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Abstract 
 
 
ANDERSSON, Christian. Teachers and Student Outcomes: Evidence using Swedish Data. Department of 
Economics, Uppsala University. Economic Studies 107. 154 pp. ISBN 978-91-85519-14-9.  
 
This thesis consists of four self-contained essays. 
 
Essay 1 analyzes how student achievement is affected by resource increases in the Swedish compulsory school, 
due to a special government grant that was enforced in the academic year of 2001/02. The analysis is based on 
register data that contains all students in compulsory schooling (ninth grade) between 1998 and 2005. The results 
show that socio-economic variables explain a great deal of the variation in student achievement. The study also 
shows that the increased resources have not had a statistically significant positive effect on the average student’s 
achievement. This conclusion holds true when different measures of student achievement are used. Increased 
resources have, however, improved student achievement for students with low educated parents. If teacher 
density is increased with 10 percent, students with low educated parents are expected to increase their grade 
point average ranking with about 0.4 percentile units. 
 
Essay 2 (with N. Waldenström) finds that the share of non-certified teachers in Swedish compulsory public 
schools has grown considerably during the last decade, from 7.2 percent in 1995/96 to 17.2 percent in 2003/04. 
Moreover, comparisons between schools and municipalities indicate large and increasing differences in the share 
of non-certified teachers over time. In this paper, we study whether these patterns may be explained by 
restrictions in the supply of certified teachers. This is done using a temporary targeted governmental grant, 
aimed at increasing the personnel density in schools, as an exogenous teacher demand shock. Our results show 
that the introduction of the grant decreased the share of non-certified teachers more in areas characterized by 
relatively high unemployment rates among certified teachers, i.e., where teacher supply restrictions were 
relatively low. These findings, hence, suggest that teacher supply restrictions do indeed matter for the 
composition of the teaching staff. 
 
Essay 3 (with N. Waldenström) examines how the teaching staff composition, with respect to certification, 
affects student achievement in compulsory Swedish schools. The share of non-certified teachers in compulsory 
schooling has increased dramatically during the last decade, starting a large debate about school quality. We 
apply an instrumental variable approach to estimate the causal effect of the percentage of non-certified teachers 
on student achievement. We find, in our preferred specification, that a one percentage point increase in the share 
of non-certified teachers, is expected to decrease the average student’s GDP ranking with about 0.6 units, a 
substantial effect considering the large differences in certification rate that do exist between schools and 
municipalities. The effect also appears to be stronger for students with highly educated parents. 
 
Essay 4 (with P.  Johansson) estimates the effects of early age tutoring on grades, educational attainment, 
earnings, early retirement and death. To this end, we use data on boarding home students in the 1940s. These 
students attended regular public schools that were situated close to boarding homes. At these boarding homes, 
students had daily scheduled time for doing their homework and a directress was employed to help with the 
students’ homework. The placement at the boarding homes was based on the distance to the nearest school and 
thus had no direct connection to students’ skills, which enables us to study the effects of the pedagogical stimuli 
at the boarding homes. We find that tutoring at an early age in life is important as a way of equalizing skills upon 
leaving school. However, at this time (1940–1950s) it did not change the social stratification. 
 
 
Christian Andersson 
Department of Economics, Uppsala University, Box 513, SE 751 20 Uppsala, Sweden. 
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Introduction 

The branch of economics of education is relatively young. Even if Adam 
Smith considered the organization and finance of education, a more natural 
dating is the development of the theories of human capital in the 1960s lead 
by Gary Becker, Jacob Mincer and Theodore W. Schultz. Over the last 40 
years or so, the field has, however, expanded so rapidly that it now has an 
established international community of scholars and a literature that numbers 
to several thousands of books and journal articles. Nowadays major educa-
tional decisions are increasingly viewed in terms of their economic out-
comes. Economics has become a natural way to evaluate different educa-
tional decisions. This can also be illustrated by the increasing percentage of 
articles in the field of economics of education published in major economics 
journals from the 1960s up until 1996 (Teixeria, 2000). 

The economics of education literature has historically mainly focused on 
the return to education and the effects of education on economic growth. 
Less emphasis has been directed towards the effects of inputs into teaching, 
even though this input forms the very basis of the human capital formation 
and potential economic growth. The interest has, however, been increasing 
and there has emerged a growing body of literature on the role of teachers on 
different measures of student outcomes. 

Most attention has been given to the effect of the number of teachers in 
schools, measured as class size or student-teacher ratio, on student achieve-
ment. See for example Hedges, Laine & Greenwald (1994), Krueger (2003), 
Hanushek (1997) and Angrist & Lavy (1999). For Swedish evidence, see for 
example Lindahl (2005) or Björklund et al (2005). 

When it comes to teacher qualification, it has been difficult to predict 
which teachers will be successful based on specific characteristics. For a 
literature review, see for example Hanushek (1986). More recent studies on 
the effects of teacher experience mostly find small positive effects on student 
achievement (Krueger, 1999 and Rockoff, 2003). The effect of teacher certi-
fication is, for example, examined in Kane, Rockoff & Staiger (2006). A 
brief review of the research on these topics and the research on class size 
will be given later in this introduction. 

This thesis focuses on the effect of teachers and pedagogical personnel 
on, primarily, student achievement, but also on more long-term outcomes. 
The empirical questions raised in the four chapters of this thesis are: (i) Do 
students perform better if there are more teachers employed per student at a 
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school? (ii) Is the present lack of qualified teachers in Sweden a supply or 
demand problem? (iii) Are certified teachers better for student achievement 
than non-certified? and finally (iv) Does pedagogical support at an early age 
matter for students’ future outcomes? 

Thus, the focus in this thesis is on the effect of different aspect of school 
resources on student achievement. The endeavor of establishing causal 
effects is, however, difficult when the data that is used is retrospectively 
collected from registers, as is the case for the empirical studies in this thesis. 
The fundamental problem is that individuals1 make choices based on infor-
mation that also can affect the outcome of interest.2 

In economics there are basically two approaches to handle selection prob-
lems like this. One way is to assume that the researcher observes everything 
that simultaneously affects the individuals’ choice and the outcome of inter-
est. Another possible approach is that the researcher has a variable that only 
indirectly (via the treatment) affects the outcome. The first methodology is 
termed selection on observables and the second is in the literature termed 
instrumental variable estimation. 

Another problem that may constitute a problem, mainly in essay 2 and 3, 
is reverse causality. This implies that one variable that has an effect on the 
outcome also may be affected by the outcome. The only way to identify the 
causal effects is by using a variable that affect the variable of interest, but is 
not affected by the outcome of interest, thus an instrument. 

Both the selection on observables and the instrumental approach are used 
in this thesis to identify causal effects. Essay 1 identifies the effect of 
resource changes on student achievement and essay 4 the effect of pedagogi-
cal stimuli on different student outcomes, both under the selection on ob-
servables assumption. Regression adjustments are used to control for poten-
tial selection bias. Essay 2 uses a reduced form and a difference-in-
difference regression estimator (thus, a selection on observables assumption) 
to test if the shortage of certified teachers stems from the supply or the de-
mand side. Essay 3 applies an instrumental variable estimator to estimate the 
effect of teacher certification on student performance. 

1.1 Previous empirical evidence 
When it comes to the effect of school resources on student achievement the 
research evidence is, as was mentioned earlier, somewhat mixed when it 
comes to small resource changes. The research on this specific area dates 
back to the “Coleman report” that was published in 1966, and since then 

 
1 The term individuals are generic for schools, teachers, students etc. 
2 When it comes to estimating the effect of resource changes on student achievement, disad-
vantaged students are often given more resources. The empirical problem is that the econo-
mist does not observe the disadvantaged students. 
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hundreds of studies has been published on the topic. A great deal of these 
studies concerns the importance of class size on student achievement. There 
is no doubt about the fact that large changes in school resources have an 
effect on student achievement, but the results are ambiguous when it comes 
to marginal resource changes. Not even comprehensive surveys give a 
unanimous picture of the relation between resource changes and student 
achievement. Some surveys find that smaller classes have a positive effect 
on student achievement (Hedges, Laine & Greenwald, 1994 and Krueger, 
2003) while others (Hanushek, 1997) do not find such an effect. 

If one awards more credence to those studies that apply an experimental 
approach it is, however, reasonable to conclude that smaller class sizes has a 
small but positive effect on student achievement. The effect also seems to be 
larger for younger individuals and students with low socio-economic status. 
The most influential study on this area is the STAR experiment. This was a 
large scale experiment in Tennessee where both teachers and students were 
randomized into different class sizes. In this way the problem with endoge-
nous determined resources is mitigated. Most studies based on these data 
find that students in smaller classes perform better on standardized achieve-
ment tests (see for example Krueger, 1999 and Krueger & Whitmore, 2001). 

Another influential study is the one by Angrist & Lavy (1999). They use a 
regression discontinuity design to estimate the effect of class size. The au-
thors use a specific rule of the Israeli school system that states that the 
maximum class size can be 40 students. If the number of students is greater 
than 40, two classes are automatically created. In this why, they can make 
use of natural variation in class size and they find that a small class size has 
a positive effect on student achievement. 

There are no Swedish studies on the effect of class size based on experi-
mental data. Lindahl (2005) uses a longitudinal approach to examine the 
effect of natural variation in class size on student achievement. He finds that 
smaller classes yield significant better achievement than larger classes. 
Another study using Swedish data is Björklund et al (2005). Their results are 
consistently positive and statistically significant and of the same magnitude 
as in Lindahl (2005). 

The empirical results on the effects of specific teacher characteristics, like 
certification or experience, are even more mixed. When reviewing the litera-
ture on the effects of teacher qualifications on student achievement it is clear 
that the quality of teachers is one of the most important factors for student 
achievement. However, the literature has not been able to determine which 
teacher characteristics are the most important for the students’ achievement. 
Based on the specific characteristics of the teacher it is very difficult to pre-
dict which teachers will be successful. Teacher characteristics that have been 
considered are for example experience, teacher education and certification. 
Hanushek (1997, 2003) presents literature surveys that find little support for 
these different teacher characteristics. 
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Studies of efficiency differences between certified and non-certified 
teachers are scarce. The existing literature does not present a consistent 
picture of the effect of certification on student achievement. The results are 
contradictory and quite controversial. Some examples are Hawk, Coble & 
Swanson (1985), Fuller (1999), Felter (1999) and Goldhaber & Brewer 
(2000). All these studies find evidence in support of certified teachers. 

However, many of these studies have problems that stems from different 
selection and endogeniety problems. Potential non-random sorting of fami-
lies among schools, of students among classes and of teachers among 
schools are examples of factors that may lead to biased estimation results 
when using register data. Certified teachers may search for positions at good 
schools/classes, good schools may search for certified teachers and good 
students may apply to good schools. Behavior like this implies that direct 
comparisons do not identify the causal effect of teacher certification on 
student achievement, since students in different parts of the achievement 
distribution are taught by teachers of different quality. 

Another problem with a large part of the existing studies is that they are 
conducted on data from United States, where the definition of teacher certi-
fication varies largely across states.3 In general, omitting variation in state 
policy that may be correlated with teacher characteristics will again result in 
biased estimates. 

The limitations of many of the studies on teacher certification are summa-
rized in Wayne & Youngs (2003). Recently a few new studies with a better 
econometric framework have emerged. A study by Kane, Rockoff & Staiger 
(2006) finds that teacher certification, on average, has at most a small impact 
on student achievement. The authors do however find large and persistent 
differences in effectiveness between teachers with the same certification 
status. Clotfelter, Ladd & Vigdor (2006) also finds positive and statistically 
significant effects of certification on student achievement. No previous re-
search on the effect of certification has been conducted using Swedish data. 

In the field of economics of education there has lately been a lot of focus 
on different kinds of interventions at an early stage in a child’s life. A grow-
ing body of research indicates that investing in young children appears to be 
effective. Early childhood interventions has been found to be significantly 
more effective in the long run than programs that attempt to compensate for 
early neglect later in life. The effect of early interventions also appears to be 
especially strong for disadvantaged children (Heckman & Masterov, 2007). 

A literature review by Currie (2001) shows that a number of early child-
hood education programs have had significant short- and medium-term bene-
fits. The effect also appears to be stronger for disadvantaged children. An 
article by Heckman & Masterov (2007) argues that investments in young 

 
3 Moreover, some states issue alternative certificates, some of them being based on different 
criteria from the certificates issued by traditional training institutions.  



 11

children are efficient from an investment productivity point of view. They 
also show that high quality early care and education programs for disadvan-
taged are efficient in promoting achievement for these children. Further-
more, the authors discuss how such programs can result in savings for the 
society and even economic growth. 

It is a well known fact that children of parents from better socio-economic 
backgrounds (for example more educated and/or higher earnings) are over-
represented in higher education. That is, there is a social stratification into 
higher education. One possible way to equalize opportunities and to make 
the social stratification less severe could be to intervene at an early stage. 
Cameron & Heckman (1998) test if liquidity constraints can explain the 
social stratification. The authors find that liquidity constraints is of second 
order importance and that it is more important to provide better education at 
an early stage in life in order to increase opportunities in society. 

1.2 Short presentation of the essays 
This thesis consists of four self-contained essays. However, since the first 
three essays use the same special government grant, aimed to increase per-
sonnel density in Swedish schools, to evaluate different aspects of the effect 
of resources on student achievement some degree of overlap and repetition is 
unavoidable. In the following the topics of each essay are briefly introduced 
and the main findings are summarized. 
 
Essay 1 – Teacher density and student achievement in Swedish compulsory 
schools 
 
When the economic crisis hit Sweden during the 1990s, major reductions in 
the public sector took place. These reductions also affected the educational 
sector. Both annual expenditures per student and the number of teachers per 
100 students fell during the period 1992 to 2001. To counteract this devel-
opment, the Swedish government decided to introduce a special government 
grant, aimed specifically at schools and after-school recreation centers. 
Between 2001 and 2006 a total of SEK 17.5 billions were set aside to in-
crease personnel density. 

The intention of the government grant was to improve students’ possibili-
ties to reach the goals of their educations. However, to quantify the causal 
effect of resources on student achievement is a difficult task. These difficul-
ties have to do with the fact, as was mentioned earlier, that all educational 
systems invest more resources in disadvantaged students. To deal with this 
problem, it is important to find some exogenously determined variation in 
the resource changes. The change in the resource allocation system, intro-
duced by the special government grant, is possibly such an exogenous source 
of variation. 
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The paper analyzes how student achievement is affected by resource in-
creases in the Swedish compulsory school, due to the special government 
grant that was enforced in the academic year of 2001/02. The analysis is 
based on register data that contains all students that completed compulsory 
schooling (ninth grade) between 1998 and 2005. The results show that socio-
economic variables explain a great deal of the variation in student achieve-
ment. The study also shows that the increased resources have not had a sta-
tistically significant positive effect on the average student’s achievement. 
This conclusion holds true when different measures of student achievement 
are used. Increased resources have, however, improved student achievement 
for students with low educated parents. If teacher density is increased by 
10 percent, students with low educated parents are expected to increase their 
grade point average ranking with about 0.4 percentile units. This result is in 
line with previous studies and is important for the equalization of achieve-
ment between children from different backgrounds and prerequisites. 
 
Essay 2 – Teacher supply and the market for teachers4 
 
Teachers constitute the largest part of the school budget and are considered 
to be the most important input in the production of education. Policies aimed 
at increasing the quality of teachers have therefore been at the forefront of 
recent educational reforms in Sweden. In the ongoing school debate it has 
been common to equalize certification and experience with quality. An in-
creased percentage of non-certified teachers, as well as fewer teachers per 
student, are often regarded as alarming. 

The share of non-certified teachers in Swedish compulsory public schools 
has grown considerably during the last decade, from 7.2 percent in 1995/96 
to 17.2 percent in 2003/04. Moreover, comparisons between schools and 
municipalities indicate large and increasing differences in the share of non-
certified teachers over time. 

This paper studies whether these patterns may be explained by restrictions 
in the supply of certified teachers. This is done using the temporary targeted 
government grant, aimed at increasing the personnel density in schools, as an 
exogenous teacher demand shock. The results show that the introduction of 
the grant decreased the share of non-certified teachers more in areas charac-
terized by relatively high unemployment rates among certified teachers, i.e., 
where teacher supply restrictions were relatively low. These findings hence 
suggest that teacher supply restrictions do indeed matter for the composition 
of the teaching staff. 

The aim of the special government grant has been to increase personnel 
density in schools. This goal seems to have been attained, but our analysis 
reveals an interesting short-term effect of the introduction of this grant. The 

 
4 Co-authored with Nina Waldenström, Stockholm School of Economics.  
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extra contribution to the school budget in combination with a supply deficit 
among certified teachers has lead to an increase in the share of non-certified 
teachers. 
 
Essay 3 – Teacher certification and student achievement in Swedish compul-
sory schools5 
 
The public debate on school and educational quality is usually centered on 
questions about teachers’ different characteristics such as education, experi-
ence and certification. The quality of teachers is considered one of the most 
important factors affecting student achievement, and a central notion in the 
shaping of school and education policies. Despite the consensus that teachers 
are important, the opinion about what teacher quality exactly means and 
which teacher characteristics are the most important is not unanimous among 
debaters, politicians and researchers. The existing literature does not present 
a consistent picture regarding these questions and the need for more evi-
dence is large. 

This essay examines how the teaching staff composition, with respect to 
certification, affects student achievement in compulsory Swedish schools. 
The share of non-certified teachers in compulsory schooling has increased 
dramatically during the last decade, giving rise to a large debate about school 
quality. An instrumental variable approach is applied to estimate the causal 
effect of the percentage of non-certified teachers on student achievement. 
We find, in our preferred specification, that a one percentage point increase 
in the share of non-certified teachers is expected to decrease the average 
student’s grade point average ranking with about 0.6 units. A substantial 
effect if one considers the large differences in certification rate that do exist 
between schools and municipalities. The effect also appears to be stronger 
for students with highly educated parents. 

Even if the results can not give a definite answer to the much debated 
question of whether imposing tighter standards for the employment of non-
certified teachers leads to better student achievement, it gives rise to 
questions from a fairness point of view. The large differences in teacher 
certification between municipalities and schools are not defensible in the 
light of the “equal opportunities“-goal for students, regardless their gender, 
ethnicity and family background. According to this goal, student achieve-
ment should not depend on which school a student is attending or which 
municipality he/she resides in, but rather on his/her ability and effort. Con-
sidering our results this goal does not seem to be fulfilled. 
 

 
5 Co-authored with Nina Waldenström, Stockholm School of Economics. 
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Essay 4 – The effects of early lifetime tutoring: Evidence using data on 
boarding home students in the 1940s6 
 
This essay investigates whether pedagogical support at an early age has an 
effect on students’ future labor market outcomes. It is a well known fact that 
children of parents from better socio-economic background or from a higher 
social class are overrepresented in higher education. That is, there is a social 
stratification into higher education. Numerous studies in sociology, educa-
tion and economics have showed that family background is important for the 
students’ first choice to higher education (Cameron & Heckman, 1998). That 
is, family background is important for upper secondary studies, but less so 
for university and PhD studies. This phenomenon is, in the literature, 
denoted dynamic selection. 

The study by Cameron & Heckman finds that providing better education 
at an early age in life might be effective in increasing opportunities in soci-
ety and thereby reduce the social stratification. In an attempt to, at least 
partly, test the claim by Cameron & Heckman we estimate the effect of early 
stage tutoring on grades, choice of higher education, earnings, early retire-
ment and death. To this end we use data on boarding home students in 
Sweden in the 1940s. 

During the first half of the twentieth century a special type of boarding 
homes existed in the most northern part of Sweden. While staying at the 
boarding home, individuals were stimulated to work hard and they had, for 
example, scheduled time after school for homework and this work was 
assisted by the boarding home directress that had some form of teacher edu-
cation. The children at the boarding home thereby received a pedagogical 
stimuli that the non-boarded children did not get. Every boarding home also 
had their own small library, where the students could borrow books. 
However, being separated from the family in this way could be very trau-
matic for children and could potentially have negative effects later on in life. 

The boarded students attended regular public schools that where situated 
close to the boarding homes. The placement at the boarding homes was 
based on the distance to the nearest school and had no direct connection to 
students’ ability, which enables us to study the effects from the pedagogical 
stimuli at the boarding homes. The results show that tutoring at an early 
stage in life is important as a way of equalizing ability at school leaving. 
However, at that time (in the 1940-1950s) it did not change the social strati-
fication. Hence, at that time income liquidity constraints certainly seems to 
have been important for continuing into higher education. All in all, our 
results supports the claim made in Cameron & Heckman and thus suggest 
that education and tutoring at an early age in life is effective as a way of 
increasing (or equalizing) skills when leaving mandatory schooling. 

 
6 Co-authored with Per Johansson, Uppsala University. 
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Essay 1 
 
Teacher density and student achievement in 
Swedish compulsory schools  

During the severe Nineties economic crisis in Sweden a great deal of reduc-
tions in the public sector took place and the educational sector was no excep-
tion. Annual expenditures per student in relation to GDP per capita in com-
pulsory schooling fell from 34 to 24 percent between 1991 and 2000 
(OECD, 1995, 2003). The number of students in compulsory schooling in-
creased during the same period which contributed to a fall in the number of 
teachers per 100 students from 8.7 to 7.8 during the period 1992 to 2001. 
The decentralization of the Swedish schooling system that took place in 
1993 affected the total resource allocation to schools and it also increased 
the dispersion of resource between municipalities. The resource dispersion 
widened the most for students that initially were at the lower part of the re-
source distribution (Björklund et al, 2005). To counteract this development 
the Swedish government decided to introduce a special government grant 
aimed specifically at schools and after-school recreation centers. Between 
2001 and 2006 a total of SEK 17.5 billions was set aside to increase person-
nel density in Swedish schools.1 Funds were distributed stepwise to munici-
palities; approximately one billion SEK was allocated during the academic 
year 2001/02 and almost two billions during 2002/03. Three billions SEK 
was distributed in the academic year 2003/04 and two billions during the 
autumn semester of 2004. In 2005 the original plan changed and part of the 
special government grant was reallocated to the general government grant 
that municipalities receive. 

The intention of this special government grant was to improve students’ 
possibilities to reach the goals of their education. To quantify the causal 
effect of resource changes on student achievement is however a difficult 
task, which have resulted in some disagreement in the literature about the 
true effect of marginal resource changes. The difficulties mostly concern the 
fact that all educational systems invest more resources in disadvantaged 
students. To deal with this problem one has to find some exogenously de-

 
1 € 1 is approximately equal to SEK 9.4. 
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termined variation in the resource changes. The change in the resource allo-
cation system, introduced by the special government grant, is possibly an 
exogenous source of variation which can be used to estimate the effect of 
resource changes on student achievement. 

This paper analyze if changes in student achievement co-vary with 
changes in the resources that has been invested in the Swedish schooling 
system. The purpose is to estimate the magnitude of the effect of the special 
government grant on teacher density and the effect of resources on student 
achievement. The analysis is based on register data that include all students 
that completed compulsory schooling (ninth grade) between 1998 and 2005. 
Student achievement is measured by students’ grades when they finish ninth 
grade, results on national tests in English, Swedish and mathematics and if 
students reach high school eligibility by passing the core subjects. 

The remainder of this paper is structured as follows; section 1 gives a 
short overview of the previous literature and section 2 briefly describes the 
Swedish compulsory school system and discusses the functioning of the 
special government grant and what conditions municipalities have to meet to 
receive the grant. Section 3 describes the data and the variable definitions 
used. Section 4 describes how resources and student achievement have de-
veloped over time. Section 5 gives a more detailed description of the meth-
odological problems and the possibilities to evaluate the effect of resource 
changes on student achievement. The results are presented in section 6 and 
section 7 concludes. 

1 Previous literature 
Research regarding the effect of school resources on student achievement 
dates back to the 1960s and since the “Coleman report” was published in 
1966 literally hundreds of studies have been published. A great deal of these 
studies concern the effect of class size on student achievement. There is no 
doubt about the fact that large changes in school resources have an effect on 
student achievement, but the results are ambiguous when it comes to 
marginal resource changes. Not even comprehensive surveys give a unani-
mous picture of the relation between resource changes and student achieve-
ment. Some surveys find that smaller classes have a positive effect on stu-
dent achievement (for example Hedges, Laine & Greenwald, 1994 and 
Krueger, 2003) while others (for example Hanushek, 1997) do not find such 
an effect. The main reason for the disagreement is that it is very hard to 
quantify the effect of reductions in class size since disadvantaged students 
often are placed in smaller classes. 

If more emphasis is given to studies with experimental character it is 
however reasonable to conclude that smaller class sizes has a small but posi-
tive effect on student achievement and that the effect is larger for younger 
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individuals and students with low socio-economic status. Studies of this type 
utilize regular experiments or data of quasi-experimental character. 

The most ambitious and extensive study of this kind is probably the 
Tennessee STAR experiment. This study was a big scale experiment that 
begun in 1985 and affected 11,600 students in about 80 schools in 
Tennessee. The purpose of the experiment was to study the effect of smaller 
class sizes on student achievement. Students and teachers within every 
school were randomized into one out of three different groups: small-sized 
class, regular-sized class or regular-sized class with a teacher’s aide.2 The 
experiment with different class sizes continued from first to third grade. Stu-
dents thereafter returned to regular-sized classes. Student knowledge was 
tested at the end of each academic year. In this experiment there would in 
principle be no problem with endogenous determined resources if students 
and teachers were randomized into different groups according to the design 
of the experiment. Hanushek (1999) however question parts of the randomi-
zation process in the experiment. Schools in the experiment were for exam-
ple not random and since there were considerable attrition of students be-
tween years it is hard to verify the randomization in the STAR experiment. 
Most studies based on data from the STAR project find that students as-
signed to small sized classes perform better on standardized achievement 
tests and that these students are more likely to take the collage entrance test 
(see for example Krueger, 1999 and Krueger & Whitmore, 2001). Krueger 
(1999) finds that a reduction in class size by one student increased the 
students’ percentile rank with almost one unit.3 The effect was even larger 
for minority students and students with low socio-economic status. 

A study by Angrist & Lavy (1999) analyzes the effect of class size on 
student achievement using a regression discontinuity design. The size of 
school classes in the Israeli school is determined by the so called 
“Maimonides’ rule”. The maximum class is according to this rule 40 stu-
dents. If the total number of students is greater than 40 two classes are auto-
matically created. If the number of students is greater than 80 there will be 
three classes and so on. This rule creates a saw tooth pattern between class 
size and the total number of students in one grade. The authors exploit these 
discontinuous changes and find that class size has a positive and significant 
effect on results in Reading comprehension and mathematics. The average 
effect is approximately as large as in the STAR project and the positive ef-
fect is larger for students with weak family background. 

There are no Swedish studies on the effect of class size or resources on 
student achievement based on experimental data. Lindahl (2005) uses a long-

 
2 A small class consisted of 13–17 students while a regular-sized class consisted of 22–25 
students. 
3 Percentile ranking is a way to normalize the effect estimate. Students are ranked from 0 to 
100, where 0 is given to the student with the lowest result and 100 to the one with the highest 
result. The estimate is then expressed in terms of the effect on this ranking. 
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itudinal approach to examine the effect of natural variation in class size. The 
unique dataset in the study comes from a test in mathematics that was ad-
ministrated by Lindahl. A total of 556 students in 16 schools in Stockholm 
took a standardized test on three occasions. The tests were carried out during 
the spring semester in fifth grade and in both autumn and spring of the sixth 
grade. The study uses the fact that that there is a summer holiday between 
two of the tests. Class size is assumed to have no effect during the summer 
holiday and it is therefore possible to isolate the causal effect of class size 
from the effect of home environment. The results show that smaller class 
sizes yield significant better student achievement than larger classes. A re-
duction in class size with one student increased the average student’s percen-
tile rank with between 0.37 and 0.98 units (depending on model specifica-
tion). The study also shows that immigrant students gain more from smaller 
class sizes than native Swedes. 

Björklund et al (2005) exploit the changes in the Swedish schooling sys-
tem that affected the resource distribution during the 1990’s and analyze the 
effect of resources on students’ grade point averages (GPAs) when they 
complete ninth grade. Their analysis show that municipalities whose teacher 
density have increased relative others, have had a better development of 
GPAs compared to other municipalities. Teacher density fell with about 15 
percent between the academic years 1990/91 and 2002/03. The results show 
that if teacher density is reduced by that much the average student’s position 
in the percentile rank is expected to decrease with about 1.1 percentile units. 
The authors also show that students with low educated parents and those 
students that recently have immigrated to Sweden are the ones that gain the 
most from a higher teacher density. The results are consistently significant 
and in magnitude in line with the estimated effects from Lindahl (2005). 

2 Institutional detail 
2.1 The Swedish compulsory school 
The size of the educational sector is considerable in most countries. The 
teacher labor market across OECD countries, considering primary and sec-
ondary education only, corresponded to 2.6 percent of the total labor force in 
1999. The corresponding figure for Sweden was 2.8 percent (Santi-
ago, 2004). In 2005 there existed approximately 4,300 public compulsory 
schools in Sweden. In addition to these public schools there existed almost 
600 independent schools. The total number of full time equivalent teachers 
in compulsory schooling amounted to 81,276 in 2005. 75,482 of the total 
number of full time equivalent teachers, or 93 percent, worked in public 
schools while the rest, 5,583 full time equivalent teachers, worked in inde-
pendent schools. 
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The Swedish educational system has gradually been decentralized since 
the beginning of the 1990’s. Responsibility for provision of schooling was 
gradually transferred from the central government to municipalities and 
schools. In 1991 the municipalities took over the responsibility for providing 
compulsory, upper secondary and adult education, and in 1993 grants from 
the central to the local authorities were included in the general grant frame. 
Municipalities thereby got more autonomy concerning resource allocation. 

Swedish compulsory schooling is nine years long. During the first six 
years students are taught by the same teacher irrespectively of subject. The 
last three years students are taught by specialist teachers in each subject. The 
school starting age is normally seven years of age. 

The Swedish grading system was reformed in 1994 when the previous 
five-step norm-referenced grading system was replaced by the three-step 
criterion-referenced system which relates grades to curriculum goals. The 
new system also implied that grades are awarded first in eighth and ninth 
grade. Apart from receiving subject grades students take standardized tests. 
These tests are mandatory in ninth grade. Standardized tests are given in 
mathematics, Swedish and English and teachers are obliged to take the test 
scores into consideration when awarding their final grades in these subjects. 

2.2 The special government grant 
Swedish municipalities can since the academic year 2001/02 receive a 
special government grant, the Wärnersson grant (WG), to cover expenditures 
for personnel increases in preschools, nine-year compulsory schools, special 
schools, after-school recreation centers and high schools. It is up to munici-
palities to decide on which personnel categories and in which sectors of the 
Swedish school system they would like to invest the grant. Municipalities 
that would like to utilize the special government grant must apply yearly to 
the Swedish National Agency for Education.4 Independent schools are not 
allowed to apply for the grant, but municipalities could distribute part of the 
grant to independent schools. A very low share of the grant resources was 
however allocated to independent schools. Before every application round a 
grant frame is calculated by the National Agency for Education that is deci-
sive of how much resources every municipality will receive if they fulfill the 
condition of increased personnel density. The grant frame is solely based on 
the number of residents in the municipality aged between 6 and 18 the cal-
endar year before the grant year.  

 
4 All municipalities except two (Umeå and Österåker) applied for and received the grant 
during the first grant year, that is the academic year 2001/02. During the second grant year all 
municipalities applied and received the grant. In the academic year 2003/04 all municipalities 
except two (Nacka and Sundbyberg) applied and received the grant. In the autumn semester of 
2004 all municipalities except three (Nacka, Sundbyberg and Osby) applied and received the 
grant. 
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Almost one billion SEK was distributed to municipalities in the academic 
year of 2001/02 and in the academic year 2002/03 municipalities were allo-
cated almost two billion SEK. In 2003/04 the amount was three billion SEK 
and in 2004/05 almost two billion SEK.5 By dividing the amount allocated to 
a municipality with the total number of students in the same municipality it 
is possible to calculate the grant level per student. The average grant level in 
real values amounted to SEK 647 per student in 2001/02, SEK 1,271 in 
2002/03, SEK 1,911 in 2003/04 and SEK 1,287 in 2004/05.6 If municipali-
ties would have used the total grant amount to employ new teachers in com-
pulsory schools it would have amounted to on average 9.5 extra full time 
positions in the academic year 2001/02 and an additional 18.3 extra full time 
positions in 2002/03. The feasible number of full time teachers in 2003/04 
was 26.3 and 16.9 in 2004/05. If municipalities would have used the entire 
grant to employ new teachers in compulsory schooling and adjusting for 
changes in the number of students this would have implied that the average 
teacher density would have increased by approximately 10 percent between 
2000/01 and 2004/05.7 Teacher density did in reality only increase by 
slightly more than 6 percent between 2000/01 and 2004/05. This is due to 
the fact that the entire grant was not used to employ teachers and also be-
cause part of the grant was used in other sectors of the schooling system 
apart from compulsory schooling. 

The fundamental claim on municipalities to be applicable for the grant is 
to increase the personnel density compared to the academic year 2000/01.8 
Municipalities with increasing number of students have to invest own re-
sources to receive the entire grant frame. For municipalities with a decreas-
ing number of students it is sufficient not to reduce the amount of personnel 
to meet the conditions of increased personnel density. If a municipality does 
not apply with the rules attached to the special grant the National Agency for 
Education can decide to withhold future payments or reclaim already dis-
bursed payments. 

In total 57 municipalities have exceptions from the requirement of in-
creased personnel density. These municipalities have a difficult economic 
situation caused by weak economic growth in the region, negative popula-
tion development, unbalanced population structure or large needs for infra-

 
5 The amount in 2004/05 is based on the allocated grant level during the autumn semester of 
2004 since the grant rules changed during the spring semester of 2005. About SEK 500 
millions was allocated during the spring semester of 2005. 
6 Figures are deflated to 2003 years value using the consumer price index as deflator. 
7 This number takes into account the fact that teachers that are being employed one year have 
to be financed also in the following years. 
8 By a government decision the rules for the grant changed in 2005. Part of the original grant 
was then transferred to the general governmental grant framework. The index year, which 
municipalities were to increase their personnel density compared to, changed in the spring 
semester of 2005. The last part of the government grant was allocated during the spring 
semester of 2006. 
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structure investments. The tax pressure is also generally high in these mu-
nicipalities. 

