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Abstract

Teachers are increasingly being drawn from the lower parthefgeneral ability
distribution, but it is not clear how this affects student aemeent. We track the
position of entering teachers in population-wide cognitive and non-oagrability
distributions using school grades and draft records from SwedishersgiShe impact
on student achievement caused by the position of teachers in Hil@gedastributions
is estimated using matched student-teacher data. On aveagkers’ cognitive and
non-cognitive social interactive abilities do not have a pasigffect on student
performance. However, social interactive ability turns autbé important for low
aptitude students, whilst the reverse holds for cognitive igliliin fact, while high
performing students benefit from high cognitive teachers, beiagched to such a
teacher can even be detrimental to their lower performingspénce, the lower
abilities among teachers may hurt some students, whereas othg even benefit.
High cognitive and non-cognitive abilities thus need not necessaaslate into
teacher quality. Instead, these heterogeneities highlightitperiance of the student-
teacher matching process.
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1 Introduction

No one involved in education would deny the importance of teacher gialisgudent
performance. Indeed, there is a large body of research showahdtéacher fixed
effects” are systematically related to student outcométh the exception of teacher
experience however, it has proven remarkably difficult to pinpointreaigke teacher
characteristics that raise student achievement (e.g. Ro@@4 and Rivkin et al.,
2005). The conjecture has been that the position of teachers ingeoml, but hard to
observe, ability distribution is what matters for student outcors. worry about
teacher quality has therefore been fuelled by studies froaraesountries showing that
the ability ranking, gauged by aptitude tests or standardised stdgestof new teachers
and individuals entering teacher education has declined subsjeoviat|time®

Despite widespread beliefs to the opposite (McKinsey, 2007Eandomist 2007), a
causal link between the position of teachers in the population-viitley alistribution
and student achievement has been assumed rather than shovthis study, we
document the position of entering teachers in three population-widgtigegand non-
cognitive ability distributions. Our main contribution is that we tise same ability
measures to estimate the causal effects of teachetty abiinkings on student
achievement. Our findings suggest that the position of teadheise overall ability

distributions has no statistically significant effect on averagudent achievement.

! See Nickell and Quintini (2002) for the UK; Coraaret al. (2004) and Bacalod (2007) for the USgheind Ryan
(2006) for Australia; Fredriksson and Ockert (20f8)Sweden. Hoxby and Leigh (2004) and Lakdaw¢lR06) are
other studies documenting the decline of teachgtudp and ability in the US. These studies arebafied on ability
measures that are (more or less) comparable aoobssts. Importantly, ability is measured priothe start of teacher
education so they do not reflect the impact of #ueicational and professional choices themselvesleWhe
mentioned studies attempt to explain the declirteacher ability, this issue is beyond the scopeuofpaper.

2 see Wayne and Youngs (2003) and Hanushek andrR{2Ki06) for surveys of this extensive literatueveral
papers use the selectivity of teachers’ undergtadimstitution as a proxy for the position in thiligdy distribution.
This is at best a crude measure of individual ghitiat may also reflect the quality of the edumathat the teacher has
received. Other studies find that the scores ochiglicensure tests affect student outcomes,himiagain has little to
say about the teacher’s position in the generditgblistribution. Ehrenberg and Brewer (1995) fiadverbal ability
test” to be positively related to student outconims,the measure is aggregated to the school Enetlits relation to
the general ability distribution is unclear. Fergusand Ladd (1996) find a positive relation betweellege entrance
ACT scores and student achievement gains among 2 gnaders. The ACT is, however, taken by an direzlected
group of individuals. Close to our study is alsmtishek (1992) who finds that gains in reading perémce among 2-
6 graders are greater if the teacher has scorédonighe “Quick word test”, sometimes seen as atgute intelligence
test.



However, we do find important asymmetries both between studeditacaoss male and
female teachers. Equating teacher quality with 1Q-likeasures of human capital thus
seems questionable.

We track the position of teachers in the distribution of additising measures of
cognitive ability and non-cognitive social interactive abifitym the military draft; the
latter being aimed at capturing leadership capacity undetinva stress. The draft data
are available for men only so we also rank teachers accaalitigeir upper-secondary
grade-point average (GPA). The cognitive draft evaluationosecto a standard 1Q-test.
The non-cognitive social abilities being gauged by a standardmsdhological
evaluation are emotional stability, psychological endurance bitity do take initiatives,
social outgoingness, and sense of responsibility—all personality theat should be
important to teachers. GPA-scores capture a mix of cognitigenan-cognitive abilities
such as ambition, conscientiousness and self-discipline. As g dbia cover up to 30
consecutive cohorts, it is important to note that all abilaresevaluated using consistent
procedures prior to post-secondary education. Thus the position bkrteaa these
population-wide ability distributions does not reflect changes ingtraity of teacher
training, or changes in the ability evaluations.

Using a database matching a large number of individual teachiedividual students
we directly relate the position of each teacher in theectse ability distribution to
standardized student test-scores. The decline in socialyabilfound to have had a
negative impact on low-aptitude students and students of foreidgrbaod. On the
other hand, the teachers’ social interactive ability apfdeaos close to irrelevant for the
highest performing students. Similar asymmetric effectsatése found for teachers’
GPA-rank. The reverse pattern holds for the position of teaginéng cognitive ability
distribution: the average insignificant effect hides that higfiittede students benefit from
high cognitive teachers, while being matched to such teachrareven be detrimental to
the achievements of low-aptitude students. These asymmateiés line with Clotfelter
et al. (2006) who document that the impact of teacher's mattehatbility differs
substantially across students from different backgrounds.

Regarding teacher asymmetries, our results show that ezdkers with a high GPA

are highly positive for student achievement while femaleh®a are not. This may



indicate that grades capture different capacities for men amden? Alternatively, it
could reflect that the selection into teaching differs substanti@tween men and
women. Other important capacities, such as the motivatioeach, may therefore differ
between male and female teachers with high GPA-scoreésanteher possibility is that
the school environment itself hampers the performance of high{&Rale teachers.

Our data set is very rich in the sense that we match indivsluadents to the
responsible teacher for a large sample of students durindabejrear of middle school.
We observe standardized test scores in several core suligctsing student fixed
effects, we control for average student ability across stpnd use the within-student
variation to identify the effects of teacher abilities. Tilentification strategy deals with
all sensible selection patterns in the student-teachehimgtprocess.

In what follows, we start by describing the different abilitgasures and document
the decline in teacher abilities along these dimensions. Wedibeuss our identification
strategy in the light of the institutional features of the Ssledichool system and
thereafter present our results. In the final section, we ledacand discuss policy

implications of our findings.

2 The evolution of teacher abilities

As mentioned in the introduction, evidence from several cognsti®ws that teachers
over time have become increasingly likely to be drawn fromadver parts of the ability
distribution, as measured by aptitude or standardised subject testisis section, we
start by presenting three different ability measures and theequdo describe how the

position of teachers in these ability distributions has chénger time.

2.1  Ability measures
In order to derive the position of teachers in some overall aldigyribution it is

necessary to use ability data based on large represersatiyges of the population. We

3 For example, Lindahl (2007) finds that girls’ geacdeviate more from their test scores than bdyss may indicate
that boys’ grades reflect actual subject understgn a greater extent than girls’.

4 See for example Nickell and Quintini (2002), Carzvet al. (2004), Leigh and Ryan (2006), Baco®@0{), and
Fredriksson and Ockert (2008).



have access to three such measures. The first is a measognitive abilities from the
military draft, available for essentially all Swedish méie second, also from the
military draft, is an evaluation of non-cognitive social inttikee ability. Both these
ability measures have been found to be strongly related to futuriegstr Finally, we
use information on upper-secondary school GPA. It is not fully statmt which
capacities that are captured by GPA-scores, but both Bjorklund280b) and Lindahl
(2001) have shown that school performance is a good predictor of éaunimgs, even
when controlling for cognitive ability. The main benefit of thefddata is that the tests
are designed for capturing particular cognitive and non-cognitivecit&sa The main
drawback, though, is that these data are only available for men.

All Swedish men are by law obliged to go through the military ditaéalled uporf
In most cases, the draft occurs the year the man turns 18. Ugharlate 1990s, more
than 90 percent of all men in each cohort went through the wholepdoattdure, with
only the physically and mentally handicapped being exendpBédce then, the need for
conscripts has declined dramatically, and as a consequert@therocedure underwent
a major change in 2000.

