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Introduction

Most people find it obvious that the quality of
teachers matter for students” outcomes. Credible
measurement of the quantitative importance of
teachers is challenging, and in particular what
characterizes strong and weak teachers. The
last years have witnessed an explosion of studies
of teacher quality, especially from the US, as a
result of increased availability of longitudinal
administrative data matching students, teachers
and schools.

This chapter summarizes recent attempts to
measure the effect of teacher quality on student
outcomes within an education production
framework. We consider to what extent different
research strategies are able to provide credible
evidence on teacher quality. Estimated teacher
effects on student achievement may reflect that
some teachers are better at teaching to the test
rather than generating true knowledge. Thus,
we also discuss to what extent teacher quality
measures based on student achievement trans-
late into education and labor market outcomes
after students have left school, which illustrates
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the potential economic value of increased
teacher quality. We discuss to what extent
teacher quality is related to individual teacher
characteristics and teacher labor market condi-
tions. The chapter also discusses the potential
usefulness of value added based teacher quality
measures in teacher evaluation systems and pay
policies.

Estimating teacher quality

Our point of departure is the education pro-
duction function as formulated recently in
Koedel, Mihaly, and Rockoff (2015), but building
heavily on the novel insights provided by Ben-
Porath (1967) and Hanushek (1979).

vir = f(Xi(t), Si(t), Ti(t), aio, €ir)

Yit is an outcome measure for student i at time
(grade) t. The outcome is assumed to be gener-
ated by the history of inputs relevant for the stu-
dent where, X;(t) represents the history of
individual and family inputs for student i up to
time t. S;(¢) similarly represents all school inputs,
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such as resource use and class size, while T;(t)
represents teacher quality. «j is student i’s
initial ability, while ¢; is a stochastic idiosyn-
cratic term.

A main question in the literature of teacher
quality is how to specify and estimate the pro-
duction function in order to obtain unbiased es-
timates of the relationship between student
outcomes and teacher quality. In other words,
the question is to what extent similar students
exposed to different teachers, all else equal, end
up having different outcomes. Ideally, one
would like to perform an experiment where
teachers are randomly allocated across students,
while the researcher observes the achievement of
students after being exposed to the teacher.
However, for obvious reasons, such an experi-
ment is hard to conduct in practice, so studies
of the relationship between student outcomes
and teacher quality needs to be based on non-
experimental data.

We consider two approaches obtaining cred-
ible estimates of teacher quality in non-
experimental settings. The first approach (the
value added approach) requires data for
outcome variables (typically test scores or exam
results) available for the same student at
different points in time. The second approach
(the between subject approach) is relevant in
cases where test scores are available at a single
point in time on several subjects taught by
different teachers.

The value added approach

Following Koedel et al. (2015), a tractable and
estimable version of the general formulation of
the education production function in (1) is the
following linear value added model

Yisit = Bo + B1Yit—1 + BaXist + BaTisjs + €it
22.2

Yisit is the achievement of student i exposed to
teacher j in school s at time (grade) t. Here,
Xist, Siy and Ty, represents levels of the
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individual, family and school inputs and the
quality of teacher j experienced by individual i
in school s at time (grade) t. This value added
model assumes that the inclusion of a lag, vi;1
in the achievement variable captures all cumula-
tive (dynamic) features of the educational pro-
duction process. This is consistent with a
restriction that the effects of all inputs evolve in
a common geometrically declining pattern.

On the other hand, this is a very data
demanding strategy as it requires longitudinal
data linking individual students to individual
teachers within schools and across grades. This
type of data has typically become available in
some US states. But in many countries, linked
student-teacher data are not available or unreli-
able and hence assessments of teacher quality
must still be based on other approaches.

By exploiting the fact that a student has been
exposed to different teachers throughout his/her
school career, total teacher effects can be identi-
fied, holding observed and unobserved school,
and to some extent also family and individual
variables, constant. One strength of this
approach is the possibility to quantify the poten-
tial gains from increasing teacher quality due to
both observed and unobserved characteristics of
the teacher.

