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Summary

Students assigned to high value-added teachers benefit in the long term. They are
more likely to attend college, get higher income, and less likely to have children
as teenagers (Chetty, Friedman, & Rockoff, 2011). Students who drop out of high
school will be restricted from attaining higher education and thus face limited
career possibilities later in life. Hence, the problem of high school dropouts is a
major economic and social concern. In this thesis, we investigate whether middle
school teachers education is a determining factor in the probability that students
complete high school. We combine four data sets to estimate our main model with
middle school fixed effects. The detailed data on teacher characteristics has been
of particular interest, considering it has not been used before. The model has
advantages as it uses the within group variation, specifically, within middle school

variation in teacher education over time.

We focus on two key variables at middle school, teachers with and without
teacher education, and teachers with short and long higher education. Specifically,
we find that there is a positive relationship between middle school teachers with
teacher education and high school completion. We find that a 10 percentage point
increase in the share of teachers with teacher education (about two thirds of a
standard deviation) increases the probability of high school completion with about
half a percentage point. In other words, it takes a 20 percentage point increase in
the share of teachers with teacher education to increase the probability of high
school completion with one percentage point. In addition, we find that the level of
education is not associated with high school dropouts. That is, it does not make
any difference whether middle school teachers hold a master’s or a bachelor’s
degree. We discuss that increasing pedagogical competence in the middle schools
could contribute to lower high school dropout if the results are due to the
pedagogical part of teacher education. However, we also consider that the result

could indicate that it is important to work within your field of education.
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1. Introduction

Students dropping out of high school is a prominent problem, both for the
individual and for the economy as a whole (Belfield & Levin, 2007). Completing
high school lowers the probability of receiving public subsidy, increases the
participation in the labor market and increases the probability of attaining higher
education (Falch & Nyhus 2011; Falch et al., 2010). OECD statistics show that in
many countries around 30 percent of students do not complete high school. In
Norway, approximately 75 percent of the population under 25 years old had
completed high school in 2014 (OECD.org, 2016).

As a step to strengthen the Norwegian school system, the Norwegian government
is currently changing the requirements for teacher education. After the policy
implementation takes effect in August 2017, teacher education will be a five-year
master’s program instead of a four-year bachelor degree (regjeringen.no, 2016).
Previous research within the field of educational economics mainly focuses on the
link between teacher quality and student outcomes in relation to achievement and
income, which is in the short and long term. Our work contributes to the literature
by examining the effect of teacher quality on students in the medium term,
focusing on high school completion. This is the opposite of what we define as a
‘high school dropout’; a student who either never starts high school or starts, but
never completes high school. Specifically, we assess two key variables. First, if it
makes any difference whether middle school teachers have a teacher education
which includes pedagogical elements and/or second, if it makes any difference

whether middle school teachers hold a master’s degree or a bachelor’s degree.

In recent years there has been a change in focus amongst researchers from input
based to output based teacher quality (Hanushek & Raymond 2001; Hanushek,
2003). Input based research has focused on observable teacher characteristics,
such as education, experience, and teachers own academic achievement, while
output based teacher quality is based on non-observable characteristics estimating

how use of different teacher incentives affect student achievement. Value-added
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models measure gains in student achievement; high teacher quality is thereby
unobserved, but analyzed through improvement in student achievement, i.e.
grades. Empirical findings on input based research have typically found that the
relationship between specific teacher attributes and student achievement is weak
(Rivkin, Hanushek, & Kain, 2005; Rockoff, 2004). Students that attend better
schools are also found to have better short term outcomes measured by
examination performances (Jackson, 2010). Output based research has found that
students assigned to teachers with high value-added benefit in the long term. They
are more likely to attend college and get higher income, live in better
neighborhoods, save more for retirement and less likely to have children as
teenagers (Chetty, Friedman, & Rockoff, 2011). Students who drop out of high
school will be restricted from attaining higher education and thus face limited
career possibilities later in life (St.meld. nr.44, 2008-2009). While a value-added
model can identify which teacher is effective in improving student outcome, it
cannot tell why. The focus has therefore shifted towards classroom strategies and
teachers behavior. Since we cannot connect individual teachers to individual
students, we are not able to use value-added models to identify how much

teachers contribute to student outcomes, using Norwegian data.

We take advantage of rich administrative panel data, where the data on teacher
characteristics has not yet been used. Middle school students are of interest, as
school up to this point has been mandatory and therefore students are not yet
affected by their own educational choices. Regarding the students, individual
characteristics, in particular grades from middle schools, are related to whether
students complete high school (Byrhagen, Falch, & Strgm, 2006). Motivation and
expectations about the rewards from graduation are also found to be important
when explaining high school completion (Eckstein & Wolpoin, 1999). They use
the first registered grades from compulsory schooling, namely the 1986 cohort,
who completed middle school in 2002. Furthermore, June C. Rivers and William
L. Sanders (2002) find that at least four years after students have left a teacher’s
tutelage, the effect of that teacher on the student is still measurable. Subsequently,
we believe that we will be able to capture a relationship between middle school

teachers education and high school completion.
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Quasi-experiments are regularly used to study the causal effect of high school
dropouts. One relevant example is the quasi-experimental study on Norwegian
data from middle school that found no effect of class size on achievement,
independent of teacher characteristics (Leuven, Oosterbeek, & Rgnning, 2008).
However, they found indications that the students from classes with teachers with
a lower level of education benefit more if the classes are small, than students from
classes with more educated teachers. A useful and common starting point is to
analyze correlations and estimate regression models in administrative data. This is
a way of understanding the relationship between middle school teacher education
and high school completion when treatment is not randomly assigned.