The draft consists of a series of physical, psychological amdleictual tests and
evaluations. For the purpose of this study, we have acquiredodatse draft tests of
cognitive ability and on the standardised psychological evaluafi@ocial interactive
ability under war-time stress. Comparable data are avaifedite 1969 to 1999, which
means that our data will contain information for draftees bppraximately between
1951 and 1981.

The evaluation of cognitive ability consists of several sibtef logical, verbal, and
spatial abilities, as well as a test of the drafteedirical understanding. The results on

these subtests are combined to produce a general cognitive r@nkigg on a 1-9 scale.

® Lindgvist and Vestman (2008) find that a one s#éaddleviation increase in cognitive ability is asated with 8.4
percent higher income. For social interactive ahikn increase of the same magnitude is assoonthdb.7 percent
higher income (these estimates are unadjusted vteraleselection issues discussed at length by listigand
Vestman).

® This discussion of the draft data draws heavilyasninterview with Johan Lothigius, chief psychaosigat the
National Service Administration, carried out byketindqvist (August 25, 2004). We are grateful tokEor sharing
his notes with us.

" The consequences of refusing the draft includesfind being round up by the police, and ultimateison in up to
one year (1994:1809 Lag om totalférsvarsplikt, k8



This test has been subject to evaluation by psychologists ardragge a good measure
of general intelligence (Carlstedt, 2000). In order to accountdoergl trends in test-
taking capacity and for minor changes in the draft tests, wepie rank the cognitive
ability separately for each draft cohort.

The other main measure from the draft is based on a standbsgehological
evaluation aimed at determining social interactive abilitieder war-time stress. The
evaluation is performed by a certified psychologist who condustsuatured interview
with the draftee. As a basis for the interview, the psychdlbgis information about the
draftee’s results on the tests of cognitive ability, physscelurance, muscular strength,
grades from school and the answers on questions about friends, dachihobbies, etc.
The interview follows a specific, and secret, manual ttaésttopics to discuss and also
how to grade different answers. As in the case for cognibiigya the social interactive
ability is recorded on a 1-9 scale which we use to construct rabyegear percentile
ranking. The personality traits evaluated in the draft procedusepsychological
enduranceemotional stabilitythe ability to take initiativesocial outgoingnessense of
responsibility and ease to adjust to a military environmemotivation for doing the
military service is, however, explicitiyot a factor which is to be evaluated. The
evaluation instrument is based on the experiences from the rKdka, adapted to
Swedish circumstances. The experiences of Swedish UN peacekeepig have also
been important.

One concern with using the draft data is that some subjegtaotaim at receiving a
maximum score at the cognitive tests—potentially in hope to aheianilitary service
altogether. As measurement error of this type is likely tonbee pronounced among
individuals scoring low at the evaluations, we drop the fivegrlowest performing
from the analysis when estimating the impact on studeng\aamient.

The final measure of teachers’ ability is their upper-seagrsizhool GPA, generally
set at age 19. This is a very general ability measure @agtuot only cognitive ability,
but also personality traits like adaptability, ambition, wetion, maturity and
conscientiousness. Grading data from the upper-secondary schoall@blavfrom the
cohort graduating in 1985 and onwards; that is, those born approximatelyribgaea.

Since we are interested in the position of teachers in thelbedility distribution, we



percentile rank the GPAs for each cohort of graduates. This wase take account of

any potential grade inflatich.
[Table 1. Correlation between cognitive abilities and social ability]

To sum up, we use three different measures of abilities—gg@emndary school
GPA, cognitive ability, and non-cognitive social interactivelitgb—all measured at
about same age. Since all abilities are measured prior tongntertiary education, they
are not affected by any changes in the teacher education thatawayoccurred over
time. The measures are all related but still capturereifit aspects of the personality:
Table 1 shows the correlation between the ability measures for uthepdpulation.
Between social and cognitive ability, the correlation is OIB& worth noting that this
correlation is close to the correlation between cognitive andcognitive personality
factors reported by Cunha and Heckman (2008). The correlation betweena@PA
cognitive ability is 0.47, and 0.23 between GPA and sadiatactive ability.

Both cognitive and non-cognitive abilities are highly significant wheming an OLS
regression with GPA as the dependent varidhmmbined, the social and cognitive
abilities only pick up 25 percent of the total variation in GPA, Whitdicates that a
substantial part of the variation in GPA may capture otheropalisy traits and

capacities; such as, adaptability, ambition, motivation, ritgtoir conscientiousness.

2.2 The evolution of the teacher pool
In Sweden, all teachers are registered inTthacher registefrom 1979 onwards. By

matching our ability measures to this register, we can trackvolution of cognitive and
non-cognitive abilities recorded at the draft for enteringrteecfrom 1980 and onwards.

For teacher GPA, we can track abilities from 1993 and onwardsnégioned, the

8 In upper-secondary school there are different pnog, and grading standards may differ between ranus
However, since most teachers have graduated froee thear theoretical programs we believe any diffees in
grading standards to be a negligible problem. ,Stillall analyses using the GPA measure we coffitnolupper-
secondary school program. Further, in 1992 thers avaminor change in the grading system as it watomger
possible to exclude the two lowest grades fromGRA when applying to higher education, and in 1888e was a
major change as the system of relative grades elaaed with goal related grades. The year-wiseengite rank
takes care of the change in grading system, texbent that these changes did not affect the rdricazles in the
distribution.



positions in the respective ability distribution are measured poicgntering tertiary
education and are therefore unaffected by any changes in the gaadiacher education
that may have occurred over time.

The ideal way to measure the evolution of abilities in theheapool would be to
track the average ability scores of the whole teacher steektime. However, with the
teacher register being available from 1979 and the draft olalta being available
between 1969 and 1999 this is not possible. As draftees are around 18lgeabdities
are only observed for teachers aged 29 and younger in 1980. The awditbldata
would therefore not allow us to paint a comparable picture of @ehée stock over
time X

For this reason we instead track the average annual values rifivao@nd non-
cognitive abilities for teacheenteringthe teacher register. This gives us a flow measure
of the evolution of teacher abilities between 1980 and 2006. Due tgtheestrictions
that our data imposes, however, we do not capture teachenn@riter profession at a
relatively high age in the beginning of the period. We therefoeke the series
comparable by only analyzing entering teachers between 25 and 80 ofeage'’
Similarly, ability rankings based on the GPA is availableciatering teachers aged 25 to
30 between 1993 and 2006.

[Figure 1. Ability ranks of new subject teachers (ages 25-30), 1980-2006 ]

We restrict our attention to teachers in theoretical subjsatsalled subject teachéfs.
The evolution of cognitive ability, non-cognitive social interaetability, and teacher
GPA among new subject teachers in the middle school systempitedein Figure 1

There has been a marked decline in all ability measures, nwsiymced in cognitive

® The point estimate is 0.43 for cognitive and (fdrdsocial ability (the number of observations #65.43).

1%n particular, if there has been a gradual dedlin@acher abilities, the data limitations meaat the will understate
the degree of this decline. If teacher quality ingizroved, the opposite naturally applies.

1t is indeed the case that the decline in teaabéities is more severe when analyzing all entgtgachers without
imposing any age restriction.

12 This means that we do not include teachers iretitsl aesthetics, music, home economics, shop,saniar
subjects. The main reason for this exclusion is Weestimate student outcomes only on theoresigbjects. Further,
the turnover of non-theoretical subjects in thericulum is much higher that in the core subjectg.e&cluding the



ability. According to the cognitive draft test, the averab#ity has declined by close to
20 percentile ranks since the peak in the early 1990’s. The declseial ability and
GPA is between 10 and 15 percentile ranks over the same pEmnodiecline in GPA is
of similar magnitude for both men and women, although female teacheaverage tend
to have a higher GPA.

[Table 2. The evolution of abilities of new subject teacher s (ages 25-30)]

To get at the rate of the decline, we regress the avalalig rank on a time trend. As
can be seen ifable 2 the average cognitive ability and social ability has dedliat an
average annual rate (measured over the whole time period)p@fafid -0.34 percentile
rank points, respectively. The average GPA, in turn, has decluith an annual rate of -
0.66 since 1993. For male teachers, the rate is -0.60 and falefemes -0.76, but the
trends are not statistically different from each other.