In the value added framework, the approach
is to use indicator variables for each teacher the
students have been exposed to during the period
under investigation. This removes sorting of stu-
dents across schools and districts as a source of
bias. Moreover, if students are followed and
tested at different grades and exposed to
different teachers over time, the inclusion of
fixed student effects also effectively removes po-
tential bias from omitted time-invariant individ-
ual and family characteristics, such as innate
ability. An early study using this approach was
Hanushek (1971), using test scores at the end of
third grade and controlling for second grade
test scores and a range of control variables.
Recent studies, most prominently Chetty et al.
(2014a,b) have further developed and refined
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Estimating teacher quality

the value added approach by exploiting data
over cohorts and grades in schools in New
York City, and the literature expands rapidly.
Recent reviews of the literature can be found in
Jackson, Rockoff, and Staiger (2014) and Koedel
et al. (2015).

A crucial first question is to what extent these
value-added based estimates represents unbi-
ased estimates of the true teacher quality. Or
put differently: Do the value added estimates
adequately account for the effect teachers have
on student’s knowledge or do they to some
extent reflect unobserved student characteristics
or school or teacher behavior not related to true
knowledge generation?

A first challenge is that the value added
approach may not account sufficiently for
endogenous assignment of teachers to classes
within schools, as suggested by Rothstein
(2010) and followed up in Rothstein (2017),.
Kane and Staiger (2008) and Kane, McCaffrey,
Miller, and Staiger (2013) validates the value
added approach by exploiting random assign-
ment of students to teachers in field experiments.
They find that the estimated teacher effects
based on historical non-experimental data and
the value added approach are unbiased predic-
tors of student achievement under random
assignment. Although Chetty et al. (2014 a)
find that less advantaged students tend to be
assigned to teachers with lower value added,
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they find that controlling for test scores in previ-
ous grades and a small set of other student char-
acteristics is sufficient to account for the bias due
to this sorting. They reach this conclusion using
two approaches. Their first approach is to esti-
mate bias based on the degree of selection on
observable characteristics excluded from the
value added model. Their second approach is
to exploit changes in teacher assignments across
adjacent grades due to teacher turnover in order
to assess the bias due to unobservables. Using
this quasi-experimental approach, they find
that the entry (exit) of a high value added teacher
in a cohort induces a higher (lower) than average
end-of-year test score for this cohort. They
conclude that the degree of bias in the value
added measures due to endogenous assignment
of teachers within schools is low. Bacher-Hicks,
Kane, and Staiger (2014) replicates their analysis
using data from Los Angeles. They confirm the
Chetty et al. (2014) conclusion that value added
estimates are fairly unbiased estimates of teacher
effects.”

However, whether assignment of teachers
across classes within school after conditioning
on past performance and a small set of controls
can be viewed as fairly random or systemati-
cally related to student characteristics is still a
controversial issue. The problem is likely to
vary across schools, school districts and coun-
tries, see also Dieterle, Guarino, Reckase, and

! An important element in Rothstein’s critique of the value added approach is the use of a “placebo” or falcification
test. The argument goes like this: If teacher value added represents an ubiased measure of teacher quality, teacher
value added in later grades should not be able to predict value added in earlier grades. However, he finds that this is
not the case using data from North Carolina schools. Chetty, Friedman, and Rockoff (2017) argue theoretically that the
“placebo” test used by Rothstein (2017) is not a valid approach. Put simply, their argument is that prior test scores
cannot be used to conduct placebo test because value added measures are themselves estimated from prior test scores
and gives a mechanical relationship between prior and current value added measures. See also Goldhaber and
Chaplin (2015) for discussion and evidence on the relevance of the Rothstein test.

