero as there are virtually
no anticipation effects. The F-test rejects the hypothesis that all four esti-
mates are identical (p=0.030).

Figure 5. Difference-in-Differences estimates for different exposure lengths.

Estimates for probability of leaving school j in t+K years

Point estimate
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-.005
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—=e&—— Point estimate ————- 95% confidence interval

Note: Estimates from teacher level regressions controlling for school and year fixed effects as well as individual controls. Only schools that
are observed in each year between 1991 and 2004 are included in the regressions. Each point comes from a separate regression. Robust
standard errors. The dependent variables are defined according to rows (1) to (3) in Table A3. The independent variables of interest measur-
ing students’ credentials are defined according to columns (2) and (4) in Table A3. Students’ credentials measured by primary school 9™
grade GPA (only students who applied to school in the same year) in first grade of high school j. Individual controls include: gender, marital
status, immigration status, specialization (science, vocational, special education), university education indicators and experience.

5 Is it really about student quality?

Thus far | have presented evidence that higher student quality reduces the
probability that teachers leave their current employment. To the best of my
knowledge this is the first paper that estimates causal effects of changes in
student quality, as measured by academic credentials, on teacher labor sup-
ply decisions. Student quality is, however, correlated with other observable
variables such as the fraction of minority students or parental wealth. For
instance, Jackson (2009) used a similar identification strategy to gauge the
causal effect of the reshuffling of minority students on teacher mobility. It is
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therefore relevant to ask whether it is direct measures of student quality or
variables correlated with student quality that drive teachers’ decisions.

Table 7. Probability of leaving school j. Alternative measures of student composi-
tion.

1) (@]
Dependent variable: probability of leaving school j within k years Unconditional Conditional on
credentials
Share of immigrant students 1.199%** 0.209

(0.447) (0.532)

GPA -0.009%**
(0.002)

Mean parental income in 1000 SEK -0.001** 0.003***
(0.000) (0.001)

GPA -0.026%**
(0.005)

Mean parental education -0.190%** -0.119%*
(0.049) (0.053)

GPA -0.007%**
(0.002)
Mean combined cognitive and non-cognitive paternal IQ -0.017%** -0.008
(0.004) (0.005)

GPA -0.007%**

_________________________________________________________________________________ (0.003)____.
Observations 1,657

Note: Teacher level regressions controlling for school and year fixed effects as well as individual controls. Each row and column reports
estimates from a separate regression. All regressions based on specification from Table 6, row (4) and column (3). In column (1) I substitute
students’ credentials with other mean school-level first grade characteristics, mainly, fraction of immigrants (row (1)), parental income (row
(2)), parental education (row (3)) and paternal cognitive and non-cognitive military assessments (row (4)). These are correlated with first
grader GPA (only students who applied to school in the same year) at the level of 0.39, 0.81, 0.91, 0.79, respectively. In column (2) I keep
these alternative measures but also include first graders GPA (only students who applied to school in the same year). Individual controls
include: gender, marital status, immigration status, specialization (science, vocational, special education), university education indicators and
experience. Only schools that are observed in each year between 1991 and 2004 are included in the regressions. Robust standard errors.

My data include a number of background characteristics that may proxy for
student quality such as whether a pupil is a first generation immigrant. I also
have information on the yearly income and education of a pupil’s parents,
for which I compute school-level averages. Finally, I use military draft data
with information on the cognitive and non-cognitive assessment of fathers.
The results are presented in Table 7 where I focus on the specification of
interest based on column (3) and row (4) from Table 6 with the estimate
showing the effect for the fully implemented reform and accounting for an
anticipation effect. The first row of Table 7 presents estimates in which the
treatment is defined as a fraction of first generation immigrants (a correlation
of 0.39 with GPA), the second row presents estimates for mean parental
income (a correlation of 0.81 with GPA), the third row presents estimates for
mean parental education (a correlation of 0.91 with GPA), and the fourth
row presents estimates for mean combined cognitive and non-cognitive as-
sessment of fathers (a correlation of 0.79 with GPA).? Column (1) presents
the effects of the characteristics from rows (1) to (4) while column (2) adds a

22 These data are available only for some fathers, and the coverage at school level increases
from 24 to 51% over the time period used in this analysis. On average, I have information
about fathers of 40% of pupils. This limitation is driven by the fact that the registries are not
available for individuals tested before 1970 and immigrants. Nonetheless, I calculate the mean
for all fathers with assessment information available in a given school.
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student quality measure in a horse race between direct and indirect measures
of student quality.

First, I focus on the unconditional effects. The estimate in row (1) con-
firms what other researchers have previously found in descriptive analyses,
in particular, that the fraction of minorities at a school correlates positively
with the probability of job separation (Hanushek et al., 2004; Falch and
Strem, 2005; Barbieri et al., 2011; Karbownik, 2013). Furthermore, unlike
other researchers I do not find any evidence for the clustering of immigrant
teachers and minority students in either specification. In row (2), the coeffi-
cient on mean yearly income in 100 000 SEK is -0.074 with a standard error
0f 0.035. This is a small estimate given that the mean yearly parental income
in the studied group of schools is 377 696 SEK and in standard deviation
terms it is roughly half of the effect estimated for student GPA. Similarly,
rows (3) and (4) indicate significant and robust negative effects of increased
parental quality on the probability of job separation. The intergenerational
transmission of education has been well documented in the literature so it is
not surprising that parental education is a good measure of student quality
(Bjorklund et al., 2006). The last estimate is in line with Black et al. (2009),
which documents an intergenerational mechanism of cognitive skills trans-
mission, and thus, it is not surprising that teachers favor working with stu-
dents whose fathers obtained relatively higher cognitive and non-cognitive
scores in the military assessment.

In column (2), the estimates for the fraction of minorities and paternal
military assessments become insignificant and decrease in size after control-
ling for students’ credentials. The coefficient on mean parental income actu-
ally turns positive. On the other hand, the two coefficients in row (3) are
negative when I include both parental education and student GPA. Overall,
the estimates in column (2) suggest that teachers value primarily student
quality, but that some of the response to changes in student quality is driven
by changes in the students’ socio-economic backgrounds.” In particular,
teachers may prefer working with poorer students conditional on their high
quality.

2 Since direct (student quality) and indirect (share of immigrants, parental income and educa-
tion, paternal military test scores) are highly correlated, one might be worried that models in
column (2) pick up non-linear measures of student quality. When I add the square of student
GPA to the estimates in column (2), however, it turns out to be positive and significant in all
estimations (similar to the main specification). At the same time, the linear term in student
quality remains highly significant and negative in all cases. Finally, the significant negative
coefficient on parental education becomes insignificant suggesting that indeed it was picking
up some non-linearity in student quality, however, the coefficient on parental income remains
positive and significant with an identical point estimate.
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6 Heterogeneity analysis

The richness and completeness of Swedish registry data allows me to inves-
tigate heterogeneity in the effects of student quality. It is important from a
policy point of view to learn whether the effects of student quality vary by
teacher characteristics. In particular, the consequences of the admission re-
form could be very different if high-quality teachers are more likely to leave
the most disadvantaged schools. Therefore, I analyze how the response to
changes in student composition differs by teacher quality, as measured by
their formal education and experience. For male teachers born after 1951 1
also have information about their cognitive and non-cognitive skills as
measured at the military draft. Furthermore, I study how the response to
changes in student credentials differs by the teacher’s gender, specialization
and type of contract. Then, I also divide teacher mobility by their destina-
tion. Finally, I split schools into quartiles of student quality distribution
measured in the pre-reform period and by changes in the distribution of stu-
dent quality.

Table 8 presents a range of heterogeneity findings. The table has the fol-
lowing structure: the first column reports the fraction of teachers in each
group, while the second column reports the mean and a standard deviation of
4-year mobility for the group. The third column reports the point estimate
and standard error of the effect of student quality on 4-year teacher mobility
for the group. Finally, the fourth column presents a joint significance test for
whether the point estimates for different sub-groups of teachers are different
from one another.

I first consider the standard teacher quality measures. The first and second
panels of Table 8 stratify teachers by their education and experience, which
are important predictors of student achievement (Boyd et al., 2005; Harris
and Sass, 2011). More than one-quarter of secondary school teachers in
Stockholm do not have a formal university degree. Although these teachers
have substantially higher turnover rates (42% vs. 29%), the estimated rela-
tionship between student quality and probability of leaving the current em-
ployment is remarkably similar (-0.007 vs. -0.009).

The same observation applies to teacher experience. Even though there
are large differences in average turnover rates between groups (for example
54% for the least experienced teachers and only 20% for the most experi-
enced ones), the point estimates are virtually identical, suggesting that the
effects of student quality are similar across the distribution of teacher quali-
ty. It is worth noting, however, that although similar in percentage points and
not significantly different, the point estimates suggest different relative re-
ductions in mobility percent wise due to large differences in average mobili-
ty levels between the groups.

In rows (3) and (4) I further explore the uniqueness of the Swedish regis-
try data and split teachers by their cognitive and non-cognitive skills that are
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available for all native males born in 1951 or later in Sweden. The sample
size in this analysis is reduced dramatically to only 260 observations. The
estimated responses to changes in student composition are somewhat differ-
ent for teachers of different skills, but due to the relatively few observations
I fail to reject that the estimates are different from one another.

Table 8. Heterogeneous effects by teachers’ characteristics.

(1) () (3) “
Characteristic Group Fraction [%] Mean mobility Estimate p-value
difference
(1) University education Yes 72 0.286 -0.009%**
(0.452) (0.002)
No 28 0.422 -0.007* 0.706
(0.494) (0.004)
(2) Experience 0-5 24 0.536 -0.011%**
(0.500) (0.005)
6-15 36 0.323 -0.008**
(0.468) (0.004) 0.917
16+ 40 0.195 -0.009***
(0.396) (0.003)
(3) Cognitive assessment High 73 0.381 0.001
(0.487) (0.007)
Low 27 0.352 -0.017 0.207
(0.481) (0.012)
(4) Non-cognitive assessment ~ High 50 0.392 -0.013
(0.490) (0.008)
Low 50 0.354 -0.001 0.323
(0.480) (0.008)
(5)  Gender Male 48 0.347 -0.011%**
(0.476) (0.003)
Female 52 0.303 -0.008** 0.492
(0.460) (0.003)
(6)  Subject taught Science 10 0.405 -0.011
(0.492) (0.009)
Other 90 0.315 -0.009%*** 0.865
(0.465) (0.002)
(7)  Type of contract Permanent 81 0.270 -0.008%***
(0.444) (0.002) 0,619
Temporary 19 0.554 -0.011%** ’
(0.498) (0.005)

Note: Teacher level regressions controlling for school and year fixed effects as well as individual controls. Each row reports estimates from a
separate regression. Column (1) reports fraction of individuals in each group while column (2) reports mean and standard deviation of a
dependent variable (4-year mobility) in each group. Column (3) reports point estimates from regression specified as in Table 6, row (4) and
column (3) for each group separately. Column (4) presents the joint significance test for the analysed groups in difference-in-differences
model from column (3). Individual controls include: gender, marital status, immigration status, specialization (science, vocational, special
ceducation), university education indicators and experience. In row (1) a university graduate is defined as an individual graduating three, four
or five year-long university education or individual with a research degree. Other forms of post-secondary education are not treated as
university graduates. In row (6) science teachers include: mathematics, physics, chemistry, biology and computer science subjects. In rows
(3) and (4) sample is restricted to native, males for whom both cognitive and non-cognitive assessment is observed. Cognitive and non-
cognitive test scores are available for 89% of Swedish male population born 1951 or later. Low score is defined as below or equal to median
in population percentiled draft-year distribution, while high score is defined as above median in population percentiled draft-year distribu-
tion. Sample size 1657 based on 1995 and 1999 comparison. Sample size for cognitive and non-cognitive skills regression is 260 based on
1995 and 1999 comparison. Only schools that are observed in each year between 1991 and 2004 are included in the regressions. Robust
standard errors.

I also consider whether the estimated effect of student quality varies by
teacher gender. While female teachers are somewhat less mobile than male
teachers, the difference-in-differences estimates for both groups are virtually
identical (-0.011 and -0.008, respectively). Another important group of
teachers which often gets a lot of attention in media and research are science
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teachers (Edmark and Nordstrém Skans, 2010). On the one hand, providing
these skills to students may be important for their chances on the labor mar-
ket. On the other hand, teachers with this specialization may have favorable
outside options. Thus, it is worth learning how changes in student quality
affect teachers in mathematics, physics, chemistry, biology, and computer
science in comparison to other teachers (row (6)). Even though science
teachers have higher mobility rates I fail to find any significant evidence that
they respond stronger to changes in student composition than other teachers.

Finally, I present estimates separately for teachers on permanent and tem-
porary contracts. The latter teachers are typically employed on fixed-term
contracts, often as replacements for teachers on extended leave, and are ex-
posed to higher probabilities of job separation. Nearly 20% of teachers in
Stockholm are employed on a temporary basis and they have more than
twice as high turnover rates as permanently employed teachers. The estimat-
ed coefficients indicate, however, that the effects of student quality are virtu-
ally identical irrespectively of the type of employment. The evidence sug-
gests that most teachers are affected to the same extent by changes in student
quality. This may indicate that schools that end up with lower quality stu-
dents are likely to lose all types of teachers and not only the best (or the
worst) ones.*

The models used so far pool all of teacher mobility into one destination.
However, previous research indicates that the correlations with teacher char-
acteristics differ depending on the destination (Lankford et al., 2002). In
Table 9, I investigate whether the effects of changes in student credentials
are stronger along some mobility margins than others. In particular, I esti-
mate the effect of student quality on teacher mobility within high schools
(row (1)), to all levels of education (row (2)), to private schools (row (3)),
out of the profession (row (4)) and to high schools with a higher quality of
students (row (5)). Since it should be of particular interest to policy makers
if highly educated teachers tend to leave the profession in response to such a
reform, I also estimate the above specifications separately for the whole
population (column (2)) and for teachers with university degree (column

(4)).

2* This statement might not be completely accurate as the groups presented in Table 8 overlap.
To purge this confounding factor I use teacher’s individual characteristics to predict their 4-
year mobility and divide it into 10 mutually exclusive groups. I then run heterogeneity analy-
sis using these groups. Even though the groups range in mean predicted mobility from 12.7%
to 68.5%, the estimated effects are very similar and in a range between -0.025 to 0.005, and
the slope of the line for 10 estimates is insignificant -0.0002. Thus, I conclude that the esti-
mated effects of student quality are indeed identical for all teachers.
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Table 9. Heterogeneity analysis: Effects by teachers’ destination.

@) 2 3) “)
Sample All teachers Teachers with university degree
Dependent variable: probability of leaving Mean Estimate Mean Estimate
school j within k years
Mobility within high schools 0.093 -0.006%** 0.083 -0.005%%**
(0.290) (0.001) (0.276) (0.002)
Mobility within schooling 0.158 -0.007%%* 0.153 -0.006%**
(0.365) (0.002) (0.360) (0.002)
Mobility to private school 0.011 -0.000 0.008 -0.001*
(0.104) (0.001) (0.091) (0.001)
Out-of-teaching 0.166 -0.003 0.133 -0.003
(0.372) (0.002) (0.340) (0.002)
To a higher quality high school 0.048 -0.003%*%* 0.051 -0.002%*
_______________________________________ 0213) _______(©o0h) _______©22h) _____ 00D __
Observations 1,657 1,192

Note: Teacher level regressions controlling for school and year fixed effects as well as individual controls. Each row in columns (2) and (4)
reports estimates from a separate regression. Columns (1) and (3) present means and standard deviations of dependent variables. Column (2)
presents estimates for all teachers while column (4) presents estimates for teachers with university diploma. Estimates in columns (2) and (4)
are based on specification from Table 6, row (4) and column (3). Dependent variable in row (1) equals unity if teacher leaves for another
teaching position in high school. Dependent variable in row (2) equals unity if teacher leaves for another teaching position within primary or
secondary schooling. Dependent variable in row (3) equals unity if teacher leaves for another teaching position in a primary or secondary
private school. Dependent variable in row (4) equals unity if teacher leaves for another occupation outside of teaching. Dependent variable in
row (5) equals unity if teacher leaves for high school with higher student quality than their initial allocation. Rows (2) and (4) add up to total
mobility measure used in previous specifications. A university graduate is defined as an individual graduating three, four or five year-long
university education or individual with a research degree. Other forms of post-secondary education are not treated as university graduates.
Individual controls include: gender, marital status, immigration status, specialization (science, vocational, special education), university
education indicators and experience. Only schools that are observed in each year between 1991 and 2004 are included in the regressions.
Robust standard errors.

The estimates in the first two rows in column (2) show that increases in stu-
dent credentials reduce the probability that a teacher will leave their current
school for either a different high school or for any other primary or second-
ary school to the same extent. These estimates are also virtually identical for
teachers with university education. Furthermore, I do not find any significant
relationship between student quality and moving to a private school for all
teachers, while the estimate is small and significant for teachers with a uni-
versity diploma. On the contrary, I find significant and negative estimates on
the probability of leaving to a school with a higher quality of students for all
teachers. This potentially provides meaningful information about the direct
manifestation of teacher preferences. Teachers seem to value the quality of
their students, as they flee the adversely shocked schools in favor of schools
with higher student quality. Finally, I do not find any effects of student
quality on the probability that teachers leave the profession. This is in ac-
cordance with Jackson (2013), who argues that teachers will adjust their
match quality within the profession rather than through outflow from the
profession.

The last aspect of the heterogeneity analysis investigates the distributional
effects of changes in student quality. These might be especially important as
adversely shocked teachers tend to move to schools that have a better pool of
students. I investigate this phenomenon in two ways. First, in Table 10, I
study how teachers employed initially in schools from different parts of the
student quality distribution respond to changes in their pupils’ composition.
Second, in Table 11, I study how teachers react to changes in the fraction of
students from different parts of the quality distribution. For every school and
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year, I calculate the fraction of students admitted from each quartile of the
quality distribution. Then, I use these four variables in separate regressions
as a substitute for the average of student credentials. Thus, Table 10 reports
heterogeneous responses to the same treatment, while Table 11 documents
reactions to heterogeneous treatments.