3 Data and variable specifications 
The population of interest in this study is students that have completed ninth 
grade from the Swedish compulsory school. This information can be found 
in the Grade nine register administrated by Statistics Sweden (SCB). Infor-
mation from the IFAU database, the Teacher register, the School register and 
data from the National Agency for Education has then been matched to the 
Grade nine register using students’ unique identifiers and municipality 
codes. 

The analysis is based on register data and includes all students that com-
pleted compulsory schooling in Sweden between 1998 and 2005 (in total 
849,446 students).9 Information about these individuals is collected via SCB 
from the Grade nine register. This register contains information about all 
students that have completed ninth grade. It contains information about 
students’ year of birth, month of birth, school and which year they com-
pleted ninth grade. The Grade nine register also contain information indicat-
ing if students were eligible to apply to high school.10 

To analyze whether the increased school resources has had an affect on 
achievement students’ GPA will be used as dependent variable. The GPA is 
the sum of a student’s 16 best grades and varies between 0 and 320. Alterna-
tive dependent variables such as if a student is eligible for high school and 
results on standardized test (in mathematics, Swedish and English) will also 
be used. Information about results on the standardized test in mathematics is 
available for a sample of students (about 150 schools and 10,000 students 
every year) for the years 1999, 2000 and 2002. There are no observations for 
2001. All students’ results are available for the years 2003, 2004 and 2005. 
Information about results on standardized tests in English and Swedish are 
available for a sample of students (about 150 schools and 10,000 students 
every year) for the years 1999, 2000 and 2001. No information is available 
for 2002, 2003 and 2004, but information for the whole population is avail-
able for 2005. 

The different measures for student achievement are percentile ranked in 
order to make them comparable. This implies that (for every year) students 
with the lowest scores receive the value 0 and that students with the highest 
score receive the value 100. Percentile ranking makes different measures 

 
9 The data do not include special schools or students that went to hospital schools etc. 
10 High school eligibility is achieved if a student passes in all core subjects. The core subjects 
are Swedish, English and mathematics. 
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comparable but it also implies that the effect estimates are normalized and 
can be compared to previous research. 

SCB have with the help of students’ unique identifiers matched the Grade 
nine register with the IFAU database that contains detailed information 
about all individuals in Sweden that are between 16 and 65 years of age. 
Information about parental education, wages, and disposable income as well 
as students and parents’ ethnical background are available. A dummy vari-
able is created that takes the value one if a student’s parents are born abroad. 
Another dummy variable takes the value one if the student has immigrated to 
Sweden within five years before he or she completed ninth grade.11 Informa-
tion about immigration status is unfortunately not available for the year 
2005. Parental education is measured separately for the mother and the 
father. Parental education is divided into the following categories: a maxi-
mum of nine years of education, high school education, a maximum of two 
years of university and more than two years of university studies. In those 
cases when information about parental education is missing this is reported 
by a dummy variable.12 To be able to study if the effect of resource changes 
is different between groups the following dummy variables are created: (i) 
both parents have at least nine years education, (ii) at least one parent has 
high school education and (iii) at least one parent has a university educa-
tion.13 Parental education can be seen as a proxy for socio-economic status, 
since education is strongly correlated with for example income and immigra-
tion status. The IFAU database contains information on parental education 
up until 2003. The educational level of parents whose children completed 
compulsory schooling in 2004 and 2005 are therefore taken to be the same as 
in 2003. 

As a measure of available resources, and changes in these, teacher density 
will be used. Teacher density is defined as the number of full time equivalent 
teachers per 100 students.14 The Teacher register is used to calculate the 
number of teachers and the School register is used for calculating the 
number of students. Both these registers are administrated by SCB. Schools 
with extreme teacher density are excluded from the analysis since they are 
likely to be misreported.15 This reduces the dataset by about 10,000 students. 
Independent schools are also excluded from the analysis since they do not 
have the opportunity to apply for the special government grant and also be-

 
11 Other definitions for immigrant status have been used but the quantitative results stay the 
same regardless of which definition that is used.  
12 About 56,000 observations (8 percent) have missing information for the father’s education 
and about 30,000 observations (4 percent) for the mother’s education. 
13 Groups are mutually exclusive. That is; every student belongs to one of these groups.  
14 This is the only resource variable that is available at the school level and it includes certi-
fied as well as non-certified teachers. 
15 Schools that are within the highest and lowest two percentiles of the teacher density distri-
bution are excluded from the sample. 



cause a few independent schools have their own grading system. This re-
duces the dataset by another 35,500 individuals. 

Information about resources at the municipality level is made available 
from databases administrated by SCB and the National Agency for Educa-
tion. Information about teacher density, educational expenditures per student 
and total expenditure per student (excluding premises) are collected from 
these databases. All prices are denominated in 2004 years prices.16 Almost 
half of total educational expenditures are compensation to teachers, i.e., 
direct expenditures for carrying out education. 

The final dataset for the years 1997/98–2004/05 contains 735,433 stu-
dents. For some individuals in the final dataset there is missing information 
about immigration status. This reduces the sample size to 733,449. Descrip-
tive statistics can be found in the Appendix. 

4 Resource allocation and student achievement 
This section gives a descriptive analysis of how resources have developed at 
the school and municipality level during the academic years 1997/98–
2004/05. There will also be an analysis of how GPAs in ninth grade have 
changed over time and between schools. 

 

0
5,000

10,000
15,000
20,000
25,000
30,000
35,000
40,000
45,000
50,000
55,000
60,000
65,000
70,000
75,000

To
ta

l e
xp

en
di

tu
re

 p
er

 s
tu

de
nt

 (e
xc

lu
di

ng
 p

re
m

is
es

)

1998 1999 2000 2001 2002 2003 2004 2005
Note: Expenditures in 2004 prices (SEK)

 
Figure 1.Total expenditures per student (excluding premises) in compulsory schools 
at the municipality level. 

                               
16 The consumer price index (CPI) has been used as deflator. 
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Figure 1 illustrates municipalities’ total expenditures (excluding premises) 
per student in compulsory schools. The academic year 1997/98 is because of 
space constraints indicated by 1998 and similar for the rest of the years.17 
The figure describes the distribution of expenditures between all municipali-
ties. The line inside the rectangle constitutes the median. The top of the rec-
tangle is the 75th percentile and the bottom is the 25th percentile, thus the 
rectangle contains 50 percent of the distribution. The horizontal lines give 
the lower and upper adjacent values.18 Extreme values that end up outside 
these limits are reported by dots. Total expenditure for operating the Swed-
ish compulsory school has experienced a steady upward trend during the 
studied period. The median expenditure per student has increased by more 
than SEK 9,000 (in real values) between 1997/98 and 2004/05. 

 

0
5,000

10,000
15,000
20,000
25,000
30,000
35,000
40,000
45,000
50,000
55,000
60,000
65,000
70,000

E
du

ca
tio

na
l e

xp
en

di
tu

re
s 

pe
r s

tu
de

nt

1998 1999 2000 2001 2002 2003 2004 2005
Note: Expenditures in 2004 prices (SEK)

 
Figure 2.Educational expenditures per student in compulsory schools at the munici-
pality level. 

Above 60 percent of total expenditures (excluding premises) per student are 
educational expenditures. These expenditures are illustrated in Figure 2. 
There is a relative large variation in expenditures and the dispersion has 
widened somewhat over time. Part of the variation can be explained by the 
fact that some municipalities have few students and expenditure per student 
is high because of that. Even if one takes this under consideration large dif-

                               
17 The same notation will be used throughout the rest of the figures. 
18 The lower adjacent value is defined by the 25th percentile – 1.5 · the interquartile range and 
the upper adjacent value is defined by the 75th percentile + 1.5 · the interquartile range. 
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ferences still exist between municipalities that invest a lot of resources and 
municipalities that undertake relatively small resource investments in com-
pulsory schooling. The increase in expenditures over time can partly be ex-
plained by an increase in the number of teachers, but also by increased 
teacher wages (Skolverket, 2003). Björklund et al (2005) and Andersson & 
Waldenström (2007a) find that the number of certified teachers has de-
creased during the 1990s and during the beginning of the 2000s, which sug-
gests that formal teacher quality has decreased. It can of course not be ruled 
out that expenditures would have increased even more if the share of certi-
fied teachers would have stayed constant. 
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Figure 3. Distribution of teacher density in compulsory schools at the municipality 
level. 

Educational expenditures increased between 1998 and 2005, but teacher 
density has not increased in a comparable fashion. This is due to the fact that 
the number of students and teacher wages has increased during the same 
period. Figure 3 illustrates the dispersion of teacher density between munici-
palities from 1997/98 until 2004/05. Teacher density is defined as the 
number of full time equivalent teachers per 100 students. Median teacher 
density has increased from 7.5 to 8.3 and Figure 3 show that the largest in-
crease occurred between 2000/01 and 2001/02, 2001/02 and 2002/03 and 
finally between 2003/04 and 2004/05. The academic years 2001/02 and 
2002/03 are the first two years when the municipalities received extra re-
sources from the WG to increase teacher density in schools. 
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Figure 4. Distribution of teacher density in compulsory schooling at the school 
level. 

Municipalities can independently decide how to divide the grant resources 
between schools within the municipality. It is for example possible for muni-
cipalities to allocate more resources to schools that have a lot of immigrant 
students or to schools with a lot of disadvantaged students. It is therefore 
interesting to examine teacher density at the school level instead of at the 
municipality level. Figure 4 shows that the dispersion, as expected, is a lot 
wider at the school level than at the municipality level. There are relatively 
many schools with extremely high teacher density despite the fact that 
special schools and independent schools are excluded from the analysis. 
Both the median and the distribution is relatively stable between different 
years and the median teacher density at the school level varies between 7.9 
and 8.5 teachers per 100 students. 
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Figure 5. Distribution of grade point averages in compulsory schools. 

Expenditures and teacher density has so far only been described for the 
academic years 1997/98 to 2004/05. The resource development is thus more 
interesting if it can be compared to the development in student achievement. 
Figure 5 shows the distribution of GPAs in schools from 1997/98 to 2004/05. 
The dispersion has widened over time. A considerable amount of schools 
have both lower and higher average GPA in later years than in the beginning 
of the period. The median school has marginally increasing GPA during the 
studied period. The GPA for the median school increased from 199.6 to 
204.2 during the period. 
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Figure 6. Median teacher density and students grade point average in compulsory 
schooling at the municipality level. 

Changes in both teacher density and GPA are easier to observe if they are 
illustrated in the same figure. Figure 6 illustrates how median teacher density 
and median GPA have developed between 1998 and 2005. Both variables are 
measured at the municipality level. Students’ GPA:s increased marginally 
during this period and the teacher density showed a positive trend that has 
been strengthened after the academic year 2000/01. This was the first year 
that the WG for increasing personnel density was allocated to municipalities. 

5 Measuring effects of resources on student 
achievement 

The purpose of this study is to measure and quantify the effect of (increased) 
resources to the educational sector on student achievement. There are meth-
odological problems that arise because resources are distributed unevenly 
between students and schools within a municipality, but also between differ-
ent municipalities. One problem is that expenditures are determined endoge-
nously, i.e., those sectors that are studied (schools and municipalities) can 
themselves influence the magnitude of the resources that they have at their 
disposal. 

The methodological problem at the individual level is that disadvantaged 
students often receive more resources than advantaged students. If one does 
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not hold students’ ability constant it is possible to find a negative relation-
ship between resources and student achievement even if the causal relation 
might be the opposite. This problem can be solved partly by controlling for 
students’ family background. If information about students’ prior academic 
achievements were available this could reduce this problem further by com-
paring changes in individual student achievement and changes in available 
resources. Unfortunately, information about student achievement is only 
available in ninth grade and there is no information about students’ prior 
attainments. 

To handle the problem that the resource distribution to schools might be 
endogenous the analysis focuses on how changes in resources co-vary with 
changes in student achievement within different schools. At the municipality 
level the WG creates variation in resources between municipalities that is not 
due to a municipality’s decision-making process because the grant is based 
on the number of 6 to 18 year olds in the municipality the year before the 
first grant year. Four years of grant payments are observed. 

This study analyzes the effect (in terms of changes in student achieve-
ment) of resource changes that took place during the period 1997/98–
2004/05. Data from 1997/98–2000/01 (data prior to the introduction of the 
WG) are used in order to increase the variation in resources and thereby get 
better precision in the estimates. School fixed effects are used to eliminate 
differences between schools that can affect resources and/or student 
achievement and that are constant over time. If it does not exist non-
observable differences between schools that vary over time that affects both 
resources and student achievement it is feasible to obtain effect estimates 
based on the ordinary least squares (OLS) estimator that are unbiased. 

Based on previous international and a few Swedish studies that focuses on 
the effect of teacher and personnel density as well as class size on student 
achievement there are reason to believe that if there exist an effect of in-
creased teacher density on student achievement it can mainly be found 
among younger students and individuals with special needs (see for example 
Heckman, 2000 and Heckman & Krueger, 2003). When evaluating the effect 
of school resource investments on student achievement it is consequently 
important to consider that the effect can be different for different groups, i.e., 
if there exist heterogeneous effects. Students are therefore divided into dif-
ferent groups depending on their parents’ educational level.19 

Models are estimates using the OLS estimator with fixed effects at the 
school level and without fixed effects. When using fixed effects at the school 
level in the regressions, the change in student achievement is related to the 

 
19 It would also be interesting to analyse the effect of resource changes for immigrant students 
and if the effect for them are different from non-immigrant students. This has been done but 
the results are non-robust and vary a lot between specifications. Results are therefore not 
presented here. 
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change in resources at the school. The first model to be estimated is one with 
percentile ranked GPA as the dependent variable. To be able to examine if 
the increased resources affect student achievement in different subjects a 
number of regressions are estimated in which the results on standardized 
tests in mathematics, English and Swedish are used as dependent variables. 
Finally a linear probability model is estimated which estimates the probabil-
ity to reach high school eligibility. Regressions are estimated at the individ-
ual level. 

6 Results 
6.1 Teacher density and student achievement 
In a first step to investigate if resource changes affect student achievement a 
model that include controls for gender, age, month of birth, number of 
students in the school and time dummies is estimated. No controls for family 
characteristics are included in the estimations that are presented in Table 1. 
These estimations are conducted without (column 1) and with (column 2) 
school fixed effects. The included time dummies imply that the model 
controls for differences between schools that are constant over time. The 
dependent variable is students’ percentile ranked GPA. The results from the 
model without fixed effects show that the teacher density is negatively re-
lated to the students’ position in the distribution of GPAs. The effect implies 
that if teacher density is increased by 10 percent the average student’s 
position in the distribution would deteriorate by about 1.2 percentile units. 
There are, however, reasons not to put too much trust into this estimate since 
the estimate do not take school specific differences into account. These dif-
ferences are likely to affect both the size of resources that schools receive 
and student achievement. If schools with students that need more support are 
allocated more resources from the municipality, then the estimates will be 
biased because the estimate without fixed effects does not take this behavior 
into account. When fixed effects are included in the model at the school 
level the effect is much smaller and now only weakly statistically significant. 
However, this estimate can also be biased because it does not take the differ-
ences in family characteristics that vary between different cohorts within a 
school into account. 
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Table 1. The relationship between the GPA and teacher density without controlling 
for family background. 

Dependent variable:  (1) (2) 
Percentile rank of grade point average Without FE School FE 
Ln(teachers/100 students) school level -12.222*** 

(0.236) 
-0.759* 
(0.458) 

Observations 735,433 735,433 
R2 0.06 0.10 

Note: Standard errors within parentheses. Standard errors in column (2) are cluster corrected 
(cluster = school · year of finishing). * significant at 10%; ** significant at 5%; *** signifi-
cant at 1%. Models include controls for gender, age, month of birth and the number of stu-
dents in the school. 

Table 2 presents results from a model that more extensively controls for 
family characteristics. The model includes all individuals that completed 
ninth grade (compulsory schooling) between 1998 and 2005. The dependent 
variable is students’ percentile ranked GPA defined in the same way as in 
Table 1. Family characteristics are measured by three dummy variables for 
the mother’s educational level as well as three dummies for the father’s edu-
cational level. One dummy variable indicating if both parents are born 
abroad and one if the student has immigrated within five years before he or 
she completed ninth grade. The models without fixed effects (see column (1) 
and (2)) show that teacher density has a negative and statistically significant 
effect on students’ percentile ranked GPA, but the estimate is smaller when 
controls for family characteristics are included in the model (compare with 
Table 1, column (1)). Column (3) and (4) in Table 2 show the results from 
models with fixed effects at the school level. The models in column (1) and 
(3) include those observations for which there are no information about the 
educational level of the mother and father. The models in column (2) and (4) 
exclude those observations. The teacher density estimate is negative in both 
cases, but not statistically significant. It is therefore not possible to conclude 
that there is any statistically significant effect of teacher density on students’ 
position in the GPA ranking. 
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Table 2. The relationship between the GPA and teacher density controlling for fam-
ily background. 

Dependent variable: (1) (2) (2) (3) 
Percentile rank of grade 
point average 

Without FE Without FE School FE School FE 

Ln(teachers/100 students) 
school level 

-4.4408*** 
(0.2188) 

-3,4736*** 

(0,2344) 
-0.1406 
(0.4466) 

-0.0979 
(0.4581) 

Observations 733,449 670,782 733,449 670,782 
R2 0.22 0.21 0.24 0.23 

Note: Standard errors within parentheses. Standard errors in column (2) and (3) are cluster 
corrected (cluster = school · year of finishing). * significant at 10%; ** significant at 5%; 
*** significant at 1%. Models include controls for gender, age, month of birth, the number of 
students in the school, three dummy variables for the mother’s educational level, three 
dummy variables for the father’s educational level, a dummy variable if both parents are born 
abroad and a dummy if the student has immigrated within five years before completing ninth 
grade. Model (1) and model (3) includes a dummy variable if information about the mother’s 
or father’s education is missing. Model (2) and (4) exclude observations where information 
about parental education is missing. 

To examine if changes in teacher density have had any effect on student 
achievement in individual subjects, three different models with the percentile 
ranked results on standardized tests as the dependent variable are being esti-
mated. The analysis is based on around 250,000 observations for mathe-
matics and around 100,000 observations for Swedish and English. Results 
from the estimated fixed effects models are reproduced in Table 3. 

The estimates regarding the effect of increased teacher density are nega-
tive and statistically significant in all three model specifications. A positive 
effect from the increased teacher density can not be found when test scores 
on standardized tests in mathematics, Swedish and English are used as the 
dependent variable. 

 
Table 3. Standardized tests and teacher density, with school fixed effects.  

Dependent variable: percentile rank of (1) (2) (3) 
composite test score ST Mathematics ST Swedish ST English 
Ln(teachers/100 students) school level -2.0380* 

(1.1731) 
-4.3494** 
(1.8852) 

-4.1381** 
(1.8565) 

Observations 249,286 112,186 112,613 
R2 0.16 0.22 0.21 

Note: Standard errors within parentheses. Standard errors are cluster corrected (clus-
ter = school · year of finishing). * significant at 10%; ** significant at 5%; *** significant 
at 1%. All specifications include controls for gender, age, month of birth, the number of stu-
dents in the school, three dummy variables for the mother’s educational level, three dummy 
variables for the father’s educational level, a dummy variable if both parents are born abroad, 
a dummy if the student has immigrated within five years before completing ninth grade and a 
dummy if information about parental education is missing. 



A linear probability model is estimated to analyse if the increased teacher 
density has had an effect on the probability to achieve high school eligibility. 
The results are presented in Table 4. Teacher density has, according to this 
model, a positive effect on students’ probability to achieve high school eligi-
bility, but the effect is not statistically significant. There are again no indica-
tions that increased resources in the form of a higher teacher density have 
had a positive effect on student achievement. 
 
Table 4. High school eligibility and teacher density, with school fixed effects. 
 

Note: Standard errors within parentheses. Standard errors are cluster corrected (clus-
ter = school · year of finishing). * significant at 10%; ** significant at 5%; *** significant 
at 1%. All specifications include controls for gender, age, month of birth, the number of stu-
dents in the school, three dummy variables for the mother’s educational level, three dummy 
variables for the father’s educational level, a dummy variable if both parents are born abroad, 
a dummy if the student has immigrated within five years before completing ninth grade and a 
dummy if information about parental education is missing. 

Dependent variable: high school  (1) 
Eligibility High school eligibility 
Ln(teachers/100 students) school level 0.0028 

(0.0062) 
Observations 733,449 
R2 0.11 

6.2 The importance of control variables and effect 
heterogeneity 

A number of control variables have been included in the estimations 
presented so far. The influence of these variables on the GPA percentile rank 
is also of interest. Table A2 in the Appendix gives a complete presentation 
of all parameter estimates from Table 2, in which student achievement is 
measured as the percentile ranked GPA.20 The most important determinant of 
student achievement is the educational level of the student’s parents. The 
mother’s education has the biggest impact. A student with a mother that has 
at least two years of university studies is, all other things kept constant, posi-
tioned almost 20 percentiles higher in the GPA distribution than a student 
with a mother who has at most nine years of education. This corresponds to a 
GPA that is around 40 points higher. The corresponding difference for the 
father’s education is about 16 percentiles. 

Furthermore, it can be concluded that there are large differences between 
male and female students when it comes to GPAs. Female students that 
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20 Corresponding results for the other specifications can be obtained from the author on re-
quest. In general, the qualitative effects of the control variables on student achievement are 
relative robust between different regression models. The magnitudes of the parameter esti-
mates are not exactly comparable, however, because the variance of the outcome variables 
differs across specifications. 
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complete compulsory schooling have on average, all other things kept con-
stant, a position that is about 11 percentiles higher in the GPA distribution. 
The estimates also suggest differences between native Swedes and immi-
grant students. A student that have immigrated to Sweden within five years 
before he or she completed ninth grade has, ceteris paribus, on average a 
position in the distribution of GPAs that is three percentile units below a 
student that has Swedish background or has lived in Sweden for a longer 
period of time. The GPA is about 1.5 percentile units lower if both parents 
are born abroad. Another interesting result that is stable and significant in all 
specifications, is that a student that is born a month later than another other-
wise comparable student on average has 0.5 percentile units lower GPA 
when completing ninth grade. To be born in December instead of January 
would therefore, ceteris paribus, imply around six percentile units lower 
GPA. Fredriksson & Öckert (2005) find similar results in their study. 

The results so far do not support the view that an increased teacher den-
sity has a positive effect on student achievement. It could, however, be the 
case that increased school resources have improved student achievement for 
disadvantaged students. To analyze if such heterogeneous effects are present, 
interaction terms that take into account different combinations of resources 
and parental education, are added to the estimated models. Column (1) in 
Table 5 with the GPA as the dependent variable shows that students with low 
educated parents gain from increased resources. If teacher density is in-
creased with 10 percent, a student with low educated parents is expected to 
improve his or her position in the GPA distribution with slightly less than 0.4 
percentile units. This effect is statistically significant at conventional levels. 
The effect of an increase in teacher density is not statistically significant for 
students whose parents are high school educated but significantly negative 
for students with university educated parents. It is, however, important to 
note that the dependent variable is the percentile ranked GPA so it does not 
have to be the case that a higher teacher density implies lower achievement 
for students with highly educated parents. It could be that it is redistribution 
in the distribution of GPAs that makes the effect negative for this group. The 
Swedish educational system has an objective to equalize differences between 
children from different backgrounds. The results from Table 5 show that 
increased resources to schools might help achieve this goal. 
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Table 5. The effect of teacher density by family background. 

Dependent variable: Percentile rank of grade point 
average (1) 

 School FE 
Ln(teachers/100 students) · Parents maximum 9 years of  
education 

3.7494*** 
(0.8381) 

Ln(teachers/100 students) · At least one parent with high 
school education 

0.2490 
(0.5226) 

Ln(teachers/100 students) · At least one parent with 
university education 

-1.4623*** 
(0.5547) 

Observations 670,782 
R2 0.21 

Note: Standard errors within parentheses. Standard errors are cluster corrected (clus-
ter = school · year of finishing). * significant at 10%; ** significant at 5%; *** significant 
at 1%. Excludes observations without information about parental education. The model in-
clude controls for gender, age, month of birth, the number of students in the school, a dummy 
variable if at least one parent has high school education, a dummy variable if at least one 
parent has university education, a dummy variable if both parents are born abroad and a 
dummy if the student has immigrated within five years before completing ninth grade. 

7 Conclusions 
This study has analyzed how changes in resources to Swedish compulsory 
schools have affected student achievement. The study also tries to evaluate 
the effects of a special governmental grant instituted in the academic year 
2001/02 that municipalities received to increase personnel density in 
schools. Teacher density has been increasing since the introduction of the 
grant, but teacher density in compulsory schooling has not increased as 
much as if all of the allocated grant resources would have been used exclu-
sively to hire new teachers. 

The results show no positive statistically significant connection between 
resource increases and average student achievement. The resource changes 
have however not been that large during the studied time period and the 
question is how large effect one can expect from marginal changes in re-
sources. If the entire special government grant had been used to hire new 
teachers in compulsory schools, then teacher density would have increased 
from 7.8 to 8.6 teachers per 100 students between 2000/01 and 2004/05. This 
would have amounted to an almost 10 percent increase and would have been 
equivalent to a reduction in class size by 1.2 students. In reality was class 
size reduced by about 0.6 students per teacher from 2000/01 to 2004/05.21 
From Andersson & Waldenström (2007a) we know that the share of non-
certified teachers have increased during the studied time period. A signifi-
                               
21 Class size can be roughly approximated by the number of students per teacher. A teacher 
density of 7.8 then corresponds to 12.8 students per teacher and a teacher density of 8.6 corre-
sponds to 11.6 students per teacher. 
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cant share of the grant resources has been used to hire non-certified teachers 
and as is suggested in Andersson & Waldenström (2007b), this may be detri-
mental to student achievement. The fact that more non-certified teachers 
have been employed may explain that no significant effect of resources can 
be found on the average student’s achievement. 

It is hard to draw causal conclusions from observational studies and it is 
likely that the effect of recourses on student achievement is underestimated. 
Even if students’ family characteristics are controlled for and fixed effects 
included, all the problems that have to do with endogenously determined re-
sources are not necessarily solved. It is also possible that the average 
student’s achievement is not affected by small changes in resources. Schools 
can choose to invest extra resources in special groups of students, for exam-
ple disadvantaged students. The results in this study show that increased 
resources may have improved student achievement for students with low 
educated parents when resources are measured as teacher density. This result 
is in line with previous studies and it implies that additional resources may 
be an important way to equalize the achievement of children from different 
backgrounds. 
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Appendix 
Table A1. Descriptive statistics for the complete sample. 

Variable Observations Mean Std. dev. 
Teachers/100 students (school level) 733,449 8.15 1.35 
Educational costs per student 727,232 32,040 4,464 
Rank of grade point average  733,449 50.07 28.64 
Grade point average 733,449 202.17 63.32 
Number of students 733,449 471.46 170.42 
Girl 733,449 0.49 0.50 
Mother: high school education 733,449 0.49 0.50 
Mother: university education shorter than 2 years 733,449 0.03 0.18 
Mother: at least 2 years of university education 733,449 0.29 0.45 
Mother: information about education is missing 733,449 0.03 0.18 
Father: high school education 733,449 0.46 0.50 
Father: university education shorter than 2 years 733,449 0.06 0.25 
Father: at least 2 years of university education 733,449 0.20 0.40 
Father: information about education is missing 733,449 0.07 0.25 
Student immigrated within five years before 
completing ninth grade 

733,449 0.02 0.12 

Both parents born abroad 733,449 0.12 0.33 
Month of birth 733,449 6.27 3.37 
Age 733,449 16.02 0.25 
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Table A2. Complete parameter estimates from Table 2. 

Dependent variable: percentile rank of grade  (1) (2) (3) 
point average Without FE School FE School FE 
Ln(teachers/100 students) -4.4408*** 

(0.2188) 
-0.1406 
(0.4466) 

-0.0979 
(0.4581) 

Ln(number of students) 0.9597*** 
(0.0760) 

0.3300 
(0.5749) 

0.2255 
(0.5889) 

Girl 11.1359*** 
(0.0595) 

11.1298*** 
(0.0784) 

11.2530*** 
(0.0810) 

Month of birth  -0.4152*** 
(0.0089) 

-0.4223*** 
(0.0089) 

-0.4411*** 
(0.0093) 

Age -11.8223*** 
(0.1188) 

-11.4585*** 
(0.1335) 

-12.4249*** 
(0.1493) 

Mother: high school education 7.3527*** 
(0.0888) 

7.1223*** 
(0.0900) 

7.2836*** 
(0.0929) 

Mother: university education shorter than 2 
years 

15.6329*** 
(0.1851) 

14.9769*** 
(0.1860) 

15.0031*** 
(0.1916) 

Mother: at least 2 years of university educa-
tion 

19.5668*** 
(0.1019) 

18.8878*** 
(0.1077) 

18.8961*** 
(0.1108) 

Mother: information about education is miss-
ing 

2.3699*** 
(0.2071) 

2.3856*** 
(0.2391) 

 

Father: high school education 4.4667*** 
(0.0790) 

4.5061*** 
(0.0806) 

4.5125*** 
(0.0818) 

Father: university education shorter than 2 
years 

13.6216*** 
(0.1341) 

13.4806*** 
(0.1389) 

13.5347*** 
(0.1400) 

Father: at least 2 years of university educa-
tion 

16.3477*** 
(0.0996) 

15.7784*** 
(0.1045) 

15.8895*** 
(0.1059) 

Father: information about education is miss-
ing 

0.9918*** 
(0.1463) 

0.6095*** 
(0.1504) 

 

Student immigrated within five years before 
completing ninth grade 

-2.8694*** 
(0.2946) 

-2.8078*** 
(0.3346) 

-2.2595*** 
(0.4840) 

Both parents born abroad -1.4363*** 
(0.1057) 

-0.6564*** 
(0.1366) 

-0.0761 
(0.1454) 

Constant 224.1640*** 
(2.0481) 

213.6053*** 
(4.1799) 

229.5696*** 
(4.3951) 

Observations 733,449 733,449 670,782 
R2 0.22 0.24 0.23 
Note: Standard errors within parentheses. Standard errors in column (2) and (3) are cluster 
corrected. (cluster = school · year of finishing). * significant at 10%; ** significant at 5%; *** 
significant at 1%. 
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Essay 2 
 
Teacher supply and the market for teachers1 

The role and importance of school resources and educational inputs on stud-
ent achievement are often discussed by politicians and researchers. Since 
education reflects the production of human capital, it constitutes a very im-
portant sector in every economy. Teachers constitute the largest part of the 
school budget and are considered to be the most important input in the pro-
duction of education. Policies aimed at increasing the quantity and quality of 
teachers have therefore been at the forefront of recent educational reforms in 
Sweden.2 

It has been common in the ongoing school debate to equalize certification 
and experience with quality, and the general perception is that these charac-
teristics are very important for teacher quality. Therefore, an increased per-
centage of non-certified teachers as well as fewer teachers per student and 
increasing class sizes are often regarded as alarming. In Sweden, for exam-
ple, the median share of non-certified teachers in public compulsory schools 
has grown considerably during the last decade, from 7.2 percent during the 
academic year 1995/96 to 17.2 percent in 2003/04, with a peak of 18.6 per-
cent in 2002/03. 

The explanations for this trend may be found in both the demand for and 
supply of different types of teachers. Increased wage differences between 
certified and non-certified teachers, usually in combination with a tight 
budget constraint, and a deterioration in the quality of the teacher education, 
are examples of factors that may decrease the demand for certified teachers. 
Further, the supply of certified teachers is a function of the attractiveness of 
the teaching profession which in turn depends on factors such as relative 
salaries, alternative opportunities, merit-based incentives, working condi-
tions, status, and education as well as certification costs. A decrease in the 
supply of certified teachers, ceteris paribus, may be an explanation for the 
increase of non-certified teachers in schools. Existing studies have examined 

 
1 Co-authored with Nina Waldenström, Stockholm School of Economics. 
2 About 50 percent of the expenditures for Swedish compulsory schooling in 2004 were teach-
ing expenditures, i.e., primarily expenditures for teacher and supervisor wages. 
Source: http://www.skolverket.se/content/1/c4/35/59/TAB111NY.xls 
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how different factors affect the demand for and supply of teachers, but as far 
as we know there are no studies examining the prevalence of non-certified 
teachers and changes in this group’s magnitude. The present paper aims to 
fill part of this gap. 

The budget situation of local authorities may directly affect the teacher 
employment decisions. Poor municipalities with stretched budgets may 
choose to employ non-certified teachers, given that they cost less. However, 
the Swedish school law states that only certified teachers should be em-
ployed, and only when such teachers are not available, could non-certified 
teachers be hired. The school budget or the general economic situation are 
therefore not likely to be the entire explanation for the observed develop-
ment, and we claim that another potential explanation could be restrictions in 
the supply of certified teachers. 

We control for the municipalities’ economic situation and focus on the 
supply of certified teachers. Specifically, we investigate how changes in the 
supply of certified teachers in different local labor markets (LLMs), meas-
ured as the unemployment rate among certified teachers in these LLMs, 
affect the share of non-certified teachers in schools. 

The econometric framework is the following. We use both a fixed effects 
model in which school-specific effects are accounted for and a difference-in-
difference estimator using a temporary targeted government grant, the 
Wärnersson grant (WG), named after the former Swedish Minister for 
Schools, Ingegerd Wärnersson. This grant was instituted with the purpose to 
increase the personnel density in Swedish schools. The distribution of the 
grant among municipalities rested on demographical aspects and could not 
be influenced by individual schools or municipalities, at least not in the short 
run. The introduction of the grant implied a demand shock for teachers and 
we hypothesize that it increased the share of non-certified teachers more in 
areas characterized by low unemployment among certified teachers (imply-
ing severe constraints on teacher supply) than in areas with a high unem-
ployment rate among certified teachers. For any given level of the grant, we 
are hence able to isolate the marginal effect of teacher supply restrictions on 
the share of non-certified teachers. 