We exploit within middle school variation in teachers’ education over time. We
use students from eleven different birth cohorts to examine the relationship
between teacher education and the probability that a student completes high
school on time. The effect of teacher quality can be difficult to identify with
administrative data, due to the complexity of the relationship and that student
outcome is affected by many other factors than quality of teachers. We solve this
by controlling for middle school characteristics, student characteristics, constant
middle school factors, and variation between birth cohorts. Since the Coleman
report from over fifty years ago, educational economists have tried to figure out
what makes a good teacher, and separate these effects from family characteristics
in order to measure teacher effect on student outcomes (Coleman, 1968; Downey
& Condron, 2016). They, among others, have tried to isolate the direct
relationship between student characteristics and teacher quality from the effect of
neighborhoods or schools (Downey & Condron 2016; Rivkin, Hanushek, & Kain,
2005). In Norway, as for many other countries, student background, such as
parent characteristics and home location, matters for their achievement (Statistics
Norway, 2017). He&geland, Raaum, and Salvanes (2005) find evidence of
compensating resource allocation, meaning that the parents compensate by
spending resources on their children if they are not satisfied with the teachers or
the school. They also find that there is geographical sorting amongst families and
teachers in Norway. The parents” decision on where to settle down, does to some

extent, depend on school characteristics such as teacher quality (Nechyba, 2006;

3



GRA 19502

Fiva & Kirkebgen, 2008; Machin & Salvanes, 2016). Several empirical studies
show that teachers tend to choose where to work based on student characteristics
such as minorities and achievement (Hanushek, Kain, & Rivkin, 2004; Jackson,
2009).

The literature on observable teacher characteristics covers teachers own
achievement, experience and education among other characteristics. For example,
for student achievement, teacher experience is found to matter most the first three
years in the profession (Wiswall, 2013). Though, experienced teachers tend to
choose where to work more systematically (Hanushek, Kain, & Rivkin, 2004).
Several scholars provide evidence of a positive influence of teachers' academic
achievement on student achievement (Hanushek, Piopiunik, & Wiederhold, 2014;
Hanushek & Rivkin, 2006; Clotfelter, Ladd, & Vigdor, 2006 and 2007). For input
based research regarding teacher education, only a small share has found a
master’s degree to be positive and significant for student performance (Hanushek,
1997). U.S. studies have also focused on salary as a driver for teacher distribution
(Hanushek & Rivkin, 2006). Regarding teacher salary in Norway, the variation
across schools and locations is expected to be small and much smaller than those
observed in the U.S., due to the collective centralized agreements. Salary is also
found to be more important for the decision of whether to become a teacher than
whether to work at a specific school or even quit teaching (Hanushek & Rivkin,
2006). Teacher sorting may reflect several factors such as personal preferences
and the labor market situation amongst other examples.

We find that there is a positive relationship between middle school teachers with
teacher education and high school completion. Specifically, we find that a 10
percentage point increase in the share of teachers with teacher education (about
two thirds of a standard deviation) increases the probability of high school
completion with about half a percentage point. In other words, it takes a 20
percentage point increase in the share of teachers with teacher education to
increase the probability of high school completion with one percentage point. In
addition, we find that the level of education is not associated with high school

dropouts.
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The thesis is structured in the following order. In the next section, an overview of
the Norwegian school system and institutional settings is given. In Section 3 we
describe the data we use and present descriptive statistics. In section 4, the
empirical strategy is explained and the properties of the main model with middle
school fixed effects is identified. In section 5 we present the results from our

analysis. Lastly, in section 6, we discuss and conclude upon the results.

2. Institutional Settings

2.1 School System
In this thesis, we study students in the birth cohorts 1967-1977 who attended

middle school in 1981-1991, which we match with a rich administrative data set
on teacher characteristics. As can be seen in table 1, for students of these birth
cohorts, compulsory school consists of nine years: grades 1-6 in primary school
and grades 7-9 in middle school. In Norway, the municipalities are responsible
for allocating resources to the middle schools. There are few private schools, and

they are either religious or have alternative pedagogics.

Table 1: The Norwegian school system

Age Grade Educational level

7t012 1to6 Primary school .
Compulsory education

13to15 7t09 Middle school

16to- 1to3 High school

Parents do not choose middle school for their kids per se, as each school has its
own catchment area. Parents can apply for transfer of their child to another
school, however whether the transfer is approved depends on subjective
characteristics and availability at the school. A middle school can be mixed with a

primary school. If not, the primary school often has one specific middle school

5
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where the students are enrolled. Mixed primary and private schools are excluded
from this thesis. In the relevant time period, children enrolled into primary school
in August the year they turned seven years and middle school the year they turned
thirteen. The program for international student assessment (PISA) was not
introduced in Norway before 2003, national tests were introduced in 2007 and

grades from middle school completion were first registered by SSB in 2002.

Students are assigned their middle school teachers in the 7" grade and the
combination of teachers is normally relatively consistent for all three years at
middle school. Hence, a new teacher is usually assigned to the 7™ grade.
Therefore, we connect students with the average teacher education in the first year

they attend middle school.

After completing middle school, students can proceed directly to high school the
year they turn 16. There are two main specialization alternatives at high school,
that is, general and vocational programs. The educational length is three years for
the general studies and four years for the vocational programs. For the latter,
typically two years in school followed by two years with trainee practice for a
company. Before the reform of 1994, students were not guaranteed to get into a
high school. Accordingly, our results may differ as all students today have the

right to attend high school.