Table 10. Heterogeneity analysis: Effects by pre-reform school quality.

Quartile of student 1) ?2) 3) “
quality Fraction [%] Mean mobility Estimate p-value difference
Bottom 27 0.206 -0.012%**

(0.405) (0.005)
Lower middle 22 0.306 -0.028***

(0.462) (0.006)

0.007

Higher middle 29 0.240 -0.003

(0.428) (0.005)
Top 22 0.137 -0.003

(0.344) (0.005)

Note: Teacher level regressions controlling for school and year fixed effects as well as individual controls. Each row in column (3) reports
estimates from a separate regression. Column (1) reports fraction of individuals in each group while column (2) reports mean and standard
deviation of a dependent variable (4-year mobility) in each group. Column (3) reports point estimates from regression specified as in Table 6,
row (4) and column (3) for each group separately. Column (4) presents the joint significance test for the analysed groups in difference-in-
differences model from column (3). Individual controls include: gender, marital status, immigration status, specialization (science, vocation-
al, special education), university education indicators and experience. Sample sizes based on 1995 and 1999 comparison are 315, 258, 333
and 256 for rows (1) through (4), respectively. Student quality is divided into four quartiles based on the quality in school year 1996/1997
i.e., baseline student quality. Only schools that are observed in each year between 1991 and 2004 are included in the regressions. Robust
standard errors.

The results in Table 10 indicate that only teachers employed in the bottom
half of the distribution respond to changes in student quality.” The coeffi-
cients on the upper half are identical for both quartiles at -0.003 with a
standard error of 0.005. It should be of interest that most of the turnover
occurs in the second quartile of the distribution, suggesting that teachers on
the margin that experience a mixture of high and low quality students on a
daily basis react most strongly to the reshuffling. In fact, teachers at the bot-
tom of the student quality distribution are the only ones who are significantly
more likely to leave the profession in favor of a different occupation. Among
the worst performing schools, the point estimate of -0.008 suggests that a 10-
percentile-point decrease in student quality increases the probability that a
teacher leaves his or her school for a job in a different profession by 8 pp. At
the same time, I do not find any significant results for within-teaching mobil-
ity for the lowest quality schools, with an estimate of -0.005 and a standard
error of 0.004, yet I find strong negative estimates for within-profession
mobility for the second lowest quartile — an estimate of -0.023 with a stand-
ard error of 0.004. This last piece of evidence suggests that teachers at the

> When 1 split the sample into halves I only find significant estimate for the bottom half. It is
-0.018 with SE of 0.004, while the estimate for the top half is -0.003 with SE of 0.003. The
two coefficients are different at 1% level. When I split the sample into tertiles I find signifi-
cant estimates for bottom and middle tertile. These are both -0.014 with SEs of 0.005 and
0.004, respectively. The coefficient for the top tertile is -0.002 with SE of 0.004 and the three
coefficients are significantly different from one another at 10% level.
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bottom of the distribution prefer to leave the profession when facing an ad-
verse shock to student quality. However, their colleagues who are at the
margin and who experience a mix of good and bad students seek a higher
quality match within the occupation.

Table 11. Heterogeneity analysis: Effects by changes in fraction of students in quar-
tiles of quality distribution.

. (e)) (2 3) 4
Quartile Bottom Lower middle Higher middle Top
Mean fraction 0.183 0.235 0.254 0.328
(0.163) (0.120) (0.095) (0.242)
Fraction of students 1.511%*%* 0.609%*** -0.766%** -0.149
in k-th quartile (0.255) (0.190) (0.162) (0.108)

Note: Teacher level regressions controlling for school and year fixed effects as well as individual controls. Each column in the second row
reports estimate from a separate regression. First row presents mean and standard deviation of the share of students in a given quartile of the
quality distribution based on all first grades that applied to schools in the year of graduation. Point estimates based on regression specified as
in Table 6, row (4) and column (3) for each group separately. Individual controls include: gender, marital status, immigration status, speciali-
zation (science, vocational, special education), university education indicators and experience. Sample size based on 1995 and 1999 compari-
son is 1657 observations. Only schools that are observed in each year between 1991 and 2004 are included in the regressions. Robust
standard errors.

Finally, Table 11 leads to similar conclusions regarding the quality of stu-
dents. Teachers who experience an inflow of students coming from the bot-
tom half of the quality distribution are more likely to leave their current em-
ployment. The point estimate for the lowest quartile is also more than twice
the size of the coefficient for the second lowest quartile suggesting that the
really bad students have a significantly higher pushing out effect than their
moderately more able peers. Here, it is also the case that only an increase in
the fraction of students from the bottom quartile induces teachers to leave
the profession. One the other hand, an increase in the fraction of students
that come from the upper half of the quality distribution actually decreases
the probability that teachers separate from their school. It is also interesting
to note that this effects is driven by the mediocre students scoring above the
median rather than by the very top students.

7 School responses: teacher earnings and hiring policy

Swedish teachers’ wages are determined at a national level with some room
for individual wage bargaining. Since the reform only affected the admission
system in the municipality of Stockholm, any effects on wage bargaining at
the national level were likely small. It is thus interesting to investigate
whether the principals at Stockholm schools used teacher wages as a way to
compensate for the changes in the other attributes of schools. Figure 6 shows
the point estimates together with 95-percent confidence intervals. Similarly
to regressions in Table 5, this analysis is based on the static model in which
the earnings are determined at a given point in time and do not require using
multiple time periods to construct a single dependent variable. It is plausible
however, that if teachers expected changes in student quality they could have
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renegotiated their monetary compensations in the school year 1999/2000 as
an insurance against a potential shock. In fact, wage renegotiation is proba-
bly more plausible in this setting than changes in employment. Therefore,
when analyzing earnings I account for the anticipation effects and compare
the second-to-last year prior to the reform to the three years post-reform. All
point estimates are positive, but they never reach statistical significance. If
anything, the results indicate that schools with a positive shock to student
quality raise wages in an attempt to retain old teachers and attract new ones.

Figure 6. Difference-in-Differences estimates for individual teacher’s earnings.

Estimates for earnings of individual i in school j in t+K years

Point estimate
0

2
Student inflow window K

—&—— Point estimate @————- 95% confidence interval

Note: Estimates from teacher level regressions controlling for school and year fixed effects as well as individual controls. Only schools that
are observed in each year between 1991 and 2004 are included in the analysis. Each point comes from a separate regression. Robust standard
errors. The dependent variables are earnings in 1998 in pre-period and earnings in 2000, 2001 and 2002 in post-period for one, two and three
year differences, respectively. The independent variables of interest measuring students’ credentials are defined in year 1999 in pre-period
and in 2000 in post-period. Students’ credentials measured by primary school 9™ grade GPA (only students who applied to school in the
same year) in first grade of high school j. Individual controls include: gender, marital status, immigration status, specialization (science,
vocational, special education), university education indicators and experience.

In Figure 7, I present results on teacher hiring. This analysis, akin to the
analysis of mobility, is based on a dynamic treatment of the outcome varia-
bles. In particular, I need two time periods to define a single outcome varia-
ble. The dependent variable is defined as the probability of being hired a
year, two, three or four years prior to baseline in pre- and post-treatment
period. Here again I need to use four years in order to account for the antici-
pation effects. Even though I do not find any effects of the reform on chang-
es in the number of teachers, it is plausible that principals might have at-
tempted to contract some extra teachers if they expected their schools to be
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adversely shocked, resulting in an outflow of their current staff. Although
statistically insignificant, all the estimates are negative, which suggests that
schools that experience an increase in student quality retain their current
teachers and, thus, reduce new hires.

Figure 7. Difference-in-Differences estimates for probability of being a new hire.

Estimates for probability of being hired at school j in t-K years

!

Point estimate
0

Hire window K

—=—— Point estimate @————- 95% confidence interval

Note: Estimates from teacher level regressions controlling for school and year fixed effects as well as individual controls. Only schools that
are observed in each year between 1991 and 2004 are included in the regressions. Each point comes from a separate regression. Robust
standard errors. The dependent variable in pre-period ends in school year 1999/2000 in each case. That is for one year window I code hired
teacher as the one that is present in school j in school year 1999/2000 but was not present in school year 1998/1999. Identical logic applies
for longer (2, 3 and 4) exposure lengths, thus for 4-year hire window in the pre-period I code teachers as hired in school year 1999/2000 if
they were not present in school j in school year 1995/1996. In the post-reform period I define hires for school years 2000/2001 (1-year),
2001/2002 (2-year), 2002/2003 (3-year) and 2003/2004 (4-year). They correspond to being hired in these years and not being present in
school j in school year 1999/2000. The independent variables of interest measuring students’ credentials are defined in year 1999 in pre-
period and in 2000 in post-period. Students’ credentials measured by primary school 9™ grade GPA (only students who applied to school in
the same year) in first grade of high school j. Individual controls include: gender, marital status, immigration status, specialization (science,
vocational, special education), university education indicators and experience.

& Conclusions

A number of educational policies involve placing certain groups of students
in a more favorable school environment, in hopes that interacting with better
peers would boost their school performance. However, the success of such
policies relies on, among other things, how teachers respond to changes in
student quality. This paper provides evidence on the causal effect of student
quality on teacher mobility, using abrupt changes in the credentials of the
incoming students following an admission reform in Stockholm. I use data
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on teachers, students and their parents for Swedish high schools covering
years 1991/1992 to 2004/2005.

The results show that an increases in student quality leads to lower teach-
er mobility and that the effect is increasing as the reform progresses. A 10-
percentile-point increase in incoming student credentials decreases the prob-
ability that a teacher will leave their school by up to 9 pp. I show that this
effect is robust to different model specifications and I account for the fact
that the change in student quality in different schools might be related to pre-
existing trends in teacher mobility. The effect is very similar across all types
of teachers and is found mostly for mobility between schools rather than out
of the profession. It is also present only in the lower half of the student quali-
ty distribution. Furthermore, teachers seem to react mostly to direct
measures of student quality (credentials) rather than to characteristics that
are correlated with student quality (immigrant status, parental income and
schooling, paternal cognitive and non-cognitive skills). Finally, I do not find
any significant effects of changes in student quality on teacher’s earnings or
school hiring policies.
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Appendix

Figures

Figure Al. Difference-in-Differences. Probability of leaving school j in 4-years.

Graphical illustration of Wald estimator
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Note: Values on the vertical axis represent differences in mean 4-year mobility between 1995 (pre-reform) and 1999 (post-reform). This one-
year lag in outcome variable (with respect to the reform timing) accounts for potential anticipation effects and quits related to rumours or
announcement of the reform. Values on the horizontal axis represent changes in mean students’ credentials between 2000 and 1996. Student
credentials are based on first grade students who applied to high schools in the same year. Students’ credentials are measured using primary
school 9" grade GPA. Line represents linear regression fit. Only schools that are present in the data in each year between 1991 and 2004 are
included in the analysis.
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Tables

Table Al. Descriptive statistics — comparison of Sweden and Stockholm.

Variable [€)) ?2) 3) “)

Pre-period = 1999 Post-period = 2000
Sweden Stockholm Sweden Stockholm

One-vear mobilit 0.13 0.14 0.11 0.15
Y iy (0.34) (0.35) (0.31) (0.36)

. 0.49 0.55 0.48 0.53
Fraction of female teachers (0.50) (0.50) (0.50) (0.50)
Mean teacher experience 12.00 11.05 11.94 10.96
xp (7.27) (7.24) (7.61) (7.48)

. . o 0.65 0.72 0.65 0.72
Fraction of teachers with university diploma (0.48) (0.45) (0.48) (0.45)
Fraction of teachers employed on tempor: ntract: 020 021 020 0.22
action of teachers employed on temporary contracts (0.40) (0.41) (0.40) (0.41)

L 224 217 226 226

Mean yearly teacher earnings in 1000 SEK 78) (84) 79) 87)

s . 48.95 56.73 48.99 57.35
Students’ credentials (1.12) (16.48) (1158) (18.34)
Share of immigrants 0.08 0.13 0.09 0.13

& (0.06) (0.07) (0.06) (0.07)
. . 338 396 356 423

Mean yearly parental income in 1000 SEK (62) (117) (65) (128)
Mean parental education 11.99 13.05 12.16 13.20
P (0.82) (1.15) (0.79) (1.17)
51.60 58.10 51.88 56.92

il SNSRI ($536) (186 | (578 (89D
Number of teachers 20795 1304 21675 1364

Note: Means and standard deviations. Columns (1) and (3) present statistics for all high school teachers in Sweden (excluding Stockholm
municipality) in years 1999 and 2000 from schools that were in operation prior to school year 1999/2000. Columns (2) and (4) present
statistics for all high school teachers in Stockholm municipality in years 1999 and 2000 from schools that were in operation prior to school
year 1999/2000.

Table A2. Definitions of mobility and students’ credentials variables. No anticipa-
tion effects.

Q) 2 €)] “4)
Mobility Post-period mobility Post-period GPA Pre-period mobility Pre-period GPA
1-year 00/01 to 01/02 2000 99/00 to 00/01 1999
2-year 00/01 to 02/03 2000 98/99 to 00/01 1998
3-year 00/01 to 03/04 2000 97/98 to 00/01 1997

Note: Table presents length of mobility in rows. First row defines mobility for teachers leaving in period t+1, second row in t+2 and third
row in t+3. Column (1) defines the post-reform period dependent variables while column (2) defines post-reform treatment variables.
Column (3) defines the pre-reform period dependent variables while column (4) defines pre-reform treatment variables.

Table A3. Definitions of mobility and students’ credentials variables. Anticipation
effects present.

(O] ) 3) “4)
Mobility Post-period mobility Post-period GPA Pre-period mobility Pre-period GPA
1-year 99/00 to 00/01 2000 98/99 to 99/00 1999
2-year 99/00 to 01/02 2000 97/98 to 99/00 1998
3-year 99/00 to 02/03 2000 96/97 to 99/00 1997
4-year 99/00 to 03/04 2000 95/96 to 99/00 1996

Note: Table presents length of mobility in rows. First row defines mobility for teachers leaving in period t+1, second row in t+2, third row in
t+3 and fourth row in t+4. Column (1) defines the post-reform period dependent variables while column (2) defines post-reform treatment
variables. Column (3) defines the pre-reform period dependent variables while column (4) defines pre-reform treatment variables.
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Table A4. Effects of changes in students’ credentials and probability of leaving
school within 4-years. Wald estimator accounting for an anticipation effect.

Effects of 4-year changes in student quality on 4-year teacher mobility

Schools
1/3 upward shocked 1/3 downward shocked Difference

Treatment: Student quality - percentile ranked GPA from 9™ grade in primary school. Incoming students gradu-
ating 9" grade in the same year.

Year 2000 73.90 46.04 27.87***
(13.23) (10.19) (1.02)
Year 1996 56.35 50.05 6.20%**
(13.90) (10.51) (1.00)
Difference 17.56%** -4,02%%* 21.58%**
(1.10) (0.88) (1.41)
Dependent variable: Leaving school j from year 1996 to year 2000 (4-year mobility)
Year 1999 0.24 0.30 -0.06
(0.43) (0.46) (0.04)
Year 1995 0.41 0.29 0.11%%*
(0.49) (0.46) (0.04)
Difference -0.16%** -0.01 =0.17%%%*
(0.04) (0.04) (0.05)
Wald estimate
-0.008%**
(0.003)

Note: Shock is defined as a difference between mean students’ credentials measured by primary school 9™ grade GPA (only students who
applied to school in the same year) in first grade of high school j in the first post-reform year 2000 and alike defined mean students’ creden-
tials in the last pre-reform year 1999 in these same schools. Based on the shock schools are divided into these that experience the most
positive change (one-third upward shocked schools) and these that experience the least positive change (one-third downward shocked
schools). Only schools that are present in the data in each year between 1991 and 2004 are included in the analysis. It results in a sample of
15 schools. Dependent variable is defined as probability of leaving school j from school year 1995/1996 to school year 1999/2000 pre-reform
and probability of leaving school j from school year 1999/2000 to 2003/2004 post-reform. Independent (treatment) variable is defined as
difference in mean incoming students’ credentials between 1996 in pre-period and 2000 in post-period. Differences report the interaction
coefficients from regression of students’ credentials or mobility on year dummy, upward shock dummy and their interaction. Wald estimate
reports coefficient from instrumental variables regression of probability that teacher leaves school j on students’ credentials, year dummy and
upward shock dummy. Students’ credentials are instrumented by interaction between year and shock. Robust standard errors and differences
rounded to second decimal.

Details of sample construction

I construct the sample of high school teachers for the school years
1991/1992 to 2004/2005. The information about teachers comes from the
teacher registry and the analysis focuses on teachers working in grades 1 to 3
of secondary education (high school) that were in operation in Stockholm
municipality prior to school year 1999/2000. Teachers who are on unpaid
leave of absence or whose workloads are zero hours (i.e., they do not per-
form any pedagogical duties) are excluded from the analysis. Such teachers
are treated neutrally in terms of mobility if they come back after the absence
period to the same school. Similarly, I exclude teachers who are employed as
principals, study counselors etc. In each year if a teacher has multiple entries
in the registry, the observation with the highest workload is selected irre-
spectively of whether it is at the same or at different schools.” The teacher
registry is a high quality data set, that allows recovering information on
school location (unique identifier), school ownership and type, teacher certi-
fication, workload, employment type (temporary vs. permanent), education
and position.

2 The workload of teachers having multiple positions at the same school is not summed and
the highest workload position is selected.
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Teacher experience is not available for all years, and therefore, I use pre-
dicted experience in the analysis. In particular, since the teacher registries
date back to 1979 I explore this feature to construct the “in teaching predict-
ed experience” variable. I create a panel of all teachers between 1979 and
2006 and link it to population enlistment data between 1985 and 2006 in
order to obtain teacher’s birth date. I then use all this information and tenure
data provided in the later registries (since 1999 onwards) to construct the
predicted measure of experience.