Our findings provide an overall support for our hypothesis that supply re-
strictions are significant in explaining the teacher composition in public 
compulsory Swedish schools and that the effects are relatively large. In the 
remainder of the paper, when not specified, “teachers” will refer to certified 
teachers, i.e., teachers possessing a teaching certification, “teacher supply” 
will refer to the supply of certified teachers and “unemployment rate” will 
refer to the unemployment rate among these. Similarly “schools” will always 
refer to “Swedish compulsory schools” and “the grant” refers to the WG. 

The paper is structured as follows. In section 1 we present the data and 
variable specifications as well as a description of the WG. Section 2 
describes the market for teachers and briefly summarizes parts of the previ-
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ous relevant literature. In section 3 we introduce and discuss the model, 
hypothesis and the econometric framework. The results are presented in 
section 4 and the paper is concluded in section 5. 

1 Data and definitions 
1.1 Data set 
The study extends over the time period 1995/96–2003/04 and covers all 
public compulsory schools in Sweden. The original data comes from the 
Teacher register, the IFAU database and the HÄNDEL database. We also 
use data from Statistics Sweden and the National Board for Education. 

The Teacher register (Lärarregistret) is administrated by Statistics 
Sweden and contains information about all teachers active in public as well 
as independent schools in Sweden. The Teacher register provides informa-
tion about the teacher’s age, gender, range of duty, school and municipality 
code, whether the school is independent or public, and whether the teacher is 
certified or not. Beginning in the academic year of 1999/2000 the register 
also contains information about the number of (active) years in teaching. 
Regarding certification, teachers are divided into three categories: teachers 
teaching within their area of certification (certified teachers), teachers teach-
ing outside their area of certification (out-of-field teachers) and teachers 
without any teaching certification (non-certified teachers or out-of-license 
teachers). Whether to treat out-of-field teachers as certified or not in our 
analysis is not entirely clear, but since they hold a formal teacher education 
we choose to treat them as certified meaning that employed certified teachers 
in our analysis refers to both certified and out-of-field teachers. Treating out-
of-field teachers as non-certified would also be reasonable, but as can be 
seen in the econometric analysis the choice of definition does not change our 
qualitative results. 

Statistics Sweden has matched the Teacher register with information from 
the IFAU database, which covers the time period 1985–2003 and contains 
detailed information about the entire Swedish population aged 16 to 65.3 We 
extract information about annual earnings, educational attainment and field 
of education. 

The HÄNDEL database, maintained by the National Labor Market Board 
(Arbetsmarknadsstyrelsen), contains all unemployment spells registered at 
the Public Employment Service (PES) offices. Using these data we calculate 

 
3 This database was created during 2000–2001 by The Institute for Labour Market Policy 
Evaluation (IFAU) in co-operation with Statistics Sweden. The individuals can be traced 
longitudinally through the educational system and on the labor market. 
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the unemployment rate among certified teachers.4 Since the HÄNDEL data-
base also reports the type of job unemployed individuals are searching for, 
we are able to restrict the unemployment measure among certified teachers 
to unemployed certified teachers reporting that they are searching for a 
teaching job.5 The unemployment rate among certified teachers is defined at 
the local labor market (LLM) level although data is available at the munici-
pality level. The motivation is that teachers are mobile between adjacent 
municipalities and within the LLM consisting of these municipalities. It is 
therefore reasonable to assume that it is not only the supply of teachers 
within a certain municipality that matters for the employment decision, but 
rather the supply in the entire LLM.6 Similarly, we measure the overall un-
employment rate at the LLM level. The unemployment rate among certified 
teachers in a LLM a specific year is calculated as the total number of unem-
ployed certified teachers divided by the total number of employed certified 
teachers plus the total number of unemployed teachers. The total number of 
employed teachers in a LLM a specific year is calculated using data from the 
Teacher register.7 The number of employed teachers in the Teacher register 
is measured during one week in October each year. The number of unem-
ployed teachers is therefore measured during the same week. 

The share of non-certified teachers at the school level is defined as the 
number of non-certified full time equivalent teachers employed in a specific 
school in a certain academic year, divided by the total number of employed 
full time equivalent certified and non-certified teachers in the same year and 
school. This share is then multiplied by one hundred to get the percentage 
non-certified teachers. 

Into our final dataset we also incorporate the overall unemployment rate 
at the LLM level and the income equalization grant at the municipality 
level.8 The overall unemployment data is collected from Statistics Sweden 
and the income equalization grant data has been received from IFAU. 

Using information on all teachers in compulsory schools over the time 
period 1995/06–2003/04 the original data set contains 1 285,037 observa-
tions. However, we exclude all independent (private) schools which reduce 
the sample size by 59,945 observations. This restriction is applied since in-
dependent schools were not allowed to directly apply for the WG. Munici-

 
4 As unemployed individuals have to register at a PES office to be eligible for unemployment 
benefits, the registrations at the PES provide reliable information about unemployment. 
5 Due to the matching with the IFAU database we can infer whether unemployed individuals 
are certified teachers or not. In the unemployment context, certification means that an unem-
ployed individual holds a teaching degree. 
6 Sweden consists of 290 municipalities that are divided into 85 LLMs.  
7 Measured as physical individuals (employed). 
8 The income equalization grant is a revenue sharing grant with the purpose of guaranteeing 
all municipalities a tax base equivalent to the country’s average. Municipalities with a tax 
base lower than the average receive a grant and those with higher pay a fee (Svenska 
Kommunförbundet, 2003). 
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palities had the possibility to allocate part of the grant to independent 
schools, but in general this share has been very low or zero.9 Further, since 
our analysis is conducted at the school level we aggregate the data at this 
level, resulting in a total of 41,246 observations. From this sample of schools 
we delete special schools like hospital schools and schools only for refugees. 
We also exclude schools with extreme teacher density since these are likely 
to be misreported.10 This reduces our sample by 6,005 observations. The 
final dataset used in our econometric analysis contains a total of 35,241 ob-
servations, i.e., around 3,900 schools per year are observed. 

When inspecting our data, we note that non-certified teachers are on aver-
age younger, have less experience and are less educated than their certified 
colleagues. About 98 percent of all certified teachers have more than two 
years of university studies while the corresponding number for non-certified 
teachers is only about 48 percent. The teacher occupation is also very domi-
nated by females. Above 70 percent of all teachers in compulsory schools 
are females. Further descriptive statistics of the variables used in our analy-
sis are provided in Table A1 in Appendix. 

1.2 The special government grant – the Wärnersson grant 
The Swedish school system has since the late 1980s experienced a number 
of economic and institutional changes that have profoundly affected its way 
of working. For example, responsibility for teacher employment shifted from 
central to local authorities in 1991 and there was a rapid increase in the 
number of students (Ahlin & Mörk, 2007). 

To counteract this development the Swedish government instituted the 
WG, a targeted government grant to be distributed to municipalities from the 
academic year 2001/02 until 2006/07. The aim of the grant was to increase 
the personnel density in preschools, nine-year compulsory schools, special 
schools, after-school recreation centers and upper secondary schools, in 
order to give children and youths increased possibilities of reaching their 
educational goals.11 In terms of number of employees, this represents a 
school personnel increase by about 15,000 positions. In year 2000 there were 
almost 77,000 full time equivalent teachers employed in public compulsory 
schools. In total SEK 17.5 billions (approximately € 1.8 billions) were set 
aside to be distributed to municipalities.12 Only municipalities could apply 

 
9 A broader description of the Wärnersson grant and the prevailing application rules are 
provided in the next section. 
10 The teacher density distribution among schools are trimmed for the two highest and two 
lowest percentiles. This has no effect on our overall results. 
11 SFS 2001:36. 
12 In 2005, the government changed some of the original conditions of the grant. However, 
coming into force after the end of our period of study and because these changes could not be 
anticipated during the period of study, they do not affect our analysis. We therefore focus on 
the grant conditions and rules prevailing during the years included in the analysis, i.e., during 
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for and receive the WG, but they are allowed to freely distribute it among 
public and independent schools. The government commissioned the Swedish 
National Agency for Education to administer, follow up, and evaluate the 
WG. 

All municipalities except two applied for and received the grant in the 
first year. All municipalities applied for and received the grant in 2002/03 
and all except two applied for and received the grant in 2003/04.13 The grant 
corresponded to approximately two percent of the educational sector’s ex-
penditures and all municipalities did show an interest in the grant. The fun-
damental demand on municipalities to receive the grant was to increase the 
personnel density compared to the year before the first grant year. Since a 
few municipalities realized beforehand that they would not be able to meet 
the demand of increased school personnel density, they did not apply for the 
grant a certain year.14 

A grant frame was calculated for each municipality yearly. This frame 
was based on the number of inhabitants between 6 and 18 years-of-age that 
lived in the municipality the calendar year preceding the grant year, i.e., the 
grant frame for 2001/02 was based on the number of children and youths 
aged 6–18 during 2000. The basic principle underlying the decision whether 
new grants are approved or not was that the municipality had to increase the 
school personnel density compared to an index year. The index year for 
2001/02–2003/04 was 2000/01. If a grant receiving municipality did not 
comply with the requirements associated with the grant, the National Agency 
for Education could decide to stop further payments or even reclaim already 
disbursed payments. 

Fortunately – for evaluation purposes, the consequences of exceeding the 
school budget or of having a high/low school personnel density during 
2000/01 were not known by the municipalities until after the end of this in-
dex year. Both the government bill that introduced the WG and the decree 
that the government issued later on mentioned that the grant was aimed at 
increasing the school personnel density, but they did not specify how this 
density should be measured. It was first in the instructions issued by the 
National Agency for Education in 2001 that the “index year comparison” 
was described.15 

The aim of the grant is thus to increase school personnel density. Munici-
palities with constant pupil populations have to increase the school personnel 
by employing new staff while municipalities with receding pupil populations 

 
2001/02–2003/04. Part of the grant was in 2005 transferred to the general government grant 
framework. In 2007 the grant was fully included in the general grant. Further information 
about how the conditions changed in 2005 is available at http://www.skolverket.se. 
13 The two municipalities that did not receive the grant in 2001/02 were Österåker and Umeå. 
Nacka and Sundbyberg did not apply in 2003/04. 
14 Riksrevisionen, RiR 2005:9, p. 33. 
15 Riksrevisionen, RiR 2005:9, p. 34. 
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could use the grant in order to keep the personnel who otherwise might have 
been discharged because of the decline in the number of students. In case of 
increasing pupil populations the municipalities have to invest own resources 
in order to keep the teacher density at the same level as it was during the 
index year. 

Because of poor economic conditions, some municipalities had come to 
different agreements with the Swedish government and were allowed to use 
the WG to prevent a decline in the school personnel density.16 

The information about the WG was collected by the Swedish National 
Agency for Education and we use data for the first three grant years. These 
are the three last years in our studied time period. The grant amount is de-
fined in real thousands of SEK per student and year.17 In the first grant year, 
2001/02, about SEK one billion was distributed to the Swedish municipali-
ties. In the academic year of 2002/03 the grant amounted to almost SEK 
two billion and in 2003/04 almost SEK three billion. In real terms the mean 
grant equaled SEK 628 per student in 2001/02, SEK 1,258 per student in 
2002/03 and SEK 1,897 per student in 2003/04.18 

2 The market for teachers 
Wages, employment agreements and work place conditions are some exam-
ples of factors that affect the status and attractiveness of the teaching profes-
sion. Consequently, these factors affect the supply of qualified teachers as 
well as the distribution of qualified teachers over schools and school dis-
tricts. In Sweden as well as in several other countries, the status of the teach-
ing profession has deteriorated. We also observe a decrease in the test scores 
of students applying for the teaching education (see for example Björklund, 
Clark, Edin, Fredriksson & Krueger, 2005) and an increase in the share of 
non-certified teachers in schools. Moreover, there are large differences in the 
composition of teachers with respect to certification between schools and 
municipalities. 

In this section we present a simple general supply and demand analysis, 
we describe the Swedish market for teachers and summarize relevant litera-
ture. 

 
16 In total 57 municipalities. These municipalities are included in the analysis, but excluding 
them does not change our qualitative results. 
17 Consumer price index is used as deflator. 
18 € 1 is approximately equal to SEK 9.4. 
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2.1 Theory19 
The market for teachers differs slightly from other labor markets, mainly due 
to aspects that make it less competitive than other labor markets. Such fac-
tors are for example the government’s dominant position as a provider and 
regulator of the education sector, the heterogeneity of the teaching services, 
the prevailing labor market institutions, and the mode of procedure when 
recruiting, selecting and employing teachers. The uncompetitive character of 
the labor market for teachers affects the demand and supply of teachers and 
thus the equilibrium outcome. 
 
Teacher demand 
There are several factors determining the demand for teachers and the gov-
ernment can influence most of them. The number of teachers needed in a 
school system depends on the number of students, class size, required learn-
ing hours for students and the teaching load for teachers. The required 
teacher qualifications in general and the relative demand for teachers in dif-
ferent subjects in particular, depend mainly on the school curriculum. The 
curriculum’s balance between different subjects as well as the students’ 
preferences over the optional courses within the flexible part of the curricu-
lum, affect the demand for different teacher skills. 

At an aggregate level, i.e., ignoring the stratified nature of the market20, 
the demand for teachers is increasing in the student population and the 
number of required learning hours for students and decreasing in class size 
and the teaching load for teachers. 

The number of teachers that can be employed is also restricted by the 
budget for teacher expenditures in combination with teacher wage levels. By 
adjusting the budget for teacher expenditures a government can influence the 
number of teachers that are employed. What a government can not influence, 
at least not in the short run, is the demographic aspect, namely the size of the 
school-age population. 

This description of the teacher demand is simplistic in that it does not 
account for the stratified character of the market, nor for the fact that deci-
sions often are taken at the local level. A more realistic approach would be to 
specify the demand, e.g., subject matter, by educational program and grade 
level. However, in this paper we address the market for teachers at an aggre-
gate level and a detailed description of the teacher demand is thus beyond 
the scope of this study. 
 

 
19 This section is mainly based on Santiago (2004). Here we give only a brief picture of the 
functioning of the teacher market. For a more detailed description, see Santiago (2004). 
20 There are demand differences at the level of education, type of program, subject matter, 
geographical location and type of provider (public or independent). 
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Teacher supply 
The supply of eligible teachers is defined by the number of persons, possess-
ing the required qualifications, which are willing to provide teaching ser-
vices given prevailing conditions and incentives such as salaries, working 
conditions and availability of teaching positions. This number is a function 
of the attractiveness of the teaching profession, depending on factors such as 
relative salaries and alternative opportunities, merit-based incentives, work-
ing conditions, professionalism, status and education as well as certification 
costs. 

The pool of certified teachers for a given year consists of two main 
sources: active teachers from the previous year who choose to remain in the 
profession and new entrants into the profession. The former may be either 
employed or unemployed searching for teacher appointments. New entrants 
consist of newly graduated teachers from teacher educational programs and 
of certified teachers working in other sectors that are returning to teaching 
careers. 

The role of relative salaries and alternative opportunities for the decision 
to enter and stay within the teaching profession are often discussed by policy 
makers and researchers. It is usually argued that high relative wages attract 
and retain talented teachers and induce current teachers to maximize their 
effort. Moreover, high salaries have been argued to be a good compensation 
for poor working conditions in certain schools and regions and thus a tool to 
prevent teachers from switching locations.21 The effects of the existence of 
alternative opportunities to teaching have also been analyzed, especially in 
the context of changes in women’s labor supply as a consequence of in-
creased employment opportunities. It has been argued that the quality of 
women applying for teacher certification has decreased since top students 
are attracted to other sectors.22 

Another factor influencing the attractiveness of the teaching profession 
and thus the supply of teachers is the prevailing working conditions. Class 
size, working load, composition of the student body and faculty, safety, 
opportunities for participating in professional development activities and 
flexibility regarding temporary leave are some of the working condition 
components that affect the decision of entering and staying in the profession. 
The status of the teaching profession also matters for the teacher supply. The 
teachers’ degree of influence on decisions regarding major aspects of school 

 
21 The existing literature provides mixed evidence on these issues. Some studies suggest that 
the relative wages do indeed affect the decision of entering the profession as well as the 
decision to stay in teaching. Other studies indicate that teacher salaries do not influence the 
decision to enter teacher educational programs or the decision to switch location or 
profession. Factors as student characteristics are instead emphasized as more important for 
teachers’ transition decisions. For literature references see, for example, Santiago (2004). 
22 See for example: Corcoran, Evans & Schwab (2004), Bacolod (2002), Stoddard (2003) and 
Temin (2002). 
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operations, career ladders and in-service training are factors that increase the 
status of the teaching profession. 

The supply of eligible teachers also depends on the cost of becoming a 
teacher. The requirements to obtain a teacher certification, along with the 
structure of the teacher education, can make the entry in the profession more 
or less difficult and therefore costly. Lower requirements may attract more 
but less dedicated people, while harder requirements may scare away some 
potential applicants. 

In our study we use the unemployment rate among certified teachers as an 
approximation for the supply of certified teachers in Sweden. Given a teach-
ing vacancy, the pool of certified applicants can be argued to consist of al-
ready employed certified teachers, unemployed certified teachers, and certi-
fied teachers working outside the teaching profession. However, the interest 
in and the status of the teaching profession seem to have declined in Sweden 
(Björklund et al, 2005). Therefore, it should not be controversial to assume 
that most of the certified teachers working outside the teaching profession do 
not re-enter it. Certified teachers working outside the teaching profession 
should thus represent a small share of the pool, which motivates that our 
supply measure abstracts from them. Regarding candidates already teaching 
at other schools, we argue that they will not affect the size of the applicant 
pool, at least not at our level of aggregation, since they leave a vacancy be-
hind which must be filled, given an increasing total number of teaching posi-
tions.23 Therefore, we claim that an adequate measure of the supply of certi-
fied teachers is the unemployment rate among those. 
 
Equilibrium 
The number of teachers needed, given prevailing targets and regulations as 
well as the minimum wage that is required to attract enough teachers is given 
by the intersection of teacher demand and supply. However, binding budget 
constraints are often present, implying lower wages and thus lower teacher 
supply, which in turn means teacher shortages. These teacher shortages may 
be overcome through different governmental interventions as: increases in 
the teacher salary budget, increases in the class size, relaxed entry require-
ments into the profession or a combination of those. Moreover, teacher 
shortages may be ameliorated by employing less qualified individuals. 
 
The interaction between the markets for certified and non-certified teachers 
The simultaneous existence of both certified and non-certified teachers raise 
several questions: why and when do non-certified teachers get employed, 
what is the explanation behind the fact that non-certified teachers are em-

 
23 The number of full time teaching positions in the Swedish public compulsory school has 
constantly increased from slightly more than 74,000 in 1995/96 to slightly below 84,000 in 
2003/2004. Source: www.skolverket.se. 



ployed at the same time as unemployment exists among certified teachers 
and how is the demand for teachers divided between certified and non-
certified teachers? 

These are complex topics and most of them go beyond the scope of this 
paper. However, using a simple diagrammatic approach we try to emphasize 
the relevant mechanism for our study. Given an increase in the total demand 
for teachers, changes in the teaching staff composition may depend on the 
supply of certified teachers, i.e., the employment of non-certified teachers 
can be interpreted as a solution to teacher shortage among certified teachers, 
at least in the short run. 

Given the separate demand and supply curves for certified and non-
certified teachers shown in Figure 1, the total teacher demand and supply as 
well as the division between certified and non-certified teachers, can be ob-
tained and are shown in Figure 2. DC is here the demand for certified teach-
ers, DN is the demand for non-certified teachers, STOT is the total teacher sup-
ply, D0TOT is the initial total teacher demand, and T0C, T0N and T0TOT represent 
the initial levels of certified, non-certified and total number of teachers. The 
initial total teacher demand curve in Figure 2 and 3 is obtained by horizontal 
summation of the demand curves for certified and non-certified teachers, 
while the demand shock is emphasized by a parallel move of D0TOT to D1TOT. 
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Figure 1. The markets for certified and non-certified teachers. 

The initial level of a certain teacher type as well as the relative change in the 
number of certified and non-certified teachers due to a teacher demand 
shock, depend on the slope of the supply curves. If the supply curve of certi-
fied teachers is steeper than the supply curve of non-certified teachers, as in 
Figure 1, relatively more non-certified teachers will become employed. This 
is shown in Figure 2 where changes in the level of certified, non-certified 
and total number of teachers are denoted with 1, 2 and 3 respectively. 
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Figure 2. The market for teachers when unemployment among certified teachers >0. 

One extreme case is when the slope of SC is infinitely large, i.e., the supply 
curve for certified teachers is vertical. This case correspond to the situation 
when the initial level of certified teachers represents the maximum number 
of certified teachers that are available on the market, i.e., when the certified 
teacher supply restriction is completely binding. In this case and given the 
aim to increase the teacher density, an increase in the total demand for 
teachers will result exclusively in an increase in the number of non-certified 
teachers, since there are no more certified teachers to employ, cf. Figure 3. 

 

 
Figure 3. The market for teachers when unemployment among certified teachers 
= 0. 

The other extreme case is when there are no restrictions in the supply of 
certified teachers, i.e., when the supply curve is horizontal. In that case a 
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teacher demand increase would lead to employment of certified teachers 
solely. Restrictions in the supply of certified teachers thus constitute one of 
the determinants of the distribution of teacher demand between certified and 
non-certified teachers. 

However, non-certified teachers are usually present on the teacher market 
not only as a consequence of certified teacher shortage. In Sweden we ob-
serve that non-certified teachers are employed on teaching assignments at 
the same time as teachers with certification are unemployed. One possible 
explanation to this phenomenon is some kind of mismatch between the un-
employed certified teachers and the available positions. Another explanation 
could be that the observed unemployment is voluntary, in the sense that po-
tential certified applicants do not accept the offered employment conditions 
(wage, area, school, etc) and therefore are replaced by non-certified teachers. 
Finally, the presence of non-certified teachers may be explained by the fact 
that they, in certain situations, are preferred to certified teachers. Assuming 
that teachers without certification receive lower wages than their certified 
colleagues, the former may be preferred if the municipality’s budget con-
straint is severe. Moreover, it would be unrealistic to assume that all certified 
teachers are better and more eligible than all non-certified ones. It is more 
reasonable to assume that the best non-certified teachers are better than the 
worst of the certified ones. Thus, depending on the effectiveness of the re-
cruiting and employing process, non-certified teachers may be preferred and 
employed although certified teachers are available. 

2.2 The Swedish market for teachers 
In this section we address some general aspects of the Swedish market for 
teachers and summarize the prevailing rules and institutions that govern the 
functioning of the market for teachers in Sweden. Regarding the school sys-
tem we restrict the presentation to the structure of the compulsory school. 
Descriptive statistics are presented at the end of the section. 

2.2.1 The structure of the market 
Educational reforms 
During the 1990s the Swedish educational system was gradually decentral-
ized from the central government to municipalities and schools. Two major 
reforms transformed the Swedish educational system into one of the most 
decentralized in the world. Firstly, in 1991, the municipalities took over the 
responsibility for providing compulsory, upper secondary and adult educa-
tion. Secondly, in 1993, grants from central to local authorities changed from 
being targeted to being general, meaning that municipalities were given 
more autonomy in the resource allocation decisions. The central government 
kept the responsibility for the national objectives and general guidelines of 
education and curriculum. The responsibility for supporting and evaluating 
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educational activities were divided between two institutions: the Swedish 
National Agency for School Improvements which supports municipalities 
and schools to achieve the national objectives, and the National Agency for 
Education, which evaluates performance.24 

The reform of the Swedish educational system in the 1990s also implied 
the introduction of school choice as well as freedom to start up new schools. 
Independent schools could now be set up freely, although applications must 
be approved by the National Agency for Education after consultation with 
the local authorities. Introduced in 1992, the “freedom of school choice 
reform” replaced the “neighborhood principle”, meaning that parents now 
freely can choose the school they prefer instead of being referred to a school 
dictated by their place of residence. 

Also the grading system has been reformed. In 1994 the old five-step 
norm-referenced grading system was replaced by a three-step criterion-
referenced system related to the curriculum goals. The new system implies 
that no grades are awarded for subjects before the eighth and ninth grade. 
Instead, schools are required to give pupils progress reports. The pupils also 
do standardized tests. In ninth grade these tests are mandatory in mathemat-
ics, Swedish and English and teachers have to consider the test scores when 
awarding final grades in these subjects.25 
 
The compulsory school26 
The Swedish compulsory school is nine years. During the six first years pu-
pils are usually taught by one and the same teacher irrespective of subject, 
while during the last three they are taught by specialist teachers in each sub-
ject. Children normally start compulsory school at the age of seven although 
all six-years-olds are offered to participate in a one-year long pre-school 
class. This school-preparing class is part of the public school system, but it is 
voluntary. 
 

 
24 The Swedish National Agency for School Improvements was established in 2003. For a 
more detailed description of the Agency’s tasks see http://www.skolutveckling.se/in_english. 
The National Agency for Education is the central administrative authority for the Swedish 
school system. It develops syllabi and criteria for grading, reviews the quality and results of 
education and supervises schools and childcare providers. For a broader description see 
http://www.skolverket.se. 
25 Tests have been designed also for second, fifth, sixth, seventh and eighth grade, but these 
are voluntary. 
26 Compulsory school includes regular compulsory schools, schools for the Saami people of 
northern Sweden, special schools (for children with impaired sight, hearing or speech), and 
compulsory school for children with cognitive disabilities. However, in this paper 
“compulsory school” only refers to regular compulsory schools. 
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Teacher certification 
In Sweden a person becomes a certified teacher, i.e., receives a teacher certi-
fication, by attending and completing a teacher education program.27 An-
other possibility is to receive a minor or major in the subject to be taught and 
supplement it with a minimum of 1.5 years of preparation in pedagogy, di-
dactics and teaching practice. This alternative entrance to the teaching pro-
fession makes it possible for people in other professions to switch to the 
teaching profession and thus gives non-certified teachers a chance to become 
certifie
 
Employment rules and wage bargaining 
One consequence of the decentralization of the Swedish educational system 
in the early 1990s has been that local authorities have become the employer 
of most of the school staff and thus have the recruiting responsibility.28 
However, although the municipalities and the head of the independent 
schools are the formal employers of teachers, the decisions on recruiting, 
selecting and employing teachers are made at the school level. 

Teachers may be employed on three different types of contracts: indefinite 
term contracts, probationary period employment and fixed-term contracts. 
Individuals employed on indefinite term contracts may only be dismissed on 
one of the grounds mentioned in the Employment Security Act, such as lack 
of work. Probationary period employment contracts are mainly intended for 
newly certified teachers. These contracts normally lead to indefinite term 
employments. Teachers who do not have a teaching degree are often em-
ployed on a fixed-term contract (normally maximum one year). 

According to the Education Act, employers must only employ teachers 
“whose education meets the main teacher requirements associated with the 
position”. This usually means a Swedish teacher certification, a teacher certi-
fication from any EU or Nordic country or a corresponding education 
approved by the National Agency for Higher Education. However, if it is not 
possible to find a certified teacher, local authorities may employ persons 
with other educations on fixed-term contracts. Individuals without teaching 
degrees may be employed on indefinite term contracts only “if there are no 
applicants with a teaching degree, special reasons exist and the applicant has 
equivalent qualifications for the teaching associated with the post and 
appears to be suited for the task”. 

The decentralization of the school system in Sweden has also lead to the 
introduction of individually negotiated components in teacher contracts, 
meaning for example that the previous fixed pay scheme with pay ladders 

 
27 Teacher education programs are provided at 24 of Sweden’s over 40 universities and 
university colleges (Ministry of Education and Science, Sweden, 2003). 
28 Except the local authorities, also the independent schools are school personnel employers. 



has been abolished.29 The pay agreements that still exist only specify a 
minimum wage level after one year’s employment, while the actual levels 
are determined by the school management. 

2.2.2 Descriptive statistics 
Statistics from the Swedish National Agency for Education show that the 
teacher density in public compulsory schools, measured as full time equiva-
lent teachers per 100 students, decreased from 7.9 in 1995 to 7.6 in 2000. 
This development was however interrupted in 2001 when the teacher density 
started to increase, reaching a level of 8.1 teachers per 100 students in 2004. 
The number of teachers increased by around 10,000 individuals between 
1996 and 2003, but the data does not reveal the exact distribution of this 
increase between certified and non-certified teachers. The distribution of the 
share of non-certified teachers in public compulsory Swedish schools at the 
municipality level between 1995/96 and 2003/04 can be seen in Figure 4.30 
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Figure 4. Distribution of the share of non-certified teachers in all Swedish munici-
palities. 

As Figure 4 shows, the median share of non-certified teachers in public 
schools increased during most of the years included in the study. We can, 
however, see a slowdown of this development towards the end of the period. 

                               
29 Ministry of Education and Science, Sweden (2003). 
30 We use 1996 for the academic year 1995/96 and so on for the rest of the years. The same 
notation will be used in all figures. 
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More precisely, the median share of non-certified teachers in compulsory 
schools increased from 6.8 percent in 1995/96 to 17.8 percent in 2002/03 
and remained relatively constant at this level during the last year of study. 
We also note that the dispersion between municipalities has increased over 
the time period.31 Figure 5 shows the relative development of the mean 
shares of different types of teachers at the national level. 
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Figure 5. Mean shares of different types of teachers. 

The mean share of certified teachers matching their teaching appointment 
declined from about 80 percent in 1995/96 to just above 70 percent in 
2003/04 with a trend break in 1998/1999. The share of out-of-field teachers 
increased during the first three years of the period, reaching almost 19 per-
cent in 1998/99 when the trend was broken and it started to decline. During 
the last three years of our period of study, the share of out-of-field teachers 
stayed at a relatively steady level of around 10 percent. 

In addition to certification, teacher quality depends on teaching experi-
ence. In our analysis experience is measured as the number of active years 
teaching and the data shows that the mean number of active years in the 
teaching profession decreased from about 15.7 years in 1999/2000 (the first 
year this information is available) to about 14.9 years in 2002/03. During the 

                               
31 This is however partly explained by the fact that the variance is given by (share of non-
certified teachers) · (1-share of non-certified teachers) and as long as the share of non-certified 
teachers is less than 50 percent the variance is increasing in this share. 
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following year the development was reversed and the mean number of active 
years in teaching increased to 15.1. 

Complementary to active years in teaching, the mean age of teachers can 
also be viewed as an approximation for teacher experience. The teachers’ 
mean age (at the municipality level) follows a similar pattern as the number 
of active years of teaching, i.e., a decrease during 1995/96–2002/03 (from 46 
to 45 years) with a recovery during 2003/04. According to Björklund et al 
(2005) the median age of certified teachers in Sweden has increased from 32 
years-of-age in 1975 to 46 years-of-age in 2000. 

The unemployment rate among certified teachers that reported to be 
searching for teaching appointments decreased between 1996/97 and 
2002/03 from around 3.5 percent to just below 2 percent. The rate then in-
creased slightly and reached a level of nearly 3 percent in 2003/04. The de-
velopment of the unemployment rate among all certified teachers shows a 
similar pattern but the levels are roughly 1.5 percentage points higher.32 This 
difference may be explained by the fact that some certified teachers have left 
the teaching profession because of, e.g., low relative wages and increased 
stress. The monetary incentives to become a teacher have deteriorated during 
the last decades (Björklund et al, 2005). Relative to production workers’ 
wages, teacher wages have declined precipitously since the beginning of the 
1940s. Since 1945 the decline in the relative wage amounts to almost 50 
percent. The same phenomena have been seen in a number of countries, but 
the decline in Sweden has been particularly steep. Teachers in Sweden today 
are paid less than their Nordic and OECD counterparts (OECD, 2002). 

To our knowledge there are no studies of earning differences between cer-
tified and non-certified teachers in Sweden. To closer examine this fact we 
estimate Mincer type ordinary least squares (OLS) regressions, using annual 
earnings data for all employed compulsory level teachers in Sweden. Since 
we only have information on annual earnings we restrict our sample to 
teachers employed full time. When yearly earnings are regressed against a 
single dummy variable for certification it can be concluded that expected 
yearly earnings are between 25 and 35 percent higher for certified teachers.33 
The result is statistically significant, but probably somewhat exaggerated 
since the full-time measurement is done at a single point in time.34 Much of 
these differences in earnings can be attributed to differences in individual 
characteristics between certified and non-certified teachers. We know from 
our data that non-certified teachers are on average younger, have less experi-
ence and are less educated than their certified colleagues. To control for such 
individual specific characteristics we include age, age squared, number of 

 
32 Figure A1 in Appendix shows the development of the two teacher unemployment rates. 
33 Estimates of the dummy variable multiplied by 100 are not directly interpretable as the 
percentage of that variable on the earnings variable, see for example Halvorsen & Palmquist 
(1980). 
34 Regression results can be found in Appendix, Table A2. 



 61

active years teaching, number of active years teaching squared, dummy vari-
ables for educational attainment and a dummy variable for gender. To be 
able to distinguish possible differences in earnings between certified and 
non-certified teachers we also include a dummy variable for certification. 
The dependent variable is the logarithm of earnings and the results from 
these regressions can be seen in Table 1. 

 
Table 1. Differences in annual earnings between certified and non-certified teach-
ers. OLS regressions including individual characteristics as control variables. 