The fact that the rate of decline in GPA is similar imen and women suggest that
there are no important gender differences in ability trends arteaahers. When it
comes to the abilities recorded at the draft a direct cosgragcross genders is of course
impossible. However, we can still get a picture of the wiah of abilities for female
teachers by comparing the draft records for the full brothemsnadle and male teachers.
Under the assumption that ability correlations between sibliage not changed over

time, this approach should yield informative answers.

[Table 3. The evolution of abilities of new male and female subject teacher s (ages 25-30)]

In Table 3we compare the evolution of new male and female middle schooksubje
teachers, as measured by the average abilities of tlo¢rebs. For cognitive ability there
is a clear declining trend for both male and female teachi®es.trend coefficient is
larger (in absolute values) for women, albeit not staiflyi different from the male

trend. For social interactive ability, we find a statelic significant negative trend for

practical subjects we thus increase the comparaloli the teacher pool over time. For details conitg the

10



female teachers and an insignificant trend for males. migtbe difference is not
statistically significant.

All in all, the results show that the decline in teacHslitees has, if anything, been
even more dramatic among female teachers than among maleTdni® is in line with
the findings in Bacolod (2007) who shows that the decline in teacHiieakin the US
has been much more pronounced among women than among men. Corroborating
evidence for Sweden can be found in Fredriksson and Ockert (2008) who, nsing a
alternative measure of cognitive ability, find that the ideclhmong those graduating
from teacher education has been slightly larger for woéa now turn to the question

whether or not this decline actually matters for studentaement.

3 The school system and empirical strategy

To estimate the causal effect of teacher charactaristicstudent performance, teachers
with different abilities would ideally be randomly assigned toestigl In our setting, this
is not the case. Rather, students and teachers are sodedhobls and classes in non-
random ways that would bias the results unless the selectiaresgras properly
handled" In this section, we provide a brief introduction to the Swedisioa system
and then describe our identification strategy in light of theséutishal features. This

strategy deals with all sensible selection problems thatl oide.

3.1 The Swedish school system
Compulsory schooling in Sweden usually starts at age seven shfblasine years. Five

years of primary/elementary school are followed by four yeamidfile school (grades
6-9). Thereafter, a non-compulsory three year upper-secondary mprdgilaws. The
municipalities are responsible for all tiers of schooling. TI885 Education Act
(Ministry of Education and Research, 2000) sets the national ezhalsgtandards which
are overseen by the Swedish National Agency of Education. The msiddiel system is

organized around municipal schools that all students within a munigif@imally are

classification of teachers, see the appendix.
13 Clotfelter et al. (2006) documents this type oftisg between and within schools in the North Ciaslelementary
school system, and discuss the biases that ariee mdt taking sorting into account.
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free to apply to. Actual admittance is in practice highly ratgad as priority has to be
given to the students residing within the school's catchment*afigze Education Act

provides detailed requirements that all schools have to feliVing schools with limited
discretion regarding the curriculu.

In the last year of middle school all students take nation-widans in Swedish,
English and Mathematics, for which the scores are filed imraleregisters. These
standardized test scores—graded on the $¢aiPass Pass High-Pass andPass-with-
Distinction—are the outcome variable in this stud@ife tests scores shall be used by the
teacher when setting students’ final grades (Skolverket 2004xeThwades, in turn,
should reflect how well the students live up to national pre-deftediards. The middle

school grades are used to sort students when applying for uppadagcschool.

3.2 Identification
Among Swedish middle schools there is substantial sorting of stuoletmisen schools,

reflecting the socio-economic situation in different residéati@as. Within schools there
may also be sorting in the sense that students from diffeveatidns are not randomly
assigned to different classes. Schools have varying policidhis regard, but it is
common that students living close to each other are grouped todathddition, ability
tracking is not allowed® Thus, while students are definitely sorted in the Swedish school
system, sorting mainly occurs along the lines of geneiiityabnd motivation and not
due to subject-specific student proficiency. As teacherslieedy to be matched to
students in non-random ways based on these general charactemstivsed to control
for average student ability.

Each middle school student is observed across several subjgatsly once for each
of these. This allows us to hold general student ability conlsjaabntrolling for student
fixed effects. As middle school students are primarily soda general ability, this

approach accounts for most serious selection problems. Further, rtiegrebe a

1 Since 1992, Sweden also has a comprehensive voscheol system described in Bjorklund et al. (9088 we are
only dealing with municipal schools in this studlye voucher schools will not be discussed furthieshould be noted
that theEducation Actegulates private as well as the public schools.

15 Out of 6,665 compulsory school hours, the schadésfree to decide on less than 10 percent; 606sH&kolverket,
2007).
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correlation between the relative difficulty of a subject aather ability. If, for example,
teachers in mathematics on average have a high ability rankiitg it is difficult to

achieve a high test result in this subject, our ability eggéswill be downward biased.
We control for this by also including subject fixed effects. enwe estimate the

following relationship:
Test score rank = a Ability rank +X¢b + i + s + &its.

The outcome is the ranked test score for studemisubjects, taught by teachdr We
are primarily interested in estimating the paramatehe impact of teacher ability rank
on student achievement. Other teacher characteristics—birth codlicetors and, where
applicable, a gender indicator—are captured by the vetbr i are student fixed
effects, anqus are subject fixed effects. The birth cohort indicators déthlany trends in
test taking capacity, such as the Flynn (1984) effechanges in teacher education that
may have occurred over time, as well as potential changbe imotivation to become a
teacher based on unobservable characteristics. Standard egrolsséered on teachers,
and we include time effects to account for general trentisstrresults.

We are interested in estimating the full impact of thetfmwsbf teachers in the ability
distribution on student achievement. As both the educational attairmh&sdchers and
their experience level are likely to be endogenous to abilitkimgs, we only include
controls for birth cohort and gender indicators in the final regyas. The approach to
exclude variables such as educational attainment is standa&nl egimating the full
effect of personality factors such as 1Q on earnings (e2gl &hd Johnson, 1996).

Under the plausible assumption that students are assignedrsebabed on the same
mechanism across all subjects, thighin-student estimatocaptures the causal effect of
teacher characteristics. The strategy is relatedviale-added approach (Hanushek and
Rivkin, 2006) in that we control for average student performacimsa subjects. In order

to appreciate the within-student estimator, it is useful to densghe situations in which it

% In Sweden, ability tracking was gradually abandbmséth the introduction of the new middle schootrizulum,
Lpo94, in 1995 (Skolverket, 2006). As of 1998 tiagkwas completely abolished.
7 We use biennial cohort indicators since therevarg few teachers in some of the cells when usimal indicators.

13



would not yield unbiased estimates on teacher characteriicthis to occur it needs to
be the case that students, within a school, are assignedcteets whose characteristics
systematically differ between subjects. This would be tree ¢ for example, high-
ability English teachers were systematically assigned toyhigbkivated students at the
same time as high-ability Swedish teachers were systait@ssigned to poorly
motivated ones. Similarly, we would not get unbiased estimétpast educational
experiences were asymmetric across subjects in the demisstadents with a good
background in English and a poor background in Swedish were systemaigsitined
both highly-skilled English teachers and Swedish teachers. Wislean certainly be the

case in individual schools, it is unlikely to be a genagahario.

4 Data

To estimate the effect of teacher abilities on studenisaehient, we use detailed data
matching individual students to individual teachers. These datdin&exl to teacher
ability based on their upper-secondary school GPA and on the cegaitig non-
cognitive ability ranks from the military draft, as desctilde section 2. Such a linkage is
possible since all Swedish residents have a unique persontfiégddhat follows them
throughout life and is used in all contact with the authorities.ignséction we describe

the data coming from different sources and how the data set isledmpi

4.1 Schooling data
In Sweden, there is no central authority keeping records that athenadividual grade

setting teacher to be matched with the individual student. Sameipalities, however,
have computerized student records allowing such a link to be cr¥ééeldave been able
to acquire such data from nine of the largest municipaliti€snieden, covering roughly
20 percent of all Swedish compulsory school students in each cohese Bchooling
data are available for the years 2003-2007 and the coverage \miegen

municipalities'®

18 Flynn (1984) observed substantial increases inifatipn wide |Q-scores over time.
19 We contacted the 20 largest municipalites—in terafi compulsory school students—with a requestdata
matching students with grade setting teachersh&e, nine had computer systems that made it pedeifully meet

14



The data files for the compulsory schools contain information onstests from
national standardized tests in Swedish, English, and Mathemgtien during the last
year of compulsory schooling (grade 9). The final teacher gradéses® and other
subjects are also recorded in the files. Since these granielsesre used for allocating
individuals to upper-secondary school programs they are of highyqualit

Both test scores and teacher grades can take one of four om@ined:vNo Pass/Falil,
Pass, High Pass and Pass with Distinction. In the anallisise are percentile ranked in
the full sample of students in order to facilitate compansivn other studies.