Teachers are then linked (using unique identifier) to population registers,
which covers all individuals living in Sweden. The registers include infor-
mation on gender, marital status, age, family composition (using unique
family identifier), immigration history, education and income. Income is
measured as a gross salary plus income from business and self-employment
plus any work-related allowances. Investment losses are not included, and
thus, income is lower-bounded at zero. The analysis is restricted to teachers
aged 25-58 years, to abstract from mobility driven by educational attainment
and retirement decisions.

The students’ characteristics are based on “school in” and “school out”
pupil registries. The secondary school composition is based on all the stu-
dents that are in a school in a given year. The quality of students in second-
ary school is measured based on their 9" grade grades. I percentile rank stu-
dents for each subject and take the average across all subjects. The average
GPA is then percentile ranked again. I match students to their parents using
unique family identifier and obtain the family level socioeconomic indicators
i.e. mean parental income, mean parental education and the cognitive and
non-cognitive skill of the fathers from the military enlistment.

The enlistment registry covers period 1969 to 2006 and provides infor-
mation on cognitive and non-cognitive assessments. All skill measures are
percentile ranked by year of draft. The data is linked to teachers and stu-
dents’ fathers using the unique personal identifier.

Finally, having a dataset with teachers and students I match the two using
the unique school identifier. I exclude schools with less than three employed
teachers (in full time equivalence) and schools with less than 15 students. I
also restrict the analysis to teacher aged 25-58 years. I then select schools
that operate within the municipality of Stockholm and were in operation
prior to school year 1999/2000. This results in a sample of 15765 teacher-
year observations, which is based on 3621 unique teachers from 29 schools.
In this paper I focus on a balanced panel of schools, i.e. I restrict the sample
to schools present in the data for all years between 1991/1992 and
2004/2005. 1 also drop teachers from Skérholmens Gymnasium because this
school did not admit any new students in school year 1998/1999. The final
sample consists of 2758 teachers, 15 unique schools and 12226 person-years.
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Essay 4
Who gets to look nice and who gets to play?

Effects of child gender on household
expenditure
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1 Introduction

Children’s gender has been demonstrated to influence family stability (Dahl
and Moretti, 2008), fertility (Ben-Porath and Welch, 1976; Das, 1987), abor-
tion rates (Sen, 1990; Jha et al., 2006) and labor market activity (Lundberg
and Rose, 2002; Ichino et al., 201 1).1 While a single causal mechanism be-
hind these findings has not been identified, the possible explanations include
strict preferences of parents for a specific gender of their child, differences in
costs of bringing up boys and girls and the importance of gender specific
roles in the upbringing process. Thus, while behavior associated with the
birth of a child of a specific gender can be viewed as a reflection of gender
bias in preferences, there are also explanations for different behavior of par-
ents of boys and girls, once they are born, under unbiased preferences. Dif-
ferential behavior of mothers on the labor market, for example, has been
interpreted as strategic response to the increased probability of divorce fol-
lowing the birth of a girl (Ichino et al., 2011). In such a case higher divorce
risk is considered a reflection of biased preferences and the higher labor
supply of girls” mothers interpreted as its further consequence.

In developing countries children’s gender has also been shown to deter-
mine the level of child related expenditure on schooling, nutrition and care
(Jayachandran and Kuziemko, 2011; Barcellos et al., 2012). In these cases
parental behavior is again explained by either higher returns to investment in
boys or by strict gender bias against girls. Given these findings and the evi-
dence on the role of children’s gender in determining family and labor mar-
ket outcomes in the developed world, it is surprising that there has so far
been no study linking child gender to household expenditure. Studying ex-
penditure patterns may provide further clues to understand the mechanisms
behind the already identified effects on parental outcomes. Moreover, if
there is differential treatment of boys and girls by their parents it should be
reflected in the way households allocate their resources. The latter case is of
particular importance in the light of the growing evidence on the role of ear-
ly interventions (Blau and Currie, 2006; Carneiro and Ginja, 2008; Cascio,
2009; Almond and Currie, 2011), suggesting that differential treatment of
boys and girls might have significant consequences for adult outcomes of
men and women. Investments in the form of prenatal care, vaccinations or
medical care have also been shown to be vital for children’s development in
the developed world (Aizer, 2003; Figlio et al., 2009; Levine and Schanzen-
bach, 2009). Along these lines, we would also expect that different levels of
expenditure on goods that can be thought of as investment in the child’s
human capital might play an important role for children’s future outcomes.

! For an excellent review of economic, sociological and psychological studies see Raley and
Bianchi (2006).
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The reason for these gaps in the literature relates primarily to data availa-
bility. From the above perspective the Polish Households’ Budgets Survey
(PHBS), which we use in this paper, offers a unique chance to study detailed
patterns of household expenditures differentiated by gender and age. To our
best knowledge this is the first such an analysis in the developed world con-
text and the only other study relating gender to family expenditure though
focusing on food comes from India (Behrman 1988), where treating the first-
born child’s gender as random may be problematic due to sex-selective abor-
tions and infanticide (Jha et al., 2006). Apart from information on the main
parental outcomes studied earlier in the literature, the PHBS data contains
also expenditure information on over 400 specific items. From among these
expenditures we can distinguish several items, which on the one hand can be
assigned to adults by gender, and on the other, to children below the age of
13. This feature of the data provides a unique opportunity to study the so far
unexamined effects of children’s gender.

Using data for the years 2003-2010 we compare 15,000 families with
first-born girls and 16,198 families with first-born boys to study the differen-
tial patterns of household expenditure. Given the design of the data 35.7% of
the first group of families and 35.4% of the latter are observed in two con-
secutive years, which in total gives us a sample of 48,397 observations. Giv-
en previous findings in the literature we first discuss three main potential
confounding factors, namely marital stability, fertility and labor supply,
which have all been found to correlate with the gender of the first child and
may also affect household expenditure. We then move directly to examine
several broad expenditure categories, such as food, clothing, health, educa-
tion or transport. Secondly, we analyze expenditure levels on adult clothing
items distinguished by gender thanks to the fact that the PHBS separately
collects expenditure on (adult) men’s and women’s shoes and clothing. Fi-
nally, we can identify several child related expenditure items in the data. For
example, we can distinguish spending on shoes and clothing for children
aged below 13. Additionally, we extend the child related categories to in-
clude expenditure on kindergarten, private schooling and tutoring, and exam-
ine two specific categories covering expenditure, which is likely to include

% In the United States the Consumer Expenditure Survey also contains some information on
child specific expenditure. Among others these are clothing and education. In the US data
children goods are classified up to the age of 17 that is way into teenagehood. It might cause a
problem because the older the children the more they take active part in consumption deci-
sions. Therefore, in the US we often cannot distinguish between the decision of a teenager and
a parent. Another problem in the case of the US is the much more lenient abortion legislation
and broader access to IVF. We know that IVF treatment affects the probability of having
multiple births (Schieve et al., 1999) and there is also evidence that immigrants from Asia
keep their skewed towards boys gender preferences even long after immigration to Northern
America (Almond et al., 2013). From this perspective Poland offers higher quality data, ho-
mogenous population, strict abortion legislation and only limited access to IVF treatment. It is
thus unlikely that our estimates will be biased due to lack of randomness in gender of a child.
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mainly child related goods (“Games, toys and hobby” and “Educational
books and materials™).

We find that first-born girl increases overall spending on clothing and
shoes by around 3.5%. This effect, in the sample of all households, corre-
spond to 7.0% increase in woman’s spending, 6.4% decrease in man’s
spending and 9.7% increase in child’s spending. We examine the findings
for all families with children and for the subsamples of married and non-
married parents. While most of the results do not differ by marital status, we
find three statistically significant differences. These differences in the behav-
ior of married and non-married parents can reflect different mechanisms
including potential endogeneity of marital status with respect to the gender
of the first child. Given that we show strong effects of first child’s gender on
partnership stability (Table 3) we conduct the heterogeneity analysis using
the subsample of married parents. While this in itself limits the validity of
our conclusions to a subsample of the data, it allows us to interpret them
without regard to the indirect effect of partnership stability on family re-
sources. Since the subsample of married couples is clearly a selected one, in
the appendix, we also present heterogeneity estimates including all house-
holds as suggested by Ichino et al. (2011).

The results related to parental expenditure are particularly interesting
from the point of view of the evidence on the effects of children’s gender to
date. While, since we only have information on expenditure on household
level, we cannot distinguish who takes the specific spending decisions, this
is in our view the first evidence which is suggestive of the fact that the gen-
der of the first child may affect parental expenditure preferences. The fact
that households with first-born girls spend 7.3% more on adult female cloth-
ing and 4.8% on adult female shoes is difficult to square with any other
mechanism. One could hypothesize some complex form of strategic behav-
ior, along the lines of Ichino et al. (2011), but any such a story would have
problems with reconciling it with diminished expenditure on the adult male
items. This would suggest that having a girl, which has been earlier shown to
affect even voting preferences (Oswald and Powdthavee, 2010), may also
influence preferences related to household expenditure in the developed
world.

Along these lines the estimates on child related expenditure suggest an-
other important result concerning early determination of social roles of boys
and girls, including differential investments in early human capital develop-
ments reflected in kindergarten expenditure. Such an early “assignment” of
gender roles could suggest a so far unexamined channel of gender bias in
child investment, expressed through the type of expenditure on boys and
girls. We are unable to say what causes the observed differences and directly
identify them as discrimination in expenditure patterns. We also do not know
what happens to these children later in the adolescence and adulthood and
what consequences the differential treatment might have on them. We specu-
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late, however, that these consequences could carry over into adult life and
contribute to sustaining gender inequality.

2 Data and sample statistics

We use a dataset from the Polish Household Budget Survey (PHBS) for
years 2003-2010. It is a nationally representative dataset collected annually
by the Central Statistical Office in Poland.’ The data includes information on
household demographic composition, labor market activity, as well as in-
come and expenditure data. In total, we have information on 286 379 house-
holds and 857 843 individuals over the eight years from 2003 to 2010. Since
the dataset does not contain retrospective fertility information we rely only
on the contemporaneous family composition. Individuals in every household
are matched into families, which we define as a single adult or a couple
(married or cohabiting) with any dependent children. This is done using
available information on the relationship to the head of household and de-
tailed pairing in the data using information on the unique identifiers of
mothers, fathers and partners of each individual. Following other studies in
the literature we limit the analysis to mothers aged between 18 and 40, who
had their first child at the earliest at age of 16. The limit for the age of the
oldest child is set at 12 years old, which on the one hand follows the practice
of other studies (Dahl and Moretti, 2008), and on the other hand corresponds
to the grouping of expenditure information.* Because expenditure data is
collected at household and not family level we additionally limit the sample
to households where there is only one family with children below 13 years of
age. This does not preclude the possibility of there being more than one fam-
ily in the household (for example parents living with children and their
grandparents). In fact such complex households are relatively common in
Poland (Haan and Myck, 2012). In the full PHBS sample 71.1% of house-
holds contain only one family, 22.2% include two and 6.7% three or more.
In the sample used for the analysis 67.7% are single-family households.” We
further restrict the sample to families with a mother present in the household,

? For more information on the methodology used by the Polish Central Statistical Office see
Barlik and Siwiak (2011). The methodology is approved and monitored by the EUROSTAT.
A summary of the survey methodology is given in the Appendix.

* Sample selection bias is likely to be very small as schooling in Poland is compulsory until
the age of 18 and most children live with their parents until at least that age. We limit the age
of the mother at 40 so we may also erroneously treat the second child as the first one. Such
cases are not very likely, as they apply only to mothers: (a) who had a child aged 21 or less
(40-21 = 19), (b) whose first child, aged 19+ is no longer in education and does not count as a
dependent child, (c) had a second child at least four years later. Initial results of parental
outcomes using 15 years old cutoff are presented in Karbownik and Myck (2011).

3 Results are robust to limiting sample to households with a single family. These are available
from the authors upon request.
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and where the child-mother relationship is clearly specified in the data. We
also exclude twins and triplets at first birth, widowed mothers and lone fa-
thers.’

The analysis is conducted for the full sample of families and then sepa-
rately for the sample of married couples and non-married families. This dif-
ferentiation is dictated by the relatively strong effects of child gender on
partnership stability which we present in Table 3. If the material condition of
families is affected by the marital status of parents, and the latter driven to
some extent by the gender of children, then any identified effect of gender
on expenditure in the full sample could be a consequence of different part-
nership arrangements of girls’ and boys’ families, rather than directly of
different expenditure behavior of parents of boys and girls. Section 3.1 also
presents analysis related to other potential sources of bias, namely the indi-
rect effects of gender through fertility and maternal labor supply.

Descriptive sample statistics are presented in Table 1 separately for all
families and for married couples. The sample size for all families, used in the
main analysis, is 48 397, and for the married couples it is 42 102. Among all
families, 9.0% of children live without a father. This number can be decom-
posed into 4.6% of mothers who never marry and 4.4% of mother who are
divorced or separated. There is also 237 widows which we exclude from the
main analysis. The average number of children in the main sample is 1.63
and it is lower than among married couples. Furthermore, married couples
have larger families, as the probabilities of having two children and three or
more children are higher for this group. Importantly, however, the share of
first-born girls is virtually identical in both samples. Finally, the demograph-
ic and socio-economic characteristics of the mother are similar in both exam-
ined samples.

The Polish Household Budget Survey contains detailed information on
over 400 specific household expenditure items collected over a period of a
month. These items are aggregated into 11 basic broad categories of expend-
itures such as for example food, clothing, housing and energy, health, educa-
tion and transport. Table 2 provides the full list of the categories and infor-
mation on mean expenditure levels in the two samples we consider. The
households in the full sample spend on average 612 PLN ($192) on food and
non-alcoholic drinks and 163 PLN ($51) on clothing and shoes. These values
are only slightly different for the married sample (respectively 621 PLN and
170 PLN).’

® Lone fathers are defined as families in which mothers do not live with their children in the
household. Since paternal custody is extremely rare in Poland any gender-bias in these situa-
tions could not be confirmed.

7 All absolute values are given in Polish zloty (PLN) in June 2006 prices. The exchange rate
between the US dollar and the PLN on 14.06.2006 was: $1=3.194 (National Bank of Poland,
exchange rate Table A).
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Table 1. Descriptive statistics — demographics and labor market.

All families Married couples
Mean Sta{]d?rd Mean Sta]?d?rd
deviation deviation
Sample means on family level:
Living without a father 0.090 0.287 - -
Never married 0.046 0.209 - -
Separated or divorced 0.044 0.206 - -
Married 0.870 0.336 1.000 -
Number of children 1.633 0.766 1.665 0.770
- one child 0.511 0.500 0.479 0.500
- two children 0.383 0.486 0.407 0.491
- three or more children 0.107 0.309 0.114 0.317
First born girl 0.482 0.500 0.480 0.500
Age of mother 30.242 4.553 30.429 4.429
Age of mother at first birth 24.104 3.845 24.235 3.778
Mother’s education:*
- Basic 0.352 0.478 0.341 0.474
- Secondary 0.363 0.481 0.364 0.481
- Higher 0.285 0.451 0.295 0.456
Mother works 0.522 0.500 0.533 0.499
Mother’s income 669.876 1000.445 674.709 1009.328
Observations 48397 42102
Families 31198 27132

Notes: The samples include families in which the mother is younger than 41 and older than 17 and had the first child at the earliest at the age
of 16; children’s age 0-12; expenditure information for households with at most one family with children aged 0-12.

* Education categories cover: basic — no formal education, primary education, gymnasium and vocational education; secondary — secondary
academic and secondary vocational education; higher education — education degree higher than secondary;

Source: authors’ own calculations based on the PHBS data (2003-2010).

Additionally the data separates spending on such items as shoes and clothing
into male and female adult (aged 13+) expenditure and child (aged <13)
expenditures.8 Moreover, the detailed categories allow us to identify the
following items (see Table 2):
e games, toys and hobby (labeled as “Games and toys”);
e educational books, educational stationary and other materials
(“Educational materials™);
e kindergarten and pre-kindergarten care expenditure (“Kindergar-
ten and pre-K”);
e schooling expenditure (“Schooling”);
e private tutoring (“Tutoring”).

While the first two of the five above categories could include spending on
adult goods (e.g. on sports or fishing equipment and on training or education
books unrelated to children’s education), they are most likely to cover child
related expenses. The last three categories are directly related to expenditure
on children, although given that we focus on households with children below
the age of 13 the incidence of both schooling and private tutoring is very low

8 The total clothing and shoes category contains adult (male and female) and child clothing
and shoes as well as several smaller items such as coloring or cleaning.
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(see Table 2). This is because the majority of children in this age group in
Poland attend state schools and at this level of schooling private tutoring is
not very common. 15% of households in both the overall sample and married
couples declare expenditure on kindergarten and pre-kindergarten care. As
we can see in Table 2, 58% of families used in the analysis declare positive
expenditure on child clothing, with the average expenditure of about 41 PLN
($13). Positive spending on games and toys is recorded in about 40% of the
households, and about 35% declare positive expenditure on educational
books and materials, with the average amounts spent on each of these items
equal to about 20 PLN ($6) in the full sample and 19 PLN ($6) in the mar-
ried sample. All of the five above categories can be treated as directly related
to expenditures on children and they could also be treated as items of ex-
penditure reflecting “human capital investment” in the children.

Table 2. Descriptive statistics — expenditure information.