There are differences in quality between Norwegian schools. For example, Fiva
and Kirkegen (2011) found that moving a student from a school in the bottom 25
percent to a school in the top 25 percent would improve student’s grade-point
average. There are also found to be big difference in resource spending , and the
variation is especially prominent between middle schools (Borge & Naper, 2005).
These differences among the middle schools may be important for high school

completion.

2.2 Teacher Education

In the 1980°s, teacher education could be either two or four years depending on

high school specialization. There were also several ways to become a teacher.

6
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Through teacher education one could become a regular teacher, a subject teacher
or a vocational teacher. Individuals with general higher education could also
become teachers by taking an additional year of pedagogics, though many worked
as a teacher without a teacher education. Today, all first to tenth grade teachers
take a four-year bachelor’s degree. With the new requirements, all new teachers
must take a master’s degree (regjeringen.no, 2016). The teacher salaries are
determined through collective agreements.

For higher education in general, the terms master’s and bachelor’s degrees were
not used until 2003. We will use the terms “short higher education” and “long
higher education”. Short higher education includes all programs with less than
five years of higher education. Therefore, short higher education is similar to
today’s bachelor’s degree, consisting of three years at university or university

colleges. Long higher education corresponds to a master's degree or more.

3. Data and Descriptives

We use four administrative data sets. Because the data sets are administrative, we
face only slightly or no measurement error in the dependent and independent
variables, such as teacher education codes and whether and when students have
completed high school. We combine data regarding teachers, which we aggregate

at middle school level, with information of the students at individual level.

3.1 Teacher register

The teacher register is a panel data set which is an ended series of administrative
data with information about teachers on an individual level that has never been
used before. We use information regarding the teachers education from this
register covering all schools in Norway, updated on a yearly basis over the years
1981 to 1991. We thereby limit our focus to these years. The data set covers
characteristics on the individual level of each teacher. We use education codes,
age, which school level they teach at, professional title, the teachers’ home

municipality, service condition and school identification. We restrict the data to

7
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those who teach at middle school level. These observations cover all employees
that can affect the teaching, such as principals, inspectors and teachers. At small
schools, principals job description often includes teaching. This is normally not
the case at bigger schools, meaning the effect of a teaching principal is very small.
In addition to the different types of teacher education, teachers hold a variety of
educational specialisms, from economic and administrative to vocational

backgrounds.

Because the data set is aggregated at middle school level and year, each middle
school’s teacher education is measured by its teachers’ average education in a
certain year. This way we connect birth cohorts of the students to the aggregated
teacher education at the middle school that the students attend. As described in
chapter 2, a certain composition of teachers typically follows the same cohort for
all three years. The regressor of interest is therefore 7" grade middle school
teacher’s average education. In the data, there is variation in middle schools
teacher education over time, which this is important for the estimation of our main

model.

Two different key educational measures on teachers will be used as regressors,
separating teacher education in two different ways. The quality measures are long
higher education and teacher education. The first educational measure is based on
the separation between teacher education and other educations from university or
university-college. Hence, the share of teachers with teacher education as a
quality measurement includes all levels of teacher education, such as subject
teachers, vocational teachers, ordinary teachers and those with general higher
education and additional pedagogics. The remaining share includes all teachers
with other types of educations. The second educational measure is separating long
higher education from short higher education. As described in chapter 2, short
higher education includes all programs with less than five years of higher
education, including short higher teacher education. Long higher education is
defined as teachers with minimum five years of higher education independent of

program specification, including long higher teacher education.
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3.2 Register of the population’s level of education

The register of the population’s level of education is a panel data set which covers
the population’s education on an individual level; both ongoing and attained
levels, updated since 1970. We use information regarding students’ high school
completion and what type of specialization was chosen. Education data tracks
people's education from upper secondary education to PhD-level. We define “high
school completion on time” as completion within three years if the student
attended a general study program and completion within four years if the student
attended a vocational program. The high school dropouts are therefore a sum of

those who did not start high school and those who started but did not complete.

3.3 Register of compulsory Schooling

The register of compulsory schooling is a panel data set which covers information
about all schools on a class level. Information on middle school characteristics is
collected from the compulsory schooling information system (GSI). This data set
contains information of all compulsory schools in Norway since 1970. We use

information regarding class size and minorities to construct control variables.

3.4 Middle school register

The middle school register is a cross sectional data set which covers information
about students at an individual level at their last year at middle school. The data
set contains the name and location of which middle school the students attended.
From this data set, we also get the students’ parents’ education, home
municipality and the middle school graduation year. Only students who completed
middle school on time are included. The data on year of middle school completion
is shown per school semester. The data sets we use give us no connection between

individual students and primary or high school.

To summarize, our sample contains information about teachers between the years
1981-1991. While there exists records from about 450 municipalities in Norway,
we choose to include the municipalities that have not merged and that have

students from the cohorts between 1967-1977. In more than one third of the
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municipalities, the schools are either mixed primary and middle schools or there is
no middle school, indicating that students go to a middle school in a neighboring
municipality. The sample therefore covers 256 municipalities (Fig.1). If we were
to consider mixed primary and middle schools we would get a less precise result,
as students from mixed schools have not had tutelage of all middle school
teachers. Therefore, only middle schools are considered in this thesis. The
excluded municipalities are located in the inland, mid, and northern Norway. In

total, there are 452 middle schools in the sample.