One caveat has to be mentioned. Usually, the same stégeber is responsible for a
subject throughout middle school. However, due to parental leawheteand student
mobility, retirement and so on, there is some turnover in thestddacher match. As no
records are kept prior to the final year, we have no way ofrdeteag how many years

students and teachers have actually been matched.

4.2 Individual level data
In order to undertake an analysis of asymmetric effectssadifferent student groups we

add student background information to our dataset. These data areSfaistics
Sweden’s population wide register datasets, based on tax recwrgmpulation censes,
and they include high quality information on student gender, paredizcational
attainment and immigration status. From these records wecalwzt information on
teacher age and gender.

Using this information, we classify a student as coming fesnacademic homéf
both parents have some level of university education. A studeatfbieesgn background

either if he or she is born abroad or if both parents are booacbr

4.3 The matched data set
The base for the analysis is schooling data between 2003 and 2007niinem

municipalities containing information on individual grades and testes for each

student and the identity of the subject teacher.

this request. These are Stockholm, Géteborg, Malippsala, Jonképing, Orebro, Vasterds, Linkdping ldalmstad.
The reason for contacting the largest municipaliti@s that the data request was both time-consuandgxpensive.
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Since teachers are recorded using their unique personal idetitiég can be matched
both to their upper-secondary school GPA and their draft recordsGPedata are
available for teachers graduating from upper-secondary schd@8i and later. Draft
data, in turn, are available for the draft cohorts 1969 to 199%9nade available by the
National Service Administration and the Swedish War ArchiMeis means that only
male teachers born from 1951 to 1981 who were Swedish citizens emé¢hef the draft
can be matched to the school records. Even if we have draftodatddnger period we
have more observations for the GPA data; by using the draft degeewnly men are
available we loss of approximately two thirds of all gradérseteachers compared to
the original dat&® This also reduces the number of observations per studenterétet
GPA data.

In total, we have 1,589 (704) teachers for whom we observe thaifBRft record),
administering 70,305 (29,749) test scores to 45,428 (24,847) students. [§statistics

of the data is shown ifiable 1%*
[Table 4. Summary statistics]

In the GPA-sample of teachers, 69 percent are female aravéinege age is 33. The
average GPA rank is 63.5 (66.6 for women, 56.7 for men). In thé smaiple, the
average age is close to 39 years and the cognitive rank isTé# 3nean rank in social
interactive ability is 54. Student characteristics vaitjelibetween samples: 12 percent
are from an academic home, 22 percent have a foreign backgrourdl9 gedcent are

female.

20 This also means that the group of teachers weyzmalre relatively homogenous, which is an advansigce we
want to isolate the effects of the ability rankings

21 As can be seen, the mean values for the perceatileed outcomes is not exactly 50. The reasdmaiswre are using
two different, only partly overlapping, samples. \Wave therefore percentile ranked using the wholeufation of

outcomes, prior to dropping observations for whighlack teacher data.
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5 Results

In section 2 we showed that over time teachers are increasirayyn from lower parts
of the ability distributions, a pattern also found for severaéiotountries. Whether this
development is a matter for concern crucially depends on whethgosfi®mn of teachers
in these ability distributions actually matters for studetiiea@ment. In this section we
first present regression results of the causal link betweertteof teachers’ abilities
and student outcomes. We then interpret these effect estimatié® light of the

declining position of teachers in the overall ability distribng. In sum, we find little
evidence that teachers from higher parts of the distributionoghitve or social

interactive abilities would improve the achievement for theraye student; though
teachers possessing both high cognitive and high non-cognitive skiysbe more

capable of raising student achievement. However, there gpertamt asymmetries

between different student types, and between male andefeeaahers.

5.1 Baseline effects of teacher abilities
We begin by analysing the average impact of teacher abilih student achievement

using the identification strategy presented in sectiéhiB.all specifications, we control
for student, subject and year fixed effects, as well ahéedsrth cohort. Student fixed
effects deal with the sorting of students to teachers anddubjed effects take care of
the selection of teachers to different subjects. Birth caharimies control for changes
in teacher education as well as potential changes in théyabitluations. In addition,
birth cohort is a close proxy for teacher experience. In thénéed8PA regressions we
also take teacher gender and upper-secondary program fixets effiec account. The
upper-secondary program effects allow for potential differencegrading standards
across these programs and the gender indicator for systenftgrerdies between male

and female teachers.

22 An implicit assumption in our identification steaty of comparing students’ performance in differsntjects across
different teacher abilities is that there are nifi-sper effects of performance between subjectshsan effect would
bias our results downwards. As a consistency testave therefore included the abilities of the teas in the students
other subjects in the analysis, and find no evidehat the abilities of teachers in one subjecthavinfluence on the
results in other subjects.
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The baseline results of how teachers’ ability ranks effteitent outcome are shown in
Table 5 The first column shows that the estimated effect of cagndibility rank on
student outcomes is close to zero. The effect of social atahity (column 2) is positive,
but not statistically different from zero. In the third columnhbibie cognitive and social
ability ranks are included but the estimates are the sanmecaumns one and two. In
other words, there is no clear indication that a higher cogniivsocial ability rank
among teachers will lead to better (or worse) student peafarenon standardized tests.

The benefit of using cognitive and social abilities from thét dsethat these measures
are designed and validated to capture specific personality, tioait the drawback is that
they are only available for male teachers. We thereforettuteachers’ ranked upper-
secondary school GPA, which capture a mix of cognitive abitity @haracters traits like
adaptability, ambition, motivation, maturity and conscientiousnés a high upper-
secondary school GPA gives access to selective tertihrgaton programs, the GPA
measure is also interesting since it provides a measurtenfalve career opportunities.
In column 4 ofTable 5we find that, on average, teachers with higher GPAs will not
result in better student performance. The estimated ciegffics in fact even negative,
but not statistically significant.

The next question is whether the effects of teacher GPArdiffross teacher gender.
We test this in column 5 and 6 by analysing male and fetealehers separately. In
column 5 we find a large positive and statistically significfact for male teachers (the
point estimate is 0.093), indicating that male teachers witinelni GPA are more
productive. In order to appreciate the magnitude of this effeatamethink of a student
switching to a male teacher with a one standard deviation hi@Re. This would
increase the average student’s performance by almost 10 pef@estandard deviation,
indeed a substantial improvement. For female teachers (colunthe6gstimate is
substantially smaller in absolute size—about 25 percent of #ie ooefficient—and
surprisingly indicates negativeeffect from having a female teacher with higher GPA.

In essence, the general ability captured by teachers’ uppamesey GPA has
different implications for male and female teachers. Whilde teachers with a higher
ability rank are more productive, female teachers with higher tggmmdary school

GPA may actually be slightly worse teachers. One reasothis difference may be that
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grades capture different capacities for men and women. In lfactahl (2007) find
evidence that girls’ school grades to a larger extent captoee competences than what
is measurable in objective test scores. Another potential reta can be gender
differences in the selection into the teacher profession;xEmmple males who—despite
having all the career opportunities a high GPA-score entails—edioosecome teachers
may be highly motivated, while a different selection processsdaone reason, may be
present among women with high GPA-ranks. Yet another possibilityatsthe school
environment itself for some reason hampers the performandeighfGPA female

teachers.