 (1) (2) (3) (4) 
Year 2000 2001 2002 2003 

0.0540*** 0.0615*** 0.0466*** 0.0217*** Dummy if 
certified (0.0087) (0.0076) (0.0066) (0.0058) 

0.0528*** 0.0422*** 0.0398*** 0.0387*** Age 
(0.0020) (0.0019) (0.0018) (0.0017) 

-0.0006*** -0.0005*** -0.0004*** -0.0004*** Age2 

(0.0000) (0.0000) (0.0000) (0.0000) 
0.0130*** 0.0118*** 0.0130*** 0.0119*** Active years 

teaching (0.0009) (0.0009) (0.0008) (0.0007) 
-0.0001*** -0.0001** -0.0001*** -0.0001*** Active years 

teaching2 (0.0000) (0.0000) (0.0000) (0.0000) 
0.0692*** 0.0748*** 0.0733*** 0.0724*** Male 
(0.0036) (0.0032) (0.0032) (0.0029) 
0.0081 0.0185 -0.0234 0.0151 Upper 

secondary (0.0432) (0.0370) (0.0286) (0.0273) 
0.0259 0.0362 0.0233 0.0472** Some 

university (0.0448) (0.0386) (0.0293) (0.0289) 
0.1561*** 0.1424*** 0.1333*** 0.1811*** University 
(0.0421) (0.0362) (0.0270) (0.0260) 

10.8813*** 11.1431*** 11.2077*** 11.2076*** Constant 
(0.0591) (0.0513) (0.0432) (0.0416) 

Observations 51,880 52,844 55,287 55,218 
R2 0.16 0.18 0.17 0.18 

Note: Robust standard errors in parentheses. * significant at 10%; ** significant at 5%; 
*** significant at 1%. The reference group for educational level is compulsory schooling. 
Some university indicates a maximum of two years of university studies and university indi-
cates more than two years of university studies. 

After controlling for individual characteristics we can conclude that esti-
mated annual earnings for certified teachers are between two and six percent 
higher than for non-certified teachers. This difference is highly statistically 
significant. Earnings are also higher for older, more experienced and more 
educated teachers as well as for male teachers compared to females. We can 
also observe a weak downward trend in the earnings difference for the years 
we study. 

From this exercise it is possible to conclude that differences in earnings 
between certified and non-certified teachers do exist, but they do not seem to 
be very large when controlling for individual characteristics. This fact would 
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indicate that the employment of non-certified teachers can not be explained 
only by the fact that they are cheaper to employ. We also observe a down-
ward trend in the earnings differences between the two groups. Expected 
mean annual earnings for certified teachers are between SEK 238,400 and 
SEK 255,300. The corresponding expected mean annual earnings for non-
certified teachers vary between SEK 176,800 and SEK 203,600. 

2.3 Previous literature on teacher certification 
Studies of efficiency differences between certified and non-certified teachers 
are scarce. However, some examples are Hawk, Coble & Swanson (1985), 
Fuller (1999), Felter (1999), Darling-Hammond (1999a, 1999b) and 
Goldhaber & Brewer (2000). All of them provide evidence in favor of certi-
fied teachers. Also the literature dealing with the impact of teachers’ initial 
education in terms of subject-matter knowledge and pedagogical preparation 
is quite limited. The evidence is mixed and studies like Monk & King (1994) 
find positive as well as negative, usually insignificant, effects of teachers’ 
subject-matter education on students’ results.35 Although conducted at a high 
level of aggregation and thus without accounting for differences across grade 
levels and subject areas, existing studies have found a relatively strong and 
consistently positive effect of pedagogical course work on teacher effective-
ness: see for example Ashton & Crocker (1987) and Evertson, Hawley & 
Zlotkin (1985). However, holding a master’s degree in education has not 
been shown to improve teachers’ skills and effectiveness: see Hanushek 
(1986) and Rivkin, Hanushek & Kain (2005). Hanushek (1997, 2002, 2003) 
presents literature surveys showing that only 9 percent of all estimates of 
teacher education on student achievement are positive and at the same time 
statistically significant, while the corresponding percentages for teacher ex-
perience, teacher-pupil ratio and expenditure per pupil are 29, 14 and 27 
respectively. Given the contradictory results offered by previous studies it is 
hard to conclude that there exist any strong link between teacher certification 
and teacher education on the one hand, and teacher effectiveness on the 
other. 

The literature on the determinants of teacher supply is broader but not less 
contradictory. The OECD report “Teacher demand and supply: Improving 
teaching quality and addressing teacher shortages”, written by Santiago 
(2002), discusses some plausible determinants of teacher supply and reviews 
some of the relevant literature. Issues such as relative salaries, working con-
ditions, status of the profession, teacher training and certification and rela-
tive availability of positions may affect not only the supply of qualified 
teachers, and therefore the composition of the teaching staff over time, but 
also the distribution of these teachers between schools and districts. 

 
35 For a broader literature review, see Santiago (2004). 
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Theoretically, large differences in relative wages between teaching and 
non-teaching occupations affect the teacher supply and quality. The lower 
the teacher salaries are compared to other professions, the lower is the 
chance of attracting (top) students to become teachers, and the lower is the 
chance of keeping teachers within the teaching profession, ceteris paribus. 
The empirical evidence on this question is, however, somewhat ambiguous. 
Dolton (1990) for example, presents evidence confirming this theory. He 
finds that a graduate is less likely to choose a teacher career the lower the 
relative wages or wage growth in teaching are. On the contrary, Hanushek & 
Pace (1994, 1995) find that relative earnings of teachers compared to other 
collage graduated do not have a large or statistically significant impact on 
students’ choice. Regarding the effect of relative wages on teachers’ prob-
ability of exiting the profession, Murnane & Olson (1989, 1990) and Dolton 
& van der Klaauw (1999) find that higher teacher pay reduces the probabil-
ity that teachers leave the profession. 

Large salary gaps among different teachers may cause teacher deficits and 
teacher quality imbalances between schools and districts. The argument is 
that the best (most qualified) teachers prefer to work in schools and districts 
that offer the highest salaries, everything else kept constant. However, 
Hanushek, Kain & Rivkin (2004) find little or no evidence that higher sala-
ries attract quality teachers. Their results show that school districts offering 
higher salaries and better working conditions do not attract the higher quality 
teachers among those who leave the central city district. 

To investigate the importance of working conditions, Mont & Rees 
(1996) simulate the effects of changing classroom characteristics on high 
school teacher turnover and find that class load characteristics are important 
correlates to job turnover. They argue that efforts to reduce educational ex-
penditures by increasing class size and by asking teachers to teach outside 
their areas of certification may be undermined by increased teacher turnover. 

Flyer & Rosen (1997) provide evidence that the teaching profession is 
more flexible in terms of leaves compared to other sectors, which have 
shown to be an important attraction to women. Compared to other collage 
graduates who lose roughly nine percent for each year spent out of the labor 
market, teachers do not suffer such wage penalties. Since women are pre-
dominating in the teaching profession, it is reasonable to assume that the 
gender desegregation of the labor market since the 1960s has affected the 
supply and quality of teachers. At the same pace as women begun educating 
themselves to a greater extent and entering the labor market, the professional 
diversity they were offered increased, leading to a decline in their relative 
interest for the teacher profession. Schools have nowadays to compete with 
other sectors for the educated women. The teacher selection problem has 
been highlighted in Temin (2002) and in Corcoran, Evans & Schwab (2004), 
who show results supporting the theory of increased labor market opportuni-
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ties for high ability women as an underlying cause to the decline in the 
supply of highly skilled teachers. 

Lakdawalla (2006) argues that the decline in the relative wages and in the 
teacher quality is a result of skill-biased technological change. The produc-
tivity of skilled non-teachers has risen since their knowledge has grown and 
improved as a result of innovation. The productivity of skilled teachers has, 
however, remained constant because the general knowledge used by teachers 
(reading, arithmetic, etc.) has remained largely unchanged. Since the price of 
teacher skill has risen relative to the price of teacher quantity, schools re-
sponded by replacing quality with quantity, i.e., by hiring non-certified 
teachers and raising the quantity of teachers employed. 

3 Model 
3.1 Motivation and hypotheses 
The composition of the teaching staff within a municipality or school is ob-
viously influenced by many factors. Budget constraints, the availability of 
different types of teachers, the relative wages of these and municipality and 
school specific aspects are examples of such factors. Differences in munic-
ipalities’ economic and social situation, as well as other municipality and 
school specific factors, such as political governance and geographical loca-
tion may partly explain the increased dispersion in teacher staff composition 
between municipalities that we observe in Sweden. General economic dis-
tress and concomitant social problems within a municipality may scare away 
certified teachers who usually have other labor market options. A small 
budget allocated to teacher employment in combination with relatively cheap 
non-certified teachers, may lead to an intensified use of non-certified teach-
ers. 

However, given the Swedish school law which, in principle, claims that 
non-certified teachers may be employed only unless certified teachers are 
not available, we argue that the observed increase in the share of non-
certified teachers could be explained by restrictions in the supply of certified 
teachers. When certified teachers are not available, an alternative to having a 
teacher deficit is to employ non-certified teachers. We therefore expect a 
municipality characterized by an increasing supply of certified teachers to 
show a decline in the share of non-certified teachers in schools. Differences 
in the share of non-certified teachers between municipalities may thus be 
partly explained by the fact that they meet different supply restrictions for 
certified teachers. 

In the present paper we concentrate on this teacher “supply effect”, i.e., 
on how supply restrictions among certified teachers affect the teacher em-
ployment decisions and therefore the composition of the teaching staff. By 
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making use of the WG we are able to diminish the budget effect and isolate 
the supply effect. Since the WG is a targeted grant it may only be used for 
employment of school personnel, meaning that municipalities can not allo-
cate the grant for other purposes. The budget constraint for teacher employ-
ment is thus reduced in the sense that it plays a minor role in the employ-
ment decisions. Moreover, the way in which the grant amount for each mu-
nicipality is determined implies that no municipality specific factors or 
shocks affect it. Thus, by studying the effects of the introduction of the WG 
on the share of non-certified teachers and by specifically studying how the 
introduction of the WG changes this share in areas with different levels of 
teacher unemployment, we are able to isolate a “supply effect”. 

We expect the introduction of the grant to lead to a relatively larger de-
crease in the share of non-certified teacher in municipalities characterized by 
a large supply of certified teachers, i.e., a higher unemployment rate among 
these teachers than in municipalities with a low supply of certified teachers. 
The intuition is that when a municipality receives the grant and face supply 
restrictions among certified teachers they are forced to increase the teacher 
density by employing non-certified teachers, thus leading to an increase in 
the share of non-certified teachers relative to municipalities that have the 
possibility of employing certified teachers. 

Even though the budget effect is neutralized by the design of the WG 
there may still be a “strategic effect” which depends on a municipality’s 
economic situation. Being aware of the difficulties a low budget involves, 
school leaders within poor municipalities may try to employ predominantly 
certified teachers during the grant period, in that way profiting from the tem-
porary extra resources in order to increase school quality and reputation, 
especially since schools probably benefit from the improved reputation also 
after the grant period is terminated. This effect is probably relatively small 
and although it can be difficult to observe and measure we can still account 
for it by controlling for school specific factors. 

To summarize, the focus in this essay is on whether the increasing share 
of non-certified teachers can be explained by a shortage in the stock of certi-
fied teachers. The WG gives us an opportunity to isolate the effect of supply 
restrictions on the composition of the teaching staff. 

3.2 Econometric framework 
The hypothesis that restrictions in the teacher supply affect the composition 
of teaching staff can be tested in different ways. It can be estimated using a 
fixed effect model that controls for school fixed effects, but another option is 
a difference-in-difference approach that makes use of the introduction of the 
WG in order to identify the effect of interest. We describe and estimate both 
of these approaches. The basic model is: 
 



ijtjtit lTeachUnempY εββ ++= 10    (1) 
 
where Yit denotes the share of non-certified teachers in school i in period t, 
TeachUnempljt is the unemployment rate among certified teachers in local 
labor market (LLM) j in period t and εijt is the idiosyncratic error term. The 
parameter of interest is β1 which is expected to be negative. However, it is 
not reasonable to believe that the estimate of β1 will be consistent when the 
model is estimated using OLS on register data. There are two major potential 
problems: reversed causality and omitted variables bias, both implying endo-
geneity in the model. Reverse causality is in effect since the number of certi-
fied teachers is included in the denominator of Yit. If, for example, a lot of 
certified teachers are fired, then the share of non-certified teachers will in-
crease and the unemployment rate among the certified ones will increase as 
well. Further, the heterogeneity between schools implies that there may exist 
school specific factors or within school shocks which, if omitted, lead to a 
bias in the OLS estimator. 

One solution to the omitted variable problem is to use a fixed effects 
estimator, allowing for school specific factors that are constant over time and 
thereby mitigate the endogeneity problem. The fixed effects model to be 
estimated is therefore: 
 

ikjttikjtjtit aXlTeachUnempY εδγββ +++++= 10  (2) 
 
where X, ai and δt represent a vector of control variables, the school specific 
effects and a time trend respectively. The X-vector may contain, e.g., the 
overall unemployment rate in the LLM and the municipality income equal-
ization grant. The former may be seen as a proxy for the general economic 
situation, while the latter may be argued to be a proxy for a municipality’s 
budget constraints and possibly also its social situation. 

Given that the strict exogeneity assumption holds, i.e., that the idiosyn-
cratic error is not correlated with the explanatory variables across all time 
periods, the fixed effects estimator will be a consistent estimator of β1. How-
ever, the strict exogeneity assumption is a strong assumption and it is hard to 
argue that it actually holds. Moreover, the fixed effects model may solve the 
omitted variable problem, but not the endogeneity caused by the reverse 
causality. 

An alternative approach is to exploit the WG and analyze the situation 
using a difference-in-difference approach. By doing so, we do not have to 
assume strict exogeneity in the school-specific fixed effects. 

In simple terms, we can divide the municipalities into two groups: the 
ones that face low or no teacher supply restrictions, i.e., where there are 
many unemployed certified teachers and the ones where the unemployment 
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rate is low or even zero.36 The former define our “control group” while the 
latter constitute the “treatment group”. The “treatment” is the introduction of 
the WG in 2001/02 which divides the data into six years of “non-treatment” 
and three years of “treatment”. We expect the composition of the teacher 
staff to be more affected by the WG in municipalities where the supply re-
strictions are large than in municipalities where these restrictions are low or 
absent. In other words, we expect the introduction of the WG to lead to a 
larger decrease in the share of non-certified teachers in municipalities char-
acterized by high unemployment among certified teachers than in munici-
palities characterized by low teacher unemployment. This would imply that 
restrictions on the supply of certified teachers do matter for the teacher staff 
composition. 

The model is in this case given by: 
 

ikjttkjtjtkt

ktjtit

XlTeachUnempWG

WGlTeachUnempY

εδγβ
βββ

+++⋅

+++=

3

210
   (3) 

 
where WGkt is the grant in municipality k at time t and Xkjt represents a vector 
of control variables in the same manner as in the fixed effects model. The 
variable of interest here is the interaction term WGkt·TeachUnempljt. The 
parameter β3 measures the average marginal impact of the WG on the aver-
age share of non-certified teachers in municipalities with different levels of 
teacher unemployment and we expect it to be negative. Under the assump-
tion of additive separability between TeachUnempljt and WGkt we may inter-
pret the OLS estimate of β3 as causal. Further, the parameter β2 is here inter-
preted as the average grant effect in municipalities where the unemployment 
rate among certified teachers is zero. This interpretation is possible under the 
assumption that the WG is distributed exogenously among municipalities. 
Such an assumption is reasonable since the only factor affecting the grant 
amount is the school-aged population in a municipality, which can not be 
influenced in the short run. 

In the difference-in-difference approach we do not include any school 
specific effects. The reason is our focus on the interaction term. Since the 
WGkt is considered to be determined in an exogenous manner the only factor 
that may cause problems is TeachUnempljt but by separately controlling for 
it in the model, we take care of these potential problems and argue that the 
estimate of β3 has a causal interpretation.37 The TeachUnempljt variable is 
thus used as a control variable without causal interpretation. 

                               
36 The minimum unemployment rate among certified teachers at the LLM level is 0 percent 
and the maximum is 8.56 percent. 
37 The error term can be argued to contain factors that are correlated with TeachUnempljt as 
well as with the dependent variable Yit. 
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Thus, by making use of the introduction of the WG and conditioning on 
the unemployment rate among certified teachers, everything else kept con-
stant, we are able to isolate the marginal effect of supply restrictions. 

4 Results 
The two model specifications discussed in the previous section are imple-
mented as follows: the dependent variable is measured at the lowest aggre-
gation level, i.e., the school level, the teacher unemployment rate refers to 
the unemployment rate among certified teachers that are reporting to be 
searching for teaching appointments, and the estimates are weighted by the 
number of students per school.38 

We begin the analysis by estimating the school fixed effect model which 
assigns a dummy variable to each school; in this way allowing for school 
specific factors in the model. By doing so we avoid part of the endogeneity 
problem caused by potential correlation between the error term, εikjt, and the 
explanatory variable TeachUnempljt. 

The results are presented in Table 2. In specification (1) we only include 
our variable of interest, the unemployment rate among certified teachers. 
The estimate, which is highly statistically significant, shows that an increase 
in the unemployment rate among certified teachers with one percentage 
point implies a decrease of 0.41 percentage points in the share of non-
certified teachers. The mean unemployment among certified teachers is 
about 2.7 percent over the entire studied time period, while the mean share 
of non-certified teachers is around 10.4 percent. The results indicate that a 
doubling of the mean unemployment rate, i.e., an increase by 2.7 percentage 
points, would lead to a decrease of 1.1 percentage points in the average share 
of non-certified teachers, which corresponds to a 10.7 percent decrease in the 
share of non-certified teachers. The result supports our hypothesis that in-
creases in the supply of certified teachers lead to decreases in the share of 
non-certified teachers in schools. 

Stepwise, we include the overall unemployment rate at the LLM level as 
well as the municipality income equalization grant. As shown in column (2) 
and (3) in Table 2, the teacher unemployment estimate is quite robust and 
the magnitude of the estimate does not change significantly. 

 
38 In additional regressions, not presented here, the model specifications have also been esti-
mated by aggregating the dependent variable at the municipality level. Moreover, we have 
also used the broader definition of the teacher unemployment rate and a different measure of 
certification but none of these variations have showed to change our qualitative results. Fur-
thermore, the same models have both been estimated without weighting the estimates with the 
number of students per school and by weighting them with the number of teachers per school. 
These variations do not change the results either. Tables of these estimations can be made 
available by the authors on request. 



Table 2. OLS estimates with school fixed effects and the share of non-certified   
teachers as dependent variable. 

 (1) (2) (3) 
Teacher unemployment -0.4115*** 

(0.1206) 
-0.4169*** 

(0.1222) 
-0.4386*** 

(0.1313) 
Overall unemployment  0.0690 

(0.1361) 
0.0694 

(0.1387) 
Income equalization grant   0.1423 

(0.1012) 

Constant 
17.5596*** 

(0.4476) 
17.1723*** 

(0.8817) 
17.1802*** 

(0.9083) 
Observations 35,241 35,241 35,241 
R2 0.71 0.71 0.71 

Note: Time period 1995/96–2003/04. Cluster corrected standard errors in parenthe-
ses (cluster = local labor market · year). Year dummies are included in the regressions. 
* significant at 10%; ** significant at 5%; *** significant at 1%. 

Another interpretation of our results is the effect of teacher supply changes 
on the number of non-certified teachers with teaching appointments. Differ-
entiation of equation (2) leads after some algebra to the following result: 
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where nn is the number of employed non-certified teachers, nc is the number 
of employed certified teachers and uc is the number of unemployed certified 
teachers. Assuming that uc = 3, nn = 97 and nn = 12 and using the β1 estimate 

from specification (1) in Table 2 we get that 
c

n

du
dn

 = -0.49.39 Thus, an in-

crease in the unemployment of certified teachers with 100 individuals will 
result in a decrease in the number of non-certified teachers by, on average, 
49 individuals. This can be considered to be a relatively large effect, indicat-
ing that restrictions in the supply of certified teachers seem to be rather im-
portant when trying to explain the employment of non-certified teachers. 

However, as discussed in the former section, one drawback with the fixed 
effects model is the potential inconsistency of the estimate of β1 caused by 
the potential reverse causality between teacher unemployment and the share 
of non-certified teachers. Another drawback is the assumption of strict exo-
geneity in teacher unemployment. An alternative approach that does not 
require the strict exogeneity assumption and that is not affected by the poten-
tial reversed causality between the unemployment rate and the share of non-
certified teachers is to make use of the WG. 
                               
39 With these assumed numbers we achieve an unemployment rate among certified teachers 
and a share of non-certified teachers that is approximately equal to the mean in our sample. 
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We estimate the model described by equation (3) in section 3.2 using an 
OLS estimator and the results are presented in Table 3. The parameter of 
interest is the one associated with the interaction term between the WG and 
the teacher unemployment rate. This parameter represents the marginal ef-
fect of teacher unemployment on the share of non-certified teachers when a 
demand shock for teachers occurs as a result of the introduction of the WG. 

The estimates of the parameter of interest are negative and statistically 
significant. The interpretation of the result from specification (1) in Table 3 
is that a one percentage point increase in the teacher unemployment rate will 
on the margin, given the WG, decrease the share of non-certified teachers by, 
on average, 0.57 percentage points. 

As a sensitivity analysis we add more control variables to specifica-
tion (1), cf. specifications (2) and (3). The overall unemployment rate at the 
LLM level and the municipality income equalization grant are included 
stepwise and we note that the original results are relatively robust. Depend-
ing on model specification, a one percentage point increase in the teacher 
unemployment, due to the introduction of the WG, decreases the share of 
non-certified teachers by 0.57 to 0.61 percentage points, ceteris paribus. We 
can thus conclude that our initial hypothesis that supply restrictions among 
certified teachers affect the teaching staff composition is once again sup-
ported by our findings. 

Similarly to equation (4), we can calculate the effect of teacher supply 
changes on the number of non-certified teachers with teaching appointments. 
Differentiation of equation (3) yields: 
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Evaluated at the mean level of the WG, using the estimate of β3 from specifi-
cation (1), and given the same assumed numbers as before, an increase in the 
unemployment of certified teachers by 100 individuals will on average result 
in a decrease in the number of non-certified teachers by 81 individuals. 
Given the mean level of the WG, restrictions in the supply of certified teach-
ers are very important in explaining the employment of non-certified teach-
ers. 

An interesting finding is the total effect of the WG on the share of non-
certified teachers. The estimate of the WG coefficient (β2) is positive and 
statistically significant in all specifications, indicating that the introduction 
of the WG has a positive direct effect on the share of non-certified teachers 
in schools. As we have argued earlier in this essay, the WG is determined in 
an exogenously way, which allow us to interpret β2 as a causal effect. The 
total effect of the WG on the percentage of non-certified teachers is given by: 
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meaning that according to specifications (1) – (3) the total effect of an in-
crease in the grant level with one unit (SEK 1,000), keeping the unemploy-
ment rate at its mean (= 2.57 percent), will increase the percentage of non-
certified teachers with between 6.4 and 7.1 percentage points, which is a 
large effect indeed. A one unit increase in the WG would leave the composi-
tion of the teachers unchanged if the unemployment rate among teachers 
would be between 13 and 14 percent. 

From these estimates we can infer that restrictions in the supply of certi-
fied teachers are very important in explaining the teacher composition when 
a teacher demand shock like the WG occurs. 
 
Table 3. OLS estimates with the share of non-certified teachers as the dependent 
variable. 

 (1) (2) (3) 
-0.5682** -0.6235*** -0.6090*** WG · Teacher 

unemployment (0.2210) (0.2205) (0.2021) 
7.8832*** 8.1199*** 8.6833*** WG 
(1.8863) (1.8479) (1.7212) 

-0.5839*** -0.4889*** -0.6287*** Teacher 
unemployment (0.1791) (0.1796) (0.1560) 

 -0.8771*** -0.7114** Overall 
unemployment  (0.3238) (0.2799) 

  -0.2170*** Income equalization 
grant   (0.0366) 

Constant 7.3188* 12.0396*** 10.5024** 
 (4.0713) (4.6477) (4.1621) 
Observations 35,241 35,241 35,241 
R2 0.18 0.19 0.19 

Note: Time period 1995/96–2003/04. Cluster corrected standard errors in parenthe-
ses (cluter = local labor market · year). Year dummies are included in the regressions. * sig-
nificant at 10%; ** significant at 5%; *** significant at 1%. 

To summarize, our results provide evidence that restrictions in the supply of 
certified teachers are important in explaining changes in the teacher compo-
sition when a teacher demand shock occurs, like the one caused by the intro-
duction of the WG. On the margin, the WG leads to decreases in the share of 
non-certified teachers in schools, relatively more in LLM that meet low 
teacher supply restrictions than LLM that meet high teacher supply restric-
tions. Moreover, our results show a side effect of the WG; except the in-
creased teacher density, which was the aim of the grant, it has also increased 
the share of non-certified teachers in schools. 
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5 Conclusions 
We have shown that supply restrictions among certified teachers do have an 
impact on the teacher composition in Swedish compulsory schools. Using a 
special targeted government grant, the Wärnersson grant, as an instrument 
we have been able to isolate the marginal effect of (certified) teacher supply 
on the share of non-certified teachers. The effect has been shown to be nega-
tive and substantial. The fact that non-certified teachers get employed at the 
same time as there exists unemployment among certified teachers indicates, 
however, that except teacher shortages there may also be other explanations 
to the employment of non-certified teachers. Non-certified teachers may be 
demanded alongside their certified colleagues for other reasons than teacher 
shortages. Moreover, there may exist some kind of mismatch between teach-
ing vacancies and eligible applicants. 

The aim of the WG has been to employ more teachers and school person-
nel, i.e., to increase the school personnel density. This goal seems to have 
been attained, but our analysis reveals an interesting short-term effect of the 
introduction of this grant, namely that it has implied an increase in the share 
of non-certified teachers. The extra contribution to the school budget in 
combination with a supply deficit among certified teachers has lead to an 
increase in the share of non-certified teachers. Schools in LLMs with low 
unemployment among certified teachers were probably forced to employ 
non-certified teachers to fulfill the requirements of the grant. Thus, the de-
mand shock that the WG implied together with the restrictions in the supply 
of certified teachers can partly explain the increase in the share of non-
certified teachers that has occurred in compulsory Swedish schools between 
2000/01 and 2003/04. Moreover, since the supply of certified teachers differ 
between municipalities and LLMs, the WG may have contributed to in-
creased differences in the composition of the teaching staff between munici-
palities. 

The fact that the introduction of the WG has lead to an increase in the 
share of non-certified teachers is an important result for policy implications. 
If non-certified teachers are considered less desirable than certified teachers, 
such a targeted grant should be combined with an effort to increase the sup-
ply of certified teachers. The government can affect the supply of such 
teachers by, e.g., taking measures to increase the status of the teacher occu-
pation, in that way attracting more individuals into the profession and also 
inducing certified teachers that have left teaching to re-enter the teaching 
profession. 

Whether non-certified teachers can be considered eligible or not is an in-
teresting question and the answer depends on their effect on the school qual-
ity and thus on student achievement. In the next essay of this volume we 
study whether the composition of the teaching staff, i.e., the share of non-
certified teachers, has an affect on student achievement. 
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Appendix 
Table A1. Descriptive statistics for the complete sample.  

Variable Observations Mean Std. dev. 
 
Percent non-certified teachers (school level) 35,241 10.3734 12.1629 
 
Percent unemployed certified teachers, all 
teachers (local labor market level) 35,241 2.6590 1.3655 
 
Percent unemployed certified teachers, those 
searching for teacher jobs (local labor market) 

 
35,241 4.1399 1.8556 

 
Percent overall unemployment  
(local labor market level) 35,241 5.1722 1.4967 
 
Income equalization grant (municipality level), 
thousands of SEK/inhabitant  35,241 0.8823 2.9771 
 
Wärnersson grant (municipality level),  
thousands of SEK/student 11,454 1.2044 0.5194 
 
Teacher age (school level) 35,241 45.2572 3.9132 
 
Active years teaching (school level) 15,329 15.2879 4.2604 

 
Table A2. Differences in annual earnings between certified and non-certified teach-
ers. OLS regressions without controls for individual characteristics. 

 (1) (2) (3) (4) 
Year 2000 2001 2002 2003 
Dummy if  
certified 

0.2991*** 
(0.0073) 

0.2730*** 
(0.0062) 

0.2591*** 
(0.0056) 

0.2262*** 
(0.0049) 

Constant 12.0827*** 
(0.0071) 

12.1560*** 
(0.0060) 

12.1791*** 
(0.0054) 

12.2241*** 
(0.0047) 

Observations 51,880 52,844 55,287 55,218 
R2 0.05 0.06 0.06 0.05 

Note: Robust standard errors in parentheses. * significant at 10%; ** significant at 5%; 
*** significant at 1%. 
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Figure A1. Teacher unemployment among certified teachers. 
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Essay 3 
 
Teacher certification and student achievement 
in Swedish compulsory schools1 

The debate on school and educational quality is usually centered on ques-
tions about teachers’ different characteristics such as education, experience 
and certification. Teacher quality is considered to be one of the most impor-
tant factors affecting student achievement, and is a central notion in the 
shaping of school and education policies. Despite the consensus that teachers 
are important, the opinion on what teacher quality exactly means and which 
teacher characteristics that are the most important is not unanimous among 
debaters, politicians and researchers. The existing literature does not present 
a consistent picture regarding these questions and the need for more evi-
dence is large. 

 One frequently discussed aspect of teacher quality is certification. The 
definition of teacher certification usually differs between countries and 
sometimes also between districts within the same country. However, there is 
still one common feature, namely that a certification is assumed to result in 
better qualified teachers. A certification is therefore supposed to assure a 
lower bound on teacher quality, in that way ensuring the absence of “poor 
quality teachers” in schools. Two main arguments are often posed as sup-
porting this perception. Firstly, it is argued that a formal teacher education, 
and consequently a teacher certification, improves an individual’s teaching 
specific human capital. This is probably the effect people most often refers 
to when arguing in the favor of a teacher education or certification. Sec-
ondly, a teacher certification is often thought to be an effective screening 
devise to achieve higher teacher quality. Since becoming certified is costly, 
only people with relatively better teaching characteristics, and therefore 
better chances of completing the required education, choose to invest in such 
an education. The certification hence works as a quality signal. In the light of 
these arguments, students exposed to teachers without a formal certification, 
are supposed to obtain worse results than students whose teachers are certi-
fied. However, it has also been argued that certification requirements may 

 
1 Co-authored with Nina Waldenström, Stockholm School of Economics. 
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discourage potentially effective teachers from entering the profession, in that 
way actually lowering the quality of the teaching staff.2 

There is little evidence on the effectiveness of formal certification relative 
non-certification, and studies examining the direct relationship between cer-
tification and student achievement are scarce. The existing literature does not 
present a consistent picture of the effects of certification on student achieve-
ment; the results are contradictory and quite controversial. A common prob-
lem is that many of the existing studies are built on specifications that are 
subject to biases from determinants of achievement other than certification 
status. At any point in time there are several factors that affect achievement 
and that complicate the estimation of the effect of teacher certification (and 
other teacher characteristics) and might therefore bias the results. Potential 
non-random sorting of families among schools, of students among classes 
and of teachers among schools are examples of factors that may lead to bias-
ed estimation results when using register data. If certified teachers search for 
positions at good schools/classes, good schools search for certified teachers 
and good students apply to good schools, direct comparisons would not iden-
tify the causal effect of teacher certification on student achievement since 
students in different parts of the achievement distribution are taught by 
teachers of different quality. 

 Another problem with a large part of the existing studies is that they are 
conducted on data from United States, where the definition of teacher certi-
fication varies largely across states.3 In general, omitting variation in state 
policy that may be correlated with teacher characteristics will again result in 
biased estimates. 

The effectiveness of teacher certification has been discussed by 
Goldhaber & Brewer (2000, 2001) and Darling-Hammond, Berry & Thore-
son (2001), among others, and the limitations of much of the studies on 
teacher certification are summarized in Wayne & Youngs (2003). A recent 
study by Kane, Rockoff & Staiger (2006) finds that teacher certification, on 
average, has a small impacts on students’ test performances. However, 
among teachers with the same certification status, they find large and persis-
tent differences in teacher effectiveness. Clotfelter, Ladd & Vigdor (2006) 
also finds positive and statistically significant effects of certification on stu-
dent achievement. 

With the present study we aim at contributing to the existing literature by 
analyzing how teacher quality, measured as the percentage of non-certified 
teachers, affects student achievement in Sweden. More specifically we study 
the effect of a formal teacher education, i.e., certification, on students’ grade 
point averages. The study is motivated by the observation that the percentage 

 
2 See for example Angrist & Guryan (2004) and Ballou & Podgursky (1998). 
3 Moreover, some states issue alternative certificates, some of them being based on different 
criteria from the certificates issued by traditional training institutions.  
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of non-certified teachers in Swedish public compulsory schools increased 
considerably during the last decade, from 7.2 percent in 1995/96 to 17.2 per-
cent in 2003/04.4 This development has been reported as alarming. Using 
information on teachers active in the Swedish public compulsory schools 
and on students completing ninth grade during the time period 1997/98 until 
2003/04, we identify the causal effect of the share of non-certified teachers 
on student achievement by avoiding the methodological problems mentioned 
above. Firstly, by using Swedish data, the “state policy” bias will not consti-
tute a problem in the present study. Certainly, in Sweden there are 290 muni-
cipalities, but these do not differ in terms of teacher certification policies. 
Secondly, we manage to deal with selection problems and to mitigate the 
potential endogeneity problems5 through: (i) controlling for school as well as 
municipality characteristics and student characteristics; (ii) adding school 
fixed effects to the model and (iii) employing an instrumental variable 
approach. Our preferred model uses an instrumental variable approach that is 
supplemented by school fixed effects. 