All families Married couples
Standard Standard
Mean . Mean ..
deviation deviation

Broad expenditure items (average amounts)
Food and non-alcoholic drinks 611.8 267.5 620.9 266.5
Alcohol tobacco and drugs 66.4 95.0 66.8 94.0
Clothing and shoes 163.3 253.7 169.5 259.9
Housing costs and energy 491.1 561.5 496.6 573.5
Housing equipment 151.0 3953 157.2 413.5
Health 101.3 157.1 103.6 157.7
Transport 290.0 1003.1 3113 1045.5
Communication 117.6 101.1 120.4 101.9
Recreation and culture 206.9 359.3 2145 370.0
Education 50.3 168.7 522 173.5
Restaurants and hotels 48.7 197.9 50.7 187.1
Gender-specific adult expenditure (average amounts):
Male shoes 9.1 39.0 9.9 40.7
Male clothing 27.0 99.4 29.4 104.2
Female shoes 18.3 524 18.2 524
Female clothing 46.4 109.0 47.1 109.4
Child-related expenditure (average amounts):
Games and toys 203 55.3 213 57.1
Educational materials 194 62.2 19.9 62.9
Clothing 41.2 72.1 42.8 73.6
Shoes 20.3 40.5 20.8 40.9
Kindergarten and pre-K 30.1 94.3 31.1 96.1
Schooling 5.8 46.9 6.0 45.6
Tutoring 0.9 12.6 0.9 12.9
Child-related expenditure (any positive expenditure):
Games and toys 0.40 0.49 0.41 0.49
Educational materials 0.35 0.48 0.36 0.48
Clothing 0.58 0.49 0.59 0.49
Shoes 0.37 0.48 0.38 0.49
Kindergarten and pre-K 0.15 0.36 0.15 0.36
Schooling 0.10 0.30 0.10 0.30
Tutoring 0.01 0.10 0.01 0.10
Total declared expenditure: 2523.5 1953.1 25943 2000.3
Observations 48397 42102
Families 31198 27132

Notes: The samples include families in which the mother is younger than 41 and older than 17 and had the first child at the earliest at the age
of 16; children’s age 0-12; expenditure information for households with at most one family with children aged 0-12. Values in June 2006
prices.

Source: authors’ own calculations based on the PHBS data (2003-2010).
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3 Modeling the effect of children’s gender on household
expenditures

Our identification strategy, as in the case of most studies quoted above, re-
lies on treating the child’s sex at birth as randomly determined. While some
doubts have been raised with respect to the randomness of this outcome (Das
Gupta, 2005; Hesketh et al., 2005) virtually all studies rely on this approach.
The assumption of gender randomness implies that any differences that we
observe in terms of household expenditure can be attributed to the gender of
the child. Since the higher parity fertility might be endogenous (as showed in
table 4), the most common approach in the literature is to focus on the gen-
der of the first child, in which case the estimated model for each of the ex-
penditure items takes the following form:

E/ = (First child girl,) &, + X,.ct, + X,.cx, + €, (1)

where E/ is the expenditure of household i in expenditure group or item J,
vector X; contains mothers’ socio-demographic characteristics (mother’s age
at first birth, cubic polynomial in age, educational attainment indicators),
while X, includes town size indicators, regional and year dummies.” The
First child girl indicator takes value 1 if the first-born child was a girl, and
zero if it was a boy and g; is the residual, which is clustered at household
level because some households are observed twice in our data. Since we are
interested in estimating the differences between a single girl-birth and a sin-
gle boy-birth we exclude twin and triplet births at first pregnancy from the
sample. Equation (1) is estimated by OLS in levels. To be able to compare
the results across papers in each case we also report the percent effect, which
is the odds ratio minus one."

Our approach loses its validity in case of sex selective abortion, but this
can be safely assumed away given the strict anti-abortion legislation in Po-
land and important cultural factors. Furthermore, as we pointed out in the
Introduction, if we want to interpret o, as a reflection of expenditure differ-

? One might be worried that maternal education and town size are endogenous from the per-
spective of first child gender. First, when we do not control for these the results do not
change. Second, in tables Al and A2 in the appendix we directly show that gender of a child
is not related to these controls.

19 One can imagine comparing twin-girl births to twin-boy girls. This idea although interest-
ing mixes the effects of gender and the effects of fertility. Furthermore, in our data we do not
have enough power to credibly conduct such an analysis. Results using log expenditure are
available upon request. Given that we observe some households multiple times we have also
estimated random effects models and models where we only keep the first interview for each
household. Most of the results survive these robustness checks both qualitatively and quantita-
tively. Some coefficients, however, become insignificant because of the reduced sample size
in the latter method. These results are available upon request.
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entiation with respect to the gender of children we ought to examine the role
of any potential intermediate confounding factors. These include the effect
of child’s gender on partnership stability, fertility and mothers’ labor supply
which have been shown in other studies to be related to the gender of the
first child (Dahl and Moretti, 2008; Ichino et al., 2011).

How much families spend on different types of goods depends to a large
extent on their available resources which can be affected by the three noted
channels, and these in turn could be influenced by the gender of children.
For example, if a first-born boy increases the probability of partnership sta-
bility, and this has a positive effect on family resources, expenditure levels
in such families could be higher. This would show up in the estimations as
the effect of a first-born boy, but could reflect only the indirect effect of
higher resources among families with a first-born boy, and not the effect of a
different expenditure pattern directly resulting from the gender of the first
child. The validity of our conclusions drawn from the analysis of the rela-
tionship between family expenditure and gender of children will thus hang
heavily on the role of these indirect channels. Detailed estimates of the ef-
fects of first child’s gender on these three outcomes are presented below. As
we demonstrate there is a significant relationship between the gender of the
first child and partnership stability as well as fertility, but no significant ef-
fects on maternal labor supply. We argue that partnership stability is the
principal channel which reflects differentiation in behavior of parents by the
gender of their first child. There are no effects of child gender on maternal
labor supply in Poland and the fertility channel cannot be strictly assigned to
parental gender preferences and may just be a consequence of the partner-
ship stability effect (more stable couples decide to have more children).11

3.1 Potential confounding factors: partnership stability, fertility
and labor supply

Marital stability

Table 3. First child’s gender and family status.

1 ) 3)

VARIABLES Living without father Mother never married Mother separated or divorced
First child a girl 0.006* 0.006** 0.001

(0.003) (0.002) (0.002)
% cffect 6.9 13.2 13

Observations 48,397 48,397 44,967

Notes: Standard errors clustered at household level (*** p<0.01, ** p<0.05, * p<0.1). Control variables include: mother’s age at first birth,
cubic polynomial in age, educational attainment indicators, town size indicators, regional and year dummies. Families with children living at
home aged between 0 and 12, mothers aged <41 and >17, mother’s age at first birth at least 16 years old.

Source: authors” own calculations based on the Polish Household Budget Survey data, 2003-2010.

! Expenditure estimates have also been conducted with controls for fertility (controlling for
having more than one child or more than two children) and they do not change qualitatively.
These results are available upon request.
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In Table 3 we present regression results for the model specified in equation
(1) for the probabilities of living without a father, mother being never mar-
ried and mother being divorced or separated conditional on being ever mar-
ried."? Significant coefficient on the “first child girl” variable has usually
been interpreted in the literature as a reflection of parents’ gender prefer-
ences through its effect on the stability of parental partnership. Our results
confirm strong and statistically significant influence of the gender of the
first-born child on family structure. A first child girl increases the probabil-
ity of children living without a father and mother never marrying. Probabil-
ity of living without a father increases by 6.9% when comparing a family
whose first child was a boy to a family whose first child was a girl. We need
to remember though that this estimate provides the total effect including all
the possible indirect effects that operate through subsequent fertility choices.
The probability of the mother never marrying is also higher if a first-born
child is a girl, with a statistically significant percent effect of 13.2%. Unlike
in the previous research, however, we do not find any significant effects of
child gender on probability of divorcing or separating conditional on being
ever married. The results suggest that gender of a child can have a detri-
mental effect on family stability, and thus it may also influence family re-
sources and the expenditure decisions. Since the first child girl reduces the
stability of the family, it might well also bias downwards the consumption
estimates.

Fertility

Another important channel which can indirectly affect family expenditure is
the consequence of the gender of the first child on fertility, and its subse-
quent effect on total and per capita resources. For example, if parents have
preferences for having a boy (or a girl) the gender of the first child may lead
to different subsequent fertility decisions. Furthermore, child gender could
influence not only fertility per se but also the spacing between the first and
subsequent children, and closely spaced siblings might impose larger finan-
cial burden on the household’s budget. These decisions could also be affect-
ed indirectly through the effect on partnership stability. For example, more
stable relationships might result in higher fertility. As we show below once
we take this indirect channel into account, and impose some specific as-
sumptions about parental gender preferences our data is inconclusive as to
the overall role of the gender of the first child on fertility. Main fertility es-
timates are presented in Table 4. Columns (1) to (3) present the results for
the sample of all families, while columns (4) to (6) present the results for
married couples.

12 Following the literature we present OLS results. Probit estimates, available from the authors
upon request, are qualitatively identical and quantitatively very close to results based on the
linear probability models.
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Table 4. Effects of first child’s gender on fertility.

All families Married couples
() (@3] 3 (C)) (%) (6)
VARIABLES Total number Two or more Time since Total number Two or more Time since
of children children first birth of children children first birth
First child a girl -0.008 -0.011%* -0.026 -0.006 -0.013** -0.050
(0.007) (0.005) (0.040) (0.008) (0.005) (0.043)
T 05 22 00 04 24 0L
Observations 48,397 48,397 48,397 42,102 42,102 42,102

Notes: Standard errors clustered at household level (*** p<0.01, ** p<0.05, * p<0.1). Control variables include: mother’s age at first birth,
cubic polynomial in age, educational attainment indicators, town size indicators, regional and year dummies. Families with children living at
home aged between 0 and 12, mothers aged <41 and >17, mother’s age at first birth at least 16 years old.

Source: authors” own calculations based on the Polish Household Budget Survey data, 2003-2010.

In both samples the results are virtually identical and suggest that although a
first-born’s gender does not have an effect on family size or spacing between
ﬁrst and second birth, it does affect negatively the fertility decisions at parity
tw Furthermore the magnitude of the effects is much smaller than in the
stablllty analysis suggesting that fertility should not be a major driver in the
expenditure analysis. It is notable though that the negative coefficient on
first child girl in the fertility equation points towards girl preferences which
seems to contradict our family stability findings. We need to remember
though that higher fertlhty will be driven by sample selection bias related to
partnership stablhty % The reason for the potential bias is the fact that unlike
in the case of married parents, for non-married mothers, if their fertility is
affected by the separation, we do not observe their child preference as re-
flected in the number of children conditional on the gender of the first-born.
To examine the potential extent of this bias, we estimate the role of gender
of the first child with assumed gender preferences of parents who are no
longer living together. This allows us to construct bounds for extreme behav-
ior using assumptions concerning child’s gender preferences.

Table 5. Probability of two or more children under alternative assumptions of pref-
erences of separated parents.

) ®) ©)
VARIABLES All separated parents have All separated parents have Separated parents have either
boy preferences girl preferences boy or girl preferences
First child a girl 0.029%** -0.047+%* -0.010%*
(0.005) (0.005) (0.005)
oeffect 58 80 20
Observations 48,397 48,397 48,397

Notes: Standard errors clustered at household level (*** p<0.01, ** p<0.05, * p<0.1). Control variables include: mother’s age at first birth,
cubic polynomial in age, educational attainment indicators, town size indicators, regional and year dummies. Families with children living at
home aged between 0 and 12; mothers aged <41 and >17, mother’s age at first birth at least 16 years old. Imputations of children for
separated families adjusted for the probability of having more than one child. In column (3) - separated parents with a first-born girl are
assumed to have “boy preferences”, and those with a first-born boy are assumed to have “girl preferences”.

Source: authors” own calculations based on the Polish Household Budget Survey data, 2003-2010.

3 We do not find any statistically significant evidence that gender affects fertility at any other
Parlty margin. Results are available upon request.

Although we can observe the current marital status, we do not observe the entire partner-
ship history. It is possible that some of these women have been previously divorced, and since
women whose first child is a girl are more likely to get divorced and have lower fertility, the
relationship between child gender and fertility will be biased towards finding a negative rela-
tionship in the fertility analysis. In our case the coefficients for the married and the total sam-
ple are similar so any bias should not be severe.

130



Table 5 presents the estimates of the effect of first child girl on the probabil-
ity of having two or more children under such alssump‘[ions.15 First, we as-
sume that all parents who no longer live together have “boy preferences”, i.e.
we assume that parents with a first-born girl would have had another child
had they stayed together (column 1). Further, we assume that all separated
parents have “girl preferences”, i.e. that those with a first-born boy would
have another child had they not separated (column 2). Finally, we assume
that separated parents with a first-born girl have “boy preferences”, and
those with a first-born boy have “girl preferences” (column 3).

Our results confirm the existence of the potential sample selection bias,
and demonstrate that the negative effect of gender of the first child may turn
positive (and statistically significant) under the assumption that all separated
parents had “boy preferences”. The assumption that generates these results is
arguably very strong, and under the more natural one (column 3) the esti-
mated coefficients still suggest overall “preferences” in favor of girls. Thus,
it is not implausible to argue that there is a negative and significant effect of
first-born girl on fertility, although it seems that the larger-in-magnitude
channel which could affect our expenditure results is through family stabil-

ity.

Maternal labor supply

Results presented in Table 6 show the effect of children’s gender on moth-
ers’ employment and labor market income. The sample focuses on the one
hand on all families (columns 1 and 2) and on the other hand on widows
(column 3).16 The first column provides the total effect while the latter two
columns intend to uncover the direct effect of gender on labor supply deci-
sions that are independent from fertility and marital stability. First, we study
a sample of mothers whose first child is no more than two years old (column
2). Arguably in this case the majority of the women decide not to have an-
other child, at least temporarily. Secondly, we analyze a samlgle of widowed
mothers whose marriage ended through an exogenous shock.” ' Unlike Ichino
et al. (2011) we do not find any evidence that gender of a first-born child
affects significantly any of the labor market outcomes.'® Even considering

'S The estimations are carried out so that families without a father are imputed additional
children conditional on the gender of their first child. Imputations are adjusted by the proba-
bility of having another child, i.e. only parents with higher than average probability of having
another child (estimated on the sample of non-separated parents) are imputed an additional
child. Details of these estimations are available from the authors upon request.

16 Although we do not use widows in the consumption analysis in table 6 we document that
we cannot confirm findings from Ichino et al. (2011) in the widowed sample.

17 Given the sample size we treat the widowhood results with some caution, however in order
to obtain more reliable estimates we used the whole sample and interacted widowhood with
first-born child gender. The results are available upon request and we do not find any signifi-
cant effects of either the gender itself or the interaction term.

'8 In their paper Ichino et al. (2011) do not present any results for paternal labor supply deci-
sions. Since these might also influence household consumption we also run specifications
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the size of the coefficients the effects would be relatively small. Thus, in the
case of Poland, unlike in the advanced economies studied by Ichino et al.
(2011), we reject the hypothesis that the gender of a first-born child matters
for maternal labor supply. Furthermore, this suggests that child’s gender
should not affect expenditure patterns through the indirect effect on mothers’
labor supply decisions.

As we showed in the above analysis of the three indirect channels which
may affect our estimates of the relationship between the gender of a first
child and expenditure patterns it is only the first one which could play a sig-
nificant role. Because of the importance of the partnership stability channel,
analysis of expenditure patterns is conducted on the entire sample as well as
on subsamples differentiated by marital status. Heterogeneity analysis pre-
sented in Section 5 shows results for the full sample and for the sample of
married couples. While there are differences in some of the estimates, few of
these are statistically significant and the general pattern of the results holds
in all samples. We thus argue that the identified relationship between ex-
penditure patterns and children’s gender reflects its direct effect and is not
driven by the effects of the three explored channels on family resources.

Table 6. Effect of first child’s gender on mother’s labor supply.

1 2 3)

All families Widows
VARIABLES 0-12 0-2 0-12
Panel A: Probability of working
First child a girl -0.000 0.002 -0.067
(0.005) (0.009) (0.074)
% effect -0.0 0.5 -11.1
Panel B: Monthly labor income
First child a girl -9.633 -3.587 10.814
(9.100) (20.699) (123.912)
B L S 06 . L7 ..
Observations 48,397 10,647 237

Notes: Standard errors clustered at household level (*** p<0.01, ** p<0.05, * p<0.1). Control variables include: mother’s age at first birth,
cubic polynomial in age, educational attainment indicators, town size indicators, regional and year dummies. Families with children living at
home aged between 0 and 12, mothers aged <41 and >17, mother’s age at first birth at least 16 years old.

Source: authors’ own calculations based on the Polish Household Budget Survey data, 2003-2010.

4 Differential expenditure by gender of the first child.
Baseline results

Below we present results of the estimation of the model outlined in Section 3
for various expenditure categories. The results of the baseline estimations are
presented in Tables 7-11. Expenditure items are first analyzed in the 11
broad categories (Table 7). We then look at specific types of adult clothing

from columns (1) and (2) for fathers in married families. We do not find any effects of a first-
born girl on the extensive margin of paternal labor supply and we find only marginally signif-
icant small, negative 3.3% effect of having a first-born girl on paternal income in the sample
of children aged 0-2. Note that this sign works in the opposite direction than the effect found
in Ichino et al. (2011) for females. These results are available from the authors upon request.
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expenditure differentiated by gender (Tables 8 and 9) and finally at child
related expenditure (Tables 10 and 11). From among the broad expenditure
categories we find a statistically significant effects of the gender of the first
child for “Food and non-alcoholic drinks”, “Clothing and shoes” and
“Communication”, which are respectively 1.1% lower, 3.5% higher and
2.1% higher among households with first-born girls compared to those with
first-born boys. All these results hold in the sample of married couples, how-
ever, only the result on “Communication” expenditure is present in the non-
married sample and it is barely significant. The difference between the mar-
ried and non-married sample, however, is not statistically significant in any
category.

Going deeper into the more detailed expenditure categories we find stable
pattern by first child’s gender on gender-specific expenditure on adult cloth-
ing and shoes (Tables 8 and 9). In the full sample we find that households
spend 7.3% more on female clothing and 4.8% more on female shoes and
that on the extensive margin households with a first-born girl are 2.8% more
likely to spend money on female clothing and shoes and 3.7% less likely to
declare expenditure on male clothing and shoes items (3.2% among mar-
ried). In the sample of married couples the estimates on the intensive mar-
gins for female clothing and shoes are even higher at 8.0% and 6.8%, respec-
tively. The probabilities for this combined category of female “Clothing and
shoes” are positive 2.8% and 3.2% for all and married women, respectively.
On the extensive margin, we could not identify corresponding effects for the
non-married sample (except for barely significant estimate for male shoes),
but with the exception of female shoes the signs of the estimated coefficients
are consistent with the estimates for the married sample.