Fig. 1
Municipalities in the Sample

:ﬁ:%

+

o

. »

Note: This figure shows the distribution of the 256 Municipalities, colored in bright red,
that are included in the sample.
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3.4 Descriptive Statistics

Table 2 shows descriptive statistics of the sample. The share of teachers with long
higher education is about 8 percent, while the share of teachers with teacher
education is 70 percent (Fig. 2). None of the middle school teachers have high
school as their highest achieved education. The share of middle school teachers
who are working full time is 77 percent and there is almost as many female as
male teachers. At the middle schools the share of teachers with long higher
education varies between 0 and approximately 30 percent. The share of teachers
with teacher education varies between 20 to 100 percent.

Table 2 Summary Statistics

Variable N Mean Std. Dev.
Middle School characteristics
Class size* 370140 106.2 39.92
No. of minorities 371539 0.43 2.25
Middle school Teacher characteristics
Share with long high education 371539 0.08 0.06
Share with teacher education 371539 0.70 0.15
Average age 371539 41.22 3.30
Average age’ 371539 1790 281
Share working full time 371539 0.77 0.11
Student characteristics
High school on time (Dummy) 371539 0.47 0.50
High school within five years (Dummy) 371539 0.62 0.48
High school achieved within 2015 (Dummy) 371539 0.80 0.40
Age when completed high school 279066 20.78 4.12
Students highest education** 371539 4.72 1.62
Fathers with higher education (Dummy) 371539 0.22 041
Mothers with higher education (Dummy) 371539 0.17 0.37
Fathers highest education*** 368990 3.56 1.52
Mothers highest education *** 368954 3.25 1.37
Municipalities 256
Middle schools 452
Students 371539
Notes:

Summary statistics on the sample for the cohorts 1967-1977,

middle school characteristics and teacher characteristics are aggregated at middle school and cohort levels,
while student characteristics are observed at individual level.

* total class size per cohort and year in 7" grade.

**NUS 2000 codes. The number of the code reflects the completed level of education.

2= middle school; 3= ongoing high school; 4=completed high school; 5=additional courses at high school level;
6=short higher education; 7=long higher education; 8=doctoral degrees.

*** short higher education or above.

11
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Fig. 2
Distribution of the Share of Teachers with Distribution of the Share of Teachers with
Long Higher Education at Middle School Teacher Education at Middle School
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Note: The bins in the left graph shows the fraction of middle schools share of teachers with long higher
education, Y-axis, by the average share of teachers at the 452 middle schools in the sample,

between 1981-1991 ,X-axis. The green line shows the normal distribution of the share of

teachers with long higher education.

The bins in the right graph shows the fraction of middle schools share of teachers with teacher
education (Y-axis), by the average share of teachers at the 452 middle schools in the sample,
between 1981-1991 (X-axis). The green line shows the normal distribution of the share of

teachers with teacher education.

There is an increase in the share of teachers with teacher education in the time
period, while the share of teachers with long higher education is decreasing (Fig
3a and 3b). Hence, we see a trend that the teacher profession is being more
formalized and a carrier in itself. Furthermore, for the analyzed time period we
observe teachers in the profession for on average 8.5 out of 11 years. We observe
within middle school variation in the teacher’s education over time. This variation
could be due to teachers moving, having paternity or maternity leave, changing

profession, retiring etc.

Just below 45 percent of the students complete high school on time (Table 2).
Within the time limit of the data (year 2015), just under 80 percent of the students
ever complete high school, which illustrates that the drop out ratio is large. Of
those who complete middle school on time, about 85 percentage start directly at
high school and 3 percent never start high school. As can be seen in Fig. 4 of the
high school completion ratio per cohort, there is a trend in the data that students of
later cohorts to a larger extent complete high school. Furthermore, some middle
schools have students with lower high school completion overall years, indicating

that there could be variation in school quality (Fig. 5).

12
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Note: This graph show the development over time in the share of teachers with long higher
education. We use the sample of all teachers aggregated, at 452 middle schools that run all
the years 1981-1991.
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Note: This graph show the development over time in the share of teachers with teacher

education. We use the sample of all the teachers, aggregated at 452 middle schools that run all
the years 1981-1991.
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High school completion ratio
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Note: This graph show the the share of students who complete high school on time,

by their birth cohort. The sample with 371,539 students attaining the 452 middle schools that

run between 1981-1991, except cohort 1974 that lack many registrations.

Fig. 5
Distribution of Middle Schools
by High School Completion
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Share of students who complete high school on time

Note: The bins in this figure shows the fraction of the 452 middle schools by the share of
studenst who complete high school on time. The green line shows the normal distribution
of the share of students who complete high school on time.
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The students’ average highest achieved level of education is above high school,
but below the level of education that corresponds to additional courses at high
school level. While the share of mothers and fathers of the students who have
completed higher education is 17 and 22 percent respectively, the parents have on
average started high school but not completed, see Table 2. The development in

mothers and fathers share of higher education increase over the years (Al).

High school completion is positively correlated with teachers with long higher
education and negatively correlated with teachers with teacher education, see A2.
As expected, high school completion is also positively correlated with parents
education. Teachers with teacher education correlates negatively with parents
education and teachers with long higher education correlate positively with
parents education. Long higher education for teachers and high school on time
correlates positively with the share of minorities at the middle school. The
correlation between the share of teachers with long higher education and the share

of teachers working fulltime is negative.

We use maps that separate the different municipalities to analyze the distribution
of teacher and student characteristics in the data, see A5-A10. The distribution of
teachers with teacher education is especially prominent in the municipalities in the
southern parts of Norway (A5). In addition, some scattered municipalities have a
larger share of teachers with teacher education. The share of teachers with long
higher education is lower in the mid of Norway compared to the south and north
(AB).