The relevant instrument is constructed using the unemployment rate 
among certified teachers and a temporary special government grant, the 
Wärnersson Grant (WG). This grant was instituted to increase personnel 
density in schools and, fortunately for evaluation purposes, the grant frame 
was based solely on demographical aspects that could not be affected by 
schools or municipalities, at least not in the short run. Moreover, the receiv-
ers of the grant, i.e. municipalities, were only allowed to use the additional 
resources for employment of school personnel. Thus, the introduction of the 
WG meant an exogenous demand shock for teachers, certified as well as 
non-certified. However, the effect of the WG on the teaching staff composi-
tion depends on the availability of certified teachers that can be employed. It 
is established in Andersson & Waldenström (2007) that the WG is correlated 
with the share of non-certified teachers and also that the supply of certified 
teachers is restricted (lower than the demand for certified teachers) and dif-
fers between local labor markets (LLMs). It is also shown that the share of 
non-certified teachers increases more in LLMs characterized by low unem-
ployment among certified teachers than in LLMs where the certified teacher 
unemployment is high. In the present paper we argue that the variation 
caused by the introduction of the WG in combination with the teacher unem-
ployment is exogenously determined and does not affect student achieve-

 
4 In Sweden, a certified teacher signifies a teacher who has obtained a teacher certification by 
attending and completing one of the teacher education programs provided by universities and 
university colleges. There is also the possibility to supplement a minor or major in a subject 
with a minimum of 1.5 years of preparation in pedagogy, didactics and teaching practice. 
Regardless of the choice of certification route, teachers are regarded as equally certified as 
long as the route has been fulfilled. A more extensive description of the Swedish teacher 
certification process is provided in Andersson & Waldenström (2007). 
5 A broader discussion about potential endogeneity problems is provided in section 3. 
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ment. Thus, the interaction between the WG and the teacher unemployment 
constitutes a valid instrument and is used in our empirical analysis. 

The results from our preferred specification show a significant positive 
effect of teacher certification on student achievement. We argue that this can 
be viewed as a lower bound of the effect of a formal teacher education, or 
certification, on student achievement. The effect also seems to be stronger 
for students with highly educated parents. The estimated effect is a total 
effect that captures both the teacher specific human capital enhancing effect 
and the screening effect. Analyzing for example changes in the curriculum 
of the teacher education would allow the identification of the teacher specific 
human capital enhancing effect, while a broadening of the admission to the 
teacher education would make it possible to identify the screening effect. 
This is however not the scope of this paper. 

 Throughout the paper we address our findings as the effect of certifica-
tion on student achievement. However, it is important to be aware of the fact 
that the results may reflect some influence from teacher experience. Certifi-
cation and experience are highly correlated and it is difficult to separate 
them from each other. It could therefore be hard to form policy implications 
regarding the effect of teacher certification on student achievement from our 
findings. 

The research on other teacher characteristics apart from certification 
status, such as education and experience, is more comprehensive but still 
contradictory and the evidence of which teacher characteristics that matter 
the most is not consistent. Teacher education and experience usually account 
for salary differentials and are thus thought to be related to teacher produc-
tivity. By aggregating the results across studies in the United States through 
1994, Hanushek (1997, 2003) shows that neither teacher education nor 
teacher experience has a strong systematic relation to student achievement, 
even though experience shows a more positive relation. The summary pre-
sented by Hanushek reports that through 1994, only 14 percent of the esti-
mates of teacher education on student achievement were significant, five 
percent showing a negative relationship and nine percent showing a positive 
one. Among the estimates of teacher experience on student achievement, 
34 percent were statistically significant; 29 percent showing a positive effect 
and five percent a negative one. More recent studies that are not included in 
this summary do not show a very different pattern of results. Krueger (1999) 
for example, uses an experimental approach where teachers were randomly 
assigned to classes and concludes that teacher education has no impact on 
test scores while teacher experience affects output for the youngest students 
but not later on. Rivkin, Hanushek & Kain (2005) reach similar conclusions 
and find that experience is only statistically significant in the initial years of 
teaching. Moreover, they show that high quality teachers can compensate for 
initial student preparation differences related to different family back-
grounds. Rockoff (2004) finds large and statistically significant estimates for 
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the importance of teachers when he controls for fixed teacher quality. Ac-
cording to Rockoff’s results, one standard deviation increase in the teacher 
fixed effect distribution results in improved student performance by 0.1 
standard deviations. Moreover, Rockoff shows that experience has a positive 
and statistically significant effect on reading test scores.6 

The remaining of the paper is structured as follows: in section 1 we pre-
sent the data, variable specifications and definitions. Also a brief description 
of the Wärnersson grant is included in this section. The econometrical meth-
odology and our instrumental variable are discussed in section 2. We present 
the results in section 3 and conclude the paper in section 4. 

1 Data and variable specifications 
The study extends over the time period 1997/98–2003/04 and the population 
of interest is based on the Grade nine register (Årskurs9-registret) that cov-
ers all students who completed ninth grade of the Swedish public compul-
sory school during these years.7 Except data from the Grade nine register, the 
data set is composed upon data from the Teacher register (Lärarregistret), 
the IFAU database and the HÄNDEL database. These databases have been 
matched using students’ and teachers’ unique identifiers as well as munici-
pality and school codes. Additional data from Statistics Sweden and the 
Swedish National Board for Education (Skolverket) is also used. 

From the Grade nine register we retrieve information on students’ year 
and month of birth, the year when they completed ninth grade, the school 
they attended and the municipality where the school was situated. The regis-
ter also provides us with these students’ grades in all subjects as well as their 
grade point averages (GPAs). The GPA is the sum of a student’s 16 best 
grades and varies between 0 and 320. For each student cohort (each year) we 
percentile rank the GPA in order to make different measures comparable8, 
which also implies that the effect estimates are normalized and can be com-
pared to previous research. Except GPAs we also use grades in core subjects 
(English, Swedish and mathematics) as dependent variables. Students need 
to pass in all these three core subjects to be eligible to apply for high school.9 

The Teacher register is administrated by Statistics Sweden and provides 
information on all teachers employed in public as well as independent 
schools in Sweden. From this register we extract information about teachers’ 
certification status and obtain three different certification categories: teach-
ers teaching within their area of certification (certified teachers), teachers 

 
6 Other relevant studies are Goldhaber & Brewer (1997) and Hanushek, Rivkin & Kain 
(2001). 
7 Swedish compulsory schooling is nine years long. 
8 By percentile ranking the GPAs we also account for potential grade inflation. 
9 Students also take standardized tests in these subjects. 
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teaching outside their area of certification (out-of-field teachers) and teachers 
without any teaching certification (non-certified teachers or out-of-license 
teachers). We treat the certified and out-of-field teachers as certified since 
both groups hold a formal teacher education.10 Besides certification status, 
the Teacher register provides information on teachers’ age, gender, range of 
duty, type of appointment, school and municipality codes, and whether they 
teach in a public or independent school. Beginning in the academic year of 
1999/2000, the register also contains information on teacher experience 
which is measured as the number of active years in teaching. Further, using 
the Teacher register we are able to calculate the number of full time equiva-
lent teachers at the school level.11 By using the number of students in every 
school, which is reported in the School register (Skolregistret), we are able 
to calculate the teacher density defined as the number of full time equivalent 
teachers per 100 students. 

Part of the data set used in this study is build upon information available 
in the IFAU database.12 From this database we extract data on background 
characteristics of students and their parents, such as parental education and 
the students’ and parents’ ethnical background. Students’ ethnical back-
ground is indicated by a dummy variable that takes the value one if the stu-
dent has immigrated to Sweden within five years before he or she completed 
ninth grade. We also created a dummy variable that takes the value one if 
both parents are born abroad. Parental education is divided into four groups: 
(i) a maximum of nine years of education; (ii) high school education; (iii) a 
maximum of two years of university education and (iv) more than two years 
of university education, and is observed separately for the mother and the 
father. In those cases when information about parental education is missing 
it is reported by a dummy variable.13 The IFAU database only contains in-
formation on education until 2003. For convenience we assume the educa-
tional level of parents whose children completed compulsory schooling in 
2004 to be the same as in 2003. 

The econometric framework used in this study incorporates an instrumen-
tal variable approach, where the instrument is the interaction between the 
unemployment among certified teachers and the WG. The first part of the 
instrumental variable is calculated from the HÄNDEL database14 that con-
tains all unemployment spells registered at the Public Employment Service 

 
10 The quantitative results stay unchanged if out-of-field teachers are treated as non-certified. 
11 The extent of a teacher’s appointment is reported as percentage of a full time appointment. 
12 This database was created during 2000–2001 by The Institute for Labour Market Policy 
Evaluation (IFAU) in co-operation with Statistics Sweden. The individuals can be traced 
longitudinally through the educational system and on the labor market. 
13 In our data set used for analysis, 40,457 observations (around seven percent) miss informa-
tion of the father’s educational level and 20,060 observations (around three percent) of the 
mother’s educational level. 
14 Maintained by the National Labor Market Board (Arbetsmarknadsstyrelsen). 
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(PES) offices.15 Since the HÄNDEL database also reports the type of job an 
unemployed individual is searching for, we restrict the teacher unemploy-
ment measure to specify unemployed certified teachers who report that they 
are searching for a teaching job.16 We choose to define the unemployment 
rate among certified teachers at the LLM level, since teachers are mobile 
between adjacent municipalities within the LLM.17  

Data on the second part of the instrumental variable, the governmental 
grant, has been made available by the Swedish National Board for Educa-
tion. The grant was instituted in the academic year of 2001/02 and resources 
were distributed at the municipality level. The aim of the grant was to in-
crease the personnel density in preschools, nine-year compulsory schools, 
special schools, after-school recreation centers and upper secondary schools 
in order to give children and youths increased possibilities of reaching their 
educational goals. Only municipalities could apply for and receive the WG, 
but they were allowed to freely distribute the grant among public and inde-
pendent schools. In 2001/02 and 2003/04 all except two municipalities 
applied for and received the grant, while in 2002/03 all municipalities ap-
plied for and received it.18 

A grant frame was calculated for each municipality yearly. This frame 
was based solely on the number of inhabitants between 6 and 18 years-of-
age that lived in the municipality the calendar year preceding the grant year, 
i.e., the grant frame for 2001/02 is based on the number of children and 
youths aged 6–18 during 2000. The decision whether or not to approve new 
grants in subsequent years was based on the principle that the municipality 
had to increase the school personnel density compared to an index year. 
2000/01 was the index year for 2001/02–2003/04.19 The National Agency for 
Education could decide to stop further payments or reclaim already dis-
bursed payments if a grant receiving municipality did not succeed in carry-
ing out the measures that the grant was aimed for. 

Municipalities had no knowledge about the consequences of exceeding 
the school budget or of having a high school personnel density during 
2000/01, until after the end of the index year. The fact that the grant was 
aimed at reinforcements of the school personnel density was mentioned in 

 
15 Being matched to the IFAU database, we can infer whether unemployed individuals are 
certified teachers or not. In the unemployment context, certification means that an unem-
ployed individual holds a teaching degree. 
16 An alternative unemployment measure would be to count all unemployed certified teachers 
regardless the type of job they report to be searching for. However, this measure is broader 
and probably not as exact. 
17 For a more detailed discussion of the unemployment measure used, see Andersson & 
Waldenström (2007). 
18 The two municipalities that did not receive the grant in 2001/02 were Österåker and Umeå. 
Nacka and Sundbyberg did not apply in 2003/04. 
19 The academic year 2000/01 was also the index year for the period 2004-07-01–2004-12-31. 
For the remaining of the grant years (up to and including 2006/07) the index year changed to 
2003/04.  



both the government bill that introduced the WG and in the decree that the 
government later issued. However, it was not specified how this density 
should be measured. The “index year comparison” was described for the first 
time in the instructions from the National Agency for Education in 2001.20 
The municipalities and schools could, hence, not affect the personnel density 
in the index year.21 The grant amounted to SEK 628 per student in 2001/02, 
SEK 1,258 per student in 2002/03 and SEK 1,897 per student in 2003/04. An 
average sized school had 224 students in the academic year of 2003/04 so, if 
the grant was evenly distributed across schools, a typical school received 
around SEK 400,000. The cost of employing a teacher on a full-time basis is 
about SEK 390,000 per year, which implies that the grant was large enough 
to employ one new teacher in an average sized school. 

Using information on all ninth grade students in compulsory schools over 
the time period 1997/98–2003/04, the original data set contains 729,701 
individuals. However, when excluding all independent schools the data set is 
reduced by 27,658 individuals. Independent schools are discarded since they 
could not apply for the WG and also because a few of them have their own 
grading system. Also special schools, hospital schools and schools for refu-
gees are excluded from the final sample. Moreover, we exclude schools with 
extreme teacher density since these are likely to be misreported. This re-
duces our sample by another 118,345 individuals. The final sample contains 
a total of 583,679 individuals, i.e., yearly student cohorts of around 83,000 
individuals. 

Descriptive statistics for the variables used in our analysis are summa-
rized in Table A1 in Appendix. 

2 Model and econometric framework 
A basic education production function could model student achievement, Y, 
as a function of school resource variables, S, municipality level variables, M, 
individual and family background variables, I, and a random error term, ε. 
 

α α α α ε ++++= IMSY

                              

3210
22  (1) 

 
The S vector may, for example, contain school resource indices such as 
teacher density or class sizes at the school. Similarly the vector I may con-
tain background characteristics such as age, gender, parental education, eth-
nicity, and other family related characteristics. If available, also the ability of 

 
20 Riksrevisionen, RiR 2005:9, p. 34. 
21 A more detailed description of the WG is given in Andersson & Waldenström (2007) or 
Skolverket (2005). 
22 α1, α2 and α3 are vectors of coefficients. 
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teachers, students and school administrators ought to be included. A 
teacher’s ability to convey knowledge in a pedagogical way, the student’s 
ability to assimilate this knowledge and the administrators’ ability to recruit 
adequate teachers and to match them to students in an effective way are im-
portant aspects, when estimating the production of education. However, they 
are hard to measure and therefore often omitted in this type of estimations, 
which may lead to biased and inconsistent estimates. 

In our case we are specifically interested in the effect of teacher staff 
quality, measured as the percentage of non-certified teachers at the school, 
on student achievement. We therefore let yijt be student achievement23 of 
individual i in school j in year t and assume that student achievement is in-
creasing in teacher quality qjt at school j in year t. There are two types of 
teachers: certified, C, and non-certified, NC. Let: 
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be the average quality among certified teachers and non-certified teachers at 
school j with n  certified and non-certified employed teachers at year t, 

respectively. Furthermore let  be the percentage of non-certified teach-
ers at the same school. Then the average teacher quality at school j will be 
given by: 
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Under the assumption that average teacher quality among certified teachers 
is higher than for non-certified teachers, that is (qC – qNC) > 0, it is evident 
from equation (3) that teacher quality at school j is decreasing in the share of 
non-certified teachers at the school. 

If the quality of the teaching staff affects student achievement in a nega-
tive way, then β1 would be negative in the following regression: 
 
    (4) ijtjtijt 10

 

 
23 Measured as percentile ranked GPA or as the percentile ranked grades in the core subjects 
English, Swedish and mathematics. 
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This assumes that there is a direct effect of the percentage of non-certified 
teachers at the school on student achievement in ninth grade. In other words, 
we estimate the effect of a school’s entire teaching staff on the ninth grade 
students’ achievement, although not all teachers teach the students in the 
ninth grade. Hence, the effect does not take into consideration which classes 
a new teacher actually teaches. However, assuming that the average quality 
of the teaching staff in the ninth grade is about the same as the average qual-
ity of the entire teaching staff at the school, this will not affect our results. 
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A first step in our analysis would be to estimate β1 in equation (4) using 
ordinary least squares (OLS). However, when using register data this method 
will most certainly result in biased estimates of β1. The reason is due to dif-
ferent sources of endogeneity;  and jt ijtε  are most likely not independent 
of each other. 

We have three main sources of endogeneity in our model. Firstly, there 
may be variables correlated with the explanatory variable, in our case the 
percentage of non-certified teachers at a school that ought to be included in 
the regression, but are omitted because they are unobservable or hard to 
measure. Secondly, there may exist non-random sorting of students and 
teachers into schools and of teachers over students. Parents, school adminis-
trators, teachers and politicians at different levels make non-random choices 
that affect the distribution of students and teachers across schools and 
classes. Parents that attach great importance in (high quality) education may 
influence the school resources by local decisions. They may locate close to 
and choose schools with small classes, better qualified teachers and more 
resources, in that case generating an upward bias in the estimated effects of 
school resources. Schools may use student characteristics, such as assess-
ment to ability and achievement to place students into different programs 
and classes. Less advantaged students may be assigned to smaller classes 
and/or to certified teachers. Also teachers may sort into schools in an endo-
genous way. More qualified and certified teachers may choose to apply only 
for appointments at schools characterized by high ability students. In the 
presence of such non-random selections it is hard to establish the causal 
effect of teacher quality on student achievement and the estimates are easily 
contaminated by family, school and neighborhood factors. Significant posi-
tive effects of teacher characteristics on student achievement are possible to 
obtain although the true causal effect might be the opposite. If teachers are 
non-randomly assigned to classes and our specified models fail to control for 
ability in the class we expect the teacher certification variable to be biased 
downwards. Lastly, the potential endogeneity in the model may also be 
caused by reversed causality. It could be hard to establish whether it is the 
quality of the teachers at a certain school that affects the students’ results or 
if it is the results that affect the composition of the teaching staff. 



In order to deal with the potential endogeneity we use a fixed effects es-
timator that includes school fixed effects. School fixed effects eliminate 
differences between schools that affect the certification composition and/or 
student achievement and that are constant over time. In other words, the 
fixed effects estimator make use of the variation within schools over time, in 
this way, allowing school specific factors to be present in the model at the 
same time as it mitigates the endogeneity problems caused by the omission 
of important variables and by the non-random teacher/student/school-
selection. The fixed effects model to be estimated is: 

 

ijttjijt
C
jtijt DaXpy εγββ +++++= 10   (5) 

 
where aj represents the school fixed effects and Dt is a time dummy variable. 
The X-vector consists of time varying covariates at the LLM, municipality 
and school level, for example the teacher density at the school level and the 
overall unemployment rate at the LMM level. The vector also contains dif-
ferent individual student characteristics such as age, gender, immigration 
status and parental education. 

The fixed effects approach does, however, not solve the endogeneity 
problem caused by reversed causality. Moreover, it provides a consistent 
estimate of β1 only under the assumption of strict exogeneity, i.e., given that 
the idiosyncratic error is not correlated with the explanatory variables across 
all time periods. It may be argued that this assumption is relatively strong 
and that it does not necessarily has to hold. One could, for example, argue 
for the possibility that (the level of) student achievement in period t, and thus 
the idiosyncratic error in period t, may affect the teacher employment deci-
sion in period t+1. Given the assumption that the quality of a certified 
teacher is higher than the quality of a non-certified one, a school principal 
may be tempted to employ more certified teachers in t+1 if student achieve-
ment was low in period t. This would imply that student achievement in 
period t affects the share of non-certified teachers in period t+1. Such behav-
ior would result in an overestimation of the teacher certification effect on 
student achievement. It is nevertheless hard to prove that this type of phe-
nomenon exists and we argue that a fixed effect approach still is relevant. 

In order to deal with the reverse causality that the fixed effects model 
does not solve, we supplement the model with an instrument variable.24 This 
approach, which is less reliant on the strict exogeneity assumption, will en-
able us to identify the causal effect of the teaching staff certification on stu-
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24 Since our instrument is measured at the municipality level, using an IV approach without 
including school fixed effects would not be able to account for endogeneity within munici-
palities. In order for such a model to work, we would have to aggregate data at the munici-
pality level. However, such an approach would be an inferior alternative to the IV approach 
that includes school fixed effects. 
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dent achievement and provide a consistent estimator of β1. The basic idea is 
to use a variable, Z, that is both relevant, i.e., correlated with the explanatory 
variable (in our case the percentage of non-certified teachers) and exoge-
nous, i.e., uncorrelated with the error term. Technically this means that 

 and ),cov( NC
jtjt pZ 0),cov( =ijtjtZ ε . Given that there exists an in-

strument Z that satisfies these two conditions, the coefficient of interest, β1, 
can be estimated using a two stage least square (2SLS) estimator. The sys-
tem of equations to be estimated is: 
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where Z is the instrumental variable and η is an idiosyncratic error term. 

The instrument that we use is the interaction between the WG and the un-
employment among certified teachers, i.e., . The two stage model 
can then be specified as: 
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where Ul is the unemployment rate among certified teachers in LLM l and 
WGk is the Wärnersson grant distributed to municipal k. 

The relevance of our instrument is showed in Andersson & Waldenström 
(2007).25 Further, using the variation in the teaching staff composition be-
tween municipalities created by the WG, together with different levels of 
certified teacher unemployment, assure the exogeneity and thus the validity 
of the instrument. Our instrumental variable is correlated with the percentage 
of non-certified teachers, which in turn may affect student achievement, but 
it does not directly affect achievement. We can not find any credible reasons 
why the unemployment among certified teachers should directly affect stu-
dent achievement. Because of the construction of the grant we furthermore 
argue that the grant does not directly influence student achievement. 

Assuming that certified teachers are considered to be of higher quality 
than non-certified teachers, the exogenous teacher demand shock that the 
introduction of the WG implies should lead to an increase in the share of 
employed certified teachers. However, this would be possible only in the 
case when certified teachers are available, i.e., when the supply of such 
teachers is at least as large as the demand. This is, however, not the case in 

                               
25 As motivated in Andersson & Waldenström (2007), the unemployment among certified 
teachers is a good approximation of the supply of certified teachers. 
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many LLMs, but the supply of such teachers is usually restricted (see 
Andersson & Waldenström, 2007). Thus, the differences in the availability 
of certified teachers between municipalities determine how the WG affects 
the composition of the teaching staff. The variation between municipalities is 
exogenous and makes the interaction between WGk and Ul a relevant and 
exogenous instrument. 

The grant frame for each municipality is set independently of student 
achievement and only depends on the number of inhabitants in the munici-
pality aged between 6 and 18 the year proceeding the grant year. The WG 
can, in that aspect, be considered exogenous. The exogeneity of the distribu-
tion of resources within a municipality could however be open for discus-
sion. Schools with lower results and weaker students may receive relatively 
more resources than schools showing better student achievement.26 The 
problems that may be caused by such a resource distribution can, however, 
be mitigated by controlling for teacher density, which we also do. If the dis-
tribution of the grant, within a municipality, is based on school characteris-
tics it will be reflected in the teacher density, which is just another school 
resource measure (more WG to a school implies higher teacher density)

Under the assumption that formerly unemployed certified teachers that 
are employed as a result of the introduction of the WG are of lower quality 
than the already employed certified teachers, our 2SLS estimator will esti-
mate a lower bound of the effect of teacher certification on student achieve-
ment. β1 from equation (7) in fact reveals the effect of certification on 
student achievement due to the group of teachers who are affected by our 
instrument, namely the new teachers that get employed because of the intro-
duction of the WG. 

3 Results 
3.1 Teacher certification and student achievement 
In this section we present the results from the estimated models discussed in 
section 2. Firstly, we estimate an OLS model, secondly an OLS model with 
school fixed effects and, lastly an IV model with school fixed effects, this 
last model being our preferred model. Throughout the analysis, the depend-
ent variable is the percentile ranked GPA. However, we also report results 
from the estimation of our preferred model, when the dependent variable is 
the percentile ranked grades in the core subjects (English, Swedish and 
mathematics).27 

 
26 In the case of the WG there are no specific requirements on which type of teachers that 
should be employed using the extra resources. 
27 All specifications have also been estimated using results on standardized tests in mathemat-
ics, Swedish and English as the dependent variable. The results from these estimations are 
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Moreover, by dividing the sample of students into three groups according 
to parental education, we investigate whether there are heterogeneous treat-
ment effects of being exposed to non-certified teachers for these groups of 
students. 

 
Table 1.The relationship between the GPA and teacher certification – OLS. 

Dependent variable: (1) (2) (3) (4) 
Percentile rank of grade point average OLS OLS OLS OLS 
Percent non-certified teachers  
(school level) 

-0.118*** 
(0.010) 

-0.106*** 
(0.010) 

-0.013* 
(0.007) 

-0.014* 
(0.008) 

LLM, municipality and school level 
control variables No Yes No Yes 

Individual level control variables No No Yes Yes 

Observations 583,698 583,698 582,248 582,248 
R2  0.002 0.003 0.206 0.206 
Note: Standard errors in parentheses. Standard errors are cluster corrected (cluster = school). 
Year dummies included. * significant at 10%; ** significant at 5%; *** significant at 1%. 
LLM level control variables are: overall unemployment and teacher unemployment. Munici-
pality level control variable is the WG. School level control variables are: teacher density and 
number of students. Individual level control variables are: age, gender, month of birth, immi-
gration status, parental education and parental immigration status. 
 

Table 1 reports the results from the estimation of the OLS model, when dif-
ferent sets of control variables are included. When controls at the individual 
level are not included (specification (1) and (2)), the results indicate that the 
percentage of non-certified teachers at the school level has a negative and 
statistically significant impact on student achievement. A one percentage 
point increase in the share of non-certified teachers is expected to decrease 
the average student’s GPA ranking with 0.1 units. 

When individual characteristics are added to the model (specification (3) 
and (4)), the negative relation between certification status of the teaching 
staff and student achievement becomes much smaller and the results’ statis-
tical significance decreases to the ten percent level. 

                                                                                                                             
mostly insignificant and our instrumental variable does not seem to be relevant. This might be 
because of data limitations (results on standardized tests are only available for some years and 
for some years only for a non-representative sample of 150 schools). We therefore focus on 
the percentile ranked GPA as our dependent variable. 
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Table 2. The relationship between the GPA and teacher certification – OLS with 
school fixed effects. 

Dependent variable: (1) (2) (3) 
Percentile rank of grade point average FE school FE school FE school 
Percent non-certified teachers (school 
level) 

0.003 
(0.008) 

0.004 
(0.009) 

0.012 
(0.008) 

LLM, municipality and school level control 
variables No Yes Yes 

Individual level control variables No No Yes 

Observations 583,698 582,248 582,248 
R2 0.053 0.053 0.238 
Note: Standard errors in parentheses. Standard errors are cluster corrected (cluster = school). 
* significant at 10%; ** significant at 5%; *** significant at 1%. LLM level control variables 
are: overall unemployment and teacher unemployment. Municipality level control variable is 
the WG. School level control variables are: teacher density and number of students. Individual 
level control variables are: age, gender, month of birth, immigration status, parental education 
and parental immigration status. 

Because the OLS estimates most certainly are biased and inconsistent (as 
discussed in section 2), we include school fixed effect in order to mitigate 
the potential endogeneity in the model. These results are reported in Table 2. 
As shown, no significant effects of teacher certification on student achieve-
ment can be found. The estimated effects are very small and far from statis-
tically significant. 

Because the school fixed effects model is not able to handle all kinds of 
endogeneity that may be present, we supplement the model with an instru-
mental variable, namely the interaction between the WG and the certified 
teacher unemployment, and we estimate the model using a 2SLS estimator. 
The results from this model are presented in Table 3. 
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Table 3. The relationship between the GPA and teacher certification – 2SLS with 
school fixed effects. 

Dependent variable: 
Percentile rank of grade point average 

(1) 
IV FE school 

(2) 
IV FE school 

(3) 
IV FE school 

Percent non-certified teachers  
(school level) 

-0.357* 
(0.184) 

-0.465* 
(0.251) 

-0.556** 
(0.273) 

LLM, municipality and school level 
control variables No Yes Yes 

Individual level control variables No No Yes 

Observations 583,695 583,695 582,245 
R2 0.005 0.008 0.185 
Note: Standard errors in parentheses. Standard errors are cluster corrected (cluster = school). 
Year dummies included. * significant at 10%; ** significant at 5%; *** significant at 1%. 
LLM level control variables are: overall unemployment and teacher unemployment. Munici-
pality level control variable is the WG. School level control variables are: teacher density and 
number of students. Individual level control variables are: age, gender, month of birth, immi-
gration status, parental education and parental immigration status. 

From Table 3 we conclude that the certification status of teachers appears to 
matter when trying to explain student achievement measured by percentile 
ranked GPA.28 

The results from the first specification, that does not include individual, 
school, municipality or LLM control variables, show that a one percentage 
point increase in the share of non-certified teachers is expected to decrease 
the average student’s GPA ranking with almost 0.4 percentile units. The 
estimate is statistically significant at the 10 percent level. In the second 
specification (2), where control variables at the school, municipality and 
LLM level are included, the estimated effect is larger and a one percentage 
point increase in non-certified teachers is expected to decrease the average 
student’s GPA ranking with about 0.5 percentile units. In the last specifica-
tion (3), we also include individual specific characteristics in the model. In 
this specification, a one percentage point increase in the share of non-
certified teachers is expected to decrease the average student’s GPA ranking 
with about 0.5 percentile units and is statistically significant at the five per-
cent level. We can conclude that the estimated effect is relatively stable be-
tween the different specifications. 

However, the results reported in Table 3 may be overestimated if non-
certified teachers systematically award lower grades than certified teachers, 
given the same student performance. Therefore, we use percentile ranked 
grades in the three core subjects as alternative dependent variables. Since 

                               
28 The complete parameter estimates from Table 3 are reported in Table A2 in Appendix. The 
complete first stage regression estimates and the F-statistica are reported in Table A3 in Ap-
pendix. 
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students take standardized tests in these subjects we expect the grading pro-
cedure to be easier and more accurately assessed in these subjects. We use 
both a grade point average of all three core subjects (English, Swedish and 
mathematics) and grades in these single subjects as the dependent variable. 
When studying results in only a few or single subjects the variation in the 
data is likely to be less, which makes it harder to get precise point estimates. 
The results from these regressions are similar to the results presented in 
Table 3.29 The point estimates are statistically significant on around the ten 
percent level in all but one specification and the magnitude of the estimated 
effect is about the same as in Table 3. A one percentage point increase in the 
share of non-certified teachers is expected to impair student achievement in 
core subjects with between 0.3 and 0.4 percentile units. We therefore con-
clude that differences in grading practises, between certified and non-
certified teachers, is not likely to constitute a major problem in our study. 

The evidence provided so far indicates that students exposed to non-
certified teachers perform worse than their fellow students being taught by 
certified teachers. The importance of this result could however be hard to 
grasp without further discussion. For that purpose, let us analyse what our 
estimated result means for the achievement of an average student in a mu-
nicipality situated at the 95th percentile of the distribution of the share of 
non-certified teachers (called “the teacher certification distribution” in the 
remaining of the paper), compared to a student in a municipality situated at 
the 5th percentile of the teacher certification distribution. In the academic 
year 2003/04, a municipality with a position at the 95th percentile of the 
teacher certification distribution had around 28 percent non-certified teach-
ers, while a municipality at the 5th percentile had less than 8 percent non-
certified teachers, a difference in the share of non-certified teachers of 
around 20 percentage points.30 The point estimate from column (3) in 
Table 3 (-0.56) signifies in this context that a student attending a school with 
a share of non-certified teachers corresponding to the 95th percentile in the 
teacher certification distribution, receives a position in the GPA ranking that 
is 11.2 (0.56 · 20) percentile units lower than a student who attends a school 
at the 5th percentile, all else kept constant. To further understand this result 
we can compare it with the difference in student achievement between boys 
and girls. It is a well known fact that girls outperform boys when it comes to 
student achievement. In our estimations (see Appendix, Table A2) we find 
that girls are expected to achieve a position in the GPA distribution that is 11 
percentile units better than for boys, ceteris paribus. A rather large differ-
ence, but attending a school at the lower end of the teacher certification dis-
tribution instead of a school at the top of the distribution can counterbalance 
this effect. 

 
29 These results are reported in Table A4 in Appendix. 
30 See Andersson & Waldenström (2007). 
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Another interpretation of our results that is plausible is in relation to im-
migration status. Students that have immigrated to Sweden within five years 
before completing compulsory schooling is expected to have a position in 
the GPA distribution that is around 3 percentile units worse than other stu-
dents. The difference in student achievement of attending a school at the 95th 
percentile of the teacher certification distribution, instead of a school at the 
5th percentile in the distribution is almost four times as large as the difference 
between newly immigrated students and students that have lived in Sweden 
for a longer time.31 

The results indicate that the percentage of non-certified teacher has a 
rather large effect on student achievement. Thus, these findings provide 
some support for the hypothesis that teacher certification matter for student 
achievement. However, the presented results may also reflect some influence 
from teacher experience since certification and experience are highly corre-
lated and hard to separate from each other.32 Certified teachers have usually 
much more experience than their non-certified counterparts; teachers that 
have invested in a certification usually stay longer within the profession than 
teachers that have not invested in a teacher education.33 Therefore, and also 
because we can not separate the screening effect from the effect on human 
capital of the teacher education, it is hard to draw policy conclusions from 
our findings. However, it could be questionable whether the large differ-
ences in the percentage of (non-) certified teachers between different schools 
and municipalities are defensible from a fairness point of view.34 As dis-
cussed above, differences in student achievement related to, e.g. gender dif-
ferences or immigration status, can be counterbalanced by attending schools 
with a low share of non-certified teachers. 

3.2 Heterogeneous effects 
The results presented in the previous section indicate that having higher per-
centage non-certified teachers at a school harm student achievement. To 
further investigate whether students with different backgrounds are affected 
differently by being taught by non-certified teachers, we divide the sample 
according to parental education. This division can be seen as an approxima-
tion for students’ socio-economic status. The sample is divided into three 
groups: (i) students whose parents have at most nine years of education, 

 
31 See Appendix, Table A2. 
32 Teacher experience is unfortunately only available from the academic year 1999/2000 and 
onwards. 
33 According to our data, the mean number of years of experience among certified teacher was 
in 2004 about 17.7 years while the corresponding number for non-certified teachers was only 
4.3 years. 
34 Especially since the Swedish school system has a goal of equal opportunities for students, 
despite, for example, their geographical residence. 
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(ii) students with parents where at least one parent have a high school educa-
tion and finally (iii) students with parents where at least one of the parents 
have a university education. We apply this division on our preferred 2SLS 
model with school fixed effects and include municipality, school and indi-
vidual level controls. The results are reported in Table 4. 

 
Table 4 The effect of teacher certification by family background – 2SLS with school 
fixed effects. 