[Table 5. Baseline within student estimates]

It is worth noting that the point estimates will changelgljgfor cognitive and social
rank—although remain statistically insignificant—if we depamnf our preferred
specification. InTable A 1in the Appendix we only control for school fixed effects and
observable student characteristics (gender, parental eduaibrioreign background).
This way, we do not capture student selection on unobservable chiatiasteThe
estimated effect for teacher GPA becomes larger, evenvgoaitd significant, when we
do not control for student fixed effects, suggesting that more shidents are
systematically matched to high GPA teachers. Howeverrebglts also show that the
matching of high GPA teachers to more able students diffevgeebatmale and female
teachers. This stresses the importance of using the witlderst variation when
estimating the effect of teacher characteristics, itiquaar in the current setting where
student sorting into classes is reasonably based on generadtioot

In addition to the baseline resultsTiable 5 we consider a number of extensions. In
order to test the importance of functional forms, we add squaréty abims to the
analysis inTable 6(columns 1-2 and 4-6). We do not find any effect of teachers’iabilit
on student outcomes in these regressions. In particular, we do nabfiradear evidence

of non-linear effects.

[Table 6. Baseline extensions: Functional form]
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There is ample evidence suggesting that cognitive and non-cogpetigenality traits
can reinforce each other in test taking situations (see Borghahs2008 for a survey). It
is therefore possible that different teacher abilities @rfbe each other in the actual
teaching situation. For these reasons, we in column 3 introducatemaction term
between the cognitive and social ability rankings. We fingaaitive cross-term
indicating that teachers with a high ability to interact diycere particularly productive
if also equipped with a high cognitive ability. In fact, theireates indicate that high
cognitive teachers with low social skills are detrimentalstudent achievement, the
breakpoint being at about the median level of social ability.

For all ability measures we use, teachers are rankeddiregdo their abilities at about
the age of 18. This begs the question regarding the stabilityiliy aankings over time.
Regarding cognitive ability, there is evidence (Hopkins and Bra&ms; Schreuger and
Witt, 1989) that the rank-order correlation over time is high andalateong before age
18. At the same time, the mean levels of cognitive skificline substantially with age
(Schaie, 1994). The rank-stability of non-cognitive abilitiekvger but still substantial,
at least when these abilities are evaluated at age 18 (Raler DelVecchio, 2006}.As
opposed to cognitive skills, ability traits such as emotionallgiadind conscientiousness
are increasing rather than declining over time (Roletras, 2006).

In Table 7we therefore test if the importance of ability rank charmemmteracting
ranked ability with teacher age. Columns 1-3 do not give any inalicttat the effect of
cognitive and social ability rank would change with age. For ferteaglchers on the other
hand, the effect of the personality traits that are cagtby the GPA-rank is not stable
with age. In effect, early in their career female teastwith higher GPA appear to be
more productive than are their low GPA sisters. This productivardage declines with
age, and at around 30 years of age, female teachers with Righh&®/e become less
productive. For male teachers the effect of having a high GPAmdehange with age.

2 The rank-correlation between cognitive tests taloelay compared to tests taken ten years ago ist &o8. The
rank-correlation between non-cognitive abilitieslerated with an average time-interval of seven g/é&aabout 0.5 at
age 18 (see Borghans et al, 2008, figures 5a and 5b
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[Table 7. Baseline extensions. Teacher age]

These results reinforce the earlier complex picture fmafe teachers with high GPA.
With our data, only linking teachers anll §rade students between the years 2003-2007,
we cannot determine whether these female teachers becssnardeluctive with age, or
if highly productive female teachers with high GPA are moreiriadl to leave the
teachers profession as they grow older. Men with high GPA who ehimobecome
teachers (or not leave the profession), on the other hand, appearctommitted and
motivated. Turning to the ability ranks assessed at the dmaftresults indicate that a
high cognitive rank or social ability rank need not cause begeiormance for the
average student, unless the teacher is ranked high in the joinbulish of these

abilities.

5.2 Heterogeneous effects of teacher abilities
As our general evidence is mixed concerning the impact of teac®lities, we turn to

analyzing if different types of students respond differently tostirae teacher abilities.
That such heterogeneities may be of importance has previousty suggested by
Clotfelter et al. (2006) who document that teachers with strongeh rredentials
generate larger achievement gains among relatively advantsigelents. We find
important heterogeneities across student aptitude, foreign loackband student gender.
We first examine if the average effects hide heterotjesedlong the dimension of
students’ aptitude, by analysing if the effects vary acrdadests with different
(adjusted) middle school GPA. As the observed GPA is endogenouditiesabi the
teachers in Swedish, English, and Mathematics—the sulfj@ctwhich we have test
score results—we therefore adjust the GPA measure by droppisgb@cts taught by
each student's Swedish, English, and Mathematics teachs galculating students’
adjusted GPA-scoré. It is also important to bear in mind that the main effecttoélent
aptitude is captured by the student fixed effects. Stillkettreay be spill-over effects

across teachers in different subjects, but as long as anytipbspill-over has the same

24 As we drop different subjects for different stuterone minor problem with this approach is that@PA-scores are
not fully comparable across students.
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effect for students with different aptitude this is not a pmoblé, on the other hand, any
spill-over effects were larger for high aptitude students otimates would be lower
bounds?®

With this caveat in mind, in column 1 dfable 8 we interact teachers’ ranked
cognitive and social abilities with students’ percentile rankdjdsted GPA. According
to this estimate, high-aptitude students will gain from teachéh a high cognitive rank,
whereas low-aptitude students will in fact suffer. The pastitetes of the direct effect
(-0.112) and the interaction effect (0.002) suggests a breakpotre &8t student GPA
percentile. For social interactive ability the patterrmragersed: the lowest performing
students are those who benefit particularly from being matahéehthers with a high
social ability rank. For high aptitude students the effect athea’ social ability is all
but negligible.

As a robustness check of these heterogeneities in columns2vemdllow for more
flexibility by splitting data at the student with median GMBA. estimating the effects of
cognitive and social ability for high and low GPA students seglgrate impose little
structure on the heterogeneities, at the expense of discardifgtargial amount of the
variation in the data. In these flexible specification wesseringly, find a positive
estimate for the effect of teacher cognitive rank for studeitts above median GPA
(0.029) and a negative estimate for those below the median (-Ov@2&)e the effect
estimates are significantly different from each other (@40). Similarly, we find the
estimated effect of social rank to be larger for the low GBple (0.048) than for the
high GPA sample (0.019). Again the effects are significaditfgrent (p=0.023).

[Table 8. Heter ogeneous effects for student aptitude]

Moving on to ability captured by teachers’ upper-secondary school @BAind the
lowest performing students to be benefiting particularly from beiatched to teachers
with a high GPA, whereas high performing students may actsaffgr from such a

match. In our specification with a linear interaction (columnhé) ireakpoint is at the

%5 See footnote 22 for a discussion on potential-spir effects.
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41*" aptitude percentile. This pattern is corroborated in the moxélééespecification
where we split data. We find a significant difference (p=0.0&5)veen the estimated
effects in the low aptitude sample (0.003) and the high aptsahple (-0.021).

We next turn to the question if the effects of teachers’ phitinks vary between
students from different academic backgroundsldhle 9the effects of the ability ranks
are estimated separately for students coming from a homeevolo¢h parents hold a
university degree (Edu high=1) and from a non-academic home (Edu higtetOns 1
and 2 do not indicate that effects of teachers’ cognitive rank aal sdality rank differ
across students’ academic background. Similarly, there is noatiah that the effect of

teachers GPA is asymmetric across students’ educabankfjround (columns 3 and 4).

[Table 9. Heter ogeneous effects for educational background]

When it comes to students with a foreign background—students borndabroa
students whose parents are both born abrdgable 10 shows that there are no
asymmetries related to the effects of teachers’ GP&ognitive rank. However, students
with a foreign background will benefit from being matched toaaher ranked high on
social interactive ability. The point estimate (0.081) &istically significant, and quite
substantial. It indicates that foreign students who are matched teacher at a one
standard deviation higher position in the social ability distributioavamage would have
improved their test score performance by 8 percent of a standaadiaie For students
without a foreign background, on the other hand, there is no gain fiomrbatched to a

teacher with high social rank.

[Table 10. Heter ogeneous effects for foreign background]

In Table 11we estimate separate effects for girls and boys tofdbeir test score
performance respond differently to having teachers’ drawn frdfareint parts of the
ability distributions. For the abilities assessed at the ¢(irafumns 1 and 2) we find that
boys benefit relative to girls from having teachers with highgnitive rank. The point
estimates for girls (-0.030) and boys (0.023) are statistiddfigrent (p=0.022). Girls, on
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the other hand, benefit from having teachers with high social famtk, in absolute
terms—the point estimate (0.034) is statistically significaaud also relative to boys
(p=0.043). Boys do not appear to benefit from teachers with high Soatéabctive

ability.