The results we find for adult clothing and shoes correspond in an interest-
ing way with the findings for the respective child categories (Tables 10 and
11). Households with first-born girls spend 9.7% more on child clothing
compared to those with a first-born boy (10.3% among married couples).
Result from Tables 8 and 10 may thus suggest a degree of complementarity
of expenditures between mothers’ and daughters’ clothing consumption, and
a positive effect of a first-born girl on both. It is notable, though that the
differences by gender are driven by the married sample (effects are twice as
large) and in this case the differences between the coefficients estimated for
the married and non-married samples are only marginally statistically insig-
nificant. The pattern of spending found on the intensive margin is reflected
also on the extensive margin (Table 11) but here the differences between
estimates in married and non-married sample are not so pronounced. We
find that households with first-born girls are 4.3% more likely to declare
spending on children’s clothing. This effect is similar in the full sample and
in the two subsamples, although it is statistically insignificant among the
households with non-married parents.
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Among the analyzed child related expenditures we find statistically sig-
nificant effects of the gender of a first-born child on several other items. On
the intensive margin, these include “Kindergarten and pre-kindergarten care”
and “Games and toys” expenditure, which in the full sample are lower
among households with first-born girls by 6.0% and 12.8% respectively. On
the extensive margin, households with first-born girl are less likely to de-
clare expenditure within these categories by 3.2% (insignificant) and 5.9%.
The results on the intensive margin hold for the married sample, and while
kindergarten expenditure among non-married parents does not seem to differ
by the gender of a first-born child (coefficient larger but insignificant), the
effect on expenditure on “Games and toys” for this subsample (-27.6%) is
almost triple the size of the effect estimated for married households. This
effect on the extensive margin is also three times as strong for the non-
married compared to the married sample (14.5% vs. 4.7%). On the extensive
margin (Table 11) we also find that parents of first-born girls more frequent-
ly declare expenditure on “Educational books and other materials”. This
applies both to married (4.4%) and non-married (8.6%) households.'® Final-
ly, although expenditure on private schooling in Poland is relatively low the
data suggest opposite effects of child gender on this type of expenditure de-
pending on the marital status. Married parents of first-born girls are 5.7%
more likely to declare expenditure on schooling while non-married parents
are 16.1% less likely to do so.

' In our view, this does not contradict findings for the kindergarten expenditure on the exten-
sive margin. When we split this category into educational books, educational magazines,
educational prints and educational stationary then we find positive and significant coefficients
on the last two categories, 0.001 (p-value 0.093) and 0.018 (p-value 0.000), respectively. This
suggests that families have a lot of tiny expenditure on educational stationary (like pencils or
crayons) that are skewed towards girls, however, these are so minor that we do not observe
any differences on the intensive margin in the expenditure on educational materials.
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5 Heterogeneity analysis

To gain a better understanding of the factors driving the baseline results, in
this section we look at the effect of child’s gender on adult clothing and
child related expenditure in several subsamples of married couples (the re-
sults for all families are presented in Tables A3 to AS in the Appendix). The
aim of this exercise, is on the one hand to examine the role of parental edu-
cation in driving expenditure differentiation by gender of children, and on
the other to analyze if there is any consistent pattern of this differentiation by
cohort and maternal age at first birth. Other studies have found that various
reflections of the gender bias and discrimination are negatively correlated
with the level of education (Desai and Alva, 1998), and one could also ex-
pect that with the growing concerns and awareness about gender equality we
should find stronger expenditure differentiation by child’s gender among
carlier cohorts. Finally, there is a large body of literature relating teenage
childbearing and limited resources to adverse outcomes (Geronimus and
Korenman, 1992; Akerlof et al., 1996).

The subsamples for heterogeneity analysis are split by maternal education
(above secondary, secondary and below secondary), maternal cohorts divid-
ed in such a way that we construct three subsamples of comparable size
(born prior to 1975, 1975-1978, and after 1978) and maternal age at first
birth (first child born before age of 21, between 21 and 26, and after 26). The
results are presented in Tables 12 to 14, respectively. These show the role of
a first-born child’s gender on expenditure on adult gender specific clothing
and shoes, and the six categories of child specific expenditure that we ana-
lyzed in Section 4 (Games and toys, Educational materials, Clothing and
shoes, Kindergarten and pre-kindergarten, Schooling and Tutoring).

As we can see in Tables 12 to 14 there is a clear pattern in the differentia-
tion by child’s gender of expenditure on adult clothing and shoes (columns 1
and 2) with respect to education, cohort or age at first birth. In the case of
male clothing and shoes we find evidence of expenditure differentiation by
the gender of the first child (with the exception of heterogeneity by maternal
education). We show negative effects of similar magnitude for youngest
cohorts and mothers who had their first child between the age of 21 and 26.
Quite opposite we find barely significant but positive 13.1% increase in the
spending on male adult clothing among youngest mothers. In the same group
we also find 21.8% increase in spending on women’s clothing. This is more
than three times the effect found for mothers that had their first child later in
life. Similarly we find large positive effects on adult female clothing for low
educated mothers. If clothing (or at least some part of it) could be seen as a
form of conspicuous consumption, then these findings may be related to the
results found in Charles et al. (2009) who identify higher propensity for con-
spicuous consumption among lower socio-economic groups. The split by
cohort suggests that results are driven by the earlier cohorts of parents.
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Among those born prior to 1975, households with first-born girls spend as
much as 16.7% more on female clothing and shoes compared to those with
first-born boys. The results for younger cohorts (born in 1975 and later) are
much smaller and statistically insignificant and coefficient equality for the
three subsamples is in this case strongly rejected (see bottom row of Table
13).

Such a consistent pattern by education and age at first birth can also be
found in Tables 12 to 14 with respect to the results on child related expendi-
ture (columns 3-8). For example, lowest educated mothers and those who
had their first child while teenagers reduce spending on kindergarten and
pre-kindergarten by 12.5% and 16.9% if the first-born child is a girl in com-
parison to a boy, respectively. On the contrary, however, these mothers do
not seem to spend significantly more on children clothing if the first-born
child is a girl. In the “Games and toys” category expenditure differentiation
by gender of the first child is almost equally strong among highest and low-
est educated mothers and equals -12.9% and -14.1%, respectively. Similar
pattern is observed for mothers who have their first child when they were
relatively younger versus relatively older.

Gender driven differentiation of child related expenditure by cohort
shows no stable pattern (Table 13, columns 3-8). Expenditure differentiation
in the “Games and toys” category is strongest in the middle cohort (born
between 1975 and 1978) in which households with first-born girls spend
14.5% less compared to those with first-born boys. The effect in this catego-
ry is -11.0% among the oldest cohort, and -7.4% among the youngest cohort.
Spending on children’s “Clothing and shoes”, on the other hand, is almost as
strongly differentiated by gender among households with youngest and old-
est mothers, and favors first-born girls by 9.9% and 8.2%, respectively. Sim-
ilar to the analysis by maternal education, in all cohorts we find negative
effects of first-born girls on “Kindergarten and pre-K” expenditure. These,
however, are only statistically significant for the youngest cohort of mothers
where the spending on childcare is 11.5% lower if a first-born child is a girl.
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6 Conclusions

Gender of children has been shown to influence decisions of their parents in
several important dimensions including partnership stability, fertility and
labor market activity (Dahl and Moretti, 2008; Lundberg and Rose, 2002;
Ichino et al., 2011). There is also ample evidence from the developing coun-
tries that parents treat boys and girls differently when it comes to decisions
on human capital investment (e.g. Jayachandran and Kuziemko, 2011; Bar-
cellos et al., 2012). In both cases the mechanisms believed to be responsible
for parental decisions involve either biased preferences against one gender or
optimization mechanism reflecting different costs of investment in boys and
girls or different returns from these investments.

Some of the findings presented in this paper can also be explained within
these frameworks. Parents may be biased against girls when it comes to ex-
penditure on ”Games and toys” (on average 12.8%), and against boys in
expenditure on clothing (9.7%). They may also differentiate expenditure on
boys and girls believing in different returns from such an investment” re-
flecting the strongly stereotypical approach to gender roles. In our view
however, some of our results are difficult to square with the standard expla-
nations for differentiated outcomes by the gender of children. As we showed
in Section 4 parents in households with a first-born girl spend more on fe-
male clothing and female shoes (by 7.3% and 4.8% in the full sample) and
less on the corresponding goods for males (by 6.5% and 7.4%) compared to
households with first-born boys. These differences in expenditure patterns
are robust to the indirect effects of children’s gender on partnership stability,
fertility and maternal labor market behavior. In our view it is impossible to
reconcile these findings with any of the standard approaches and without
resorting to the direct effect of children’s gender on parental preferences.

Some evidence on such effects with regard to voting preferences already
exists in the literature (Oswald and Powdthavee, 2010) and in our view this
paper sheds new light on the effect of children’s gender on their parents.
Since expenditure data is collected at household level, we cannot identify
who makes the expenditure decisions and so we can only speculate whose
preferences are affected and how. Assuming, however, that parents have
some autonomy in deciding on how much money to spend on their clothes
and shoes, our findings point towards the effect of having a girl on higher
expenditure of their mothers on these items. Perceived in this light the ex-
planation of higher spending on children’s clothing among households with
first-born girls could be explained by a form of complementarity between
spending of mothers and daughters, and not necessarily by resorting to dif-
ferentiated investment of parents in their daughters “looks”.
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A similar story could apply to the case of expenditure on “Games and
toys”, in particular that this is an overall household level category and covers
not only spending on children’s goods. If we allow for the direct effect of
having a boy on parental preferences then the higher spending within this
category (11.2% and 27.6% among households with married and non-
married parents, respectively) could be explained from this perspective.

The fact that the gender of a first-born child affects parental preferences
sheds new light on the results found so far in the literature in particular with
respect to the effect of gender on labor market behavior (Ichino et al., 2011).
At the same time, however, the explanations behind our findings should not
overshadow the potential consequences of parental behavior on their off-
spring’s future outcomes. While it is uncertain how the amount of spending
on clothing and toys affects children’s development and their prospects, it is
well documented that pre-school formal childcare has positive long-term
effects (Blau and Currie, 2006). Households of married parents in Poland
spend 6.0% less on kindergarten and pre-kindergarten care if their first-born
child is a girl than otherwise. While these effects are relatively small they
may translate into important disadvantages in school age and adult life. At
the same time, we find that parents with first-born girls are more likely to
buy any educational materials, which is driven by negligible expenditures on
items like pencils or crayons that do not affect the average expenditure level
on educational materials.

The overall differentiation of expenditure on child related goods by gen-
der of the first child, regardless of the mechanism which drives it, may be
seen as a reflection of early assignment to social role models. From this
point of view, it is notable that there is no clear pattern in the degree of the
effects by the education of mothers or their cohort. Such an early assignment
of social roles, with implications that girls are expected to look nice and
boys are freer to play, may act to slow down the process towards greater
gender equality. Such a perspective on the findings of our paper would call
for the need for better understanding of parental behavior and the reasons
behind the observed differential treatment of boys and girls, and potentially
for policy interventions in terms of access to childcare and awareness of
gender issues.
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Polish Household Budget Survey — summary of the
methodology

The Polish Household Budget Survey is a representative survey of Polish
households surveying over 37000 households per year. The survey is con-
ducted every year and is spread over the entire calendar year with each
household surveyed over a period of a month during which households rec-
ord their expenditures and incomes. This information is complemented with
an additional interview which is conducted at the end of each quarter of data
collection (so called quarterly interview). Each year since 2005, when the
most recent sampling procedure was introduced, the target sample is 37584
households.

In a case of refusal to participate among households from the principal
gross sample, households are replaced by another household from a reserve
list of randomly chosen households. This reserve list is prepared separately
for each sampling unit. Households which drop out of the survey in the first
half of their survey month are also replaced by households from the reserve
list. Those who drop out in the second half of the month are not replaced.
Households from the principal gross sample which agree to participate are
re-interviewed in the same month of the following year. Households from
the reserve list are not re-interviewed. The survey methodology has been
developed in accordance with the EUROSTAT guidelines.

The overall response rate in the survey in 2010 was 50.2%. Survey non-
response was either due to refusal to participate (48.1%), survey drop out
during its duration (1.6%) or refusal to complete the final quarterly interview
(0.1%). From among households which were approached to complete the
survey for the first time in 2010 (either from the principal gross sample or
from the reserve list) 59.5% did not participate in the survey, and from
among those who participated in the previous year 14.9% did not complete
the survey for the second time.
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Essay 5

For some mothers more than others: How
children matter for labour market outcomes
when both fertility and female employment are
low
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1 Introduction

Wide spread entry of women into the labour force has been one of the most
pronounced socio-economic developments in the 20" century, and high lev-
els of female employment are crucial from the point of view of continued
economic growth and financial stability of many welfare systems (Galor and
Weil, 1996; Lagerlof, 2003; Klasen and Lamanna, 2009). At the same time,
demographic changes determined by the current and future fertility levels
will play a vital role in shaping these developments and will affect the costs
of social programs. Given the potentially strong link between female em-
ployment and family size it seems that understanding the relationship be-
tween the two ought to be at the heart of policy discussions, especially in
countries that are characterised by both low fertility and low female em-
ployment. In particular, in the light of rising unemployment in low-fertility
countries, which have been most severely affected by the economic crisis
such as Greece, Spain or Latvia, our findings may serve as a guide with re-
spect to the relationship between fertility and labour supply in an environ-
ment, which will likely become more common in Europe in the near future.!
Employment rates of women with children, in particular those with young
kids, are generally lower in comparison to women who either never had
children or whose children are older or no longer live with their parents
(Gronau, 1973; Schultz, 1990; Leibowitz et al., 1992; Ahn and Mira, 2002;
Adsera, 2005). On the one hand, the presence of children induces various
obvious constraints on labour market activity and may affect individual pref-
erences over consumption and leisure.” On the other hand, women who have
lower inclination to work may decide to have more children than those who
are more strongly attached to the labour market, implying self-selection into
larger families among women with weaker labour market attachment. This
would result in lower rates of labour market participation among these moth-
ers even without the causal link running from family size to lower employ-
ment. Such a potential selection means that a simple cross-sectional correla-
tion between employment and the number of children could be biased (Kill-
ingsworth and Heckman, 1986; Blundell and Macurdy, 1999), and OLS es-
timates would overstate the negative effect of family size on maternal labour
market outcomes. On the other hand, if stable labour market position of
women implies having more children, then the OLS would understate the
negative effect of family size on employment. The latter is more likely to

! Exogenous changes in policies have been used to identify changes in female labour supply.
These include reforms that affect individuals’ work incentives (Blundell et al., 2008) or tax
reforms (Blundell et al., 1998). Blundell et al. (2005) provide theoretical collective framework
for analyzing the labour supply in households with children.

% The presence of children in the family significantly affects female preferences for leisure
and thus women’s labour supply elasticities (Heckman, 1993; Joshi, 1998; Blau and Kahn,
2005).
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occur in countries with less mature labour markets for which we have little
evidence on the causal relationship between family size and employment.

In this paper, we follow a classical approach to identify the causal effects
of children on labour market outcomes i.e., we use exogenous variation in
the number of children driven by multiple births (Rosenzweig and Wolpin,
1980a; Rosenzweig and Wolpin, 1980b; Bronars and Grogger, 1994; Angrist
and Evans, 1998; Jacobsen et al., 1999; Caceres-Delpiano, 2006; Vere,
201 1).3 Since parents expect to have a single offspring as a result of a preg-
nancy while in turn they get two (or more) kids, there is an exogenous varia-
tion in the size of the family that is independent from preferences related to
the labour market.”

The distinguishing feature of this study is that the analysis is conducted
on data from a regime characterised by a combination of relatively low lev-
els of female employment and a low fertility rate. For the purpose of the
analysis we use the Household Budget Survey data from Poland, a country
with one of the lowest fertility and female employment rates in Europe. Part-
ly as a result of this, the country faces one of the most severe demographic
changes in the coming decades with old-age dependency ratio in 2050 at
about 53.0. With fertility at 1.4 in 2009 Poland lags far behind countries
such as Ireland (2.1), France (2.0), the UK (1.9) or Sweden (1.9).5 In addi-
tion to low fertility levels, Poland has one of the lowest rates of female em-
ployment in the European Union, far below those of such countries as the
Netherlands, Germany or Sweden. At the same time, during the 2000s Po-
land was on the stable path of economic growth with the annual GDP growth
in the range of 1.6 to 6.8%.

These stylised facts make Poland an extremely valuable reference case for
the analysis of the causal relationship between family size and employment
in a low fertility — low female employment context, which to our knowledge
has never been studied before.” The combination of low female employment

? In an earlier version of this paper we have also used gender preferences (Angrist and Evans,
1998; Chun and Oh, 2002; Angrist et al., 2006; Cruces and Galiani, 2007; Daouli et al., 2009
or Hirvonen, 2009) but this instrument turned out to be quite weak and unreliable in the case
of Poland. We refer readers interested in these results to Karbownik and Myck (2012).

* Note that twining rates may not be purely random. For example, women with family history
of twining have higher incidence of subsequent multiple births. Furthermore, twining rates
increase with maternal age, being a twin, use of fertility drugs and specific nutritional aspects
(Waterhouse, 1950; Bulmer, 1970; Lichtenstein et al., 1996; Westergaard et al., 1997). In the
analysis we control for maternal age as well as age at first birth, and treat the instrument as
exogenous. The incidence of in-vitro fertilization is still very low in Poland. Although the
official statistics are not maintained, NGOs reports from late 2000s suggest that around 1.5%
of live births is due to IVF procedures.