Dependent variable: 
Percentile ranked grade point 
average 

(1) 
IV FE - Low 

educated parents 

(2) 
IV FE - Medium 
educated parents 

(3) 
IV FE - Highly 

educated parents 

Percent non-certified teachers 
(school level) 

-0.696 
(0.483) 

-0.343 
(0.288) 

-0.720** 
(0.363) 

LLM, municipality and school 
level control variables Yes Yes Yes 

Individual level control variables Yes Yes Yes 

Observations 55,299 280,544 246,366 
R2 0.032 0.065 0.051 
Note: Standard errors in parentheses. Standard errors are cluster corrected (cluster = school). 
Year dummies are included. * significant at 10%; ** significant at 5%; *** significant at 1%. 
LLM level control variables are: overall unemployment and teacher unemployment. Munici-
pality level control variable is the WG. School level control variables are: teacher density and 
number of students. Individual level control variables are: age, gender, month of birth, immi-
gration status, parental education and parental immigration status. 

As Table 4 shows there are no statistically significant effects for the first two 
groups, while the effect for the last group is statistically significant at the 
five percent level. It can thus be concluded that the only students that seem 
to be affected by a high percentage of non-certified teachers, are students to 
highly educated parents. A student with highly educated parents is expected 
to fall with about 0.7 units in the percentile ranked GPA distribution, when 
the share of certified teachers is increased with one percentage point. 

 This result can at first sight appear a little surprising, but could maybe be 
explained by the fact that, although non-certified teachers may be equally 
good as certified teachers at giving students basic knowledge, they are not as 
good when it comes to preparing the top students. High achieving students 
are likely to be more common among those with advantageous socio-
economic background, i.e., with highly educated parents. 

To summarize, our findings indicate that the share of non-certified teach-
ers in public compulsory schools do have a negative impact on student 
achievement. The effect is quite large and attending a school with very few 
non-certified teachers compared to one with a lot of certified teachers can, 
for example, counterbalance differences in performance between boys and 
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girls. We also find that students with highly educated parents are affected the 
most from being exposed to non-certified teachers. 

4 Conclusions 
Teacher certification have for a long time been a much debated subject. In 
Sweden the share of non-certified teachers has increased rapidly during the 
last decade and proposals to prohibit non-certified teachers on indefinite 
contracts have been suggested. Although teacher certification is seen as an 
important aspect of teacher quality, there is little evidence that it is system-
atically related to student achievement. 

This paper provides some evidence that certified teachers are important 
for student achievement in Swedish compulsory schools. We estimate the 
effect of the percentage of non-certified teachers at a school on student 
achievement. In our preferred model specification we apply an instrumental 
variable approach with school fixed effects. We find that the average stu-
dent’s position in the GPA ranking is expected to decrease with 0.56 percen-
tile units if the share of non-certified teachers is increased with one percent-
age point. That this is a relatively large effect is evident when it is related to 
differences in student achievement between girls and boys, and also between 
immigrant and non-immigrant students. Attending a school with a low share 
of non-certified teachers can counterbalance gender differences in student 
achievement and also the achievement disadvantage that immigrant students 
may have. 

When our sample is divided according to parental education, we find that 
students with highly educated parents are the ones for which non-certified 
teachers are most detrimental. A one percentage point increase in the share 
of non-certified teachers is, ceteris paribus, expected to decrease a student 
with high educated parents’ position in the GPA ranking with 0.72 units. 
These effects are statistically significant at the five percent level. 

Our findings indicate that the teaching staff composition, with respect to 
certification, matter for the students’ results. In other words, we find evi-
dence for the hypothesis that a formal teacher education, and thus teacher 
certification, plays a role for student achievement. However, it is important 
to remember that our results also may reflect the influence that teacher ex-
perience may have on achievement. Since we can not separate these effects 
from each other, and also since we can not separate the teaching education’s 
screening effect from its effect on human capital, makes it harder to draw 
policy conclusions. 

These results can thus not give a definite answer to the much debated 
policy relevant question of whether imposing tighter standards for employ-
ment of non-certified teachers or even prohibiting employment of such 
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teachers on indefinite contracts, leads to better student achievement.35 It is 
possible that such measures can improve teacher quality, but it is important 
to keep in mind that a prohibition of employing non-certified teachers may 
also restrict the supply of qualified individuals. Moreover, when analyzing 
the power and credibility of the certification as a teacher quality measure, it 
is important to also include aspects like the quality of the teacher education 
candidates, as well as the quality of the teacher education per se. Wedman, 
Wahlgren & Franke-Wikberg (2006) concludes in a report for the Swedish 
National Agency for Higher Education (Högskoleverket) that the Swedish 
teacher education is not up to the mark; students attending the education are 
graded higher than they should and 25 percent of the students passing the 
exams and receiving a certification do not have the necessary knowledge and 
should not have received a teacher certification. 

Our results do, however, give rise to questions from a fairness point of 
view. The large differences in teacher certification between municipalities 
and schools are not defensible in the light of the “equal opportunities“-goal 
for students regardless their gender, ethnicity and family background. 
According to this goal, should student achievement not depend on which 
school a student is attending or which municipality he/she resides in, but 
rather on his/her ability and effort. Considering our results this goal does not 
seem to be fulfilled. 

 
35 Such a proposal has been put forward by the Swedish Minister for Schools and Adult Edu-
cation, Jan Björklund. More information about this can be found on http://www.sr.se/cgi-
bin/ekot/artikel.asp?Artikel=1039276 and http://www.regeringen.se/sb/d/7596/a/72405. 
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Appendix 
Table A1. Descriptive statistics for the complete sample 

Variable Observations Mean Std. Dev. 
Percent non-certified teachers (school level) 582,248 18.17 10.64 

Wärnersson grant (municipality level),  
Thousands of SEK/student 582,248 0.55 0.70 

Percent overall unemployment, 
(local labor market) 582,248 4.60 1.14 

Percent unemployment certified, those 
searching for teacher jobs,  
(local labor market) 

582,248 2.48 1.10 

Teachers/100 students (school level) 582,248 8.11 1.16 

Rank of grade point average 582,248 50.06 28.83 

Grade point average 582,248 202.42 62.72 

Number of students 582,248 468.08 165.45 

Girl 582,248 0.49 0.50 

Mother: high school education 582,248 0.49 0.50 

Mother: university education shorter than 2 
years 582,248 0.03 0.17 

Mother: at least 2 years of university educa-
tion 582,248 0.29 0.45 

Mother: information about education is 
missing 582,248 0.03 0.18 

Father: high school education 582,248 0.45 0.50 

Father: university education shorter than 2 
years 582,248 0.06 0.24 

Father: at least 2 years of university educa-
tion 582,248 0.20 0.40 

Father: information about education is miss-
ing 582,248 0.07 0.25 

Student immigrated within five years before 
completing ninth grade 582,248 0.02 0.12 

Both parents born abroad 582,248 0.12 0.32 

Month of birth 582,248 6.26 3.37 
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Table A2. Complete parameter estimates from Table 3. 

Dependent variable: (1) (2) (3) 
Percentile ranked grade point average IV FE IV FE IV FE 
Percent non-certified teachers, 
(school level) 

-0.357* 
(0.184) 

-0.465* 
(0.251) 

-0.556** 
(0.273) 

Wärnersson grant (municipality level), 
Thousands of SEK/student 

-0.261 
(0.713) 

-0.098 
(0.783) 

-0.216 
(0.814) 

Percent unemployment certified teach-
ers, those searching for teacher jobs, 
(local labor market) 

-0.434*** 
(0.167) 

-0.490** 
(0.200) 

-0.522** 
(0.214) 

Percent overall unemployment, 
(local labor market)  0.209 

(0.160) 
0.302* 
(0.171) 

Ln(number of students)  2.983* 
(1.813) 

3.211* 
(1.934) 

Ln(teachers/100 students)  4.017 
(2.832) 

5.433* 
(3.079) 

Mother: information about education is 
missing   2.259*** 

(0.413) 

Mother: high school education   7.221*** 
(0.118) 

Mother: university education shorter 
than 2 years   15.077*** 

(0.235) 

Mother: at least 2 years of university 
education   19.043*** 

(0.149) 

Father: information about education is 
missing   0.531*** 

(0.203) 

Father: high school education   4.525*** 
(0.107) 

Father: university education shorter than 
2 years   13.404*** 

(0.181) 

Father: at least 2 years of university 
education   15.825*** 

(0.140) 

Both parents born abroad   -0.728*** 
(0.221) 

Student immigrated within five years 
before completing ninth grade   -2.938*** 

(0.527) 

Girl   11.290*** 
(0.108) 

Month of birth   -0.427*** 
(0.011) 

Age   -11.653*** 
(0.183) 

Year 1998 -4.797** 
(2.244) 

-5.807** 
(2.859) 

-6.302** 
(3.078) 

Year 1999 -3.573** 
(1.694) 

-3.712** 
(1.878) 

-3.618* 
(1.986) 
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Dependent variable: (1) (2) (3) 
Percentile ranked grade point average IV FE IV FE IV FE 

Year 2000 -3.114** 
(1.511) 

-3.071* 
(1.632) 

-3.525** 
(1.710) 

Year 2001 -2.059 
(1.258) 

-1.585 
(1.332) 

-1.752 
(1.370) 

Year 2002 -0.920 
(0.849) 

-0.311 
(0.997) 

-0.335 
(1.036) 

Year 2003 -0.497 
(0.462) 

0.060 
(0.641) 

0.041 
(0.681) 

Observations 583,679 583,679 582,245 
R2 0.005 0.008 0.185 
 
Table A3. First stage regression results from Table 3. 

 (1) (2) (3) 
Wärnersson grant (munici-
pality level), 
thousands of SEK/student 
 

2.864** 
(1.153) 

2.643** 
(1.160) 

2.646** 
(1.161) 

Percent unemployment 
certified teachers, those 
searching for teacher jobs, 
(LLM) 
 

-0.203 
(0.214) 

-0.249 
(0.220) 

-0.248 
(0.220) 

Wärnersson grant (munici-
pality level) · Unemploy-
ment certified teachers 
(LLM) 
 

-0.452*** 
(0.129) 

-0.367*** 
(0.131) 

-0.368*** 
(0.131) 

Percent overall unemploy-
ment, 
(LLM) 

 0.263 
(0.204) 

0.263 
(0.204) 

Ln(number of students)  5.296*** 
(1.625) 

5.308*** 
(1.626) 

Ln(teachers/100 students)  10.188*** 
(1.639) 

10.193*** 
(1.632) 

Mother: information about 
education is missing   0.141** 

(0.057) 

Mother: high school educa-
tion   0.034 

(0.021) 

Mother: university educa-
tion shorter than 2 years   0.047 

(0.043) 

Mother: at least 2 years of 
university education   -0.011 

(0.023) 

Father: information about 
education is missing   0.016 

(0.035) 

Father: high school educa-
tion   -0.014 

(0.018) 
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 (1) (2) (3) 
Father: university education 
shorter than 2 years   -0.004 

(0.029) 

Father: at least 2 years of 
university education   -0.014 

(0.023) 

Both parents born abroad   0.048 
(0.032) 

Student immigrated within 
five years before complet-
ing ninth grade 

  -0.074 
(0.072) 

Girl   0.028* 
(0.014) 

Month of birth   0.004* 
(0.002) 

Age   0.049 
(0.036) 

R2 0.40 0.42 0.42 
F-value 12.33 7.80   7.85 
Prob > F  0.000 0.005 0.005 

 
Table A4. Student achievement in core subjects – 2SLS with school fixed effects.  

Dependent variable: (1) (2) (3) (4) 
Percentile ranked grades 
in core subjects 

All three core 
subjects English Swedish Mathematics 

Percent non-certified 
teachers (school level) 

-0.413* 
(0.237) 

-0.394* 
(0.221) 

-0.399* 
(0.237) 

-0.346 
(0.242) 

LLM, municipality and 
school level control vari-
ables 

Yes Yes Yes Yes 

Individual level control 
variables Yes Yes Yes Yes 

Observations 557,416 576,521 557,676 576,521 
R2  0.17 0.12 0.19 0.11 
Note: Standard errors in parentheses. Standard errors are cluster corrected (cluster = school). 
Year dummies included. * significant at 10%; ** significant at 5%; *** significant at 1%. 
LLM level control variables are: overall unemployment and teacher unemployment. Munici-
pality level control variable is the WG. School level control variables are: teacher density and 
number of students. Individual level control variables are: age, gender, month of birth, immi-
gration status, parental education and parental immigration status. 
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Essay 4 
 
The effects of early age tutoring: Evidence 
using data on boarding home students in the 
1940s1 

It is well known that children of parents from better socio-economic back-
ground or higher social class (for example more educated and/or higher earn-
ings) are over-represented in higher education. That is, there is a social 
stratification into higher education. There are also numerous studies in soci-
ology, education and economics that show that family background (parents’ 
education, income, etc.) is mainly important for students’ first choice of 
higher education (see e.g. Cameron & Heckman, 1998 for a review of some 
of the studies). That is, family background is important for upper secondary 
studies, but less so for university and PhD studies. This phenomenon is, in 
the literature, denoted as dynamic selection. 

There are two explanations for this phenomenon. The first one assumes 
that there are liquidity constraints for individuals from lower social classes, 
but not, or at least not to the same degree, for individuals from higher social 
classes. Because of liquidity constraints do the individuals from lower social 
classes need to have an, on average, a higher ability than students from 
higher social classes, in order to motivate the first choice into higher studies. 
This implies that the ability of students from lower social classes at the upper 
secondary level is, on average, higher than the ability of students from 
higher social classes, which reduces the effect from liquidity constraint at the 
second choice of higher education. Another idea is that the ability of indi-
viduals from low social classes is on average lower than the ability of the 
high social class individuals when leaving mandatory schooling. 

Cameron & Heckman (1998) test the hypothesis of liquidity constraints. 
They assume that individuals know their ability and that there is a fixed cost 
for higher studies. Students are assumed to maximize their lifetime wealth 
that depends on their ability. Based on their model and data on five cohorts 
of American males they reach the conclusion that it is not liquidity con-
straints that cause social stratification in the USA. Instead, the children from 

 
1 Co-authored with Per Johansson, Uppsala University. 
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higher social classes have on average higher ability than individuals from 
lower social classes. The policy conclusion is that one should provide better 
education at an early age in life, in order to increase opportunities in society. 
Reducing liquidity constraints is of secondary importance. 

In an attempt to test the claim by Cameron & Heckman, we estimate the 
effect of early age tutoring on grades and choice of higher education. In 
addition, we also estimate long-term effects using earnings, early retirement 
and death as outcomes. We use data on boarding home students, born be-
tween 1932 and 1941, that attended regular public schools close to the 
boarding homes. At the boarding homes students had daily scheduled time 
for doing their homework. The directress that helped children with their 
homework had a junior school certificate or was a junior school teacher. The 
boarding homes also had a small library from which students could borrow 
books. The availability of books was unusual in this area of Sweden at this 
point in time. In this way, boarding home students were exposed to a peda-
gogic influence that the other students in the same school did not have. 

Today these individuals are, if alive, between 66 and 75 years of age. This 
makes it possible to study long-term effects from the pedagogical stimuli at 
the boarding homes or a tutoring effect. Having to stay at the boarding home 
could, however, also have long-term negative effects on, for example health. 
The children (some only six years of age) might remain for very long periods 
at the boarding homes without seeing their families. The rules were also very 
strict at the boarding homes and the children had to work hard. Being sepa-
rated from the family in this way could be very traumatic for children and 
could potentially have negative effects later on in life. 

Placement at the boarding homes was based on the distance to the nearest 
school and thus had no direct connection to students’ skills. Individuals 
living more than four kilometers away from the school were to be placed at a 
boarding home. However, it is most probable that children living further 
away from the municipal center had worse prerequisites for continuing into 
higher education than individuals living closer to the school. This fact pro-
hibits us from using simple comparisons in mean outcomes between the two 
groups of students. Unfortunately, we lack information on the distances to 
the nearest school for the non-boarding home students, which prevents us 
from using a regression discontinuity approach. Instead, we control for dif-
ferences in background skills by covariate adjustments using regression 
estimators. 

We find statistically significant effects on grade point average (GPA) in 
sixth grade for students remaining for six years or longer at the boarding 
homes. We do not, however, find a statistically significant effect on educa-
tional attainment for this group. For students with less than six years at the 
boarding home the educational attainment is lower than for the comparison 
group of students who did not stay at a boarding home. We find no clear 
evidence of an effect on earnings, early retirement and mortality. In addition 
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to these average effects, we estimate models where the effects from boarding 
homes are made dependent on the grade point average in the first semester. 
We find general positive effects on GPA in the sixth grade for students with 
low GPA in the first semester. With regards to educational attainment and 
earnings there are some indications of an effect for those with low GPA in 
the first semester. These effects suggest that there are both negative and 
positive effects from boarding. For those with low initial skills, the positive 
effects from tutoring, books, etc. outweighs the negative effects of being 
separated from their home environment. All in all, our results support the 
claim made in Cameron & Heckman and thus suggest that education and 
tutoring at an early age in life is effective as a way of increasing (or equaliz-
ing) skills when leaving mandatory schooling. 

The remainder of the paper takes the following structure: section 1 pre-
sents a historical development of the Swedish schooling system, while sec-
tion 2 gives the history of the boarding homes. Section 3 provides the data 
and variable specifications and section 4 some first descriptive results. The 
results from the estimations and analysis are provided in section 5 and the 
paper is finally concluded in section 6. 

1 Historical development of the schooling system in 
Sweden2 

By the start of the nineteenth century primary schooling in Sweden mainly 
consisted of home instruction with the aim that all individuals should be able 
to read and understand some specified religious texts. This implies that 85 to 
90 percent of the population was, to some degree, literate in the early nine-
teenth century (Ljunggren & Nilsson, 2005). 

When the elementary school regulation (folkskolestadga) was passed in 
1842 it was the first step towards a more general and thoroughly organized 
Swedish school system. Parishes had an obligation to obey the regulation’s 
main rule, which stated that ‘every town parish and parish in the country 
should have at least one, preferably stationary, school with a properly 
approved teacher’ (Slunga, 2000). The aim of the regulation was for the 
Swedish elementary school system to give every child an elementary educa-
tion with basic knowledge in reading, writing and mathematics. 

Sjögren-Hellblom (1992) estimated that in the mid-1860s the average 
amount of schooling was no more than one year. By the end of the nine-
teenth century the average time in schooling was estimated to be two years 
by Sjögren-Hellblom (1992) and three years by Ljunggren & Nilsson (2005). 

 
2 This section draws heavily on Slunga (2000). 
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The implementation of the general elementary school system was very 
slow, especially in the countryside, even though the regulation gave a five-
year respite. The reasons for the slow establishment of new schools were 
partly due to a lack of resources, but also to a lack of educated teachers 
(ibid.). As a result of the problems in implementing a well-functioning ele-
mentary school, opinion grew to create a simpler and cheaper form of 
schooling for young students. In 1858 a junior school (småskolan) was cre-
ated and this type of schooling was in many ways a unique Swedish pheno-
menon in the history of primary schooling (Richardson, 1992). The aim of 
this type of school was to provide fundamental knowledge in reading and 
writing, but with a curriculum that also encompassed mathematics, religion, 
local geography, history and folklore (ibid.). 

At this point in time there also existed another, less costly, form of 
schooling, namely the minor elementary school (mindre folkskolor). These 
minor elementary schools were introduced in 1853 (ibid.). They were espe-
cially common in the countryside and in remote villages and were often 
mobile, traveling from village to village. They had shorter scheduled time 
for education and fewer courses and subjects (ibid.). Pupils at these schools 
seldom spent more than three years in school (Ljunggren & Nilsson, 2005). 
The educational system came to consist of a junior school stage as well as an 
elementary school stage. The junior school stage became the natural link 
between the home and the school. 

The schooling system in Sweden was, however, still very diverse and 
very far from the unified educational system Sweden has today. The school 
commission of 1918 therefore presented a proposal in 1922 on how to re-
form the Swedish schooling system. The commission argued for a six-year 
common elementary schooling. The commission also supported the idea that 
government grants to parallel forms of schooling should be banned. A uni-
fied general school was argued for. However, because of political disunity 
these suggestions were not implemented until much later. 

In the 1930s the birth rate was very low and hence the number of students 
decreased. This led to rationalization and centralization of the educational 
system. In order to centralize the educational system the government de-
cided, in 1935, to increase the grants for transportation of children to 
schools. At the same time larger centrally located school units were created 
and during World War II almost 2,000 schools were closed down and 600 
schools were transformed from a higher to a lower school form (Lindensjö & 
Lundgren, 2000). However, in the northern part of Sweden many children 
lived too far from the nearest school to arrange transportation to school on a 
daily basis. Consequently, there existed a need for these students to board. 

When elementary schooling increased to seven years in 1936 the compul-
sory six years’ elementary schooling had not yet been completely imple-
mented in all Swedish municipalities (Sjögren-Hellblom, 1992). Also, the 
new decision to make compulsory school attendance seven years was diffi-
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cult to implement. Not all students continued to the seventh grade even in 
the late 1940s. This can also be seen in our data, where we observe that some 
students stopped elementary school after the sixth grade. 

In 1940 a new school commission was carried out. The educational sys-
tem was still very diverse (Lindensjö & Lundgren, 2000). Besides elemen-
tary schooling, seven different school forms existed (ibid.). During the years 
1943 to 1952 the number of children of school starting age increased dra-
matically, and the share of children that continued to junior secondary 
schooling increased from 10 to 38 percent (ibid.). 

The share of students that attended full-time elementary schooling in-
creased very rapidly during the first half of the twentieth century. The devel-
opment can be seen in column 2 in Table 1. In the 1940s almost all children 
attended elementary schooling and in the mid 1950s all students attended 
elementary or minor elementary schooling. Another measure that partly 
describes the development in quality of the Swedish schooling system over 
time is the average number of students per teacher, which is displayed in 
column 3 in Table 1. From this column we can see that the average number 
of students per teacher in elementary schooling fell by more than half during 
the time period 1890 to 1930. Hence, the rapid development that took place 
in Swedish society during this period can also be observed in the develop-
ment of the educational system. 
 
Table 1. Share of students in full-time elementary schooling (column 2) and the 
average number of students per teacher in elementary schools (column 3). 

Decade Percent Average number of  
students per teacher 

1890 n.i.3
 54 

1900 48.9 47 
1910 62.0 40 
1920 75.1 29 
1930 89.6 24 
1940 96.7 n.i 
1950 99.8 n.i 
1955 100 n.i 

Source: Richardson, En gemensam barndomsskola, p. 85 and p. 90. 

                               
3 Not identified. 
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2 History of the boarding homes4 
During the nineteenth century the schooling of children in the countryside in 
the most northern part of Sweden was often neglected. A common reason 
why children did not attend school was the long distances they had to travel 
to get to the nearest school. Another very common reason was poverty. 
Families could simply not afford to send their children to school. In the year 
1903, seven percent of children aged between seven and fourteen in the 
county of Norrbotten received no schooling at all. The corresponding figure 
for Sweden was three percent. In the late nineteenth century there was an 
initiative to provide meaningful after-school activities for the poorest chil-
dren between seven and fourteen years of age who attended public elemen-
tary schools. A type of after-school center for junior school children was 
created and spread throughout Sweden. 

In 1902/03 the crops in the northern part of Sweden failed and this 
resulted in a severe famine. As a consequence of this famine a special type 
of after-school centers were created in this part of Sweden, with the special 
feature that the children were boarded. These so-called boarding homes were 
established in Norrbotten with the primary goal to release children from 
acute poverty. Because of the long distances between homes and schools, 
boarding homes also provided a practical solution to the problem that many 
children did not receive any schooling. The first eight boarding homes were 
established in Norrbotten in 1903.5 

During the first years of operation, the boarding homes mostly functioned 
as a home for the most needy and poor children from very remote crofts. 
While staying at the boarding homes, children received good nourishing 
food, clothing and shoes. Besides a general upbringing much focus was 
placed on practical work. Children at the homes had, for example, an obliga-
tion to help with different chores. The boys had to cut wood and girls had to 
help with different domestic chores. Every afternoon the boarding home 
children also had scheduled time to do their school homework (Slunga, 
2000). 

The objective of the boarding homes can be found in their regulations, 
which stated that the boarding homes should: 

...first and foremost prepare poor children in the most sparsely-populated ar-
eas with schooling and knowledge in handicraft – and through their upbring-
ing contribute to devoutness, hard-working and pure morals in the shaping of 
good and for society useful citizens (translation of Slunga, 1993)  

 
4 This section draws heavily on Slunga (1993, 2000) and Lundemark (1980).  
5 Four boarding homes were located in Finnmark: Korpilombolo, Tärendö, Pajala and Pello 
and four in Lapland: Gällivare, Jokkmokk, Arvidsjaur and Arjeplog. 
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The children at the boarding homes attended regular schools that were situ-
ated close by. The principal division between school and boarding home was 
that school should give children a formal education, while the boarding 
home, first and foremost, should function as a second home for the children 
and give them food and lodging. The comprehensive educational goal of the 
boarding homes was the upbringing and development of the children by 
making them used to work, tidiness and obedience. The main reason for this 
was the prevailing opinion that the elementary school was too theoretical and 
the boarding homes were therefore intended to give children a more voca-
tional education (Lundemark, 1980). Staying at the boarding home for up to 
nine months every year must have been hard for many children. The hard 
work there together with the fact that they were separated from their parents 
for long periods could have been traumatic for some children. In the eyes of 
children growing up today, the life at the boarding homes must look rather 
tough. However, at this time in Norrbotten, children living together with 
their parents also had to do daily chores at home, and the home atmosphere 
could be rather strict. 

The importance of the boarding homes for the schooling of children in 
this part of the country can be exemplified by the 570 children who stayed at 
a boarding house in the academic year of 1931/32 (Norrbottens arbetsstugors 
årsredovisning 1931–32). None of them would have obtained eight months 
of statutory schooling if they had continued to live with their parents. About 
a third of the children would have missed all schooling, if the municipalities 
had not succeeded in offering boarding in private homes (ibid.). 

Most children came to the boarding home at the age of seven and 
remained there for their complete period of elementary schooling. In the 
early years of the boarding homes the boarded children spent eight months a 
year there. In 1939/40 the time spent at the boarding home was extended to 
nine months a year. Most children only visited their parents during the sum-
mer and Christmas holidays. 

2.1 Organization of the boarding homes 
The boarding homes in Norrbotten were run privately in the early years and 
funding came from private sponsors. Fund-raising collections, gifts and 
donations kept the boarding homes in operation in the early years. A large 
national fund-raising effort was, for example, initiated in 1902/03 because of 
the famine. However, the funding of the boarding homes became increas-
ingly difficult when the costs rose as a consequence of the increasing num-
ber of boarding homes and children at the homes. In 1907 the central board 
of the boarding homes was allowed to make a national collection in churches 
around Sweden for the funding of the homes. 

The administration of the homes was formalized in 1913 when the Foun-
dation of the Norrbotten boarding homes (Stiftelsen Norrbottens arbets-
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stugor) was instituted. Every boarding home had their own local board that 
answered to the central board of the foundation. The central board had their 
headquarters in Luleå. The board consisted of six members of whom the 
county governor of Norrbotten was the chairman. Even if the foundation was 
run privately the government still had some influence over the boarding 
homes since they could appoint members of the central board as well as an 
accountant. 

The local board had responsibility for the premises and the daily running 
of the boarding home as well as the admission of children. The applications 
for admission of children to the boarding homes usually came from the priest 
in the parish or directly from the children’s parents. Parents were always 
consulted before children were admitted to the boarding home. 

A government commission in 1919 pronounced a positive attitude to the 
boarding homes and did not find it necessary for the municipalities to take 
over the operation of the homes. At this time, the boarding homes received 
government grants to cover the cost for boarding of the non-Swedish-
speaking children and for the cost of personnel. This was a way to assimilate 
Finnish-speaking children into the Swedish society. However, in 1935, the 
regulations changed and the boarding homes started receiving grants for all 
children regardless of their mother tongue. The main focus to receive the 
government grant also changed to being the distance that children had to 
travel to the nearest school. The children’s home should be located at least 
four kilometers from the nearest school.6 

2.2 The boarding homes as a natural experiment 
As has been mentioned previously, the children at the boarding homes had 
scheduled time for homework every afternoon after school. From the mid-
1930s it was also required that the directress of the boarding home had to 
have a lower school certificate or have a junior school teacher education.7 
The children at boarding homes thereby received pedagogical stimuli that 
the non-boarding home children did not get. Every boarding home also had 
their own small library, where the students could borrow books. The avail-
ability of books was very unusual in the, at the time, quite poor and low edu-
cated area of Norrbotten. 

The admission of children to the boarding homes was voluntary in the 
early years. People from the parish or the children’s parents could apply for 
children to be admitted to them. Admission to a boarding home was always 
done in consultation with the child’s parents. In the earlier years it was al-

 
6 Memo regarding the basis for government grants for boarding home students, 1936-01-16, 
Folkrörelsernas Arkiv, 1018, Vol. 120, EVIb. 
7 Memo regarding terms of employment, 1935-08-15, Folkrörelsernas Arkiv, 1018, Vol. 120, 
EVIb. 
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ways specified that the poorest and most needy children should have priority 
when it came to admission of children to the boarding homes. This rule, 
however, changed in the mid-1930s. When the schooling system was 
centralized many smaller schools were closed down and the children were 
referred to boarding homes. Another reason for the closure of small remote 
schools was that the boarding homes had a difficult time filling their places, 
because parents did not want to send their children to boarding home volun-
tarily. This led to a kind of compulsory admission to the boarding homes for 
children living far from the nearest school. It has been documented that 
parents were refused grants to board their children in private homes with the 
argument that there was a boarding home in the village where the school was 
located (Tenerz, 1963, p. 58). 

The criterion for being admitted and boarded at a boarding home was that 
the child should have to travel further than four kilometers to the nearest 
school. However, it is most likely that children living further away from the 
municipal center had worse prerequisites for continuing into higher educa-
tion than individuals living closer to the nearest school. This fact prohibits 
the use of simple comparisons in mean outcomes between the two groups of 
students. 

2.2.1 Boarding homes during the 1940s8 
During the 1940s the dissatisfaction with the boarding homes increased, 
mainly because the economic situation for families improved. Parents de-
manded that their children should be transported to school by the municipali-
ties, since they thought they could handle the upbringing of their children 
better on their own. The development towards more school transportation 
was very rapid. In the academic year of 1939/40, 46.5 percent of the number 
of transported and boarded students were brought to schools by school trans-
portation. In the academic year of 1948/49 this share had increased to 
74 percent. The reason for this rapid increase was the fast development of 
better roads. However, around 5,000 individuals in the county of Norrbotten 
lacked an accessible road to their homes so there still existed a need for chil-
dren to board. 

During the 1940s the government wanted to centralize school units in 
order to make schools larger and make it possible to obtain new expensive 
pedagogical equipment as well as creating special classes. The means to 
achieve this goal was either boarding of children or school transportation.  

To obtain an overview of how children were affected both physically and 
psychologically by attending boarding homes, a small survey was conducted 
in 1949. The survey was handed to teachers who taught both children that 
were boarded and those that were transported to school. Teachers were asked 
six questions regarding how tired children were, number of days of illness, 

 
8 This section draws heavily on Lundemark (1980). 
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physical condition, peer relations and how they did in the homework and 
school results. Teachers were also asked about their opinion on which cen-
tralization measure they thought was best for student achievement. Of the 42 
teachers who answered the survey, two-thirds considered boarding to be 
preferable for student achievement. Children at the boarding homes were 
considered to be well cared for with regular habits concerning meals and 
rest, which made them less tired than the rest of the children, especially at 
the end of the semester. The scheduled time for homework was emphasized 
as extra beneficial. The children that were transported to school were con-
sidered to be exposed to more stress than the boarding home students. It was 
at the same time pointed out that those children who lived with their parents 
had better psychical health than the children at the boarding homes. 

The compulsory school attendance in Sweden increased from six years to 
seven years in 1936. However, the rule was not strictly implemented. In the 
mid-1940s only around 70 percent attended school for seven years or more 
(SOU 1945:60, pp. 14–15). The transition from six to seven years of com-
pulsory school attendance was, in Norrbotten, carried out during the 1940s.  

The transition from six to seven years of compulsory elementary school-
ing meant a larger base of children for the boarding homes. The boarding 
homes were considered important by the government for the implementation 
of the nine years compulsory schooling in the countryside of Norrbotten. 
However, more compulsory schools than expected were built and the rapid 
development of the road network made it possible to transport more children 
to schools, which meant that the importance of the boarding homes gradually 
decreased. The parents’ resistance against the boarding homes also in-
creased. After the academic year of 1953/54 the Foundation of the 
Norrbotten Boarding Homes finally decided to close down the remaining 
15 boarding homes. Seven of the boarding homes examined in this paper 
were closed down in 1953/54 and one, Nattavaara, had already been closed 
down in 1951. The closure of the boarding homes meant that individuals 
born in 1941 were able to attend a boarding home for a maximum of twelve 
semesters.9 

Between the years 1903 and 1954, 5,484 children attended one of 
20 boarding homes in Norrbotten. The total number of years that children 
spent at the boarding homes was 23,228. This means that the average time 
spent at the boarding homes was more than four years. See Table 2 for a 
summary of the number of years of activity and number of children at each 
of the 20 boarding homes. The boarding homes in Arjeplog, Kopilompolo, 
Tärendö and Jokkmokk were in operation during the entire life of boarding 
homes. 

 
9 This is one of the reasons why we studied individuals’ grade in sixth grade and not in sev-
enth grade. Another reason is that the compulsory school attendance rule of seven years was 
not followed strictly at the time. 
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Table 2. Boarding homes in Norrbotten County, years of activity and number of 
children. 

Boarding home Years of activity Number of children  
Arjeplog 52 390 
Arvidsjaur 21 120 
Gällivare 8 80 
Hedenäset 28 224 
Jokkmokk 52 390 
Junosuando 37.5 300 
Karesuando 38.5 350 
Karungi 25 200 
Korpilompolo 52 417 
Muodoslompolo 26 232 
Nattavaara 44 352 
Pajala 38.5 308 
Pello 50 400 
Pålkem 28 280 
Svanstein 22 220 
Teurajärvi 39 314 
Tärendö 52 416 
Ullatti 23 280 
Vittangi 13 92 
Vojakkala 24 120 
Total number of children: 5,484 

Source: Lundemark (1980). 