The high school completion ratio on time is lower in the northern parts of Norway
and in the inland (A7). Additionally, as can be seen in table 2, while the average
age of completing high school is about 21 years, the students in the northern and
mid-Norway are older than students in the east, western parts and the big cities

when completing high school (A8).

The geographical distributions have patterns that to some extent are repeated in
several of the variables. Both teachers with long higher education, parents with

higher education and students who complete high school on time are centered in
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and around the major cities. The pattern visualizes spatial sorting of high ability
parents and high ability teachers that is present between municipalities. It is hard
to control for all these factors. Therefore if we were to estimate a cross section
OLS we expect it to be biased. To address this problem we take advantage of the

within middle school variation over time.

4. Empirical Strategy

We estimate a linear probability model with middle school fixed effect for two
explanatory key variables. Our outcome variable, y;., is an indicator function that
takes the value 1 if student i complete high school within the stipulated time, and
0 if not. Whether student i from birth cohort ¢ at school s complete high school or

not, y;.s, is described by the following equation:

(1) Yies = BO + Bchs + 6Wc’s + (px{ + Vs + 90 + Uics

Where teacher education, T, is either the share of teachers with long higher
education or the share of teachers with teacher specific education, at middle
school s, for students of birth cohort c. The parameter of interest, 3;, captures the
effect of teacher education on the probability that student i complete high school,
holding all other variables constant. The vector w/, consists of other observable
middle school characteristics, while x; is a vector of observable student
characteristics. wg, includes the share of full time teachers, average age of
teachers and age squared, the number of minorities per cohort and year, and total
class size per cohort, while x; includes each students mothers and fathers
education level. y, captures all middle school factors that do not vary over time,
such as prejudice, resource structure, unobservable teacher quality, and location.
Students of a certain birth cohort may differ in many aspects relative to other birth
cohorts and therefore a birth cohort fixed effect, 6., is included to control for this
variation, which also can be seen from Fig. 3. For example, if certain birth cohorts
have been exposed to a national school reform that other birth cohorts are not

exposed to, then this will be captured by 6.. The error term, u;.s, denotes any
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measurement error and all variation in y;., that is not explained by the other
variables. We cluster the standard errors at middle school level to take intra-class

correlation into account.

As we use panel data we observe the same middle school over time. With middle
school fixed effect we extract the average from the middle schools so that what is
left is the within-school variation over time. This way variation across the middle
schools is not used when estimating the regression coefficients. We thereby take
advantage of the fact that we observe variation in the teacher education
composition at a certain middle school over several student cohorts. Hence, we

avert many sources to bias that would otherwise affect the estimated results.

If the selected control variables, discussed below, pick up all relevant differences
between students and teachers, the causal effect of teacher education is isolated by
the conditional independence assumption (Angrist & Pische, 2009). Middle
school characteristics are expected to introduce bias in the explanatory variables if
we do not control for factors that give rise to sorting behavior of different types of
teachers and families (Wooldridge, 2010). We therefore control for several middle
school characteristics that could otherwise lead to omitted variable bias (OVB),
that occur since several middle school characteristics are correlated with both
teachers type of education and student high school completion. Student
composition matters for the characteristics of a middle school. We include
minorities as control variable as it might have an effect on the teacher-sorting
problem (Falch & Ronning, 2007). Teacher age and age squared are included as
control variables as a compliment to experience. The quadratic term is included,
as the effect of longer experience is believed to be positive but decreasing with
time. Whether the teachers are working full time or not is a characteristic that may
influence to which extent a certain teacher affects the students and is included as
control variable. Individual student characteristics, for example high achieving
students, may also to a larger extent complete high school. However, we do not
have data on student achievement such as grades. Not controlling for achievement

could introduce positive bias in the results.
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To isolate the causal effect of teacher education on high school completion, we

rely on the conditional mean independent assumption:

E(.uicschs» Wcls» X0, Vs 9(:) = E(/flicsl Wcls' X0, Vs 90)

Hence, once we control for middle school characteristics (w/s), student
characteristics (x;), constant and unobserved middle school factors (y,) and
variation between birth cohorts (6.), then T, can be as good as randomly

assigned. If the conditional mean independence assumption holds, B; has a causal

interpretation.

It is found that teachers tend to prefer to work close to where they are born or
places similar (Boyd et al., 2005). If teachers prefer to move to their home district
then the school characteristics might be less important for the "choice of
workplace”. This is to some extent believed to be applicable in Norway, a
geographically spread country with many disperse rural areas. Therefore,
geographical teacher sorting is expected to be smaller than it would be if home
municipality did not matter. Nevertheless, we still expect teacher and families to
sort within neighborhoods, particularly in bigger municipalities where schools are
located in areas with different status and within relative short distance of each
other. The problem that middle schools differ in constant unobservable
characteristics, can affect the sorting of both teachers and families as these
between-school differences can make some middle schools more or less attractive

than other middle schools.

The strength of the model is that it relies on within middle school variation. With
middle school fixed effect we avoid neighborhood sorting, typically along the
socioeconomic dimension, since we control for fixed omitted variables that are
time invariant (Angrist & Pischke, 2009). Middle school fixed effect will also
correct for the same geographical sorting as the municipality fixed effect. We
observe that there is variation in teacher education within schools over the years
1981-1991, as described in section 3.4. For a certain cohort of students, a certain

composition of teacher education is therefore (argued to be) as good as random.
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We argued earlier that when a new teacher enters a middle school, this teacher is
assigned to a new class of students and therefore do not affect the older students.
However, this argumentation may not hold at a small middle school where all the
teachers may alter between all the classes, which can lead to downward bias.
Moreover, a new teacher may affect the older students indirectly, through
cooperation with colleagues. Hence, there might be teacher peer effects (Jackson
& Bruegmann, 2009).