% Bacher-Hicks et al. (2014) also study to what extent teacher effectiveness vary with student characteristics and find
that teacher value added forecast the causal impact on student achievement independently of whether teachers move
across schools that differ substantially in terms of student composition. However, they also find that disadvantaged
students by race and parental background are disproportionally matched with low value added teachers. This
contribute to widening achievement gaps between groups and may have adverse distributional effects.
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Wooldridge (2014) for a recent study of the
assignment of students to teachers within
schools.

A second challenge for the value added
approach is whether estimated teacher quality
only captures short term effects, for example
some sort of “teaching to the test"-effects. Is esti-
mated teacher quality able to predict student
performance in the education and labor markets
in the future? To investigate this issue, Chetty,
Friedman, and Rockoff (2014b) compare out-
comes at later points in life between students
assigned to high and low value added teachers.
They find that students of higher value added
teachers have both higher earnings and are
more likely to attend college than students of
lower value added teachers.

What do the value added studies tell us
about the numerical contribution of teacher
quality to student outcomes? According to the
review article by Koedel et al. (2015), the varia-
tion in teacher quality is substantial and much
of the wvariation occurs within schools.
Hanushek and Rivkin (2012) use several repre-
sentative estimates of the labor market returns
to cognitive test scores as well as a number of
estimates of total teacher effects from value
added studies to assess the importance of teach-
ers on earnings. They estimate that the eco-
nomic value of a teacher who is one standard
deviation above the mean is $420 000 for a class
of 20 students. Chetty et al. (2014b) suggest that
a hypothetical replacement of an average
teacher with one in the top 5% will increase stu-
dents’ lifetime income by around $1.4 million
per classroom taught. These are large gains
compared to possible costs connected with
such a replacement of teachers. They illustrate
that policies that are able to increase teacher
quality have a large potential to increase labor
productivity.

22. The role of teacher quality in education production

The between subject approach

A between subject approach has been pro-
posed when the data includes information on
several test scores at the same point in time,
but from classes with different teachers for the
same student. This format allows the researcher
to account for student and school fixed effects.
Removing the student fixed effect by measuring
all variables as deviations from subject specific
means (denoted by a bar over the variable), effec-
tively also absorbing all school level effects.
Equations of the following format are estimated

Yij — Y = ﬁ(Tz"—T]) + (&'i]’—?f)
where j denote subject. Clotfelter, Ladd, and Vig-
dor (2010) notice that while the concern in value
added models is that students” assignment to
classrooms (teachers) can be correlated with
time varying unobserved determinants of stu-
dent achievement, the concern in the between
subject approach is that assignment of students
to classrooms (teachers) is correlated with unob-
served student characteristics that differs across
subjects.”’

Formally, the identification assumption in the
between subject approach is that the within stu-
dent by subject error term, e;, is uncorrelated
with teacher characteristics Tj;. Thus, researchers
using this strategy need to argue that this
assumption is valid in their specific context.
For instance, Clotfelter et al. (2010) try to assess
the credibility of the assumption in their analysis
of teacher effects in US high schools by
measuring to what extent students is assigned
to different classes by subject based on their rela-
tive ability across subjects. They conclude that
the matching of students to classes (teachers) is
to a large extent based on general ability and
not relative ability across subjects. However,
this conclusion is of course limited to their

22.3

* Another difference between the value added and between subject approach is that the latter does not account for the
cumulative feature of the learning process as current achievement is only related to current teacher characteristics.
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sample and specific institutional context and
need not apply in other settings.” Another chal-
lenge with the between subject approach is that
other variables important for student achieve-
ment such as peer groups is also likely to vary
across subjects. Although control variables
meant to account for across subject differences
in peer groups can sometimes be included,
teacher effects may to some extent reflect unob-
served peer characteristics.

What explains teacher quality variation?

While a lot of research effort in the last 10—15
years has been directed toward the estimation of
teacher quality based on the value added
approach and the reliability of these quality mea-
sures, an increasing amount of studies also
investigate the relationship between teacher
quality and individual teacher characteristics
and teacher labor market conditions.