[Table 11. Heter ogeneous effects for female student]

Turning to teacher GPA, boys’ school performance seems tor Sufe being
matched to a high GPA teacher. The effect for boys is negaiink statistically
significant, whereas the effect for girls is close to zard insignificant (columns 3 and
4). The difference between these estimates is staligti significant (p=0.056).
Interestingly, these overall effects hide important diffeesnbetween male and female
teachers. Female teachers with high GPA-ranks are not goadyf@tudents (columns 7
and 8), and particularly bad for boys: the point estimate (-0.087%tatistically
significant. In columns 5 and 6 we see that male teachers vgth upper-secondary
school GPA are good both for girls (0.113) and for boys (0.079). Thiesssefire both
statistically significant and not statistically differéram each other (p=0.384).

When we also split boys and girls into high and low aptitude groupsd lmas their
adjusted GPA (discussed above), it turns out that male teaeitardiigh GPA’s are
uniformly good for all four subgroups. Female teachers with high G&#&:sletrimental
to the performance of both high and low aptitude boys. They are alse viar high
performing girls compared to low performing ones, but the absolueeteffire not
statistically significant for girls. (Segable A 2in the Appendix for these results).

All in all, teachers with higher social interactive alili#tre particularly good for low-
aptitude students and for students with a foreign background, whilyibe detrimental
for weak students to be matched to a high cognitive teacher.aptitude students also
benefit from teachers with a high GPA-rank. Boys—despite havihgwar average
performance than girls—appear to benefit from high cognitivehtera relative to girls.
The negative effect from having a female teacher with higii\-Gas indicated by the
baseline estimates in the previous section—appears to enfrmmatthese teachers being

particularly bad for boys and high aptitude girls. Male teachvishigh a GPA are, on
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the other hand, equally productive for students of both genders. Thisswupgéh that
usual indicators of human capital need not be indicative of higher pnatduadh
teaching, and that the selection to the teacher profession ff@ysiibstantially across

gender.

5.3 Conseguences of the evolution of the teacher pool
Entering subject teachers in the Swedish middle school areasmogdy drawn from

lower parts of the distribution of cognitive ability, socialeiactive ability, and the

abilities captured by the upper-secondary school GPA. As seeettiors 2, there has

been a drastic decline in the position of new teachers|ftiesle ability measures since
the early 1990’s. The crucial question is whether such a dedliteacher abilities has
implications for student achievements.

At first glance this development does not appear to have hacha@oy consequences
for the average student, but there turns out to be heterogenkéteare particularly
important for certain groups. The gradual decline in sociardateve abilities with
around 10 percentile ranks has made it relatively more diffiaritwieak and low
achieving students to reach high educational standards. To appteeiasee if this
impairment in educational attainment, we can think of the lbejetitude students being
matched to a new subject teacher with 10 rank points lowealsaiility. This will
reduce their expected school performance with 0.7 percentiles (@& percent of a
standard deviation).

The decline in cognitive ability among new teachers with about 2@epie ranks
does not appear to have such harmful consequences for weak studéads; for some
student groups, teachers with high cognitive ability may haveegative effect on
achievement. This said, the decline in teacher cognitiiilyahas had a detrimental
effect on the highest performing students and also appears toMdemed the gender
gap in student achievement. The highest aptitude students will Gooseverage 1.8
percentile ranks (7 percent of a standard deviation) in perf@enfibeing matched to a
new subject teacher with 20 rank point lower cognitive ability, eviihe lowest
performing student will gain 2.2 rank points (9 percent of a sta@ndleviation).

Similarly, such a change in teacher cognitive ability willen the relative difference in
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performance between male and female students with about 1 percamiti, in favour of
girls.

The marked decline in GPA rank for male and female teachersdrg different
implications. While the drop in ability rank among male subjeathes entering the
teacher profession has been detrimental for student performanckequally bad for
boys and girls—the similar drop in the ability rank among femalehtra has been
positive for educational attainment, particularly for boys and hjgfitude girls. Being
matched to a male teacher with 10 rank points lower GPAdeitrease average test
scores, for both boys and girls, with 0.9 percentile ranks (3 pewofeat standard
deviation). A similar reduction in GPA for female teacheili instead increase test
scores for boys with 0.4 percentile ranks.

The picture is complex, and suggests that it is difficult tovda general conclusion
about malign consequences of the successive decline in adiikyamong teachers. For
some student groups this development may have been harmful, tiels anay have

benefited.

6 Conclusions

In this paper we document a marked decline in teacher abili¢igardless of how these
abilities are measured. Over a 15 year period, the avewgetive ability among new

teachers has declined by about 20 percentile ranks in the &wadtdle school. For

non-cognitive social interactive ability and upper-secondary @Adecline is between
10-15 percentile ranks. Even if we lack data for women in somigyatiiinensions, our

results indicate that the decline is—if anything—even more dranaatong female

teachers than among males.

The main findings of this paper are that this decline has hadl sffects for the
average student, but that this hides important asymmetriesdéiee in teacher non-
cognitive social interactive ability has had a negativpaict for low achieving students,
as have the decline in general abilities captured by tesicB®A. Our results also
indicate that while high-ability students benefit from beirgtahed to a high cognitive

teacher, such a match is even detrimental for lower aclgiestudents. It further appears
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as if the gender gap in school results can in part be explaindoys being harmed
relative to girls by the decline in teacher cognitive abilDn the other hand, the decline
in social ability has had the opposite effect on gender differehtasbroad sense, these
findings support the conclusion reached by Clotfelter et al. (2006)ttisanot just the
average teacher ability that matters for student outcomesaldathow students and
teachers are matched.

Our results further indicate important gender differences amibieg teachers.
Changing to a male subject teacher whose GPA rank is 10 plrsdatver will on
average reduce test scores by 0.9 percentile ranks. For feeseers, the same
reduction in GPA-rank wouldncreasetest scores by 0.4 percentile ranks. Female
teachers with high GPA-scores appear to be particularlynuital to the performance
of boys.

These findings suggest that school grades may capture diftexgantities for men and
women, as suggested by Lindahl (2007), or that there are othertamipdifferences
between men and women when selecting into the teacher professioexample, as a
high GPA implies a wide variety of career opportunities, ioterpretation is that men
who actively forego these opportunities are highly motivated tescRer some reason,
the same mechanisms do not appear to be present among men and Menaother
possibility is that schools are particularly bad at motivatimg) retaining female teachers
with high GPA-scores. An important venue for future research isntlerstand these
gender differences. Perhaps such an understanding can help findinghtheiays to
attract, and screen, the teacher candidates, as well eggngeteachers motivated
throughout their career.

Our results indicate that a general increase in teachaitiwegabilities would increase
the achievement gap between high and low-performing students, bothiskng rthe
achievement of high-performing students and lowering it for lokepming ones. It is
therefore difficult to draw any general conclusions regardingddsgrability of policies
aimed at attracting high-cognitive individuals to the teachingegsdbn. Policies aimed
at raising teacher cognitive abilities can be put into questan & different perspective
as well. After all, cognitive skills can be put to good usewhere in the economy, since

high-cognitive individuals have higher earnings (see for exampl&nibat et al, 2006,
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Lindgvist and Vestman, 2008). Thus, any policy aimed at attradtighJ-cognitive
individuals to the teaching profession must consider the alternatists such a policy
involves. As we find zero average effects on student outcomdsaaper cognitive
ability, the objective function of the policy maker must bevaid towards the highest
performing students to make such a policy welfare improving.oOfse, it is important
to keep in mind that our study is silent concerning the potentialtefééthe decline in
teacher abilities on long-term outcomes such as educatiboigles and earnings.