When the remaining boarding homes were closed down in 1954 they were 
bought by municipalities. The money received from selling the premises and 
inventories was invested in a foundation called The Boarding Home 
Foundation. This foundation still distributes scholarships to school children 
in the county of Norrbotten. In 2006 the funds distributed to students in 
Norrbotten accounted to approximately SEK 4 millions. 

3 Data and variable specifications 
The population of interest in this study consists of individuals born between 
1932 and 1941. The choice of cohorts implies that the oldest individuals 
started first grade of elementary schooling in the academic year of 1939/40 
and the youngest individuals in the academic year of 1948/49. 

The population is divided into two groups: those that attended boarding 
homes (the treatment group) and those that did not (the comparison group). 



The treatment group is divided into three subgroups depending on how long 
the students remained at the boarding home. The first group (BH_short) con-
tains individuals with up to two years at the boarding home. The second 
group (BH_medium) contains those with more than two years at the boarding 
home, but less than six years. The last group (BH_long) contains those indi-
viduals who remained at the boarding home for six years or more. 

All individuals in the treatment and comparison group attended one of 
eight schools in the county of Norrbotten, in the most northern part of Swe-
den. The schools were all located in close proximity to the boarding homes. 
The eight schools were located in four different municipalities (see Figure 1 
for a description of where in Sweden the municipalities are located).10 

 

 
Figure 1. Municipalities with boarding homes in Sweden. Grey areas are munici-
palities with boarding homes used in this study and black areas are municipalities 
with boarding homes that are not included in this study. 

Information on all individuals (both the treatment and the comparison group) 
from the eight different schools is collected from each municipality’s school 

                               
10 The four municipalities are Gällivare, Haparanda, Pajala and Övertorneå. The eight board-
ing homes and schools that are observed were located in Hedenäset, Karungi, Nattavaara, 
Pajala, Pålkem, Svanstein, Ullatti and Vojakkala. 
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archive. Information about the students is collected from handwritten year-
books in which teachers kept the daily records of the students at the school. 
The information available from these yearbooks is individuals’ name, year 
and date of birth, parents’ name, days of absence from school, place of resi-
dence, if students had to repeat first grade and grades (in first semester and at 
the end of sixth grade11) in all subjects that students were taught. The grades 
have been transformed to numeric values in order to create grade point aver-
ages (GPA) for each individual. For three subjects there are missing values 
in a few cases and in these cases these subjects are disregarded when calcu-
lating individual GPAs (see Appendix A for details).12  

Three different indices of GPAs are calculated based on different subjects. 
The first index (GPA_ca) is intended to measure cognitive skills and consists 
of three theoretical subjects that children were taught during their complete 
period of elementary schooling. These subjects are: (i) Mathematics, 
(ii) Writing and language and (iii) Speech and reading exercises. The second 
index (GPA_sa) is intended to measure social skills and consists of grades 
for (i) Order and (ii) Conduct. The last index (GPA_ot) consists of grades 
for the rest of the subjects that students were taught.13 

The boarding home students are identified from Folkrörelsernas arkiv i 
Luleå14. This archive maintains the original registers from the boarding 
homes. Information about students’ names, year and date of birth, name and 
occupation of their parents, home district, and in which semester they first 
arrived at the boarding home is collected from these handwritten registers. 
Information about the number of semesters that individuals stayed at the 
boarding home and information on distances to the nearest school and the 
nearest boarding home is also collected. This information is unfortunately 
only available for a sub-set of all individuals. Distances to the nearest school 
are available for 379 individuals out of the total number of 428 boarding 
home individuals. Distances to the nearest boarding home are available for 
338 individuals.15 The boarding home students also received grades from the 

 
11 Grades are available for all semesters, but we have chosen to focus on grades in the first 
and the twelfth semester. 
12 Grades are missing for six individuals in gymnastics, seven in handicraft and 21 in singing. 
We have performed sensitivity analyses where we have imputed missing grades with mean 
grades and the inference performed is robust to these two ways of handling partly missing 
grades.  
13 This subclass (other) differs between the first and twelfth semester. In first grade the index 
contains the following subjects: (i) Religion, (ii) Local geography, history and folklore, (iii) 
Handwriting, (iv) Gymnastics and (v) Singing. In sixth grade the children were also taught the 
following subjects: (i) Science, (ii) History, (iii) Drawing, (iv) Handicraft, and (v) Geogra-
phy. 
14 Archive of popular movements, located in Luleå. 
15 The reason why information on distances is missing for some individuals is probably be-
cause the directress in some of the boarding homes was not that thorough when making nota-
tions in the boarding home records. Based on the information on place of residence it is possi-
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boarding home directress. These grades were for (i) Conduct, (ii) Diligence, 
(iii) Work capability and (iv) Common character. 

To be able to follow individuals over time and to retrieve information on 
educational attainment, annual earnings and marital status in adult age, one 
has to obtain personal identifiers. This is necessary to be able to identify 
individuals at the databases of Statistics Sweden from where information on, 
for example, marital status, educational attainment and earnings is obtained. 
To obtain personal identifiers for the individuals in the boarding home and 
school registers we made use of software (Personnummersök) at Statistics 
Sweden. We used information on year and date of birth as well as individu-
als’ names. However, since the registers at Statistics Sweden only contain 
information on individuals that are still alive, this procedure does not 
provide personal identifiers for all individuals in our boarding home and 
school registers. The remaining individuals, for whom there is no match in 
the Statistics Sweden database, are therefore manually matched using the 
Swedish Death Index 1947–200316. We were able to identify 90 percent (i.e. 
obtain a unique person identifier) of all individuals from our original regis-
ters (i.e. boarding home and school registers). 

There are at least two reasons why it is not possible to find all individuals. 
First, it is not possible to find an individual who died before 1947 or after 
2003. Second, individuals who have emigrated are not registered in the 
Statistics Sweden database. 

Information on educational attainment, earnings and other socio-
economic variables are then matched to all individuals that are identified 
with a complete personal identifier using different databases at Statistics 
Sweden. Since both individual information on the children as well as infor-
mation on their family background is of interest, the Multigenerational 
register17 has been used to match children to their biological mother and 
father. Information on educational attainment, earnings, etc. that was col-
lected for the boarding home and comparison group children was also, if 
available, collected for their parents. The Multigenerational register contains 
information on both mothers and fathers of individuals born after 1932 and 
registered as living in Sweden any time from 1961 and onwards. 

Individual information on marital status, citizenship, municipality and 
parish was measured by the end of year 1968 and collected from Registret 
över totalbefolkningen (RTB). Information on educational attainment was 
collected from Utbildningsregistret (UREG). Information on both level and 
field of education was collected at three time points: 1990, 1995 and 2006. 

 
ble to impute that most of the individuals, for whom information on distances is missing, 
actually had to travel four or more kilometers to the nearest school. 
16 This index has been put together by The Federation of Swedish Genealogical Societies. 
Several Swedish authorities made information available in order to complete this index for 
individuals that died during the period 1947 to 2003. 
17 In Swedish, Flergenerationsregistret. 
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Annual earnings as well as wealth were retrieved from Registret över in-
komster och taxeringar (IoT) and collected for the following years: 1968, 
1978, 1988 and 1998. Information on early retirement pensions, social 
allowances, and occupational field were also collected from this register for 
the years 1988 and 1998. 

 Folk och Bostadräkningarna (FoB) from the years 1960 and 1970 were 
also used to obtain information about educational level. From the FoB we 
also amassed information on socio-economic status, important information 
especially for the parents. It is mostly based on individuals’ occupation and 
the variable is divided into twelve categories. 

The size of the eight schools investigated was quite small with mean stu-
dent cohorts of about 30. The share of boarding home students (in each of 
the eight schools) shows a large variation (the distribution of students by 
school is displayed in Table B1 in Appendix B). In the school with the larg-
est fraction of boarding home students, Pålkem, more than half of the stu-
dents were boarding home students. The school with the lowest fraction of 
boarding home students was Pajala with 17 percent boarding home students.  

The total number of individuals was rather evenly distributed over the 
sample period and, as expected, the boarding home students were more 
frequent in the earliest years (see Table B2 in Appendix B for the age distri-
bution). That is, the boarding home individuals are, on average, older than 
the comparison group students. The reason why the boarding home individu-
als are somewhat older is because more individuals were transported to 
school in the later years. 

The final sample of individuals born between 1932 and 1941 who 
attended the eight schools in the county of Norrbotten is 1,457. The number 
of individuals in the treatment group, i.e. individuals that attended one of the 
boarding homes, is 428, hence the number of individuals in the comparison 
group is 1,029. 

4 Descriptive statistics and some first evidence 
In the first sub-section we present the distributions of the distances to 
schools and boarding homes and also the number of semesters spent at the 
boarding homes. This provides some small evidence that the placement of 
students at boarding homes in fact was determined by the distance to the 
nearest school. In the second sub-section, we test for observed differences in 
family background characteristics between the two groups of students. 
Finally, in the last sub-section, we compare control and outcome variables 
for the two groups of students. In addition, we also make some comparisons 
with the region where the boarding homes were located and with the 
Swedish population. 
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4.1 Distances and semesters 
The distribution of the distances to the nearest school for the boarding home 
students is displayed in Table 3. From this table we can see that the four-
kilometer limit for being allowed admission to the boarding homes was 
strict. Only about three percent of the boarding home students lived less than 
four kilometers from the nearest school, and all of them traveled three kilo-
meters to school. No one had a distance that was less than three kilometers to 
the nearest school. A majority of boarding home individuals lived between 
four and ten kilometers from school. The remainder are quite evenly distrib-
uted up to a distance of 30 kilometers. It can be seen that quite a lot of indi-
viduals had very long distances to travel to the nearest school. More than 
20 percent were further than 20 kilometers from the nearest school, although 
there were not that many individuals with a distance further than 30 kilo-
meters. 
 
Table 3. Distance to the nearest school for boarding home students. 

Kilometers Observations Percent 
0 – 2 0 0 
3 12 3.2 
4 – 5 108 28.5 
6 – 10 113 29.8 
11 – 15 25 6.6 
16 – 20 36 9.5 
21 – 25 23 6.1 
26 – 30 34 9.0 
31 – 35 9 2.4 
36 – 40 12 3.2 
41 > 7 1.8 
Total: 379 100 

Note: For 49 boarding home individuals (about 13 percent) there is no information on the 
distance to the nearest school. The probable reason for this is that the directress at the board-
ing home forgot to register or that she did not have information on the exact distance to that 
individual’s home village. Originally the number of missing values was 136, but based on the 
information on place of residence we have imputed distances to the nearest school for 87 
individuals. 

We compared the individuals with observed distances to the nearest school 
with those that had missing information with respect to grades, parents’ 
earnings and socio-economic status. The results from this exercise show 
small, and not statistically significant (5 percent level), differences between 
the two groups. The same exercise has been carried out for the group with 
three kilometers (12 individuals) to the nearest school. We find weak evi-
dence of a possible negative selection. The reason that individuals with only 
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three kilometers to school were admitted to the boarding homes might have 
been special cases because of poverty, etc.18 

The distances to the nearest school for individuals is not always the same 
as the distance to the nearest boarding home, where individuals were 
boarded. This is because there was not a boarding home close to every 
school. We calculated the distribution of distance to the nearest boarding 
home (not displayed) and the distances to the boarding home are in general 
further than the distances to the nearest school. Less than ten percent of the 
boarding home students had a journey of less than ten kilometers to their 
home. This suggests that very few children could meet their parents except 
for Christmas and summer holidays. 

Table 4 presents the number of semesters that each boarding home indi-
vidual spent at the boarding home, together with the age when the student 
first went there. For some students (about nine percent) the information on 
the number of semesters is missing. In total, we have information on the 
number of semesters for 389 of the boarding home students.19 From this 
table we can see that most students entered the boarding home at the age of 
seven. Most students who entered at age six or seven also remained there for 
their entire elementary schooling (see 11–12 and 13–14 semesters). Many 
students, however, left the boarding homes early. We do not know the reason 
for this. However, a probable explanation is family mobility. About half of 
the boarding home individuals spent six to eight years at the boarding home. 
The mean number of semesters spent at one of the boarding homes is almost 
ten semesters. As mentioned earlier the last cohort of students, born in 1941, 
as a result of the closure of the boarding homes by the end of the academic 
year 1953/54, could attend the boarding home for a maximum of twelve 
semesters.20 Some, but far from all, students attended seven years of elemen-
tary schooling even though the compulsory school attendance at this point in 
time was seven years. Individuals with 14 semesters at the boarding home 
are probably those that continued to seventh grade of elementary schooling. 
The reason that some students remained for 16 semesters at the boarding 
home is most probably that they had to repeat grades. 

 
18 Note that four of the individuals with three kilometers have student peers in the same home 
village with four kilometers to school. Thus, admission may still depend on the distance and 
not on ability. 
19 Information on the number of semesters is missing for 39 individuals (nine percent). These 
are probably individuals who stayed at the boarding home only for a very short period of time. 
The SEI codes of these individuals’ parents indicate that they are unemployed to a higher 
degree than the rest of the individuals. Families with missing information might therefore be 
more mobile. 
20 However, the boarding home in Nattavaara closed down in 1951 (Lundemark, 1980), which 
meant that individuals born in 1941 could attend the boarding home for a maximum of three 
years. 
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Table 4. Number of semesters at the boarding home by age when starting. 

 Age when starting boarding home 
Semesters 6 7 8 9 10 11 12 13 Total Percent 

1-2 4 21 5 2 1 0 3 2 38 9.8 

3-4 8 20 2 3 0 1 3 1 38 9.8 

5-6 2 19 4 0 2 3 0 0 30 7.7 

7-8 9 34 5 3 0 2 0 0 53 13.6 

9-10 6 26 2 3 1 0 0 0 38 9.8 

11-12 11 48 7 1 0 0 0 0 67 17.2 

13-14 15 89 8 1 0 0 0 0 113 29.0 

15-16 3 7 2 0 0 0 0 0 12 3.1 

Total: 58 264 35 13 4 6 6 3 389 - 

Percent: 14.9 67.9 9.0 3.3 1.0 1.5 1.5 0.8 - 100 
Note: Own calculations based on data from Folkrörelsernas arkiv. Information on the number 
of semesters is missing for 39 individuals (nine percent). 

4.2 Family background 
In this sub-section we present descriptive statistics of five family back-
ground variables for the students under study. The descriptive statistics are 
presented separately for boarding home and comparison students. All vari-
ables are measured after students started their elementary education (1939–
1948). One variable, socio-economic status, is measured in 1960. The three 
variables, earnings, wealth and marital status, are measured in 1968 and, 
finally, educational attainment is measured in 1970. The educational attain-
ment in 1970 is most likely a good indicator of parents’ education in 1939–
1948, since the degree of adult education at this time was extremely low. 

The distributions of the socio-economic status for mothers and fathers in 
1960 are displayed, separately for the different groups of students, in 
Table 5. 
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Table 5. Socio-economic status (SEI) of parents in 1960. 

 BH fathers Comparison 
fathers 

BH mothers  Comparison 
mothers 

SEI Obs. Percent Obs. Percent Obs. Percent Obs. Percent 
1 82 28.5 135 19.3 108 34.5 151 19.0 
2 59 20.5 62 8.8 55 17.6 54 6.8 
3 6 2.1 53 7.6 5 1.6 58 7.3 
4   9 1.3   7 0.9 
5   1 0.1 1 0.3   
6 5 1.7 66 9.4 7 2.2 90 11.3 
7 70 24.3 218 31.1 53 16.9 195 24.5 
8   17 2.4 2 0.6 56 7.0 
11   2 0.3     
12 66 22.9 138 19.7 82 26.2 185 23.2 

 288 100 701 100 313 100 796 100 
Note: BH = boarding home. SEI codes are: 1: Entrepreneur in farming or forestry, 2: Worker 
in farming or forestry, 3: Entrepreneur in industry, trading, transport or service occupations, 4: 
Entrepreneur in ‘free’ occupations, 5: Business executives (employed), 6: Civil servant, sala-
ried employees, 7: Workers (other than category 2), 8: Employees in service occupations, 9: 
Military, 10: Not identifiable, 11: Students, 12: Not employed or students. 

Under the assumption that the mobility between socio-economic statuses 
during the 12–18 years from when the students started their studies is low we 
may conclude that both mothers and fathers of the boarding home students 
are over-represented in the group of farming and forestry entrepreneurs 
(group 1). This group is likely to be quite poor families that in most cases 
lived off a small piece of land that they cultivated. The parents of the board-
ing home students are also over-represented in the socio-economic group of 
workers in farming and forestry (group 2) and they are also more often not 
employed (group 12) compared with the comparison group. The parents of 
the comparison students are more frequent in the socio-economic groups of 
entrepreneurs in industry, trading or service occupations (group 3) and of 
civil servants and salaried employees (group 6). They are also more often 
employed in service occupations (group 8) than the parents of the boarding 
home students. All in all, this picture points in the direction that parents of 
boarding home students, in general, belonged to lower socio-economic 
groups than parents of the students in the comparison group. 

The distribution of the educational attainment of the students’ parents in 
1970, for both the boarding home and comparison students, is presented in 
Table B3 in Appendix B. Unfortunately, the information on parents’ educa-
tion has a great deal of data missing. One can, however, conclude that the 
educational level of parents of the comparison students appears to be higher 
than for the parents of the boarding home students. This, again, is an indica-



tion that the socio-economic background of the boarding home students is 
lower than for the comparison students. 

The mean wealth, mean annual earnings and marital status of parents of 
both groups in 1968, are presented in Table 6. The mean wealth for both 
fathers and mothers of the boarding home students are less than for the com-
parison students’ parents.21 The same pattern is repeated when we examine 
mean earnings for both fathers and mothers. Parents of boarding home indi-
viduals earn, on average, less than parents of the comparison students. We 
can also observe that both fathers and mothers of the comparison group stu-
dents are more likely to be married than the parents of the boarding home 
students. 
 
Table 6. Wealth, earnings and marital status of parents in 1968. 

 Boarding home Comparison 
 Obs. Mean Obs. Mean 
 Wealth 
Fathers 239 6,175 

(67,359) 
622 39,359 

(230,652) 
Mothers 213 495 

(5,100) 
535 16,370 

(116,898) 
 Earnings 
Fathers  239 93,012  

(57,406) 
622 108,661 

(104,988) 
Mothers 213 39,017 

(29,629) 
535 56,668 

(57,406) 
 Married = yes 
Fathers 192 83.5% 544 90.2% 
Mothers 188 67.1% 544 71.9% 

Note: Standard deviations within parentheses. Wealth and earning are in 2006 years Swedish 
kronor (SEK). USD 1  SEK 7.5. ≈

                              

4.3 Individual variables 
Table 7 shows that about five percent of the boarding home students had to 
repeat first grade. The corresponding figure for the comparison group stu-
dents is about six percent. The difference in grade repetition is thus small 
and not statistically significant at any reasonable level of risk. From the same 
table we also note that the fraction of boys is larger in the boarding homes 

 
21 It should be noted that most parents have zero wealth and that the median wealth is zero for 
both groups. 

 125



 126 

sample than in the comparison sample, but this difference is not at any rea-
sonable level of risk statistically significant. 
 
Table 7. Grade repetition and gender distribution. 

 Boarding home Comparison 
 Obs. Percent Obs. Percent 
Grade repetition 
(1st grade) 

22 5.2 61 5.9 

Female 196 45.8 494 48.0 
Male 232 54.2 535 52.0 

4.3.1 Grades 
Three different indices of GPAs are calculated for grades in the first 
semester as well as for the twelfth semester (i.e. when finishing sixth grade) 
of elementary schooling. Unfortunately, grades in sixth grade are only avail-
able for four schools in Nattavaara, Pajala, Pålkem and Ullatti. 

Table 8 displays mean GPAs for each subclass of skills (cognitive, social 
and other) for the two groups of students. From this table we can see that the 
GPA in the first semester of elementary schooling for the boarding home 
individuals is lower than for the comparison group for all three indices. The 
differences in cognitive skills as well as in social skills are statistically sig-
nificant (p-value <0.01). The difference in grades for the subclass of other 
subjects is however not, at any reasonable level of risk, statistically signifi-
cant. When individuals finish sixth grade the boarding home students actu-
ally perform marginally better than the group of comparison students when it 
comes to cognitive skills. On the other two GPA measures they perform 
marginally worse. These differences are however not, at any reasonable level 
of risk, statistically significant. 
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Table 8. Grade point average (GPA) in first semester as well as at the end of sixth 
grade. 

 Boarding home Comparison 
 Obs. Mean Obs. Mean 

GPA (cognitive) – first semester 367 3.29 
(0.55) 

969 3.39 
(0.60) 

GPA (social) – first semester 369 6.37 
(0.99) 

972 6.57 
(0.89) 

GPA (other) – first semester 367 3.12 
(0.39) 

969 3.15 
(0.41) 

GPA (cognitive) – sixth grade 111 3.93 
(0.84) 

326 3.90 
(0.83) 

GPA (social) – sixth grade 111 6.82 
(0.64) 

326 6.86 
(0.61) 

GPA (other) – sixth grade 111 4.03 
(0.58) 

326 4.07 
(0.59) 

Note: Standard deviations within parentheses. 

Since we do not have information on GPA in sixth grade for all individuals it 
is important to examine whether the two samples (with and without GPA in 
the sixth grade) are systematically different with respect to observed vari-
ables. We therefore compare the two samples with respect to GPAs in the 
first semester, family background and mortality. The family background 
variables are socio-economic status (SEI) in 1960 and earnings in 1968. The 
results from these calculations are presented in Table B4 in Appendix B. We 
have regrouped the SEI code into five new classes. The first group, SEI(1-2), 
contains parents with SEI code 1 and 2, the second group, SEI(6-7), consists 
of parents with SEI codes 6 and 7. The third group, SEI(3-5,8,11), consists 
of parents with the following SEI codes: 3, 4, 5, 8 and 11. The last group, 
SEI(12), consists of individuals with SEI code 12, i.e. not employed. We 
have also created a group, SEI(M), for those parents whose socio-economic 
status information we lack. These groups of indicators are created for indi-
viduals’ fathers as well as mothers. 

The differences between the two groups seem to be rather small. How-
ever, there are three statistically significant differences (at the five percent 
level). The fraction deceased is, as expected, larger for the sample without 
information on grades. This is expected since child mortality was relatively 
high at this time and some of the students are missing because they died 
before reaching sixth grade. The fraction with missing information on socio-
economic grouping (SEI(M)) of their fathers and mothers are larger for the 
group with no information on grades in sixth grade. Also the fraction of par-
ents working in farming and forestry SEI(1-2) is larger for the students with 
missing information on grades. Based on this information we believe that, 
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even though there is no difference in GPA in the first semester, the sample 
with information on grades in sixth grade potentially is a positive (on out-
comes such as GPA, earnings and life time) sub-sample from the total popu-
lation. In addition, we performed the same comparison subdivided by the 
number of semesters spent at the boarding home (see Table B5 in Appendix 
B for details). We find no statistically significant (at risk levels below 10 
percent) differences. However, there are rather few observations in each cell 
and hence it can still be interesting to discuss some non-statistical significant 
differences. Those with 1–2 semesters and 13–16 semesters differ somewhat 
from other boarding home students. The earnings of both their fathers and 
mothers is lower than for the rest of the population. Examining the GPAs in 
the first semester we can see that students with 7–8 semesters have the high-
est GPA, on average, in cognitive skills. Turning to the GPAs in sixth grade 
we can see that the boarding home students with 3–6 and 11–16 semesters 
have higher cognitive GPAs than the comparison students (0 semesters). 

4.3.2 Education, earnings and mortality 
Educational attainment for the boarding home and the comparison group 
individuals is displayed in Table 9. This table also contains the educational 
attainment of the relevant population in the region and in Sweden. From the 
table we can see that boarding home students in 1995, on average, had lower 
educational attainment than the comparison group students. About 42 per-
cent of the boarding home individuals had a maximum of compulsory 
schooling, while the corresponding figure for the comparison group is only 
35 percent, hence a seven percentage points difference. Also at the other end 
of the distribution there are differences. The share with university studies is 
seven percentage points larger for the comparison students than for the 
boarding home students. From this table it is also worth noting that girls 
have acquired a longer period in education than boys. This holds true for 
both the boarding home and the comparison group students. 



 Boarding home Comparison 
Boys -  

boarding home Boys -comparison 
Girls -  

boarding home 
Girls –  

comparison 
 Obs. Percent Obs. Percent Obs. Percent Obs. Percent Obs. Percent Obs. Percent 
Compulsory schooling <9 years 151 40.4 278 30.3 89 44.7 167 37.1 62 35.4 111 23.8 
Compulsory schooling 9 years 7 1.9 47 5.1 2 1.0 16 3.6 5 2.9 31 6.7 
Upper secondary max 2 years 134 35.8 309 33.7 57 28.6 115 25.6 77 44.0 194 41.6 
Upper secondary 3 years 32 8.6 92 10.0 26 13.1 75 16.7 6 3.4 17 3.6 
Univ. <3 years 29 7.8 77 8.4 16 8.0 29 6.4 13 7.4 48 10.3 
Univ. >3 years  21 5.6 107 11.7 9 4.5 44 9.8 12 6.9 63 13.5 
PhD studies 0 0 6 0.7 0 0 4 0.9 0 0 2 0.4 
Total 374 100 916 100 199 100 450 100 175 100 466 100 

   Region Sweden 
 Obs. Percent Obs. Percent 
Compulsory schooling <9 years 2,536 43.6 330,130 38.5 
Compulsory schooling 9 years 260 4.5 58,189 6.8 
Upper secondary max 2 years 2,043 35.2 231,953 27.1 
Upper secondary 3 years 346 6.0 86,705 10.1 
Univ. <3 years 336 5.8 72,655 8.5 
Univ. >3 years  284 4.9 69,330 8.1 
PhD studies 7 0.1 7,639 0.9 
Total 5,812 100 856,601 100 

 

Table 9. Educational attainment of students by gender in 1995. 

Table 9 continued. 



 

Table 10. Earnings divided by group and gender (in 2006 years SEK). 

 Boarding home Comparison 
Boys –  

boarding home 
Boys – 

comparison 
Girls –  

boarding home 
Girls – 

comparison 
Year Obs. Mean Obs. Mean Obs. Mean Obs. Mean Obs. Mean Obs. Mean 

1968 348 
128,921 
(90,593) 

825 
149,981 

(105,118) 
225 

161,679 
(86,221) 

497 
184,940 

(105,933) 
123 

68,998 
(63,988) 

328 
97,009 

(78,426) 

1978 411 
168,850 

(176,218) 
987 

189,037 
(232,818) 

223 
210,721 

(139,429) 
501 

235,386 
(233,087) 

188 
119,183 

(152,728) 
486 

141,257 
(181,138) 

1988 397 
195,181 

(388,238) 
965 

207,683 
(455,076) 

213 
223,099 

(402,693) 
485 

237,955 
(515,972) 

184 
162,863 

(308,748) 
480 

177,096 
(326,824) 

1998 370 
214,437 

(840,982) 
908 

219,373 
(871,288) 

197 
243,085 

(979,657) 447 
248,354 

(1 032,093) 
173 

181,816 
(574,753) 

461 
191,271 

(624,031) 
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When compared to the population in the region (the same age cohorts), i.e. 
in the four municipalities where the boarding homes were located, the board-
ing home individuals actually continued into higher education more often. 
About 48 percent of individuals in the region only have a compulsory educa-
tion compared with 42 percent of the boarding home individuals. Boarding 
home individuals also obtained a university degree to a greater extent than 
the population in the region (14 percent compared with 11 percent). Com-
pared with the Swedish population the boarding home students are less likely 
to have a university degree. 

The next outcome variable to be examined is annual earnings of individu-
als. We have data on earnings for the years 1968, 1978, 1988 and 1998 and 
these data are displayed in Table 10. From this table we can see that earnings 
for the comparison group are higher than for the boarding home students at 
all observed points in time. The same pattern is repeated when the popula-
tion is divided by gender.  

The mean annual earnings of the population in the region (the four mu-
nicipalities and the same age cohorts) were SEK 185,427 in 1998, and the 
corresponding figure for the complete Swedish population was 
SEK 219,377. Hence, the boarding home individuals earned, on average, 
more than the relevant population of the region, but less than the Swedish 
average in 1998. 

The final variable of interest is mortality (or lifetime). Figure 2 displays 
Kaplan-Meier survival functions for the boarding home students and the 
comparison students. No statistical significant difference in lifetime duration 
can be observed from this graph. 
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Figure 2. Kaplan-Meier survival functions between groups. 

5 Analysis and results 
We first study the short-term effect from tutoring by estimating the effect 
from the number of semesters spent at the boarding homes on GPA in sixth 
grade (cognitive, social and other subjects separately). Thereafter we turn to 
long-term effects and estimate the effects on higher education, earnings and 
finally death. For the last outcome variable, Cox regression models (Cox, 
1972, 1975) are used to control for difference in background characteristics. 
For the regressions on earnings and GPAs ordinary least squares (OLS) es-
timators are used, however, the inference is based on standard error that is 
robust to heteroscedasticity (White, 1980). When studying educational at-
tainment we use an ordered probit regression model (estimation is performed 
by using pseudo (or quasi) maximum likelihood estimation (see White, 1982 
and, Gouriéroux, Monfort & Trognon 1984). 

We control for year when entering compulsory schooling and school by 
using fixed effects. We include parental variables measured in 1960 and 
1968 as control variables and in additional specifications we also control for 
the potential endogenous grades in first semester. A control for gender is 
also included in most specifications. 

A number of sensitivity analyses have been performed along the road, but 
some specific sensitivity checks are delayed until two separate sub-sections. 
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5.1 Short-term effects 
In this section we analyse the effect of attending one of the boarding homes 
on students’ GPA at the end of sixth grade. Unfortunately, we only observe 
these grades for a subset of the original sample and hence the analysis is 
valid for this subset only. However, based on Table B4, we cannot distin-
guish any large differences in observed covariates between the two groups, 
with observed grades and missing observations on grades. This suggests that 
the two groups are not systematically different and that we can generalize to 
the group of boarding home students. 

Instead of just using an indicator variable for boarding homes we can 
make use of the information that we have, basically, a continuous treatment 
(see Table 4 for the distribution of number of semesters). If there is a peda-
gogical effect from attending boarding homes we would expect a monoto-
nous increasing effect from number of semesters and this would (i) increase 
the efficiency in the estimation and (ii) provide an informal test of our the-
ory. 

We first estimate models with the number of semesters included as poly-
nomials. Based on a likelihood ratio test we cannot reject a second order 
polynomial for the GPA measuring cognitive skills against a first and also a 
third order polynomial in the number of semesters. The parameter for the 
first order polynomial is negative and the parameter for the second order is 
positive. Hence the estimated ‘effect’ is first negative and at 5.4 semesters 
the effect is zero, thereafter the effect is positive. The average treatment 
effect (evaluated at the mean number of semesters) is positive and statisti-
cally significant (at the 5 percent level). The cognitive GPA is expected to 
increase with about 0.2 units or with about 5 percent (0.2/3.90). For the other 
GPA (GPA_ot) a first order polynomial is sufficient and for the GPA_sa no 
effect of semesters is found. The effect on GPA_ot is about half the effect 
found on cognitive GPA. The GPA_ot index covers subjects such as religion, 
history, geography and science and thus suggests that this index, to some 
extent, is also a measure of cognitive skill. This may also be seen by the 
quite strong association with the first semester cognitive GPA. 

Instead of basing our inference on this parametric specification we classi-
fied the number of semesters into three groups: those with two years or less 
at the boarding home (BH_short), more than two years but less than six 
years (BH_medium) and, finally, those with six years or more (BH_long). 
The first group of individuals consisted of 76 students, while groups two and 
three consisted of 122 and 191 students, respectively. For 39 individuals 
there is missing information on the number of semesters. These individuals 
are excluded from the analysis. 

The results from the estimations with a complete set of control variables 
are found in Table 11. (All estimated specifications, with different sets of 
control variables, are for completeness displayed in Table B6–B8 in 
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Appendix B). We have also estimated the same models as discussed below 
with just a dummy indicator for boarding home. The results from these esti-
mations support the findings below, however the statistical significance is as 
expected lower (p-value = 0.20). 

We observed a monotonous increasing effect of number of semesters on 
the cognitive GPA in sixth grade. We found a positive and statistically signi-
ficant effect on the cognitive GPA for students with six years or more at a 
boarding home. This effect becomes statistically significant (p-value = 0.10) 
when we control for year, school and SEI status of parents. When adding 
controls for cognitive skills in the first semester (see Table 11 column 1) the 
effect is larger and also statistically significant at the 5 percent level. This 
estimate implies that six years or more at a boarding home would lead to an 
increase in the cognitive GPA by about 0.28 unit or with about 7 percent 
(0.28/3.90). This effect on the GPA is about the same as the magnitude of 
being female. 
 
Table 11. The effect of number of boarding home semesters on GPA in sixth grade 
(cognitive, social and other). 

 (1) 
Cognitive 

(2) 
Social 

(3) 
Other 

BH_short -0.391 
(0.254) 

-0.081 
(0.255) 

-0.224 
(0.253) 

BH_medium -0.052 
(0.164) 

-0.051 
(0.132) 

-0.158 
(0.114) 

BH_long 0.277** 
(0.136) 

0.086 
(0.085) 

0.170* 
(0.090) 

Constant 0.643 
(1.032) 

5.975*** 
(0.817) 

1.503*** 
(0.517) 

Controls for grades in first semester Yes Yes Yes 
Controls for school and year Yes Yes Yes 
Controls for socio-economic status of parents Yes Yes Yes 
Observations 417 417 417 
R2 0.35 0.18 0.36 
Note: Robust standard errors in parentheses. * significant at 10%; ** significant at 5%; 
*** significant at 1%. The controls for socio-economic status consist of five dummy variables 
for both fathers and mothers. Interaction terms between these variables are also included in 
the specifications. A control for gender is also included in all specifications. 