There are two approaches to investigating fac-
tors related to teacher quality. The two-step
approach relates estimated overall teacher qual-
ity, T, to teacher characteristics, C, in the
following way

T; = oC; + ¢

The alternative approach, which is more
commonly used, is to estimate the effect of
teacher characteristics directly by including
teacher characteristics in the education produc-
tion function 21.2 and 21.3 instead of indicator
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variables for teachers. One challenge to this
approach is potential endogenous sorting of
teachers and students across schools and class-
rooms within schools.” The possibility that
teacher wages and teacher characteristics are
jointly determined in the teacher labor market
is a further source of endogeneity. Studies using
this approach typically include school fixed ef-
fects in the model in order to control for time-
invariant school or district level variables, in
addition to control variables to account for rele-
vant within school or within school district vari-
ation. Examples of studies in this tradition are
Loeb and Page (2000), Harris and Sass (2011)
and Britton and Propper (2016).

Individual teacher characteristics

Teacher experience

According to the review of the earlier research
in Palayo and Rees (2010), teacher productivity in
terms of student achievement gains improves in
the first few years of the career but stops
improving thereafter. Using data from different
states and school districts in the US, Papay and
Kraft (2015), Wiswall (2013) and Harris and Sass
(2011) indicate that earlier findings were partly
a result of restrictive model assumptions, failure
to take account of endogenous teacher attrition,
and dynamic matching of better students to
teachers with higher productivity as teachers
gain experience. They find that improvement in
teacher quality continues far longer into the

* Grongvist and Vlachos (2016) use cross section data on students’ achievement in Swedish compulsory schools to
estimate teacher effects and argue that since formal tracking is forbidden in Sweden, the between-subjects strategy is
well suited there. Their evidence also suggest that the matching of teachers and students is unrelated to variables
characterizing teachers’ cognitive ability, while they cannot completely rule out the possibility of systematic rela-
tionship between matching and teachers non-cognitive ability. Slater, Davies, and Burgess (2012) use the between
subject approach to obtain measures of variation in teacher effectiveness in England using matched data for students,
schools and teachers from 33 schools. They also include prior subject specific student performance.

5 Hanushek, Kane, and Rivkin (2004), Clotfelter, Ladd, and Vigdor (2006) and Dieterle et al. (2014) contain US evi-
dence on teacher-student matching across school districts, schools and within schools. Falch and Strem (2005) and
Bonesranning et al. (2005) provide evidence on teacher sorting across schools and school districts in Norway.
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career than the earlier results indicate. On-the-job
training throughout much of the career seems to
improve teacher quality.

Teacher skills, formal training and education

Earlier research reviewed in Palayo and Rees
(2010) emphasize that teacher test scores and
attending selective educational institutions posi-
tively affect student performance in the US,
while formal teacher credentials in terms of
advanced degrees and certification does not.
Recent studies have extended this research by
looking at a broader set of teacher skills,
exploring data from other countries, and using
more credible estimation strategies.

Rockoff, Jacob, Kane, and Staiger (2011)
conduct a survey of new math teachers in New
York City in order to measure the association be-
tween a set of observable teacher characteristics
and teacher quality using the two-step approach.
While relying on a small sample, their investiga-
tion indicates that a much broader set of obser-
vational credentials than those traditionally
used when recruiting teachers are positively
associated with student achievement gains.

Harris and Sass (2011) studies the relationship
between teacher education and training using
the value added format and exploits variation
over time within teachers in these variables to
assess the contribution to student achievement
using data from Florida public schools while
conditioning on teacher, school and student
fixed effects. While their general results support
earlier research findings that formal teacher
training and graduate coursework did not affect
student outcomes, some heterogeneity exist
across subjects and grade levels. Moreover, it is
an open question to what extent the results ap-
plies outside the Florida school system and in

22. The role of teacher quality in education production

other institutional contexts. A recent paper by
Bastian (2019) using data from North Carolina
gives a more comprehensive and nuanced pic-
ture of the effectiveness of teachers with grad-
uate degrees.