5. Results

The estimated results for model (1), with middle school fixed effect are presented
in Table 3, where the first three columns refer to the key variable share of teachers
with teacher education, and columns four to six refer to the key variable share of

teachers with long higher education.

We find that a 10 percentage point increase in the share of teacher with teacher
education (about two thirds of a standard deviation) increases the probability of
high school completion with about half a percentage point. In other words, it takes
a 20 percentage point increase in the share of teachers with teacher education to
increase the probability of high school completion with one percentage point. In
comparison to the large variation in high school completion rates across middle
schools, ranging from about 0.2 to 0.7 (see Figure 5), we consider the effect to be
relatively small in magnitude. Though, we find it to be an interesting result as
literature typically do not find a clear relation between observable teacher quality
and student outcomes (Jepsen, 2005; Hanushek & Rivkin, 2006; Rivkin,
Hanushek, & Kain, 2005; Rockoff, 2004).
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Table 3: Regression Results

Dependent variable: High school completion

Middle School Fixed Effect

1) 2 (©) 4) ©) (6)
Share of Middle Share of Middle
School Teachers 0.0515%*  0.0513** 0.0438* School Teachers with ~ 0-0740 -0.0068 -0.0184
with Teacher (0.02) (0.02) (0.02) Long higher (0.04) (0.04) (0.04)
education education
i 0.1875***  (.1874*** i 0.1875***  (.1874***
Fathers education Fathers education
(0.00) (0.00) (0.00) (0.00)
. 0.1123***  (.1124*** i 0.1123***  (.1124***
Mothers education Mothers education
(0.00) (0.00) (0.00) (0.00)
L -0.0002 . -0.0002
Minorities Minorities
(0.00) (0.00)
. -0.0034 . -0.0037
Full time Full time
(0.02) (0.01)
0.0158*** 0.0170%***
Teachers age Teachers age
(0.01) (0.01)
. -0.0002** ,
eachers age eachers age X
Teach 0.00) Teach 0.0002***
' (0.00)
. 0.0001** . 0.0002**
Class size Class size
(0.00) (0.00)
Adjusted R-Squared 0.0688 0.0688 0.0688 Adjusted R-Squared 0.0687 0.0687 0.0688
N 371539 371539 371539 N 371539 371539 371539

Notes:

Significance levels * p < .1; ** p< .05; *** p < .01. Estimated results of the main model (1) from empirical strategy.

Middle school clustered standard errors in parenthesis. All regressions control for birth cohort of the students (dummies).
Mothers and fathers share with higher education are dummies on individual level of the students, while all other control variables

are the share on school and cohort levels.

The estimated results, with and without controlling for parents education are
similar and significant at five percent level, see column (1) and (2). When
including all control variables, B; decreases a little and is significant at ten percent
level. The fact that the estimated results in columns (1) to (3) estimates rather
similar results, with and without control variables, strengthens the validity of the
The

adjusted R-square is low and stable. As expected and in line with the literature,

model and the sign of sorting within the variables is as good as absent.

we find that the coefficients of both mothers and fathers education are large and
significant at one percent level. This shows that parents education to a large extent
explain whether the students complete high school. The middle schools average
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teacher age has a positive significant effect and age squared has a significant
negative, but close to zero effect. This is in accordance with empirical result
which finds that teacher experience matters most the first few years (Wiswall,
2013). The size of the birth cohort per middle school (class size) has an effect that
is close to zero, though significant. This is a highly discussed topic, however our
result seems reasonable as most researchers find that class size has no or little
effect on student achievement (Leuven, Oosterbeek, & Ranning, 2008; Rivkin,
Hanushek, & Kain, 2005). The effect of minorities is close to zero, negative and
not significant. However, this variable is aggregated to school and cohort levels,
and in contrast to the other variables to some extent incompletely reported.
Preferably we would have used the national immigrant register, and then the
information would be at individual level. Though, in the 1980’s the share of
immigrants was much lower than to day. In addition, the effect of the share of

teachers working full time is also negative and not significant.

As seen in Table 3, column (4)-(6), with middle school fixed effect, for the
regression of long higher education on the completion at high school, neither of
the estimated results are significant. For all columns, (4)-(6), the model estimates
a [; which is negative and insignificant. The estimated result decreases for each
column, when gradually including control variables. Hence, we find no

relationship between the level of education and high school completion.

The results in table 3 differ from the results when estimating the model both for
the naive OLS and with municipality fixed effects, for teacher education on high
school completion, see Table A3. The estimated results for the naive OLS are all
close to zero and insignificant. While the estimated results with municipality fixed
effects are small, decreasing, changing from positive to negative, and
insignificant. This gives indication of between-municipality sorting. Since the
model improves when regressing with middle school fixed effect the estimated
result for the municipality fixed effect are biased due to within-municipality

sorting.

Signs of sorting are especially clear when we regress long higher education on

high school completion. The estimated results in the naive OLS and with
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municipality fixed effects, for long higher education on high school completion,
changes when we gradually include the control variables, due to geographical
sorting between municipalities of both families and teachers (Table A4). These
results differ a lot from the model with middle school fixed effects. Hence, the
effect of long higher education on high school completion is overestimated in the

naive OLS and with municipality fixed effects.

One could further check the robustness of the results by excluding teachers who
switch schools to make sure that they do not drive the results, and investigate
whether the observable characteristics differ between teachers with different

educations.