We find no effect from boarding home on our measure of social skill GPA 
(see Table 11, column 2). The estimates are, as for the cognitive skill GPA, 
monotonous with respect to the number of semesters. The most likely expla-
nation for the insignificant results is that this measure of social skill is a little 
bit too crude. It is worth noting, however, that the magnitude of the estimate 
of the female covariate is the same as from the cognitive skill GPA measure. 
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The effect on our GPA measure for other subjects is also monotonous, in-
creasing with the number of semesters at the boarding homes. The effect for 
those with six years or more at a boarding home is positive and statistically 
significant (almost at the five percent level), when controlling for all our 
covariates (see Table 11, column 3). This effect is somewhat smaller than 
the effect found on cognitive skills. This GPA index includes subjects such 
as religion, history, geography and science and thus suggests that this index 
also, to some extent, is a measure of cognitive skills. This may also be seen 
by the quite strong association with the cognitive skills in the first semester. 

5.1.1 Some further (sensitivity) analyses 
We have performed several sensitivity checks. We have estimated all models 
with a control for the GPA of all subjects in the first semester instead of the 
GPA subdivisions into cognitive, social and other subjects. We have esti-
mated one model on the GPA at the end of sixth grade (i.e. not the subdivi-
sion into cognitive, social and other subjects). For this model the effect, for 
the students with six years or more at the boarding home, is 0.18 and statisti-
cally significant (p-value = 0.04). For the rest of the boarding home students 
there are no statistically significant effects at any reasonable level of risk. 
We have also estimated a model on the GPA (for all subjects) at the end of 
the sixth year when controlling for the GPA of all subjects in the first semes-
ter only. Here the effect for the boarding homes students with six years or 
more at the boarding home is 0.17 and also statistically significant (p-value = 
0.05). 

Many students in the schools had Finnish as their mother tongue. If more 
boarding home students had Finnish as their mother tongue compared with 
the comparison students our ‘value added’-approach may reflect this and 
hence yield biased effect estimates. Thus, the cognitive GPA (mathematics, 
reading and writing) may be lower just because of an initial lower know-
ledge in the Swedish language. In order to test for this possibility of biased 
estimates we have regressed the number of boarding home semesters on 
grades in mathematics only. The effect for the students with more than six 
years at the boarding home is 0.32 and statistically significant at the ten per-
cent level (p-value = 0.09). 

From the descriptive statistics there is some evidence that the boarding 
home students came from environments with worse prerequisites than non-
boarding home individuals: the parents’ earnings and wealth in 1968 was 
lower and their SEI codes indicated that boarding home individuals had 
worse prerequisites than the comparison group students. Still, when examin-
ing GPA in the first semester there are very small indications of a negative 
selection. However, since this is measured one semester after potentially 
entering into the boarding home this GPA may be a result of the boarding 
homes and controlling for this may, thus, hide potential negative selection. 
In an attempt to test whether this is a problem we have also estimated our 
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models using a subset of boarding home students who did not attend the 
boarding home in the first semester. The results from our estimations yield a 
positive estimate on GPA for the group with two to six years at the boarding 
home as well as for the group with more than six years at the boarding home. 
None of the effects are, however, statistically significant. One should note 
that only 67 individuals entered boarding homes at an age of eight or older. 
We have information on all our control variables for only 12 individuals so 
our estimates are very imprecise. 

5.2 Long-term effects 
We first estimate the effect of the number of semesters (using the same 
grouping as above) on educational attainment. Then we estimate the effect 
on earnings and finally the effects on mortality and early retirement. In these 
estimations we make use of the complete dataset, thus we do not restrict the 
estimation to the sub-sample where we observe grades in sixth grade. The 
primary reason for this is that the two samples (with grades in sixth grade 
and without those grades) were not, to any large extent, different on ob-
served covariates. This justifies us to increase the number of observations 
and improve efficiency. We have repeated the analysis performed below 
with the restrictive sample for which we have grades in sixth grade and the 
results from these estimations are qualitatively similar to the results dis-
played below. 

5.2.1 Educational attainment 
The distribution of educational attainment for the two groups is displayed in 
Table 9. We saw that the comparison group of students was over-represented 
among those with higher education. Here an ordered regression model at 
seven levels is estimated. The levels of schooling are given in Table 9; the 
lowest level is less than nine years of schooling and the highest level is 
graduate studies. The estimation (see Table 12) without any control vari-
ables, basically, confirms the descriptive statistics of education attainment 
given in Table 9. Thus, a negative (and statistically significant, p-value 
<0.001) effect of the number of semesters on the probability for higher stud-
ies is found for the two groups with less than six years of boarding, and for 
the group with six, or more, years the estimate is negative, however not sta-
tistically significant at any reasonable level of risk. The negative and statisti-
cally significant effects (p-value <0.05) remain for the two groups with less 
than six years of boarding when adding more control variables. However, for 
the students with six or more years at the boarding home the effect is posi-
tive, however, the effect is not statistically significant at any reasonable level 
of risk. Hence, despite the positive effect on GPA in sixth grade for students 
with six or more years at boarding home there is no effect on higher educa-
tion. This result may be because of liquidity constraints or it may, perhaps, 
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be an effect from the vocational training provided by the boarding homes. 
The idea is simply that this vocational training may have reduced the 
demand for future studies. 
 
Table 12. The parameter estimates from ordered probit estimation of the number of 
boarding home semesters on educational level in 1995. 

 (1) (2) (3) (4) 
BH_short -0.445*** 

(0.141) 
-0.342** 
(0.145) 

-0.327** 
(0.148) 

-0.369** 
(0.162) 

BH_medium -0.491*** 
(0.115) 

-0.323*** 
(0.119) 

-0.291** 
(0.122) 

-0.282** 
(0.138) 

BH_long -0.116 
(0.090) 

-0.025 
(0.098) 

0.025 
(0.102) 

0.002 
(0.107) 

Female  0.181*** 
(0.061) 

0.173*** 
(0.062) 

0.033 
(0.068) 

GPA – cognitive skill    0.392*** 
(0.086) 

GPA – social skill    0.012 
(0.043) 

GPA – other     0.383*** 
(0.122) 

Controls for school, year, age 
and age2 

No Yes Yes Yes 

Controls for socio-economic 
status of parents 

No No Yes Yes 

Observations 1,257 1,257 1,257 1,159 
Pseudo R2 0.01 0.03 0.04 0.06 
Note: Robust standard errors in parentheses. * significant at 10%; ** significant at 5%; 
*** significant at 1%. The controls for socio-economic status consist of five dummy variables 
for both fathers and mothers. Interaction terms between these variables are also included in 
the specifications. Grades are measured in the first semester. 

Again we have performed a number of sensitivity checks. We have: (i) in-
cluded a dummy variable for boarding home; (ii) reclassified the educational 
levels into three groups, group one is less than nine years of education, group 
two is upper secondary and finally the third group is university studies or 
higher; and (iii) estimated a linear regression model. All in all, these sensi-
tivity checks yielded the same results: negative effects among the students 
with less than six years of boarding and no effects from boarding for the 
students with six years and more at the boarding home. 
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5.2.2 Earnings 
Column 1 in Table 13 presents parameter estimates from OLS estimations 
where we have regressed pooled log earnings for the years 1968, 1978, 1988 
and 1998 on the number of boarding home semesters and controls. 
 
Table 13. The effect of number of boarding home semesters on pooled log earnings 
for the years 1968, 1978, 1988 and 1998 (column 1), the effect (semi-elasticities) of 
number of boarding home semesters on mortality (column 2) and the (marginal) 
effect of number of boarding home semesters on early retirement (column 3 and 4). 

 (1)  
Pooled 

earnings 

(2) 
Mortality 

(3) 
Early  

retirement  
1988 

(4)  
Early  

retirement 
1998 

BH_short -0.192 
(0.129) 

-0.515 
(0.398) 

0.092 
(0.236) 

0.178 
(0.220) 

BH_medium -0.212* 
(0.121) 

0.133 
(0.263) 

0.203 
(0.195) 

-0.132 
(0.183) 

BH_long 0.078 
(0.094) 

-0.151 
(0.210) 

-0.129 
(0.175) 

-0.155 
(0.158) 

Female -0.738*** 
(0.062) 

-0.511*** 
(0.146) 

0.321*** 
(0.114) 

0.218** 
(0.094) 

GPA – cognitive skill 0.167** 
(0.077) 

-0.221 
(0.175) 

-0.218 
(0.143) 

-0.479*** 
(0.115) 

GPA – social skill 0.014 
(0.038) 

0.027 
(0.082) 

-0.010 
(0.064) 

0.083 
(0.062) 

GPA - other 0.135 
(0.100) 

-0.367 
(0.245) 

-0.190 
(0.204) 

0.024 
(0.159) 

Constant 41.219*** 
(1.227) 

   

Controls for school, 
year, age and age2 

Yes Yes Yes Yes 

Controls for socio-
economic status of 
parents 

Yes Yes Yes Yes 

Observations 4,676 1,304 1,223 944 
R2/ Pseudo R2 0.54 - 0.10 0.12 

Note: Robust standard errors in parentheses. * significant at 10%; ** significant at 5%; 
*** significant at 1%. The controls for socio-economic grouping consist of five dummy vari-
ables for both fathers and mothers. Interaction terms between these variables are also included 
in the specifications. There are a few zero earnings each year. In the estimations these earn-
ings were set to one. The results are insensitive to the imputation chosen. Grades are meas-
ured in the first semester. 
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The results from the pooled earnings equations show negative estimates for 
the two groups with less than two years and the group with two to six years 
at the boarding home. The effect for the group with two to six years at the 
boarding home is statistically significant at the ten percent level. The esti-
mated effect for the group with more than six years at the boarding home is 
positive, but not, at any reasonable level, statistically significant.  

One can observe a strong and positive effect of cognitive skills (GPA_ca) 
in the first semester on future lifetime earnings. A one unit higher GPA in 
first grade is expected to increase lifetime earnings by about 17 percent. 

5.2.3 Mortality and early retirement 
In an attempt to study possible negative side effects on boarding home stu-
dents of being separated from their parents at an early age, we estimate the 
effect of number of boarding home semesters on early retirement and lon-
gevity, where we control for the covariates in the same fashion as above. We 
estimate the effect on early retirement (for the years 1988 and 1998) using a 
probit maximum likelihood estimator. The effect on mortality is based on 
Cox hazard regression models (estimation is performed by using stratified 
maximum likelihood estimators). The results from the specifications with all 
control variables are displayed in column 2−4 in Table 13. For completeness, 
all estimated specifications can be seen in Table B9 in Appendix B. We find 
no significant effects from the number of semesters, neither on early retire-
ment nor on the hazard of death. There is basically no statistically significant 
association. 

The hazard of death is though 40 percent lower (exp(−0.511)−1 = −0.40) 
for females than for males. However, the hazard of early retirement in 1988 
is 38 percent (exp(0.321)−1) = 0.38) higher for females than for males. This 
suggests that early retirement most probably is also determined by labor 
market conditions. Another indication of this is that a one unit higher GPA in 
first grade is expected to reduce inflow into early retirement at 1998 with 38 
percent (exp(−0.479)−1) = −0.38), however no effect on mortality is seen. 

5.2.4 Some further (sensitivity) analyses  
We have performed extensive sensitivity checks. We have estimated all 
models above using a control for the total GPA in the first semester instead 
of the subdivisions into cognitive skill, social skill and other subjects. We 
have estimated regression models with earnings instead of the models with 
log earnings. We have also estimated models with the number of boarding 
home semesters and semesters squared. The results above are all robust to 
these specifications. 
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5.3 Heterogeneous treatment effects 
We have seen that there are positive effects from boarding homes on the 
GPA at the end of sixth grade for students with six or more years at the 
boarding home. This result could, potentially, be an effect of endogenous 
sorting. That is, students who gain from boarding stay on while those who do 
not drop out.  

It is difficult to discriminate between a pedagogical effect and an effect 
from endogenous sorting. From Table 4 we saw that quite a few of the stu-
dents left before staying the ‘obligatory’ 12 or 14 semesters at the boarding 
home. Almost 30 percent stayed less than four years at the boarding home 
and hence this problem may not be that great. Also, if the positive effect is a 
result of the increased pedagogical stimuli then the relative (i.e. posi-
tive/negative) effect is likely to be higher for those with lower initial skills 
than for those with higher initial skills. In order to test for this last effect, we 
estimate treatment effects conditional on cognitive GPA in the first semester. 

The effects from the estimations on GPA in sixth grade are displayed in 
Table 14. We can see that the effects from all boarding home groups are 
positive; however, the effect is negative for those with higher initial skills. 
For those with two or less years at the boarding home the effect on GPA in 
sixth grade are, on average, negative for students with cognitive GPA higher 
than 2.4. For those with more than two years, but less than six years, the 
effect is, on average, negative for students with cognitive GPA higher than 
3.2. Finally, for students with six or more years at the boarding home the 
effects are, on average, negative for students with cognitive GPA higher than 
4.1.  

Turning to heterogeneous long-term effects we present the result on edu-
cational attainment, early retirement, mortality and lifetime earnings in Table 
15. There is some evidence of a statistical significant (p-value <0.05) effect 
on educational attainment (see column 1) for those boarding home individu-
als with low grades in cognitive subjects and who stayed between two and 
six years at the boarding home. For these individuals the effect is, on aver-
age, positive for students with cognitive GPA lower than 2.8. The estimate 
for those with long periods of boarding is positive for student with cognitive 
GPA lower than 3.3. This estimate is, however, not statistically significant 
(p-value = 0.25). No effects are found for early retirement or mortality (see 
columns 2 and 3). 

From the estimated effects on earnings there are no significant effects 
from boarding. There is a positive estimate for the boarding home students 
that remained more than six years at the boarding home, but the effect is not 
statistically significant (p-value = 0.2). 
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Table 14. Treatment effects in sixth grade conditional on cognitive GPA in the first 
semester. 

 (1) (2) (3) 
 Cognitive skill Social skill Other subjects 
BH_short 1.082 

(1.732) 
1.067 

(1.555) 
0.319 

(2.232) 

BH_medium 1.457** 
(0.666) 

0.194 
(0.462) 

1.510*** 
(0.385) 

BH_long 1.653*** 
(0.569) 

-0.065 
(0.455) 

0.955** 
(0.425) 

BH_short · GPA – Cognitive -0.444 
(0.552) 

-0.346 
(0.510) 

-0.162 
(0.669) 

BH_medium · GPA – Cognitive -0.455** 
(0.214) 

-0.071 
(0.151) 

-0.501*** 
(0.126) 

BH_long · GPA – Cognitive -0.409** 
(0.165) 

0.044 
(0.122) 

-0.235* 
(0.123) 

GPA – Cognitive skill 0.916*** 
(0.106) 

0.018 
(0.087) 

0.507*** 
(0.073) 

GPA – Social skill 0.032 
(0.038) 

0.057* 
(0.034) 

0.020 
(0.027) 

GPA – Other subjects -0.134 
(0.132) 

-0.086 
(0.136) 

0.094 
(0.093) 

Female 0.216*** 
(0.077) 

0.281*** 
(0.062) 

0.237*** 
(0.055) 

Constant 0.057 
(1.011) 

5.975*** 
(0.825) 

1.057** 
(0.498) 

Controls for school and year Yes Yes Yes 
Controls for socio-economic status 
of parents 

Yes Yes Yes 

Observations 417 417 417 
R2 0.37 0.18 0.38 

Note: Robust standard errors in parentheses. * significant at 10%; ** significant at 5%; 
*** significant at 1%. The controls for socio-economic status consist of five dummy variables 
for both fathers and mothers. Interaction terms between these variables are also included in 
the specifications. 
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Table 15. Heterogeneous long-term effects on educational level, early retirement (in 
1998), mortality and earnings. 

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

attainment 
Early retire-

ment 
Mortality Pooled 

earnings 
BH_short -1.679 

(1.179) 
-2.107 
(1.372) 

0.803 
(2.181) 

-0.878 
(1.042) 

BH_medium 1.530** 
(0.737) 

-1.504 
(0.998) 

-1.751 
(1.440) 

-0.358 
(0.720) 

BH_long 0.712 
(0.627) 

-0.331 
(0.850) 

0.011 
(1.204) 

0.618 
(0.488) 

BH_short · GPA – Cognitive 0.384 
(0.340) 

0.698* 
(0.417) 

-0.422 
(0.700) 

-0.164 
(0.142) 

BH_medium · GPA – Cognitive -0.551** 
(0.220) 

0.413 
(0.297) 

0.572 
(0.421) 

0.043 
(0.213) 

BH_long · GPA – Cognitive -0.213 
(0.185) 

0.051 
(0.250) 

-0.049 
(0.372) 

0.206 
(0.307) 

GPA – Cognitive skill 0.445*** 
(0.092) 

-0.540*** 
(0.122) 

-0.250 
(0.184) 

0.168** 
(0.081) 

GPA – Social skill 0.015 
(0.043) 

0.085 
(0.062) 

0.026 
(0.082) 

0.016 
(0.038) 

GPA – Other subjects 0.392*** 
(0.122) 

0.011 
(0.161) 

-0.360 
(0.245) 

0.146 
(0.101) 

Female 0.023 
(0.068) 

0.214** 
(0.094) 

-0.507*** 
(0.146) 

-0.742*** 
(0.062) 

Constant  -3.860*** 
(1.391) 

 41.100*** 
(1.230) 

Controls for school, year, age and 
age2 

Yes Yes Yes Yes 

Controls for socio-economic 
status of parents 

Yes Yes Yes Yes 

Observations 1,159 944 1,304 4,676 
R2 / Pseudo R2 0.05 0.12 - 0.54 
Note: Robust standard errors in parentheses. * significant at 10%; ** significant at 5%; 
*** significant at 1%. The controls for socio-economic status consist of five dummy variables 
for both fathers and mothers. Interaction terms between these variables are also included in 
the specifications. The effect on educational level is estimated using an ordered probit model. 
The effect on early retirement is estimated using a probit model and the effect on mortality is 
estimated using Cox regressions. The effect on earnings is estimated using pooled OLS re-
gressions. 
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6 Conclusions 
In this paper we estimate the effect of early age tutoring on grades, choice of 
higher education, earnings, early retirement and death. We use data on 
boarding home students, born between 1932 and 1941, who attended regular 
public schools close to the boarding homes. At these boarding homes, stu-
dents had daily scheduled time for doing their homework. The boarding 
home students were exposed to a pedagogic influence that the other students 
in the same school did not have. The placement at the boarding homes was 
based on the distance to the nearest school and thus had no direct connection 
to students’ skills. 

We find statistically significant effects on GPA in sixth grade for students 
who attended boarding homes for six years and more. For the boarding home 
students who stayed for a shorter time period we could not find any effects 
on the GPA in sixth grade. From a heterogeneous analysis, in which we 
estimated effects from boarding home conditional on the cognitive GPA in 
the first semester, we find large effects for those students with an initial low 
cognitive skill. This supports the idea that there is a pedagogical effect from 
boarding homes that increases the cognitive skill and human capital. The 
students with low initial skills and many semesters at the boarding home also 
increased their educational attainment. 

All in all, this paper supports the claim in Cameron & Heckman and 
suggests that education and tutoring at an early age in life is important as a 
way of increasing (or equalizing) skills when leaving mandatory schooling. 
However, it did not at this time (the 1950s) change the social stratification. 
Hence at this time income liquidity constraints certainly seem to have been 
important for continuing into higher education. During the period when the 
individuals in this study finished elementary schooling (mid-1940s and the 
start of the 1950s) the Swedish study grant system was very diverse and 
there was no general system for how students should finance higher educa-
tion. There existed a variety of options and even though the different systems 
were expanded during the 1940s it must have been difficult for students from 
poor family backgrounds to finance higher studies. In 1944/45 the govern-
ment study grant amounted to SEK 3 millions. In 1963/64 this amount had 
increased to SEK 145 millions (SOU 1963:74). A general study grant was 
introduced in Sweden in 1965. In 2006 the total amount or grants and loans 
paid out to students in Sweden amounted to SEK 23.1 billions. 
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Appendix A 
 
Grades are letter based and given on a seven-point scale except for the sub-
jects Conduct and Order where grades are given on a three-point scale 
(grades in these subjects are A, B and C). The highest grade on the seven-
point scale is A which corresponds to having passed with great distinction. C 
is the lowest grade and corresponds to having failed. The grade scale in 
descending order is A, a, AB, Ba, B, Bc and C. Grades have the been trans-
formed to numeric values to be able to create grade point averages, GPAs, 
for each individual. The highest grade, A, is given the numeric values 7. This 
continues for all grades until the grade C which is given the numeric value 1. 
Teachers could also reward students with either a plus or a minus for each 
subject grade. If an individual is given a grade with a plus the individual is 
rewarded 1/3 extra credit when calculating GPAs. If there is a minus the 
individual loses 1/3 credit. In some cases there are missing values in single 
subjects and in these cases that subject is disregarded when the GPA is cal-
culated. Besides the mean GPA, which is the mean of all subjects, three dif-
ferent indices of GPAs are calculated based on different subsets of subjects. 
The first index (GPA_ca) is intended to measure cognitive abilities and con-
sists of three theoretical subjects that children were taught during their com-
plete elementary schooling period. These subjects are: (i) Mathematics, (ii) 
Writing and language and (iii) Speech and reading exercises. The second 
index (GPA_sa) is intended to measure social skills and consists of grades in 
(i) Order and (ii) Conduct. The final index (GPA_ot) includes all the remain-
ing subjects that students were taught. The highest possible GPA is seven 
while the lowest possible GPA is 1. 
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Appendix B 
Table B1. Number of students by school and share of boarding home individuals.  

School Boarding home Comparison Total Share of BH 
 Obs. Percent Obs. Percent Obs. Percent Percent 
Hedenäset 44 10.3 137 13.3 181 12.4 24.3 
Karungi 25 5.8 158 15.4 183 12.6 13.7 
Nattavaara 64 15.0 106 10.3 170 11.7 37.6 
Pajala 49 11.5 233 22.6 282 19.4 17.4 
Pålkem 66 15.4 40 3.9 106 7.3 62.2 
Svanstein 59 13.8 81 7.9 140 9.6 42.1 
Ullatti 63 14.7 207 20.1 270 18.5 23.3 
Vojakkala 58 13.6 67 6.5 125 8.6 46.4 
Total 428 100 1,029 100 1,457 100 29.4 

 
Table B2. Birth year distribution 

 Boarding home Comparison Total 
Year Obs. Percent Obs. Percent Obs. Percent 
1932 54 12.6 65 6.3 119 8.2 
1933 51 11.9 85 8.3 136 9.3 
1934 48 11.2 108 10.5 156 10.7 
1935 35 8.2 79 7.7 114 7.8 
1936 45 10.5 119 11.6 164 11.3 
1937 42 9.8 113 11.0 155 10.6 
1938 45 10.5 118 11.5 163 11.2 
1939 42 9.8 116 11.3 158 10.8 
1940 30 7.0 111 10.8 144 9.7 
1941 36 8.4 115 11.2 151 10.4 
Total 428 100 1,029 100 1,457 100 
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Table B3. Educational attainment of parents in 1970. 

 Fathers Mothers 

 Boarding home Comparison Boarding home Comparison 

 Obs. Percent Obs. Percent Obs. Percent Obs. Percent 

Compulsory schooling <9 years 35 100 108 83.1 107 100 257 86.8 

Compulsory schooling 9 years 0 0 1 0.8 0 0 10 3.4 

Upper secondary max 2 years 0 0 8 6.2 0 0 25 8.5 

Upper secondary 3 years 0 0 8 6.2 0 0 2 0.7 

Univ. <3 years 0 0 3 2.3 0 0 0 0 

Univ. >3 years  0 0 2 1.5 0 0 2 0.7 

Total 35 100 130 100 107 100 296 100 

 
Table B4. Comparisons between those with grades in sixth grade and those without. 

 Grades in sixth grade No grades in sixth grade 
 Obs. Mean Obs. Mean 

GPA (cognitive) – first semester 418 3.37 (0.56) 918 3.36 (0.61) 

GPA (social) – first semester 419 6.41 (1.00) 922 6.56 (0.88) 

GPA (other) – first semester 418 3.11 (0.37) 918 3.16 (0.42) 
Deceased  437 0.12 (0.32) 1020 0.21 (0.41) 
 Father 
SEI(1-2) 437 0.30 (0.46) 1020 0.20 (0.40) 
SEI(6-7) 437 0.23 (0.42) 1020 0.25 (0.43) 
SEI(3-5,8,11) 437 0.14 (0.34) 1020 0.14 (0.35) 
SEI(12) 437 0.07 (0.26) 1020 0.06 (0.23) 
SEI(M) 437 0.26 (0.44) 1020 0.35 (0.48) 
Earnings (1968) 295 12,514 (8,963) 566 14,531 (14,265) 
 Mother 
SEI(1-2)  437 0.30 (0.46) 1020 0.20 (0.40) 
SEI(6-7) 437 0.23 (0.42) 1020 0.25 (0.43) 
SEI(3-5,8,11) 437 0.14 (0.34) 1020 0.14 (0.35) 
SEI(12) 437 0.07 (0.26) 1020 0.06 (0.23) 
SEI(M) 437 0.26 (0.44) 1020 0.35 (0.48) 
Earnings (1968) 220 6,923 (6,361) 528 6,822 (7,054) 

Note: Standard deviations within parentheses. 



 

Table B5. Descriptive statistics (grades, socio-economic grouping, earnings and share dead) by number of semesters at a boarding home. 

 Comparison group 1–2 semesters 3–4 semesters 5–6 semesters 7–8 semesters 9–10 semesters 11–12 semester 13–16 semesters 

 Obs. Mean Obs. Mean Obs. Mean Obs. Mean Obs. Mean Obs. Mean Obs Mean Obs. Mean 

GPA (cognitive) first semester  969 3.39 30 3.36 31 3.30 21 3.25 45 3.49 31 3.09 56 3.37 121 3.26 

GPA (social) first semester 972 6.57 31 6.42 31 6.42 21 5.86 46 6.39 31 6.22 56 6.43 121 6.44 

GPA (other) first semester 969 3.15 30 3.06 31 3.15 21 3.06 45 3.23 31 2.92 56 3.25 121 3.12 

GPA (cognitive) sixth grade 326 3.90 5 3.20 5 4.09 4 4.11 12 3.76 12 3.64 26 3.99 46 4.06 

GPA (social) sixth grade  326 6.86 5 6.60 5 7.00 4 7.00 12 6.67 12 6.67 26 6.77 46 6.91 

GPA (other) sixth grade 326 4.07 5 3.44 5 4.30 4 4.03 12 3.72 12 3.89 26 4.12 46 4.13 

Dead 1,029 0.18 38 0.13 38 0.18 30 0.17 53 0.21 38 0.11 67 0.12 125 0.19 

 Father 

SEI(1-2) 1,029 0.19 38 0.37 38 0.21 30 0.43 53 0.28 38 0.29 67 0.40 125 0.33 

SEI(6-7) 1,029 0.28 38 0.24 38 0.42 30 0.13 53 0.17 38 0.13 67 0.13 125 0.14 

SEI(3-5,8,11) 1,029 0.13 38 0.11 38 0.05 30 0.10 53 0.15) 38 0.18 67 0.10 125 0.20 

SEI(12) 1,029 0.08 38 0.00 38 0.00 30 0.00 53 0.02 38 0.05 67 0.00 125 0.02) 

SEI(M) 1,029 0.32 38 0.29 38 0.32 30 0.33 53 0.38 38 0.34 67 0.36) 125 0.30 

Earnings (1968)  622 14,416 23 11,620 25 15,466 19 14,027 25 11,384 21 13,340 38 13,513 66 11,393 

 Mother 

SEI(1-2)r  1,029 0.19 38 0.37 38 0.21 30 0.43 53 0.28 38 0.29 67 0.40 125 0.33 

SEI(6-7) 1,029 0.28 38 0.24 38 0.42 30 0.13 53 0.17 38 0.13) 67 0.13 125 0.14 

SEI(3-5,8,11) 1,029 0.13 38 0.11 38 0.05 30 0.10 53 0.15 38 0.18 67 0.10 125 0.20 

SEI(12) 1,029 0.08 38 0.00 38 0.00) 30 0.00 53 0.02 38 0.05 67 0.00 125 0.02 

SEI(M) 1,029 0.32 38 0.29 38 0.32 30 0.33 53 0.38 38 0.34 67 0.36 125 0.30 

Earnings (1968)  535 7,518 19 5,044 16 5,641 12 5,439 27 5,218 23 5,106 37 6,200 53 5,183 
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Table B6. The effect of number of boarding home semesters on GPA (cognitive skill) 
in sixth grade. 

 (1) (2) (3) (4) 
BH_short -0.258 

(0.250) 
-0.166 
(0.253) 

-0.146 
(0.269) 

-0.391 
(0.254) 

BH_medium -0.148 
(0.146) 

-0.141 
(0.158) 

-0.047 
(0.163) 

-0.052 
(0.164) 

BH_long 0.139 
(0.113) 

0.218 
(0.132) 

0.266* 
(0.139) 

0.277** 
(0.136) 

Female  0.423*** 
(0.079) 

0.436*** 
(0.081) 

0.246*** 
(0.076) 

GPA – cognitive skill    0.803*** 
(0.099) 

GPA – social skill    0.030 
(0.038) 

GPA – other     -0.189 
(0.137) 

Constant 3.903*** 
(0.046) 

3.636*** 
(0.289) 

3.119*** 
(0.528) 

0.643 
(1.032) 

Controls for school and year No Yes Yes Yes 

Controls for socio-economic 
status of parents 

No No Yes Yes 

Observations 436 436 436 417 
R2 0.01 0.10 0.16 0.35 

Note: Robust standard errors in parentheses. * significant at 10%; ** significant at 5%; 
*** significant at 1%. The controls for socio-economic status consist of five dummy variables 
for both fathers and mothers. Interaction terms between these variables are also included in 
the specifications. 
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Table B7. The effect of number of boarding home semesters on GPA (social skill) in 
sixth grade. 

 (1) (2) (3) (4) 
BH_short -0.058 

(0.194) 
0.024 

(0.174) 
-0.004 
(0.191) 

-0.081 
(0.255) 

BH_medium -0.134 
(0.165) 

-0.176 
(0.164) 

-0.151 
(0.190) 

-0.051 
(0.132) 

BH_long 0.001 
(0.070) 

0.115 
(0.076) 

0.111 
(0.083) 

0.086 
(0.085) 

Female  0.314*** 
(0.061) 

0.307*** 
(0.061) 

0.287*** 
(0.061) 

GPA – cognitive skill    0.014 
(0.079) 

GPA – social skill    0.060* 
(0.034) 

GPA – other     -0.087 
(0.136) 

Constant 6.858*** 
(0.034) 

6.545*** 
(0.428) 

6.573*** 
(0.483) 

5.975*** 
(0.817) 

Controls for school and year No Yes Yes Yes 

Controls for socio-economic 
status of parents 

No No Yes Yes 

Observations 436 436 436 417 
R2 0.00 0.14 0.17 0.18 

Note: Robust standard errors in parentheses. * significant at 10%; ** significant at 5%; 
*** significant at 1%. The controls for socio-economic status consist of five dummy variables 
for both fathers and mothers. Interaction terms between these variables are also included in 
the specifications. 
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Table B8. The effect of number of boarding home semesters on GPA (other subjects) 
in sixth grade. 

 (1) (2) (3) (4) 
BH_short -0.201 

(0.218) 
-0.119 
(0.227) 

-0.087 
(0.230) 

-0.224 
(0.253) 

BH_medium -0.249*** 
(0.090) 

-0.206** 
(0.090) 

-0.164 
(0.100) 

-0.158 
(0.114) 

BH_long 0.065 
(0.076) 

0.169* 
(0.086) 

0.177* 
(0.091) 

0.170* 
(0.090) 

Female  0.394*** 
(0.054) 

0.397*** 
(0.055) 

0.263*** 
(0.055) 

GPA – cognitive skill    0.418*** 
(0.069) 

GPA – social skill    0.021 
(0.027) 

GPA – other     0.052 
(0.098) 

Constant 4.072*** 
(0.033) 

3.664*** 
(0.156) 

2.961*** 
(0.301) 

1.503*** 
(0.517) 

Controls for school and year No Yes Yes Yes 

Controls for socio-economic 
status of parents 

No No Yes Yes 

Observations 436 436 436 417 
R2 0.02 0.17 0.22 0.36 

Note: Robust standard errors in parentheses. * significant at 10%; ** significant at 5%; 
*** significant at 1%. The controls for socio-economic status consist of five dummy variables 
for both fathers and mothers. Interaction terms between these variables are also included in 
the specifications. 
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Table B9. The effect (semi-elasticities) of number of boarding home semesters on 
mortality. 

 (1) (2) (3) (4) 
BH_short -0.177 

(0.298) 
-0.200 
(0.305) 

-0.315 
(0.310) 

-0.515 
(0.398) 

BH_medium -0.140 
(0.235) 

-0.311 
(0.243) 

-0.109 
(0.245) 

0.133 
(0.263) 

BH_long -0.138 
(0.192) 

-0.229 
(0.202) 

-0.155 
(0.207) 

-0.151 
(0.210) 

Female  -0.679*** 
(0.135) 

-0.627*** 
(0.137) 

-0.511*** 
(0.146) 

GPA – cognitive skill    -0.221 
(0.175) 

GPA – social skill    0.027 
(0.082) 

GPA – other    -0.367 
(0.245) 

Controls for school, year, age and age2 No Yes Yes Yes 

Controls for socio-economic status of 
parents 

No No Yes Yes 

Observations 1,418 1,418 1,418 1,304 
Note: Robust standard errors in parentheses. * significant at 10%; ** significant at 5%; 
*** significant at 1%. The controls for socio-economic status consist of five dummy variables 
for both fathers and mothers. Interaction terms between these variables are also included in 
the specifications. 
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