Clotfelter et al. (2010) use the between subject
approach for high schools in North Carolina.
They find that subject specific teacher credentials
(licensure and certification) in math and English
language increase student achievement. Accord-
ing to their results, the achievement gain of hav-
ing a teacher with strong teacher credentials
compared to a teacher with weak teacher creden-
tials is 0.23 standard deviations. Moreover, they
judge that the teacher credentials account for
more than one-fifth of the overall distribution
of teacher quality in their sample. While they
also find that teacher test scores are predictive
of student test scores, the effect of licensure
and certification variables are more important
than teacher test scores. However, it is also in
this case a question of the external validity to
other contexts. Slater et al. (2012) find for English
schools that teacher credentials are not associ-
ated with their measures of total teacher quality
based on the between subject approach.

Gronqvist and Vlachos (2016) use matched
student-teacher register data from upper second-
ary schools in Sweden and the between subject
approach to study the effect of teacher cognitive
and noncognitive skills.” Their conclusion is that
teacher skills have negligible effects on average
student achievement, but that the average effect
hides important heterogeneities. First, cognitive
and non-cognitive teacher skills seems to be
complementary, i.e., students having a teacher
with high cognitive skills and high social interac-
tion skills increase student achievement, while
having a teacher with low social interaction skills

® Teacher skills are measured by three measures: From military drafts they have measures of cognitive skills and social
interaction skills for Swedish men. In addition, for all teachers GPA from upper secondary school which may be
associated with both cognitive and noncognitive skills are available. All teacher skill measures are obtained before

teachers started tertiary education.
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and high cognitive skills decrease achievement.
Second, while increased cognitive skills seems
to increase the achievement gap between high
and low-achieving students, increased social
interaction skills decrease the gap.

A recent paper by Hanushek, Piopiunik, and
Widerhold (2019) investigates the relationship
between student achievement and teacher cogni-
tive skills across 31 countries using a between
subject approach and test scores in math and
reading from the PISA surveys. To measure
country differences in teacher skills, they exploit
information from adult test scores in numeracy
and literacy from the PIAAC survey. They
show that relative teacher skills vary substan-
tially across countries. The results suggest that
student achievement is strongly associated with
teacher cognitive skills. The results imply that
one standard deviation increase in teacher skills
increases student achievement with 0.1-0.15
standard deviations. One limitation with the
study is that teacher relative skills across subjects
are only measured at the country level. Although
they show that results are robust to the inclusion
of a range of observable country specific vari-
ables and placebo tests, the results might to
some extent reflect unobserved country differ-
ences in subject specific skills rather than teacher
skills.

Teacher labor market variables

If teacher wages were determined in a well-
informed competitive market, teacher quality
and teacher wages would be jointly determined.
High-quality teachers would have higher wage
than low-quality teachers. Moreover, exogenous
negative shifts in teacher supply, for instance
due to improved outside options, would in-
crease teacher wages to equilibrate the market.
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However, actual teacher labor markets are very
far from this stylized free market model as
emphasized in Lankford and Wyckoff (2010).
Instead, teacher wages are to a large extent deter-
mined within rigid wage scales, often within
collectively bargained contracts with teacher
trade unions. Since teacher quality is important
for student performance, understanding how
structural changes in the teacher labor market
affect teacher quality is important in order to
design policies to retain and recruit effective in-
dividuals in the teaching profession. This section
reviews some recent empirical evidence of the ef-
fects of teacher wages, wage setting systems, and
other labor market characteristics on teacher
quality.