6. Discussion and Conclusion

In this thesis, we investigate whether middle school teachers’ education is a
determining factor in the probability that students complete high school, as middle
school factors has been shown to be one of the prominent explanations for high
school completion (Byrhagen, Falch, & Strgm, 2006). We focus on two key
variables at middle school level, first teachers with and without teacher education,
and second, teachers with short and long higher education. We combine four data
sets to estimate our main model. The detailed data on teacher characteristics has
been of particular interest, as it has not been used before. The model has
advantages as it uses within middle school variation in teacher education over
time. This reduces omitted variable bias caused by teacher and family sorting,
both cross sectional and within municipalities and neighborhoods, and

subsequently aims to capture the causal relationship of interest.

We find that there is a positive relationship between middle school teachers with

teacher education and high school completion. Specifically, we find that a 10

percentage point increase in the share of teacher with teacher education (about

two thirds of a standard deviation) increases the probability of high school

completion with about half a percentage point. In other words, it takes a 20

percentage point increase in the share of teachers with teacher education to
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increase the probability of high school completion with one percentage point. In
comparison to the large variation in high school completion rates across middle
schools, ranging from about 0.2 to 0.7 (see Figure 5), we consider the effect to be
relatively small in magnitude. Though, we find it to be an interesting result as
literature typically do not find a clear relation between observable teacher quality
and student outcomes (Jepsen, 2005; Hanushek & Rivkin, 2006; Rivkin,
Hanushek, & Kain, 2005; Rockoff, 2004).

In addition, we find that the level of education has no relation with high school
dropouts. That is, whether middle school teachers hold a master’s or bachelor’s
degree does not make any difference on the probability that a student completes
high school. Moreover, in line with both previous research and our expectations,
we find that what best explains the high school completion is the parents’ level of

education.

Consequently, increasing pedagogical competence in the middle schools could
contribute to lower high school dropout if the results are due to the pedagogical
part of teacher education. Then the result could indicate that, at middle school
level, pedagogical knowledge is more important than subject specific knowledge.
However, the result could also indicate that it is important to work within your
field of education. For example, the result might capture that teachers with teacher
education are more motivated than teachers with another education, because the

latter work in another profession than they are educated within.

This should be relevant information for policy makers aiming for evidence-based
policies. The new requirement for teacher education combines long higher
education with pedagogic education. If the results are caused by pedagogical
knowledge, then master educated teachers after the policy implementation might
positively affect the student’s outcome, here measured as completing high school.
However, if the results are caused by mismatching between working profession
and education, the results might indicate that one should rather focus on attracting

the “right” people to the teacher education.
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In any case, the effect of the new teacher requirements can only be assessed
through further research. As the teacher quality is hard to capture by observable
data we believe that classroom studies are needed to further investigate what
makes a good teacher. This can be done by evaluating teacher classroom

strategies.

These days, the government facilitates for randomized experiments when
proposing new requirements. By doing this, researchers can capture the causal
effect and determine whether the requirements are reasonable. A good example
where the government have tried to do an experiment is the project “ny giv” or in
English “new motivation (Huitfeldt, Kirkebgen & Rgnning, 2016). However, it is
hard to carry out an experiment as many steps can easily fail, in both the design
and the implementation of the experiment. Though, we believe in smaller
experiments such as “program for better high school completion” where
researchers have more control when implementing the experiments

(regjeringen.no, 2016).
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Appendix
Table Al. Correlation Matrix

Development in the ratio of Mothers and Fathers
with Higher Education
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Note: This graph plots the share of the parents with higher education by the bith cohort of their
children, for all the ca 450 municipalities on wich we have data, exept for the birth
cohort 1974 that lack many registrations
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Table A2. Correlation Matrix
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Scc® © > G o @ < g B ) D
< coE c & < o S 5 > [
=2 [ZRGE (7] @ b = z <
T = s
High school on time 1
Share of Middle School Teachers with Long 0.0261 1
higher education
Share of Middle School -0.0100 05857 1
Teachers with Teacher education
Fathers with higher education 0.2092 0.0923 -0.0927 1
Mothers with higher education 0.1661 0.0663 -0.0613 0.4235 1
No. of minorities* 0.0184 0.0541 -0.1027 0.0413 0.0379 1
Share full time teachers -0.0254 -0.1105 0.0608 -0.0690 -0.0603  0.0065 1
Average teacher age 0.0995 0.0832 0.0610 0.1148 0.1046 01199  -0.0975 1
Teachers age squared 0.0970 0.0803 0.0574 0.1143 01036 01201  -0.1022  0.9956 1
Class size** -0.0173 0.1489 -0.1871 0.0321 0.0035 00817  0.0275  -0.0022 0.0020 1

Notes: Correlations on the sample with 452 middle schools in 256 municipalities, with 371,539 students, for the cohorts 1967 - 1977.Teacher characteristics

are aggregated at middle school and cohort levels. *No. of minorities per cohort, in 7™ grade. * *Total class size per cohort, in 7" grade.
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Table A3. Regression Results

Dependent variable: Completion ratio at high school

OLS Municipality Fixed Effect
@ 2 3 4 ©) (6)
Share of Middle School 0.0008 0.0008 0.006 0.0111 0.0111 -0.0008
Teachers with Teacher
education (0.02) (0.02) (0.02) (0.02) (0.02) (0.02)
i 0.1968*** 0.1926*** 0.1926*** 0.1912%***
Fathers education
(0.00) (0.00) (0.00) (0.00)
. 0.1168*** 0.1140*** 0.1146*** 0.1140***
Mothers education
(0.00) (0.00) (0.00) (0.00)
L -0.0022*** -0.0025***
Minorities
(0.00) (0.00)
X -0.0628*** -0.0644***
Full time
(0.02) (0.02)
0.0279*** 0.0173***
Teachers age
(0.01) (0.01)
) -0.0003*** -0.0002***
Teachers age
(0.00) (0.00)
. 0.0001 0.0003***
Class size
(0.00) (0.00)
Adjusted R-Squared 0.0596 0.0596 0.0611 0.0669 0.0659 0.0665
N 371539 371539 371539 371539 371539 371539

Notes:

Significance levels * p < .1; ** p< .05; *** p < .01. Estimated results of the OLS and municipality fixed effect models.