3 Data on fertility rates and old-age dependency ratios are taken from EUROSTAT.

® There is a number of studies linking family size (fertility) and female employment based on
data from the former Soviet bloc countries, yet to our knowledge these do not include a single
causal study: Hungary (Saget, 1999), Romania (Fong and Lokshin, 2000), Poland (Matysiak,
2009; Bardasi and Monfardini, 2009) and the former East Germany (Bonin and Euwals,
2002).
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and low fertility is particularly challenging from the policy-making point of
view when a strong negative causal relationship between family size and
female employment exists. In such a case any potential increases in fertility
would reduce the effects of policies aimed at higher female labour market
participation. On the other hand, if the relationship between family size and
employment is weak, the policies aimed at gains in both of these domains
could operate without significant negative spillover effects. Since this rela-
tionship may differ by individual and family characteristics in the paper we
present detailed heterogeneity analysis. The findings for some of the groups
suggest a positive bias in the OLS estimates of the effects of family size on
employment, which are robust to several specifications. These results, while
at first sight counterintuitive shed a new light on the analysed relationship
and offer additional insights from the policy perspective. The conclusions
are in our view valid not only for the Polish case, but could have broader
application to other countries characterised by the combination of low fertili-
ty and low female employment.

Our results confirm the overall negative relationship between number of
children and female labour supply. In line with the endogeneity hypothesis,
the simple OLS estimates overstate the negative effect of childbearing on
female labour force participation, but in the overall sample this bias is small.
In the sample of all mothers with at least one child, we find that an addition-
al child reduces the mother’s probability of employment by 6.7 percentage
points and it averages over all the subsequent children above the first one.
Thus, the marginal effect of going from first to second child is larger in reali-
ty. The corresponding effect estimated for OLS is -8.3pp. The negative caus-
al effect of additional children in the sample of all mothers with at least two
children is much smaller (-2.9pp) and statistically insignificant, while the
OLS suggests a statistically significant correlation of -6.8pp. This suggests
endogeneity between fertility and labour market choices among families
with more than two children. Naturally, given the estimation strategies we
take, we can only examine the relationship between family size and labour
market outcomes for families with at least one child and this limitation
should be kept in mind throughout the discussion, i.e. we cannot explore the
difference between having versus not having any children.”

Heterogeneity analysis shows significant variation in the nature of the
family size — the labour market attachment relationship in Poland. We find
that the negative causal effect established in the full sample is driven primar-
ily by women who are highly educated, who come from the younger cohorts
and who had their first child later in life. Of a particular interest should be
the fact that in all of these subsamples we find strong negative effects of
family size and additionally a positive bias of the OLS estimates relative to

7 Aguero and Marks (2011) study the effects of going from zero to one child on maternal
labour supply using infertility shocks in developing countries.
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the 2SLS coefficients. The latter finding suggests that it is women with the
strongest labour market attachment and/or with most secure labour market
position who have larger families. We attribute that to the fact that in low
fertility and low employment societies only families with secured labour
market positions can afford to have children, and in particular more than one
child (Brewster and Rindfuss, 2000). For women with less than higher edu-
cation, who had first child in their teenage years and for those from earlier
cohorts (born before 1978) we find no statistically significant causal effects
of additional children on employment. Thus, in these cases the negative OLS
coefficients result from the fact that it is the women with weaker labour
market attachment who choose to have larger families. Lack of causal effects
of larger families on female employment in these cases may also be related
to an easier access to informal childcare among less educated women and
those who had their children at a younger age (who may be living closer to
their families) as well as to formal childcare which is often subject to means
testing in Poland. The findings for earlier cohorts on the other hand, may
reflect long-run effects of larger families which is likely to be lower com-
pared to short-run effects. What is novel about these findings is that they
suggest that it would be naive to expect that lower employment among
women might result in higher fertility. In fact, if anything, the reverse is
more likely to hold. Poor economic prospects of families would in such cas-
es further aggravate the long-term socio-economic consequences of econom-
ic downturns with significant implications for countries affected by the re-
cent depression.

Finally, we could not identify any significant causal effects of the number
of children on female employment in the sample in which we approximate
complete fertility history by looking at women whose last birth was more
than six years prior to the interview. For this sample, however, using the
twinning instruments we find strong and significant negative effects of fami-
ly size on maternal labour income, and - in the case of families with at least
two children - also on the income of fathers.

The rest of the paper is organised as follows. In the next section we de-
scribe the data and provide a set of summary statistics. We then present and
discuss the estimation strategy (Section 3), which is followed by the main
results of the paper and the heterogeneity analysis in Section 4. Section 5
concludes the paper.
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2 Data and descriptive statistics

Our analysis is based on a dataset from the Polish Household Budget Survey
(PHBS) for the years 2003-2010.* The PHBS is a nationally representative
dataset collected annually by the Polish Central Statistical Office. The data
includes information on household demographic composition, labour market
activity, as well as detailed income and expenditure data. In total, we have
data on 286 379 households and 857 843 individuals over eight years. The
dataset does not contain retrospective fertility information, and thus we can
rely only on contemporaneous family composition. Individuals in the data
are matched into families, defined as a single adult or a couple (married or
cohabiting) with any dependent children, through available relationship in-
formation. Since we use contemporaneous family information we restrict the
sample to families with a mother present in the household, and where the
child-mother relationship is clearly specified in the data. Following similar
studies in the literature we limit the analysis to mothers aged between 18 and
40, who had their first child at the earliest at the age of 16, and whose oldest
child was at most 15 years old at the time of the interview.’ Additionally we
impose the restriction that the youngest child is at least six months old to
avoid potential bias due to lower labour market activity of mothers during
the initial months following childbirth. 10

The descriptive statistics are presented in Table 1 where we show infor-
mation separately for families with at least one and at least two children.
Statistics for the subsample of married or cohabiting mothers (below referred
to as “couples sample”) differ very little from the full sample of mothers and
we present them separately in the Appendix (Table Al). The sample size for
families with at least one child is 60256 (52 986 couples), and for families
with two or more children is 33 010 (30 573 couples). Given the design of
the survey approximately 36% of these families are observed in two consec-
utive years. Among families with at least one child the average number of
children is 1.74. About 14% of mothers in the sample have three or more
children. Among those with two or more children the number of children (at
2.35) and the proportion with three or more children (at about 26%) in the
full and in the cohabiting sample are essentially the same. Both the number
of children and the proportion of mothers with two or more kids are lower

8 For a summary of the survey methodology see the Appendix. Details of the methodology are
given in Barlik and Siwiak (2011).

The dataset contains a very small number of families with children without a mother. We do
not have precise information if the mother in the data is the biological mother, but the families
we use are limited only to the cases where the mother-child relationship is specified in the
data. There is a number of cases where the children fulfill our age criteria but where only the
father is identified in the data — 235 families. Since these are very rare and special cases we
exclude them from the analysis.

1 We impose the restriction at the threshold corresponding to statutory maternal leave in
Poland. This additional restriction does not have any substantial effect on the results.
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when compared to other studies in the literature (e.g. Angrist and Evans,
1998; Vere, 2011; Cruces and Galiani, 2007), which reflects the distinguish-
ing feature of our study ! About 54% of mothers in the sample are working,
and employment rates are very similar for the sample with at least one and at
least two children. While this is higher than the rates in studies using Greek
or Latin American data (Cruces and Galiani, 2007; Daouli, 2009), the rates
of maternal employment in Poland are lower compared to those in the US
(Angrist and Evans, 1998; Vere, 2011) and much lower in comparison to
other European countries. f2 Employment rates of husbands, or partners of
mothers (Table A1) is also similar in the two samples at about 8§1%. In both
samples the raw female employment rate falls for women with three or more
children by about 4 percent compared to mothers with either one or two
children.

We use the number of chlldren as our — potentially endogenous — family
size variable in the analys1s 3 We instrument it by twins at first birth (rwins-
I; e.g. Rosenzweig and Woplin, 1980a) for families with at least one child
and by twins at second birth for families with at least two children (twins-2;
e.g. Angrist and Evans, 1998). We take a multiple birth as an observed case
of twins in the family identified by month of birth of the children (in the
sample of all families with at least one child we have four triplet births, two
of these born at first birth and two at the second birth; we drop these house-
holds from the analysis). The mean of the twins-2 indicator (0.010) is slight-
ly lower than the mean of the twins-1 indicator (0.011), which might be re-
lated to the fact that the probability of having twins rises with mother’s age
at conception (Mittler, 1971). Since this could be an outcome of the mother’s
choice, and thus affects the exogenous nature of the instrument, we incorpo-
rate demographic characteristics of the mother in the analysis.

In Table A3 in the Appendix, we present evidence on correlations be-
tween maternal education, maternal birth cohort and maternal age at first
birth, and family size. These regressions suggest little endogeneity concern
in the case of maternal education, age at first birth and cohorts in the full
sample. Therefore, our heterogeneity analysis presented in Section 4.2 fo-
cuses on these three dimensions.

"' The only causal study where we found even lower fraction of women having more than two
kids is Greece, with about 21% (Daouli et al., 2009).

12 Angrist and Evans (1998) report between 56 and 66%; Cruces and Galiani (2007) report
between 22 and 32%; Daouli (2009) reports between 25 and 38%; Vere (2011) reports be-
tween 54 and 66%. According to OECD maternal employment in 2010 was at the level of
69%, 70% and 73% in the Netherlands, Sweden and Switzerland respectively.

13 Results using indicator variables for more than one child or more than two children give
similar conclusions. These results are available from the authors upon request.

4 We experimented with various other interesting dimensions like, for example, paternal
income but these turned out not to be statistically independent of family size.
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Table 1. Descriptive statistics — all families with children.

With at least one child With at least two children
Standard Standard
Mean L Mean L
deviation deviation
Number of children 1.740 (0.846) 2.351 (0.693)
- one child 0.452 (0.498) - -
- two children 0.404 (0.491) 0.737 (0.441)
- three or more children 0.144 (0.351) 0.263 (0.441)
Twins at first birth (twins-1) 0.011 (0.102) - -
Twins at second birth (twins-2) - - 0.010 (0.098)
Same sex of first two born children - - 0.509 (0.500)
Two first born girls - - 0.237 (0.425)
Two first born boys - - 0.271 (0.445)
Age of mother 31.352 (4.844) 32.761 (4.127)
Age of mother at first birth 23.563 (3.662) 22.905 (3.253)
Mother’s education:*
- basic 0.385 (0.487) 0.457 (0.498)
- secondary 0.364 (0.481) 0.346 (0.476)
- higher 0.252 (0.434) 0.197 (0.398)
Mother works:** 0.539 (0.499) 0.538 (0.499)
- one child 0.541 (0.498) - -
- two children 0.548 (0.498) 0.548 (0.498)
- three or more children 0.508 (0.500) 0.508 (0.500)
Mother’s labour income: 677.54 (975.73) 603.85 (918.45)
- one child 766.82 (1033.91) - -
- two children 684.24 (959.18) 684.24 (959.18)
-____z.___threeormorechildren ___________: 379.10 . ____(14914) ______: 379.10 . 49.14)____
Number of families 38383 20802
N 60256 33010

Notes: The samples include families in which the mother is younger than 41 and older than 17 and had the first child at the earliest at the age
of 16; children’s age ranges from 6 months to 15 years; labour incomes are unconditional monthly net values indexed by CPI to June 2006.

* Education categories cover: “basic” — no formal education, primary education, gymnasium and vocational education; “secondary” —
secondary academic and secondary vocational education; “higher education” — education degrees higher than secondary;

** The sample sizes are 27246 for mothers with one child; 24314 for mothers with two children and 8696 for mothers with three or more
children. Same sample sizes apply to mother’s labour income.

Source: authors’ own calculations based on the PHBS data (2003-2010).

3 Estimation strategy

We use exogenous variation in family size in the form of twinning (twins-1
and twins-2), and examine the effects of family size measured as the number
of children on employment and labour income. We thus consider the follow-
ing linear model:

Y, =X +Ca, +¢ (1)

where Y; is a measure of labour supply (employment or labour income) of
mother or father i, X; is a set of control variables with respect to fertility,
such as age of the mother at first birth, a polynomial in mother’s age at the
time of interview, as well as time and regional (voivodship) effects; C; is the
endogenous family size variable and ¢; is the residual. The error term is clus-
tered at household level since we observe the same households multiple
times in our data. We also exclude from the estimation births at parity higher
than two. The first-stage equation (2) describes a relationship for twinning at

J™ parity:
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G :Xi'ﬂl-i_(tWinS_ji)'}/k-i_vi (2)

where Cov(twins — j,,v,)=0; j=1,2 is the indicator of twin birth parity
and yx (k=1,2) are the first stage effects of the instruments.

In order for the instruments to be robust, in addition to their exogeneity
with respect to labour market outcomes, we also need a strong relationship
between the instruments and the endogenous variables. Table 2 presents the
first stage results for the full sample of families linking the instruments to
our family size variable. Using twins at either first or second birth is strongly
correlated with the number of children in the family. The effects are highly
significant with large t- and F-statistics. First birth twinning effect is about
0.64,1§vhile twining at second birth naturally has a larger impact of around
0.84.

Table 2. OLS estimates of first stage relationships - all families.

(1 2

Dependent variable: number of children

Instruments for family size:

Twins at 1st birth 0.643%***

(0.028)

[22.66]
Twins at 2n birth 0.840%%*

(0.037)
_______________________________________________________________________________ 2267 ..

Partial R-squared 0.008 0.015
F-statistics on excluded instruments 514 514
LM statistic on underidentification test 362 233
N 60,256 33,010

Notes: Standard errors clustered at household level (*** p<0.01, ** p<0.05, * p<0.1), t-statistics on the coefficients in square brackets. All
regressions include year and region specific effects. The additional covariates include age of mother at first birth, and a polynomial of
mother’s current age. Sample of mothers aged <18; 40> with oldest child younger than 16 years, who gave the first birth at the age of 16 at
the earliest and whose last birth was 6 months prior to survey at the latest.

Source: authors’ calculations based on BBGD data 2003-2010.

The discussion so far assumes homogenous causal effects i.e., the effects are
not differentiated across different groups of the population. The literature has
also tried to study heterogeneous treatment effects in which one allows for
distribution of causal effects across individuals (Imbens and Angrist, 1994;
Angrist and Krueger, 2001; Imbens, 2009). These are important from the
perspective of external validity of our results and require stricter assump-
tions. In particular in our approach we need to assume that the instrument is
as good as random (independence assumption), that the instrument operates
only through a single and known channel (exclusion restriction) and that the
instrument has the same effect on everyone who is affected (monotonicity
assumption). In this paper the three assumptions are equivalent to assuming

' The coefficients obtained for Poland are generally larger than those for the US reported in
Vere (2011). This conforms with differences in family size/fertility between Poland and the
US. If families on average decide to have fewer children, the effect of a twin birth on family
size will be larger.
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that twins occur randomly in population (or randomly conditional on observ-
ables), that twins do not affect maternal labor supply except through changes
in family size, and that there is no one who got twins and did not increase
their family size.

The first assumption is likely to hold in the case of Poland as IVF and
other ARTs are rare because of legislative and cultural reasons. As has been
demonstrated in earlier studies (Bronars and Grogger, 1994), the rate of
twining increases with maternal age. However, we control for this directly in
the regressions. In table A3 we further show that twinning is uncorrelated
with other socioeconomic variables except for age, which partially speaks to
the exclusion restriction as it decreases the probability that twins affect ma-
ternal labor supply, say, through lower educational attainment of mothers.
The last assumption is satisfied by the nature of twinning. It seems therefore
that, given that the three assumptions are likely to hold, we should be able to
reliably estimate the causal effects of family size on female labor supply for
those women who are affected by having multiple birth instead of a single-
ton, i.e. the local average treatment effect. Estimating LATE makes the di-
rect comparison to the OLS estimates somehow problematic, but, we none-
theless follow the literature in this respect and try to assess the bias by com-
paring OLS to the IV-LATE estimates.

4 Results

Estimation results presented below are grouped into three sections. In Sec-
tion 4.1 we show the baseline results estimated for the full and couples sam-
ples. Section 4.2 presents estimates of heterogeneity analysis using sub-
samples split by characteristics which have been established to be uncorre-
lated with our instruments (see Table A3 in the Appendix), namely mother’s
education, birth cohort and mother’s age at first birth. Following this, we
analyse the longer run effects of children on parental outcomes by focusing
on samples that are likely to represent women with complete or close-to-
complete fertility, which we take to be delineated by the time since the last
birth to be higher than six years. While without either retrospective data on
past or declarative data on future childbearing a strict completed fertility
sample cannot be created, we take our definition to be its close approxima-
tion. The purpose of this analysis is, on the one hand, to look at a sample
where future fertility considerations no longer affect current labour market
situation, and, on the other, to examine if the number of children has longer
run consequences on labour market outcomes for parents whose children are
already of school age.
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4.1 Baseline results

The baseline results are presented in Tables 3 and 4 for the full and the cou-
ples’ samples, respectively. In the former, we show the effects of the number
of children on probability of observing a working mother in the household
and her labour income, while in the latter we include also mother’s partners’
labour market outcomes. Columns (1) and (2) of the tables show results for
families with at least one child, while columns (3) and (4) for the sample
with at least two children.

Table 3. OLS and 2SLS estimates of labour supply models — all families.

(¢)) (2) (3) “)
With at least one child With at least two children
OLS 28LS oLS 25LS
twins-1 twins-2
Dependent variable: mother works
3 = -0.083%** -0.067** -0.068%** -0.029
g _“g (0.003) (0.033) (0.004) (0.035)
g = Dependent variable: mother’s labour income
z © -211.571%** -171.997*** -199.913*** -114.523
______________________ GO (64269) (T098)  (6974T)
N 60,256 60,256 33,010 33,010

Notes: Standard errors clustered at household level (*** p<0.01, ** p<0.05, * p<0.1). Sample of all families - for selection criteria see Table
1. Columns (1) and (2) — families with at least one child; columns (3) and (4) — families with at least two children. All regressions include
following covariates: age of mother at first birth, a polynomial of mother’s current age as well as year and region specific effects.

Source: authors’ calculations based on BBGD data 2003-2010.

OLS estimates suggest a strong negative relationship between family size
and maternal labour market outcomes. Mothers’ probability of working is
reduced with each child by 8.3 percentage points (pp) in the sample of all
families with children, and by 6.8pp in the sample of families with two or
more children. These results suggest lower correlations than those found in
Rosenzweig and Wolpin (1980b) and Caceres-Delpiano (2006). 2SLS results
for maternal employment hold in the sample of mothers with at least one
child, however the values of coefficients are lower. Namely, each additional
child (second and subsequent children) reduces maternal employment by
about 6.7pp.