Teacher wages and teacher wage systems

While earlier research from the US, as
reviewed in Hanushek and Rivkin (2006), sug-
gests that teacher quality is not systematically
associated with teacher wages, recent evidence
from other countries and other institutional con-
texts paints a more nuanced picture. While
several recent studies find that teacher wages
and wages in alternative jobs have causal effects
on teacher supply, Britton and Propper (2016)
takes this line of research a step further by
assessing the effect of relative teacher wages on
student outcomes in English schools.” They
exploit the fact that the centralized and regulated
pay system in English schools implies large
regional variation in the pay gap between
teacher jobs and alternative jobs in the private
sector. Such a gap may affect the recruitment of
teachers to the school as well as the productivity
of current teachers as suggested by efficiency
wage theories. They find that a ten percent nega-
tive shock to the wage gap implies a 2% loss in

7 Falch (2011) find that an exogenous pay increase in hard to staff schools in Northern Norway increase supply of
teachers to these schools. Leigh (2012) find that increased teacher pay boosts the average aptitude of students entering

teacher education courses.
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average school performance on key exams taken
at the end of compulsory education.

A recent paper by Willén (2018) provides a
more direct study of the effect of different pay
setting systems. He exploit that the pay determi-
nation system of teachers in Sweden changed
dramatically in 1996 from a uniform national
pay schedule to a system with pay determined
at the individual level. Exploiting pre-reform
variation in regional non-teacher pay, he finds
a long run elasticity of teacher pay with respect
to pre-reform non-teacher pay of 0.2. The reform
implied an increase in entry wages and a flat-
tening of the age-wage relationship. However,
he finds no effect on this change on teacher
composition, nor on student performance.

Hanushek et al. (2019) study whether their
estimated effects of cognitive teacher skills on
student performance across countries is associ-
ated with cross country differences in factors
related to teacher pay. Their results suggest
that observed cognitive teacher skill differences
across countries are positively associated with
differences in women’s access to high skilled
non-teacher occupations and to salary premiums
for teachers.”®

Teacher unions

In most countries, teacher unions affect
teacher wage setting and, in addition, the opera-
tion of schools through, e.g., recruitment and
layoff policies. While there is agreement that
teacher unions are important actors in the
teacher labor market, the theoretical effects of
unions on teacher productivity is ambiguous
due to the conflicting effects of pure rent-
seeking activities and the potential efficiency
gain through collective voice. Credible empirical
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evidence on the actual effect of teacher unions on
student outcomes is limited. Earlier studies look
at the effects of teacher collective bargaining on
relatively short-run measures of student out-
comes. Hoxby (1996) finds that unionization in-
creases high school dropout, while Lovenheim
(2009) finds no effect. A recent paper by Loeven-
heim and Willén (2019) estimates the effects of
teacher collective bargaining laws on long run
student outcomes as labor market performance.
Their identification strategy exploits the stag-
gered introduction of duty-to-bargain laws
across cohorts within states. They find that expo-
sure to collective bargaining laws reduces future
labor market success in terms of earnings and la-
bor market participation, especially among black
and Hispanic men. The effects are not evident for
women. Moreover, they also find that collective
bargaining laws are associated with lower non-
cognitive skills among young men.

A recent paper by Baron (2018) reaches quite
different conclusions. He exploits that the state
of Wisconsin limited teacher bargaining power
in 2011 by imposing legal restrictions on unions
funding and bargaining ability in order to reduce
the state budget deficit in the aftermath of the
Great Recession. To identify effects on student
outcomes he exploits variation in the timing of
the decrease in teacher bargaining power due
to variation in the expiration dates of existing
union contracts across school districts in the
state. He finds that the reduction in teacher
union power reduced student achievement, in
particular among students in the lower part of
the achievement distribution. He argues that
the reduction in achievement was due to a reduc-
tion in teacher salaries combined with an in-
crease in teacher turnover. His results may

8 This is consistent with the evidence in Bacolod (2007) indicating a marked decline in the quality of young women
going into teaching between 1960 and 1990 in the US as measured by standardized test scores and undergraduate
institution selectivity together with an increase in the non-teacher alternatives available for females. Dolton and
Marcenaro-Gutierrez (2011) also conclude that teacher pay differences contributes significantly to explain differences

in cross-country student performance.
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indicate that the effect of changes in teacher
union power on student outcomes is not sym-
metric. Further analysis is needed to conclude
whether this conclusion extends to student out-
comes in the longer run.