Middle school clustered standard errors in parenthesis. All regressions control for birth cohort of the students (dummies).
Mothers and fathers share with higher education are dummies on individual level of the students, while all other control variables
are the share on school and cohort levels.
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Table A4. Regression Results

Dependent variable: Completion ratio at high school

OLS Municipality Fixed Effect
0] ®) ) (10) (11) (12)
Share of Middle School Teachers with 01191 011857 0.0703* 0.0960" 0.0958" 0.0811*
Long higher education (0.03) (0.03) (0.03) (0.04) (0.04) (0.03)
. 0.1954*** 0.1920*** 0.1924*** 0.1911***
Fathers education
(0.00) (0.00) (0.00) (0.00)
i 0.1160*** 0.1137*** 0.1145%** 0.1140***
Mothers education
(0.00) (0.00) (0.00) (0.00)
o -0.0023%** -0.0025%**
Minorities
(0.00) (0.00)
i -0.0596*** -0.0640***
Full time
(0.02) (0.02)
0.0268*** 0.0164***
Teachers age
(0.01) (0.01)
) -0.0003*** -0.0002**
Teachers age
(0.00) (0.00)
. 0.0001 0.0002***
Class size
(0.00) (0.00)
Adjusted R-Squared 0.0598 0.0598 0.0612 0.0660 0.0660 0.0665
N 371539 371539 371539 371539 371539 371539

Notes:

Significance levels * p < .1; ** p< .05; *** p < .01. Estimated results of the OLS and municipality fixed effect models.

Middle school clustered standard errors in parenthesis. All regressions control for birth cohort of the students (dummies).
Mothers and fathers share with higher education are dummies on individual level of the students, while all other control variables

are the share on school and cohort levels
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Ab5. Distribution of Teacher Education

In 1981 In 1991

d’# ¢

Share of teachers with
teacher education

(955,1]
(9,955
(.84, 9]
(.76,84]

(.8,.76]
[0.6]

Share of teachers with
teacher education

(955,1]
(9,955
(.84,9]

(.76,.84]

(6,.76]
[0.8]

In these graphs we plot the teachers at middle school holding a teacher education in year 1981 and 1991 respectively,
for all the ca 450 municipalities on which we have data. The plotis based on the aproximate average percentiles. Municipalities colored in a darker shade
have a larger share of teachers with teacher education.
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AG6. Distribution of Long higher education

In 1981 In 1991

Share of teachers with
leng higher education

(15,1]
(077.15]
{.03,.077]
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[0,.005]

Share of teachers with
long higher education

(15,1]
(077,.15]
(03,077

(.005,.03]
[0,.005]

In these graphs we plot the teachers at middie school holding a long higher education in year 1981 and 1981 respectively,
for all the ca 450 municipalities on which we have data. The plot is based on the aproximate average percentiles. Municipalities colored in a darker

shade of red have a larger share of teachers with long higher education.

33



GRA 19502

A7. Distribution of Students Completing High School on Time

Birth cohort 1967 Birth cohort 1977
-
(.75,9] (.75,9]
(8,75] (.8,75]
(45,8] (45,5]
(.3,.45] (.3,45]
(15,3] (15,.3]
[0,.15] [0.15]

In these graphs we plot the high school completion ratio on time for the student birth cohort 1967 and 1977 respectively,
for all the ca 450 municipalities on which we have data. Municipalities colored in a darker shade of red have a larger
share of students who complete high school on time.
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A8. Distribution of Students Age when Completing High School on Time

Birth cohort 1967 Birth cohort 1977

Average age in the municipality
when completing high school

(25,30]
(23,25]
(20,23]

[18,20]

Average age in the municipality
when completing high school

(25,30]
(23,25)
(20,23]
[18,20]
In these graphs we plot the age of the students when they complete high school for the student birth cohort 1967 and 1977 respectively,

for all the ca 450 municipalities on which we have data. In municipalities colored in a darker shade of red, students have
a higher average age when completing high school.
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A9. Distribution of Fathers with Higher Education

Birth cohort 1967 Birth cohort 1977

Share of Fathers with
higher education

(7]

Share of Fathers with
higher education

(71]

(5.7] (5.7]
(3.5] (3.5]
(15,3] (15,3]
(1.15] (1.15]
[0.1] [0.1]

In these graphs we plot the students fathers with higer education, for the student birth cohort 1867 and 1977 respectively,
and for all the ca 450 municipalities on which we have data. Municipalities colored in a darker shade of red have
a higher share of fathers with higher education.
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A10. Distribution of Mothers with Higher Education

Birth cohort 1967 Birth cohort 1977

| o

Share of Mothers with
higher education

(7.1]
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[0.1]

2 * Share of Mothers with

higher education
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In these graphs we plot the students mothers with higer education, for the student birth cohort 1967 and 1977 respectively,
and for all the ca 450 municipalities on which we have data. Municipalities colored in a darker shade of red have
a higher share of mothers with higher education.
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