In sum, the picture on what abilities are productive for teadeezemplex, and it is
difficult to draw conclusions on the desirability of having teachers the upper part of
the overall ability distribution; that is, equating teacher gqgalith measures of human
capital like cognitive and non-cognitive abilities seems quesien What our results
clearly show, however, is that the process matching studemadbers is important, and
that, given a suitable teacher, there may be positive asfpeségregating students along
the ability dimension. The teacher who is good for the best isauatssarily good for the

rest.
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Appendix

Table A 1. Baseline OLS estimates with school fixed effects and student controls

1) 2 (3) 4) (5) (6)
Teacher sample Draft Draft Draft All GPA Male GPA  err GPA
Test score Test score Test score Test score dast s Test score
Cognitive 0.0068 0.0071
(0.0174) (0.0175)
Social -0.0053 -0.0055
(0.0121) (0.0121)
Teacher GPA 0.0230** 0.0530%*** 0.0146
(0.0090) (0.0189) (0.0109)
[0.08]
Observations 28378 28378 28378 67266 19552 47714
# students 23692 23692 23692 43322 16871 33863
# teachers 703 703 703 1587 498 1089
# schools 202 202 202 224 189 219
R-squared 0.17 0.17 0.17 0.16 0.18 0.16

Note: School and time period fixed effects and contfolsacademichome, studengenderandforeign background
always included, as well as biennial teacher hitthort dummies. In (4) a teacher gender dummydkudted. Robust
standard errors, clustered by teacher, in paresghé&significant at 10%; ** significant at 5%; **gignificant at 1%.
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Table A 2. Heterogeneous effects for student and teacher gender by student aptitude for teacher GPA

@ 2 3 4 () (6) o (8)
Outcome: Percentile ranked test scores
Teacher sample Fem GPA Fem GPA Fem GPA Fem GPA GRE Male GPA Male GPA  Male GPA

Student sample Girls Girls Boys Boys Girls Girls Boys Boys
High GPA Low GPA High GPA LowGPA HighGPA Low GPA High GPA Low GPA
Teacher GPA -0.0198 0.0215 -0.0272* -0.0458**  @T#* 0.0791** 0.1080* 0.1016***
(0.0162) (0.0158) (0.0156) (0.0142) (0.0468) (613 (0.0555) (0.0330)
[0.041] [0.299] [0.149] [0.900]
Observations 14233 10131 10578 14733 6110 3896 4262 6031
# students 10044 7323 7339 10638 5267 3433 3666 0 523
# teachers 1022 1024 1018 1069 449 458 438 486
R-squared 0.85 0.87 0.84 0.86 0.93 0.95 0.92 0.93

Note: The dependents variable is student test scor8wétish, English, and Mathematid@acher GPAs the teacher’s percentile ranked
upper-secondary GPA. Control variables includedigéfects for teacher biennial birth cohort, subjstudent, time period, and teacher
upper-secondary school prografnis the p-value from testing for equality of coeifints between samples. Robust standard errors in
parentheses, * significant at 10%; ** significahb&o; *** significant at 1%, Standard errors arastered by teacher.
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Tables

Table 1. Correlation between cognitive abilities and social ability

GPA Cognitive
ability

Cognitive ability 0.47

Social ability 0.27 0.36
Note: The number of observations is 633149 for the GB@ntive correlation, 597307 for the GPA-socialretation,
423743 for the GPA-leader correlation, 1450084tfar cognitive-social correlation, 938021 for theymitive-leader
correlation, and 938364 for the social-leader dati@n.
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Table 2. The evolution of abilities of new subject teachers (ages 25-30)

@ 2 ®3) 4 (5)
Average teacher ability
Cognitive Social GPA GPA men GPA wom
Trend -0.577%= -0.342%* -0.656%** -0.591%** -0.757%**
(0.094) (0.067) (0.074) (0.183) (0.094)
Diff-trends -0.166
(0.206)
Observations 28 28 14 14 14
R-squared 0.64 0.58 0.84 0.60 0.86

Note: Robust standard errors in parentheses. * signifiaa10%; ** significant at 5%; *** significant &%
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Table 3. The evolution of abilities of new male and female subject teachers (ages 25-30)

1) 2 (3) 4
Teacher sibling abilities

Cognitive Social
Men Women Men Women
Trend -0.289***  -0.361*** -0.050 -0.170***
(0.065) (0.081) (0.063) (0.054)

Diff trends -0.072 -0.120

(0.104) (0.083)

Observations 28 28 28 28

R-squared 0.41 0.54 0.02 0.33

Note: Robust standard errors in parentheses. * signifiaa 10%; ** significant at 5%; *** significant &lt%. Diff
trends is the estimated differences in the trerdfiméents for male and female teachers. Robusidstal errors in
parentheses. Regressions in columns (3)-(6) aedlmsthe brothers of male and female teachers.
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Table 4. Summary statistics

1) (2
Sample GPA Draft
Student level
Test score 48.0 45.7
(25.6) (26.9)
GPA9 53.2 53.6
(27.6) (27.6)
Academic home 0.12 0.12
(0.32) (0.33)
Foreign background 0.21 0.21
(0.41) (0.41)
Girl 0.49 0.49
(0.50) (0.50)
No of students 45428 24847
Teacher level
GPA teacher 63.5
(23.1)
Social ability 54.1
(27.9)
Cognitive ability 64.5
(22.1)
Age 32.8 38.7
(3.9 (8.1)
Female teacher 0.69
(0.46)
No of teachers 1589 704

Note: Mean values of all variables and standard deviatio parentheses
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Table 5. Baseline within student estimates

@ 2 3) 4 (5) (6)
Outcome: Percentile ranked test scores
Teacher sample Draft Draft Draft All GPA Male GPA erkale GPA
Cognitive -0.0036 -0.0034
(0.0204) (0.0202)
Social 0.0199 0.0199
(0.0158) (0.0158)
Teacher GPA -0.0104 0.0928*** -0.0227*
(0.0073) (0.0278) (0.0106)
[0.0001}
Observations 29749 29749 29749 70305 20505 49800
# students 24847 24847 24847 45428 17710 35422
# teachers 704 704 704 1589 498 1091
R-squared 0.93 0.93 0.93 0.85 0.94 0.88

Note: The dependents variable is student test scor@waish, English, and Mathemati€ognitiveis the teacher’s
percentile ranked cognitive ability from the mityadraft. Socialis the teacher’s percentile ranked social intéract
ability from the military draftTeacher GPAs the teacher’s percentile ranked upper-secon@®#. Control variables
include fixed effects for teacher biennial birtthoat, subject, student, and time period. Columpg&}#also include
teacher upper-secondary school program fixed effacid column (4) a teacher gender indicéttsrthe p-value from
testing for equality of coefficients between sammpRobust standard errors in parentheses, * sigmifiat 10%; **
significant at 5%; *** significant at 1%, Standaedrors are clustered by teacher.
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Table 6. Baseline extensions: Functional form

@ ) 3) 4 (5) (6)
Outcome: Percentile ranked test scores
Teacher sample Draft Draft Draft All GPA Male GPA ek GPA
Student sample All All All All All All
Cognitive -0.0649 -0.0855*
(0.1120) (0.0439)
Cognitive? 0.0005
(0.0009)
Social -0.0064 -0.0864
(0.0645) (0.0552)
Sociaf 0.0003
(0.0006)
CognitivexSocial 0.0016**
(0.0008)
Teacher GPA 0.0339 0.2570* 0.0686
(0.0400) (0.1539) (0.0549)
Teacher GPA -0.0004 -0.0014 -0.0007*
(0.0003) (0.0013) (0.0004)
Observations 29749 29749 29749 70305 20505 49800
# students 24847 24847 24847 45428 17710 35422
# teachers 704 704 704 1589 498 1091
R-squared 0.93 0.93 0.93 0.85 0.94 0.88

Note: The dependents variable is student test scorgw@uish, English, and Mathemati€ognitiveis the teacher’s
percentile ranked cognitive ability from the mitiyadraft. Socialis the teacher’s percentile ranked social intéract
ability from the military draftTeacher GPAs the teacher’s percentile ranked upper-secon@&#. Control variables
include fixed effects for teacher biennial birthhod, subject, student, and time period. Columng{balso include
teacher upper-secondary school program fixed effectd column (5) a teacher gender indicator. Radtaadard errors
in parentheses, * significant at 10%; ** signifitat 5%; *** significant at 1%, Standard errors &testered by teacher.
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Table 7. Baseline extensions:

Teacher age

) 2 3) (4) (5) (6)
Outcome: Percentile ranked test scores
Teacher sample Draft Draft Draft All GPA Male GPA ek GPA
Student sample All All All All All All
Cognitive -0.0324 -0.0199
(0.0795) (0.0801)
CognitivexAge 0.0007 0.0004
(0.0020) (0.0020)
Social 0.0229 0.0221
(0.0818) (0.0815)
Socialx age -0.0001 -0.0001
(0.0020) (0.0020)
Teacher GPA 0.1713** 0.1625 0.1512*
(0.0684) (0.2041) (0.0907)
Teacher GPAx Age -0.0054*+* -0.0020 -0.0052*
(0.0020) (0.0058) (0.0027)
Observations 29749 29749 29749 70305 20505 49800
# students 24847 24847 24847 45428 17710 35422
# teachers 704 704 704 1589 498 1091
R-squared 0.93 0.93 0.93 0.85 0.94 0.88

Note: The dependents variable is student test scor@w@ish, English, and Mathemati€ognitiveis the teacher’s
percentile ranked cognitive ability from the mityadraft. Socialis the teacher’s percentile ranked social intéract
ability from the military draftTeacher GPAs the teacher’s percentile ranked upper-secon@&#. Control variables
include fixed effects for teacher biennial birtthodt, subject, student, and time period. Columng &} also include
teacher upper-secondary school program fixed effectd column (4) a teacher gender indicator. Raieadard
errors in parentheses, * significant at 10%; **gfigant at 5%; *** significant at 1%, Standard ers are clustered by

teacher.
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Table 8. Heterogeneous effects for student aptitude

1) (2 3 4 (5) (6)
Outcome: Percentile ranked test scores

Teacher sample Draft Draft Draft All GPA All GPA IABPA
Student sample All High GPA Low GPA All High GPA WoGPA
Cognitive -0.1116%** 0.0285 -0.0275

(0.0401) (0.0242) (0.0248)
Cognitivex student GPA 0.0020*** [0.047]

(0.0006)
Social 0.0671* 0.0021 0.0475%*=

(0.0268) (0.0188) (0.0177)
Socialx student GPA -0.0008** [0.023]

(0.0004)
Teacher GPA 0.0328** -0.0206** 0.0030

(0.0130) (0.0096) (0.0082)
Teacher GPAx student GPA -0.0008*** [0.085]
(0.0002)

Observations 29465 14711 14754 69974 35183 34791
# students 24662 12315 12347 45258 22214 23044
# teachers 698 647 692 1583 1516 1572
R-squared 0.93 0.91 0.91 0.85 0.79 0.81

Note: The dependents variable is student test scor@watish, English, and Mathemati€ognitiveis the teacher’s
percentile ranked cognitive ability from the mityadraft. Socialis the teacher’s percentile ranked social intéract
ability from the military draftTeacher GPAs the teacher’s percentile ranked upper-secon@&#. Control variables
include fixed effects for teacher biennial birtthodt, subject, student, and time period. Columng &} also include
teacher upper-secondary school program fixed affectd column (4) a teacher gender indicator. lansos (1) and
(4), teacher abilities are interacted with studgR# calculated using the subjects not taught bystwedish, English,
or mathematics teachers. The student sample tsagglording to the median value of this GPAs the p-value from a
t-test of equality of coefficients between sampRsbust standard errors in parentheses, * signifiaf10%; **
significant at 5%; *** significant at 1%, Standaedrors are clustered by teacher.
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Table 9. Heterogeneous effects for educational background

) ) (3 4
Outcome: Percentile ranked test scores
Teacher sample Draft Draft All GPA All GPA
Student sample Edu high=1 Edu high=0 Edu high=1 liigh=0
Cognitive -0.0185 0.0015
(0.0381) (0.0219)
[0.629]2
Social 0.0040 0.0192
(0.0260) (0.0165)
[0.565]2
Teacher GPA 0.0062 -0.0137*
(0.0134) (0.0078)
[0.153*
Observations 3427 24951 8029 59237
# students 2908 20784 5094 38228
# teachers 546 703 1306 1587
R-squared 0.93 0.93 0.81 0.84

Note: The dependents variable is student test scor@w@dish, English, and mathemati€egnitiveis the teacher’'s
percentile ranked cognitive ability from the mityadraft. Socialis the teacher’s percentile ranked social intéract
ability from the military draftTeacher GPAs the teacher’s percentile ranked upper-secon@&#. Control variables
include fixed effects for teacher biennial birtthodt, subject, student, and time period. Columps(@l (4) also
include teacher upper-secondary school progrand ftgects and a teacher gender indicator. The stusdample is
split according to their parents’ educational attant.Edu highequals one if both parents have some level of post
secondary education, zero otherwfsks. the p-value from a t-test of equality of cogifints between samples. Robust
standard errors in parentheses, * significant &b;10 significant at 5%; *** significant at 1%, Stadard errors are

clustered by teacher.
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Table 10. Heterogeneous effects for foreign background

1) 2 (3 4)
Outcome: Percentile ranked test scores
Teacher sample Draft Draft All GPA All GPA
Student sample Foreign=1 Foreign=0 Foreign=1 Fordlg
Cognitive -0.0171 0.0013
(0.0339) (0.0210)
[0.606]%
Social 0.0809**=* 0.0064
(0.0243) (0.0160)
[0.006]2
Teacher GPA -0.0067 -0.0097
(0.0138) (0.0077)
[0.835]%
Observations 6284 23465 13632 56673
# students 5242 19605 9435 35993
# teachers 633 694 1456 1570
R-squared 0.93 0.93 0.87 0.84

Note: The dependents variable is student test scor@w@dish, English, and mathemati€egnitiveis the teacher’'s
percentile ranked cognitive ability from the mityadraft. Socialis the teacher’s percentile ranked social intéract
ability from the military draftTeacher GPAs the teacher’s percentile ranked upper-secon@&#. Control variables
include fixed effects for teacher biennial birtthodt, subject, student, and time period. Columps(@l (4) also
include teacher upper-secondary school progrand ftgects and a teacher gender indicator. The stusdample is
split according to their backgrourféoreign equals one if either the student or both paremt$arn abroad: Is the p-
value from a t-test of equality of coefficientsween samples. Robust standard errors in parenthesigsificant at
10%; ** significant at 5%; *** significant at 1%,t8ndard errors are clustered by teacher.
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Table 11. Heterogeneous effects for female student

@ 2 3 4 (5) (6) Q) 8
Outcome: Percentile ranked test scores
Teacher sample Draft Draft All GPA All GPA  Male GPAMale GPA Fem GPA Fem GPA
Student sample Girls Boys Girls Boys Girls Boys Girls Boys
Cognitive -0.0296 0.0233
(0.0224) (0.0245)
[0.022)2
Social 0.0345** -0.0003
(0.0175) (0.0183)
[0.043)2
Teacher GPA -0.0006 -0.0190**  0.1134**  0.0786** -0.0037 -0.037***
(0.0085) (0.0089) (0.0326) (0.0351) (0.0128) 0120)
[0.056)* [0.384]2 [0.010]7
Observations 14558 15191 34523 35782 10101 10404 42224 25378
# students 12151 12696 22340 23008 8757 8953 17403 18019
# teachers 679 692 1553 1575 480 493 1073 1082
R-squared 0.94 0.93 0.86 0.85 0.95 0.94 0.89 0.88

Note: The dependents variable is student test scor@w@ish, English, and Mathemati€ognitiveis the teacher’s
percentile ranked cognitive ability from the mityadraft. Socialis the teacher’s percentile ranked social intéract
ability from the military draftTeacher GPAs the teacher’s percentile ranked upper-secon@&#. Control variables
include fixed effects for teacher biennial birtthodt, subject, student, and time period. Columpg&Balso include
teacher upper-secondary school program fixed affectd columns (3)-(4) a teacher gender indicatee.student
sample is split according to gendgls the p-value from a t-test of equality of coeiffints between samples. Robust
standard errors in parentheses, * significant &b;1® significant at 5%; *** significant at 1%, Stalard errors are
clustered by teacher.
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Figures

Figure 1. Ability ranks of new subject teachers (ages 25-30), 1980-2006
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Note: The graph plots the average cognitive and saciaetactive abilities, as well as the average GRK & all new
middle school subject teachers ages 25-30 in tredBiv teacher register.
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