As a result of the reform in Wisconsin, some
school districts replaced the old seniority-pay
system with a flexible-pay system. Biasi (2018)
finds that high-quality teachers, measured using
a value-added approach, moves away from
school districts with a seniority-pay system to
districts with a flexible-pay system, increasing
average teacher quality in the latter school dis-
tricts. To gauge the general effects of such moves
she performs a simulation exercise based on a
structural model of the teacher labor market.
The simulations show that the implementation
of individual salary models in all school district
generates smaller improvement in teacher qual-
ity entirely connected to the exit of low quality
teachers.

Teacher mobility

Since the evidence clearly shows that teacher
quality is important for student outcomes,
knowledge about the link between teacher
mobility and teacher quality is crucial in order
to understand the determination of overall
teacher quality as well as quality distribution
across schools. Teachers’ decisions about job
changes is a choice among different job alterna-
tives that maximizes individual utility. This
choice will depend on relative wages, as well
as nonpecuniary job conditions and teacher char-
acteristics. Previous studies have shown that
teachers are more likely to quit schools with
large shares of minority and disadvantaged
students.”

However, an important and difficult issue is
to gain empirical knowledge of the change in
overall teacher quality and the quality distribu-
tion across schools and students as teachers

315

exit the public school sector or move across
schools. Feng and Sass (2017) tries to answer
this question using matched school, teacher
and student data from North Carolina and Flor-
ida. Using the two-step approach, they estimate
the effect of both own quality as well as the qual-
ity of their peers on the teachers’ decisions to
move to another school within or across school
districts or leave the public school sector. They
do not find strong relationships between teacher
quality and intra or interdistrict teacher mobility.
Regarding exit from the public school sector,
they find that both the most effective teachers
and the least effective teachers are most likely
to exit while teachers in the middle of the quality
distribution are most likely to stay. Moreover,
the quality of ones’ peer teachers are important
for the mobility decision. Top quality teachers
are more likely to stay if surrounded by high
quality peers and teachers tend to move to
schools where the average teacher quality is
roughly similar to their own. The broad conclu-
sion is that teacher mobility tend to exacerbate
quality differences across schools.

Use of teacher quality measures in pay and
evaluation systems

The evidence suggest that teacher quality are
only weakly related to specific teacher character-
istics traditionally included in pay schedules
(formal education, experience and teacher cre-
dentials). Thus, it would be tempting to replace
traditional pay schedules with individual pay
setting based on teacher quality measures ob-
tained from value added models. There is also
some evidence that performance pay systems
contribute positively to student outcomes
(Lavy (2009)), although the literature does not
provide definitive evidence in support of perfor-
mance pay.

9 See Hanushek et al. (2004) for evidence from the US and Falch and Strom (2005) for evidence from Norway.
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First, practical problems arise when trying to
implement value added based evaluation sys-
tems. Evaluation systems must have legitimacy
inside the institution, i.e., among the teachers.
Research have demonstrated the importance of
teachers, but even unbiased value added esti-
mates are measured with error. For example,
the precision depends on the number of students
assigned to the teacher. Ignoring measurement
error may imply that two teachers with the
same true quality will be treated differently just
because they have different number of students.
How to handle measurement error and other
practical implementation problems is not trivial
in this context as emphasized by Ballou and
Springer (2015). Implementation issues are also
discussed in Staiger and Kane (2014).