For families with at least two children, the estimated 2SLS coefficient is
still negative but of a much lower magnitude compared to the OLS estimates
(-2.9pp) and it is no longer statistically significant. No statistical significance
in specification in column (4) results despite the acceptable strength of the
twining instrument (see Table 2). All this suggests that family size in Poland
reduces employment up to the second child, but the causal effects of the
number of children disappear for higher parities. Thus, increasing the num-
ber of children from two to three has no significant causal effect on female
employment, and the observed lower employment rates of mothers with
more than two children are due to the endogenous nature of fertility choices.

Since we assumed that treatment is as good as random, that the twinning
results in an increase in family size by a single child and that twining affects
maternal labor supply only through increased family size, we can interpret
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the LATE, in addition to effect for compliers, as the average causal effect on
women who are not treated i.e., have only one (two) child(ren). This is be-
cause all women who have a multiple first or second birth end up with two
or three children, so there are no never takers in response to the twinning
instrument. The group of compliers in the LATE is still different from the
group estimated by OLS, but we believe that the special interpretation of the
twinning instrument, including the effect for non-treated, and the heteroge-
neity analysis presented in the next section should address the heterogeneity
in the treatment effects (Angrist and Pischke, 2009).

OLS estimates presented in Table 3 further indicate a negative relation-
ship between maternal labour income and the number of children in the
magnitude of between 200 PLN and 212 PLN per month per child. This neg-
ative relationship between the number of children and labour income holds
and is statistically significant in the 2SLS regression using the twinning at
first birth, and thus, it can be given a causal interpretation. The magnitudes
in specifications in columns (2) and (4) are lower compared to the OLS es-
timates at -172 PLN in the sample with at least one child and at insignificant
-115 PLN in the sample with at least two children, but they represent sub-
stantial reductions in income given the average incomes of 678 PLN and 604
PLN, and median incomes of 189 PLN and 0 PLN in the two investigated
samples, respectively. The strong and statistically significant causal effect of
the number of children on labour income suggests also “penalties” on the
labour market for some women on the intensive margin.

Table 4. OLS and 2SLS estimates of labour supply models. Couples sample.

(€] () (3) (C))
With at least one child With at least two children
OLS 28LS OLS 28LS
twins-1 twins-2
Dependent variable: mother works
-0.082%** -0.063* -0.065%** -0.029
- (0.003) (0.037) (0.005) (0.036)
g Dependent variable: mother’s labour income
= -209.529%** -159.273** -199.513%** -104.910
it (6.017) (73.401) (7.423) (71.731)
; Dependent variable: father works
E 0.001 0.021 -0.005* 0.019
E} (0.002) (0.016) (0.003) (0.015)
“ Dependent variable: father’s labour income
-94.521%** 218.908 -176.360%** -110.286
______________________ ©.750) (156316 (25 __________ (13669 ___
N 52,986 52,986 30,573 30,573

Notes: Standard errors clustered at household level (*** p<0.01, ** p<0.05, * p<0.1). Sample of couples — for sample selection criteria see
Table Al in the Appendix. Columns (1) and (2) — families with at least one child; columns (3) and (4) — families with at least two children.
All regressions include following covariates: age of mother at first birth, a polynomial of mother’s current age as well as year and region
specific effects.

Source: authors’ calculations based on BBGD data 2003-2010.

The nature of family size decisions may be different among single mothers
and those living in couples, and the investigation of couples enables us to
estimate also the family size effects for fathers, or to be precise, for partners
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of mothers as in the case of couples we do not impose the restriction of the
mother’s partner to be identified in the data as the child’s father.

In Table 4 we re-estimate the specifications from Table 3 for couples
(summary of first stage equations are given in panel A in Table A2). Neither
the OLS nor the 2SLS estimates for mothers in couples deviate much in
magnitude from the results in the full sample of mothers. For paternal labour
market outcomes, the OLS results indicate negative correlations between the
number of children and labour income. The OLS estimates in the sample of
families with at least two children also pick up a correlation between the
number of children and father’s labour supply on the extensive margin with
a small statistically significant negative coefficient (-0.5pp). In the causal
estimates, however, the negative effects on the intensive margin are no long-
er significant. This does not confirm earlier findings of the effect of children
on paternal labour market outcomes using fixed effects models (Lundberg
and Rose, 2002).16 Thus, our results provide no significant causal evidence
on the effect of number of children on fathers’ extensive or intensive margin
of labour supply decisions. 7

4.2 Heterogeneity analysis

The relationship between labour supply and childbearing is likely to differ
by women’s education (Gronau, 1986), which affects labour market oppor-
tunities (Psacharopoulos, 1985; Altonji and Blank, 1999; Card, 1999) and
marital matching (Becker, 1973; Becker, 1974; Chiappori et al., 2009), all of
which in turn may affect household income, labour market activity and the
family size. Furthermore, it seems crucial from the policy point of view to
understand if and how the effects of the number of children on labour market
outcomes differ in specific population subgroups, in particular in relation to
characteristics correlated with income. If there are significant differences
between groups then clear identification of those in most need of policy in-
tervention could potentially help in the choice of a particular policy, e.g.
between benefit increases and tax reductions for families. It also seems im-
portant to understand if the relationships are stable across different cohorts
of families, and try to identify any observable trends as well as separate out
potential short-run and long-run effects. Additionally, the effects of children,
and the degree of endogeneity of the examined relationship, might differ by
the age of mother at first birth given the strong effects of children on labour
market careers of mothers. Therefore, in this Section, we present the anal-
yses for the full sample of mothers, which is split conditional on:

16 Angrist and Evans (1998) using the twin-2 instrument find positive relationship but their
coefficients are insignificant.

17 Out of all the pairs (OLS and 2SLS) of regressions presented in Tables 3 and 4 only the
estimates for father’s labor income yield statistically significant Hausman-Wu test suggesting
endogenity problems.
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e mother’s education (below high school, high school, above high
school);

e mother’s cohort (born before 1973, between 1973-1977 and after
1977)

e mother’s age at first birth (before the age of 21, between 21-26
and after age of 26).18

The results of our heterogeneity analyses are presented in Tables 5, 6 and 7.
As we can see in Table 5, the negative correlation between the number of
children and mothers’ work and income is most pronounced for the higher
educated mothers. All OLS estimates suggest a negative relationship be-
tween the number of children and the two labour market outcomes. Once we
look at the causal estimates, however, the strongest effects are found for the
sample with at least one child among the most educated mothers. One child
among these mothers reduces maternal employment by as much as 14.3pp
and labour income by 299 PLN per month. Both of these are higher in mag-
nitude than the OLS estimates for this sample, but the difference is only sta-
tistically significant on the extensive margin. It suggests an unexpected di-
rection of the endogeneity bias, pointing towards the interpretation that in
this group of mothers it is those with the highest labour market attachment
who decide to have more children, which results in the downward bias of the
OLS estimates.

The relationship between the probability of working and family size
found in the OLS regression for low and middle educated women confirms
the expected direction of the endogeneity. Namely, that the lower employ-
ment among those with higher number of children is, at least partially, driv-
en by the fertility choices of women with lowest labour market attachment.
All 2SLS estimates for the two lower educated groups are statistically insig-
nificant, which suggests no significant causal effect of children on female
employment but since the confidence intervals are wide we cannot rule out
potentially large and economically meaningful effects. In particular, in the
case of middle educated mothers the magnitude of the causal estimates is an
insignificant +1.6pp and it changes from the statistically significant OLS
estimate of -8.1pp per additional child. For both samples of mothers with
lowest education and for those with at least two children in the middle edu-
cation group we identify negative causal effects of children on labour in-
come in the range of around 105-129 PLN per month.

'8 In Table A3 in the Appendix we demonstrate the validity of the choice of the three condi-
tioning variables by which we split the sample.
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Table 5. Heterogeneity analysis by mother’s education. All families.

(1) (2) (3) “)
“1+ children” “2+ children” “1+ children” “2+ children”
OLS OLS 2SLS 2SLS
Dependent variable: mother works
= Number of children -0.057+%* -0.054%%* -0.073 0.018
»_%D 3 (0.004) (0.006) (0.066) (0.055)
E _g Dependent variable: mother’s labour income
< #  Number of children -113.613%** -104.013*** -104.937* -117.846%**
B LB @884) 61829) . (42.099)
N 23,201 15,075 23,201 15,075
Dependent variable: mother works
3 Number of children -0.081%** -0.039%** 0.016 -0.042
2 (0.005) (0.009) (0.049) (0.061)
;_‘3 Dependent variable: mother’s labour income
&n Number of children -216.179%** -196.635%** -40.028 -128.578*
L 8276) (12750) 74707 . (77:595)
N 21,903 11,426 21,903 11,426
Dependent variable: mother works
= Number of children -0.081%** -0.087%** -0.143%* -0.068
%D = (0.006) (0.014) (0.057) (0.059)
02 Dependent variable: mother’s labour income
22 Number of children -203.419%** -211.404%*** -298.843* 57.967
S (@3.185) (46208 (159814) ¢ (238.045)
N 15,152 6,509 15,152 6,509

Notes: Standard errors clustered at household level (*** p<0.01, ** p<0.05, * p<0.1). For sample restrictions see Table 1. All regressions
include the following covariates: age of mother at first birth, a polynomial of mother’s current age as well as year and region specific effects.
“1+ children” — families with at least one child; “2+ children” — families with at least two children.

Source: authors’ calculations based on BBGD data 2003-2010.

We also confirm a degree of heterogeneity in the relationship between fami-
ly size and labour market outcomes in the analysis by mothers’ birth cohorts
(Table 6). We set the cohort thresholds at birth years, which allow the divi-
sion of the main sample of mothers with at least one child into three sub-
samples of similar size. This implies thresholds set at birth years before
1973, between 1973 and 1977, and after 1977. For the oldest cohorts and
families with one or more children, the OLS coefficient on the number of
children suggests a reduction in employment by 6.2pp for each additional
child. This effect for the middle and latest cohort is -8.3pp and -4.0pp, re-
spectively. We also find heterogeneity in the estimates for the sample of
mothers with two or more children, where the coefficients for the two older
groups are between -6.5pp and -6.2pp but for the youngest group it increases
to -3.6pp per child.

In the sample of mothers with at least one child we cannot identify any
statistically significant causal effects of the number of children on maternal
employment for women in the two elder cohorts. For the youngest cohort,
however, the causal effect of the number of children is strongly negative (-
14.5pp) and statistically significant. This may reflect the important short-run
effects of family size on employment, and it once again suggests selection
into fertility among women with higher labour market attachment, and thus,
a downward OLS bias in this group. For this cohorts, the causal negative
effect of additional children on maternal employment is more than three
times higher when compared to the OLS estimate, and this difference is sta-
tistically significant.
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Table 6. Heterogeneity analysis by mothers’ cohort. All families.

(1) ()] (3) “)
“1+ children” “2+ children” “1+ children” “2+ children”
OLS OLS 2SLS 2SLS
Dependent variable: mother works
g Number of children -0.040%*** -0.036*** -0.145%** -0.018
2 g (0.006) (0.011) (0.048) (0.058)
Z - Dependent variable: mother’s labour income
§ % Number of children -103.894*** -137.661%** -94.823 93.841
e (0249) ____(4538)_________OL323) (176548
N 17,988 6,012 17,988 6,012
Dependent variable: mother works
EQ Number of children -0.083%%** -0.062%** -0.037 -0.012
22 g (0.005) (0.008) (0.057) (0.061)
z § = Dependent variable: mother’s labour income
s 2 £ Number of children -202.78 1% -179.555% %% -106.463 -134.307
22 E834) (e (112264)  (106288)
N 20,838 12,110 20,838 12,110
Dependent variable: mother works
£ «»  Number of children -0.062%** -0.065%** -0.017 -0.068
23 (0.004) (0.006) (0.063) (0.060)
g o Dependent variable: mother’s labour income
% € Number of children -193.091%*** -203.580%** -318.090%** -234.636**
2 G.638) . _(10262) A23.070)_ (112724
N 21,430 14,888 21,430 14,888

Notes: Standard errors clustered at household level (¥** p<0.01, ** p<0.05, * p<0.1). For sample restrictions see Table 1. All regressions
include the following covariates: age of mother at first birth, a polynomial of mother’s current age as well as year and region specific effects.
“1+ children” — families with at least one child; “2+ children” — families with at least two children.

Source: authors’ calculations based on BBGD data 2003-2010.

It is also worth noting here the pattern of the results identified for the oldest
cohort. Causal estimates for mothers born before 1973 suggest no effect of
children on the probability of work, and large and statistically significant
negative causal effects of the number of children on labour incomes. It
points to a potentially important medium or long term consequence of chil-
dren on the intensive margin of the female labour market outcomes, which
we investigate further below (Section 4.3.) by looking at a sample of fami-
lies with the last recorded birth at least six years prior to the survey. This, on
the one hand, approximates a selection of families with close to, or complete,
fertility histories and focuses the analysis on parents with children beyond
pre-school. On the other hand, it also allows us to look at the nature of long-
term effects of children on labour market outcomes.

The direction of the OLS bias is again positive once we look at the sub-
sample of mothers who were older than 26 at first birth (Table 7). For this
group of mothers while the OLS estimate suggests a negative correlation of
5.8pp per child in the sample with at least one child, the estimated causal
effect is -12.1pp. Similarly to the lower educated mothers, the effects of the
number of children on employment are insignificant among mothers who
had their first child at the age of 26 or less. The correlation in these results is
perhaps not surprising as the level of education is likely to correlate with the
age at first birth, but the consistency of the positive OLS bias of the esti-
mates, which we find in different subsamples, is noteworthy. Our results
suggests that given the significant causal negative effect of another child
among these groups of mothers (better educated, younger and who gave
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birth to their first child earlier), they will be more likely to decide to have
another (second) child only if they have a strong attachment to the labour
market and/or strong preferences for work.

Table 7. Heterogeneity analysis by mothers’ age at first birth. All families.

(1) ()] (3) “)
“1+ children” “2+ children” “1+ children” “2+ children”
OLS OLS 2SLS 2SLS
Dependent variable: mother works
Sg Number of children -0.058*** -0.064*** -0.121%* 0.030
= (0.008) (0.018) (0.055) (0.082)
g S Dependent variable: mother’s labour income
= Number of children -229.453%** -373.862%** -230.536* -187.377
£ (Q2%00)  @471022) (140.125) _ (45595)
N 11,898 4,396 11,898 4,396
© Dependent variable: mother works
g & Number of children -0.079%** -0.063%** -0.023 -0.038
s g (0.004) ‘ (0.006) ‘ (0.049) (0.045)
=B~ Dependent variable: mother’s labour income
% §  Number of children -235.331*** -222.7747*** -186.058** -45.369
B ©9%) .. 0463) ________(16541) . 96.153)____
N 35,679 20,541 35,679 20,541
° Dependent variable: mother works
8 Number of children -0.084%** -0.068%** -0.110 -0.041
8~ (0.005) (0.007) (0.109) (0.086)
£ (Q:)D Dependent variable: mother’s labour income
% = Number of children -175.868%*** -155.490%** -37.297 -181.859%*
B 728 B (74.040) (87378)____
N 12,679 8,073 12,679 8,073

Notes: Standard errors clustered at houschold level (*** p<0.01, ** p<0.05, * p<0.1). Based on the full sample of families. For sample
restrictions see Table 1. All regressions include the following covariates: age of mother at first birth, a polynomial of mother’s current age as
well as year and region specific effects. “1+ children” — families with at least one child; “2+ children” — families with at least two children.
Source: authors’ calculations based on BBGD data 2003-2010.

4.3 Long-term effects of the number of children

Table 8. OLS and 2SLS estimates of labour supply models — all families.
Time since last birth more than 6 years.

1 (2 3) )
With at least one child With at least two children
OLS 28LS OLS 28LS
twins-1 twins-2
Dependent variable: mother works
3 o -0.044*** -0.037 -0.047%%%* -0.041
E g (0.005) (0.042) (0.008) (0.049)
EE Dependent variable: mother’s labour income
z ° -215.077*** -147.158* -223.343%%%* -202.877***
____________________ 98D (287 (13168) (05T
N 24,623 24,623 13,793 13,793

Notes: Standard errors clustered at household level (*** p<0.01, ** p<0.05, * p<0.1). Families in which the mother is younger than 41 and
older than 17 and had the first child at the earliest at the age of 16 and the last birth more than 6 years prior to interview; children’s age from
6 to 15 years; Columns (1) and (2) — families with at least one child; columns (3) and (4) — families with at least two children. All regressions
include following covariates: age of mother at first birth, a polynomial of mother’s current age as well as year and region specific effects.
Source: authors’ calculations based on BBGD data 2003-2010.

Results in this section focus on the sample of families in which the time
since the birth of the youngest child is more than six years, meaning they
naturally focus on a sample of older mothers (mean age of 34.1 and 34.2 in
the two investigated samples) and approximate complete fertility histories,
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as well as examine the situation of mothers in families where all children are
already of school age but still in the household. The results, presented in
Tables 8 and 9 (first stages are presented in panels B and C in table A2) for
the full and the couples’ samples respectively, are broadly in line with those
for the oldest cohort from Table 6. We still find negative correlations be-
tween female labour market outcomes in the OLS regressions. The causal
nature of these effects holds, however, only for maternal labour incomes in
the 2SLS estimates with the exception of the estimate for the couples’ sam-
ple with at least one child. The estimates suggest that mothers’ labour in-
comes are reduced by 147 PLN and 203.00 PLN per month for each child in
the samples with at least one and at least two children, respectively. Like in
the results in Table 4, the causal effect of children on paternal incomes in the
sample with at least one child is positive but not statistically significant. The
2SLS estimates in the case of the sample with at least two children suggest a
negative effect of children on the income of fathers/partners in the range of
256 PLN per month. This suggests that among larger families in the longer-
run not only mother’s but also father’s income is reduced as a result of a
higher number of children.