Second, when value added based teacher
quality estimates become high stake, the incen-
tives for teachers to teach to the test, manipulate
assignment of students to teachers and outright
cheat or manipulate tests becomes apparent.
Earlier research has shown that test based school
accountability systems are vulnerable to manip-
ulation or cheating by the actors involved, see
Figlio and Winicki (2005) and Jacob (2005) for ev-
idence and examples. Arguably, such behavior
will be exaggerated when implemented at the in-
dividual teacher level, although Lavy (2009)
finds that introduction of a teacher performance
pay system in Israel did not lead to teacher
manipulation of test scores.

Third, the quality of a single teacher is likely
to depend on the quality of his/her peers as
shown in Jackson and Bruegmann (2009). Based
on the value added approach, they show that a
single teachers’ students has larger achievement
gains in math and reading if the teacher have
effective collegues. This makes it difficult to
isolate the single teacher’s contribution to stu-
dent achievement and is rather an argument
for group based performance pay systems,

22. The role of teacher quality in education production

although such systems face serious problems
with free-riding. Goodman and Turner (2013)
present evidence that a group based bonus pro-
gram to teachers in New York City schools had
no effects on student achievement in general,
although small positive effects on math achieve-
ment were detected when the program con-
tained small groups of teachers.

A related problem with regard to individual
teacher pay systems based on teacher perfor-
mance is that large pay differences themselves
may reduce effort and productivity as suggested
by the fair-wage mechanism in efficiency wage
models introduced by Akerlof and Yellen
(1990). Recent experimental evidence indicates
that pay differences which are not regarded as
fair may reduce effort, see Cohn, Fehr, and
Goette (2015) and Breza, Kaur, and Shamdasani
(2018)'°.

Summary and the way forward

There are large differences in teacher quality.
This is demonstrated in a large number of
studies, using impressive data-sets and sophisti-
cated empirical methods. The value-added
approach is most common, but the between-
subject approach is a fruitful alternative because
it relies on different assumptions on the underly-
ing education production function and is less
demanding with regard to data.

One important question is how this insight
can be used in policy. In a recruitment situation,
estimates of teacher quality will typically be un-
observable and the principal must rely on other
types of information. However, teacher quality
seems only weakly related to observable teacher
characteristics. There is firm evidence that
teacher quality is positively associated with the
experience of the teacher, the cognitive skill of
the teacher and some teacher credentials.

19 Ashraf and Bandiera (2018) contains a broader discussion of the role of social incentives in organizations.
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However, the findings in this literature seems to
depend on the specific context of the data.

One might think that estimated teacher qual-
ity can be used in an incentive pay system. How-
ever, the design of pay and teacher evaluation
systems based on estimated teacher quality face
important practical implementation problems
and a risk of behavior that is gaming the system.
Careful empirical research taking implementa-
tion and institutional details into account is
needed to conclude whether such systems will
enhance teacher productivity and student long
run outcomes.

A fruitful future avenue of research is to
explore what we may denote the teacher “pro-
duction function”, which can be loosely
described as

Tj = f(Cj, Mj, &)

where T is teacher quality, C is teacher character-
istics, M is teaching methods and e is the error
term. Some experimental studies identify effec-
tive teaching methods. Such findings have the
potential to increase teacher quality along the
whole distribution of teacher quality. Arguably,
the potential is largest at the low end of teacher
quality distribution, because high-quality teach-
ers presumably use effective teaching methods
already. An early study on teaching methods is
Machin and McNally (2008). They find that the
introduction of a “literacy hour” in English
schools increased student achievement. Another
more recent example is Jerrim and Vignoles
(2016) who study the effect of introducing Singa-
porean inspired ‘mastery’ approach to teaching
mathematics into schools in England. They find
a small positive effect of the change in teaching
method. A third example is Machin, McNally,
and Viarengo (2018) studying the effect of an
intervention that changes how teachers teach
young children to read represented by the stag-
gered introduction of “synthetic phonics” in En-
glish primary schools. They provide evidence
that the intervention had a positive causal effect
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on young childrens’ literacy and especially
among children with disadvantaged background
and non-native speaking English background.
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