Table 9. OLS and 2SLS estimates of labour supply models. Couples sample.
Time since last birth more than 6 years.

M (@] (3) “)
At least one child At least two children
2SLS 2SLS
OLS twins-1 OLS twins-2
Dependent variable: mother works
-0.043%** -0.035 -0.046%** -0.039
a (0.005) (0.047) (0.009) (0.050)
g Dependent variable: mother’s labour income
=] -213.474%%* -122.208 -231.512%%* -186.434%*
Nt (10.850) (97.961) (13.411) (73.330)
; Dependent variable: father works
Jg 0.003 0.033 0.001 -0.015
] (0.003) (0.023) (0.005) (0.028)
A Dependent variable: father’s labour income
-157.941%** 191.659 -234.933%** -256.019*
__________________ (7A57)_ .. (R84 @ (43979)
N 21,109 21,109 12,572 12,572

Notes: Standard errors clustered at household level (*** p<0.01, ** p<0.05, * p<0.1). Sample of couples; families in which the mother is
younger than 41 and older than 17 and had the first child at the earliest at the age of 16 and the last birth more than 6 years prior to interview;
children’s age from 6 to 15 years; Columns (1) and (2) — families with at least one child; columns (3) and (4) — families with at least two
children. All regressions include following covariates: age of mother at first birth, a polynomial of mother’s current age as well as year and
region specific effects.

Source: authors’ calculations based on BBGD data 2003-2010.

5 Conclusions

The combination of high levels of female employment and fertility is crucial
from the point of view of sustained economic growth and future financial
stability of welfare systems. Yet, if family size strongly limits mothers’ la-
bour market activity achieving these two objectives may prove difficult. The
analysis in this paper focuses on the identification of causal estimates of the
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effects of family size on labour market outcomes using data from the Polish
Household Budget Surveys for years 2003-2010. We applied 2SLS estima-
tions using twining as the source of exogenous variation in the family size.
To our knowledge this is the first set of causal estimates for a regime from a
developed country where both fertility and female employment are low and
for any of the countries of Central and Eastern Europe.

Overall results using the twinning instrument are consistent with the liter-
ature (Rosenzweig and Wolpin, 1980a; Vere, 2011) and confirm the negative
effect of an additional child on female employment of about 6.7pp in the
sample of mothers with at least one child. This is, however, only slightly less
negative compared to the OLS estimates of about -8.3pp. These causal ef-
fects apply only up to the parity of two. While OLS estimates for families
with at least two children are still negative and statistically significant (-
6.8pp) we could not identify any causal effect of the number of children on
female employment for families with two or more children. Thus, lower
employment among mothers with more than two children seems to be a re-
sult of fertility choices among mothers with lower labour market attachment.
Relative to other findings in the literature, our twinning results are generally
larger for families with more than one child. Furthermore, these results seem
to be similar irrespectively whether we use OLS or IV, whereas in the US
studies the OLS were severely downward biased.

In most cases, OLS estimates exaggerate the negative effects of children
on maternal labour supply on the extensive and the intensive margin but
once we differentiate the analysis by maternal education, cohort and age at
first birth we demonstrate that for some groups the effect of endogeneity
may actually be reversed. Thus, the OLS may in some cases underestimate
the negative causal effects of children. It is the case for mothers with higher
education, those from the cohort born after 1977, and those who had their
first child aged more than 26. In all of these cases we find the negative caus-
al effect of an additional child to be in the range of negative 14.5pp to nega-
tive 12.1pp, compared to the OLS estimates of -8.1pp, -4.0 and -5.8pp, re-
spectively. To our knowledge such an effect has not been found in the earlier
studies, and it points towards the hypothesis that in these groups it is the
stable employment and good career outlooks that determine choices concern-
ing a higher number of children. Therefore, it is women with greater labour
market attachment that decide to have a higher number of children. At the
same time, for mothers with less than higher education, for those from earli-
er cohorts, and for those who had their first child aged up to 26 we find no
evidence of the causal effect of children on employment. These estimates are
generally lower when compared to the OLS results and statistically insignifi-
cant. Therefore, our heterogeneity analysis suggests that for some groups of
women good labour market prospects may be key determinants of their fer-
tility decisions.
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The Polish policy context may give some clues to the identified effects.
Poland is distinguished by low formal childcare enrollment rate for pre-
school children (43% compared to EU average of 84% in 2011) and low
financial support for families through child-related benefits (0.7% of the
GDP compared to EU average of 2.3% in 2009). At the same time, childcare
support from relatives and informal nannies is widespread and early retire-
ment and easy access to disability pensions facilitates this form of childcare
provision among women in retirement and pre-retirement age. Our heteroge-
neity analysis is consistent with this institutional framework. Given extreme-
ly low levels of financial support for low-income families (approximated
here with low level of maternal education), mothers in these families simply
cannot afford to stay out of work. These mothers, are also more likely to live
close to their relatives and thus have better access to informal childcare.
Such scenarios may be more likely in particular among mothers who had
their first baby at an early age. All these factors provide explanation for the
insignificant effects of family size on employment among these subgroups of
mothers. On the other hand, mothers with higher education (and those who
had their child aged 27 or older, which is strongly correlated with the educa-
tion level), will be more likely to rely on formal childcare and live away
from their relatives. Childcare constraints may be much more significant for
these mothers, which is reflected in the high estimates of the causal effect of
family size on employment.

The fact that it is women with strong work preferences or labour market
attachment who chose to have more children in the presence of such con-
straints has important implications for policy in the current economic situa-
tion. If this were the case then poor employment outlook in many countries
affected by the recent economic crisis, and already characterised by low
fertility, may further aggravate their demographic situation.

In many cases where we find a negative causal effect of family size on
employment of mothers we also confirm the negative influence of the num-
ber of children on female labour incomes. Such negative effects on incomes
are additionally found for mothers with low and medium education, for those
in the oldest cohort and for those who had first child earlier in their life,
where we could not identify any causal effect on employment. Furthermore,
we could find very little evidence on the negative effect of the number of
children on fathers’ labour outcomes. The only exception is the sample of
families in which we approximate full fertility history by limiting the sample
to mothers whose youngest child was born at least six years before the sur-
vey. For this sample using twinning instruments we identify negative effects
of children on the intensive margin of labour supply in the case of mothers
with at least one and at least two children, and for fathers with at least two
children.

The findings suggest several important policy conclusions and new direc-
tions for further research. From the analysis it is clear that mothers, but not
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fathers, suffer the negative labour market consequences of childbearing in
Poland. These effects are particularly strong for well-educated women, for
women from younger cohorts, and those who had their first child later in life,
and they apply principally up to parity two. While mothers with more than
two children are less likely to work, it is due to the fertility choices of wom-
en with weaker labour market attachment rather than the causal effect of the
higher number of children. In many subsamples of women, however, we find
negative consequences of children in terms of lower labour incomes. These
effects also extend beyond the time of early childhood.
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Appendix

Tables
Table Al. Descriptive statistics — couples sample.
With at least one child With at least two children
Standard Standard
Mean L Mean L
deviation deviation
Number of children 1.780 (0.851) 2.352 (0.695)
- one child 0.423 (0.494) - -
- two children 0.425 (0.494) 0.736 (0.441)
- three or more children 0.153 (0.360) 0.264 (0.441)
Twins at first birth (twins-1) 0.011 (0.103) - -
Twins at second birth (twins-2) - - 0.010 (0.100)
Same sex of first two born children - - 0.508 (0.500)
Two first born girls - - 0.235 (0.424)
Two first born boys - - 0.273 (0.445)
Age of mother 31.517 (4.724) 32.797 (4.094)
Age of mother at first birth 23.682 (3.638) 22.982 (3.253)
Mother’s education:*
- basic 0.377 (0.485) 0.449 (0.497)
- secondary 0.363 (0.481) 0.348 (0.476)
- higher 0.260 (0.438) 0.203 (0.402)
Mother works:** 0.547 (0.498) 0.542 (0.498)
- one child 0.552 (0.497) - -
- two children 0.552 (0.497) 0.552 (0.497)
- three or more children 0.516 (0.500) 0.516 (0.500)
Mother’s labour income: 681.82 (986.59) 605.51 (923.88)
- one child 78591 (1057.38) - -
- two children 687.75 (966.10) 687.75 (966.10)
- three or more children 376.53 (748.49) 376.53 (748.49)
Father works: 0.806 (0.396) 0.812 (0.391)
- one child 0.797 (0.402) - -
- two children 0.810 (0.393) 0.810 (0.393)
- three or more children 0.818 (0.386) 0.818 (0.386)
Father’s labour income: 1574.386 (1579.555) 1528.989 1541.926
- one child 1636.31 (1627.48) - -
- two children 1630.68 (1591.68) 1630.68 (1591.68)
R - ___three ormorechildren 124586 _(135451) ______ 124586 _____ (1354.51) .
Number of families 33732 19259
N 52986 30573

Notes: The samples include families in which the mother is younger than 41 and older than 17 and had the first child at the earliest at the age
of 16; children’s age from 0-15; labour incomes are unconditional monthly net values indexed by CPI to June 2006.

* Education categories cover: “basic” — no formal education, primary education, gymnasium and vocational education; “secondary” —
secondary academic and secondary vocational education; “higher education” — education degree higher than secondary;

** The sample sizes are 22413 for mothers with one child; 22494 for mothers with two children and 8079 for mothers with three or more
children. Same sample sizes apply to mother’s labour income and paternal labour market supply variables.

Source: authors’ own calculations based on the PHBS data (2003-2010).
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Table A2. OLS first stage relationships and the strength of the instruments.

1) @

Dependent variable: number of children twins at 1st birth twins at 2nd birth
Panel A: Couples sample
t-statistic on the instrument 19.86 22.10
Partial R-squared 0.008 0.016
F-statistic on excluded instruments 395 489
LM statistic on underidentification test 299 225
N 52986 30573
Panel B: All families, time since last birth more than 6 years
t-statistic on the instrument 19.96 15.74
Partial R-squared 0.015 0.031
F-statistic on excluded instruments 359 248
LM statistic on underidentification test 207 105
N 24623 13793
Panel C: Couples sample, time since last birth more than 6 years

t-statistic on the instrument 16.08 15.16
Partial R-squared 0.013 0.033
F-statistic on excluded instruments 258 230
LM statistic on underidentification test 169 99
N 21109 12572

Notes: Standard errors clustered at household level (*** p<0.01, ** p<0.05, * p<0.1). All regressions include year and region specific
effects. The additional covariates include age of mother at first birth, and a polynomial of mother’s current age. Sample of mothers aged <18;
40> with oldest child younger than 16 years old who gave the first birth at the age of 16 at the ecarliest and whose last birth was 6 months
prior to survey at the earliest.

Source: authors’ calculations based on BBGD data 2003-2010.

Table A3. Validity of heterogeneity analyses.

@ @ (©)] “@
‘With covariates Raw correlations
Twins-1 Twins-2 Twins-1 Twins-2
Panel A: Maternal education, full sample
Secondary school -0.001 0.001 -0.001 0.001
(0.001) (0.002) (0.001) (0.002)
0.338 0.596 0.329 0.672
Below secondary school -0.001 0.001 -0.001 0.001
(0.001) (0.002) (0.001) (0.002)
___________________________________ 0392 0576 038 0066l
R-squared 0.001 0.001 0.000 0.000
N 60,256 33,010 60,256 33,010
Panel B: Maternal cohorts (no year fixed effects), full sample
Middle age group 0.001 0.001 0.002 0.001
(0.001) (0.002) (0.001) (0.002)
0.258 0.742 0.243 0.745
Youngest -0.002 0.001 -0.002 0.001
(0.001) (0.002) (0.001) (0.002)
___________________________________ 0177 . 0703 0180 00699
R-squared 0.001 0.001 0.000 0.000
N 60,256 33,010 60,256 33,010
Panel C: Maternal age at first birth, full sample
Birth between 21 and 26 0.002 -0.002 0.002 -0.002
(0.001) (0.002) (0.001) (0.002)
0.116 0.164 0.131 0.190
Birth after 26 0.010%** -0.001 0.010%** -0.001
(0.002) (0.002) (0.002) (0.002)
___________________________________ 0000 05760000 0675 ____
R-squared 0.002 0.001 0.001 0.000
N 60,256 33,010 60,256 33,010

Notes: Covariates in columns (1)-(2) include: year and region fixed effects. Standard errors clustered at household level (*** p<0.01, **
p<0.05, * p<0.1).
Source: authors’ calculations based on BBGD data 2003-2010.
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Table A4. OLS estimates of first stage relationships by maternal education - all
families.

1) ®) 3)

Dependent variable: number of children

Instruments for fertility Below high school High school Above high school
Twins at 1st birth
Twins at 1st birth 0.528%*** 0.701%** 0.660%***
(0.058) (0.045) (0.026)
D00 ] [1550) __________.[2546] ____
Partial R-squared 0.004 0.012 0.016
F-statistics on excluded instruments 82 240 648
LM statistic on underidentification test 83 145 153
N 23,201 21,903 15,152
Twins at 2nd birth
Twins at 2n birth 0.815%** 0.832%** 0.887***
(0.069) (0.041) (0.038)
____________________________________________ (08U 12003] 23081
Partial R-squared 0.011 0.022 0.037
F-statistics on excluded instruments 140 405 537
LM statistic on underidentification test 89 100 58
N 15,075 11,426 6,509

Notes: Standard errors clustered at household level (*** p<0.01, ** p<0.05, * p<0.1), t-statistics on the coefficients in square brackets. All
regressions include year and region fixed effects. The additional covariates include age of mother at first birth, and a polynomial of mother’s
current age. Sample of mothers aged <18; 40> with oldest child younger than 16 years, who gave the first birth at the age of 16 at the earliest
and whose last birth was 6 months prior to survey at the latest.
Source: authors’ calculations based on BBGD data 2003-2010.

Table A5. OLS estimates of first stage relationships by maternal cohorts - all fami-
lies.

1 @ 3)

Dependent variable: number of children

Instruments for fertility Born after 1977 Born 1973 - 1977 Born before 1973
Twins at st birth
Twins at 1st birth 0.813%** 0.619%** 0.579%***
(0.044) (0.042) (0.056)
____________________________________________ (8.65] ... 11468 __________[1030] ____
Partial R-squared 0.016 0.008 0.005
F-statistics on excluded instruments 348 216 106
LM statistic on underidentification test 127 153 95
N 17,988 20,338 21,430
Twins at 2nd birth
Twins at 2n birth 0.874%** 0.811%** 0.810%**
(0.041) (0.047) (0.073)
____________________________________________ erioy oo f1724 o _[1L03]
Partial R-squared 0.030 0.015 0.011
F-statistics on excluded instruments 445 297 122
LM statistic on underidentification test 56 99 82
N 6,012 12,110 14,888

Notes: Standard errors clustered at household level (*** p<0.01, ** p<0.05, * p<0.1), t-statistics on the coefficients in square brackets. All
regressions include year and region fixed effects. The additional covariates include age of mother at first birth, and a polynomial of mother’s
current age. Sample of mothers aged <18; 40> with oldest child younger than 16 years, who gave the first birth at the age of 16 at the earliest
and whose last birth was 6 months prior to survey at the latest.
Source: authors’ calculations based on BBGD data 2003-2010.
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Table A6. OLS estimates of first stage relationships by maternal age at first birth -
all families.

1) ®) 3)

Dependent variable: number of children

Instruments for fertility After 26 21-26 Before 21
Twins at 1st birth
Twins at 1st birth 0.688%*** 0.587%*** 0.511%%*
(0.034) (0.044) (0.084)
...................................................... [2052] ______[1337) ______[6.09]
Partial R-squared 0.023 0.006 0.003
F-statistics on excluded instruments 421 179 37
LM statistic on underidentification test 162 154 37
N 11,898 35,679 12,679
Twins at 2nd birth
Twins at 2n birth 0.913*** 0.856%** 0.693***
(0.051) (0.051) (0.073)
______________________________________________________ [17.76)..._..._11676) ... 1952 .
Partial R-squared 0.042 0.016 0.008
F-statistics on excluded instruments 316 281 91
LM statistic on underidentification test 43 139 49
N 4,396 20,541 8,073

Notes: Standard errors clustered at high school level (*** p<0.01, ** p<0.05, * p<0.1), t-statistics on the coefficients in square brackets. All
regressions include year and region fixed effects. The additional covariates include age of mother at first birth, and a polynomial of mother’s
current age. Sample of mothers aged <18; 40> with oldest child younger than 16 years, who gave the first birth at the age of 16 at the carliest
and whose last birth was 6 months prior to survey at the latest.
Source: authors’ calculations based on BBGD data 2003-2010.

Polish Household Budget Survey — summary of the
methodology

The Polish Household Budget Survey is a representative survey of Polish
households surveying over 37000 households per year. The survey is con-
ducted every year and is spread over the entire calendar year with each
household surveyed over a period of a month during which households rec-
ord their expenditures and incomes. This information is complemented with
an additional interview which is conducted at the end of each quarter of data
collection (so called quarterly interview). Each year since 2005, when the
most recent sampling procedure was introduced, the target sample is 37584
households.

In a case of refusal to participate among households from the principal
gross sample, households are replaced by another household from a reserve
list of randomly chosen households. This reserve list is prepared separately
for each sampling unit. Households which drop out of the survey in the first
half of their survey month are also replaced by households from the reserve
list. Those who drop out in the second half of the month are not replaced.
Households from the principal gross sample which agree to participate are
re-interviewed in the same month of the following year. Households from
the reserve list are not re-interviewed. The survey methodology has been
developed in accordance with the EUROSTAT guidelines.

The overall response rate in the survey in 2010 was 50.2%. Survey non-
response was either due to refusal to participate (48.1%), survey drop out
during its duration (1.6%) or refusal to complete the final quarterly interview
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(0.1%). From among households which were approached to complete the
survey for the first time in 2010 (either from the principal gross sample or
from the reserve list) 59.5% did not participate in the survey, and from
among those who participated in the previous year 14.9% did not complete
the survey for the second time.
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