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1. Introduction

In the summer of 2010, the Los Angeles Times made
some news of its own by publishing an online database of
value-added test scores, linked to teacher names, for
thousands of teachers in the Los Angeles Unified school
district. Though this generated millions of page hits for the
paper’s website it also produced substantial controversy
about the proper use of value-added test scores in making
education decisions.1 While a few school districts, most
notably the New York City schools, have explored making
such teacher scores publicly available, a broader trend in
many states has been the increasing use of non-publicized
value-added scores in making teacher retention, promotion,

and compensation decisions. Indeed, in the fall of 2012, the
teachers union in the Chicago Public schools went on strike,
partly to reverse the increased use of value-added test scores
in teacher evaluation.

The controversy surrounding the use of value-added
metrics for evaluating teacher performance largely stems
from different weights given by observers to two widely
known facts. First, there is substantial, measurable
heterogeneity in the ability of teachers to raise student
achievement. Second, value-added models depend on
several assumptions, some of which have been shown to
be empirically invalid in some situations.

One group of observers posits the primacy of the first
fact, and emphasizes the promise of value-added to finally
create an objective metric for ranking teachers and
providing them with incentives. The other group empha-
sizes the costs of mistaken rankings and generally opposes
the whole enterprise. This divergence highlights two
important shortcomings of the current literature. First,
while economists have produced a number of excellent
statistical studies that measure the potential benefits of
value-added and the distortions introduced by violating
the assumptions of random teacher–student assignments,
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A B S T R A C T

This study examines the theoretical and practical implications of ranking teachers with a

one-dimensional value-added metric when teacher effectiveness varies across subjects or

student types. We create a theoretical framework which suggests specific tests of the

standard teacher input homogeneity assumption. Using North Carolina data we show that

value-added fails to empirically meet these tests and document that this leads to a large

number of teacher misrankings. Thus, critics of potential value-added teacher personnel

policies are correct that such policies will terminate many of the wrong teachers. However,

we derive the conditions under which such policies will improve student test scores and

find that they will almost certainly be met. We then demonstrate that value-added

information can also be used to improve student test scores by matching teachers to

students or subjects according to their comparative advantage. These matching gains

likely exceed those of a feasible, value-added based firing policy.
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they have not yet integrated these with a formal model
that shows how policymakers could systematically weigh
costs against benefits. Second, the natural focus on
statistical parameter identification has led value-added
researchers to focus on between teacher heterogeneity and
consequently on policies that use value-added for compar-
ing effectiveness between teachers and rewarding success
along that dimension.

Conceptually, it is not hard to imagine that one teacher
may be more effective than another with one type of
students, even as the ranking is reversed with a second
type of students. Alternatively, one teacher may be
particularly effective at teaching mathematics while
another excels at teaching children to read. Such differ-
ences across teachers have been empirically documented
and likely seem self-evident to parents of school-aged
children. However, these concerns are generally assumed
away or minimized when considering statistical methods
to rank teachers. Hence, potential policy levers such as the
non-random assignment of students to teachers actually
come to be regarded as a nuisance because they threaten
the statistical identification of the teacher quality para-
meter.

In this paper, we explore the promise and pitfalls of
using value-added test scores to improve student learning
when the traditional assumption of teacher homogeneity
across groups is called into question. To do this, we outline
a model of student learning that allows for teacher
effectiveness to vary across subjects or student types.
We next develop and, using data from 4th and 5th grade
students in North Carolina, execute tests of the standard
value-added assumptions about the heterogeniety of
teacher ability across subjects and types of students. We
find that the heterogeneity assumptions of the standard
value-added model are rejected. At plausible parameter
values, value-added provides a potentially misleading
pairwise comparison of teachers between 15 and 25
percent of the time. These misrankings generally arise
because value-added indicates one teacher to be superior
to another when in fact she is better with only one subject
or with one type of students. Furthermore, in the
neighborhood of a policy-dictated, value-added cutoff,
these measures misrank teachers relative to their social
value even in the limit in a majority of cases. Hence, a
teacher who is fired may generate more social value than
one who is retained. Thus, part of the critique of using
value-added measures for personnel policies is undoubt-
edly correct, such policies will unfairly fire a large number
of the wrong teachers.

However, as the primary goal of using value-added
personnel policies is to improve student test scores, we
also derive the conditions under which this will occur and
find them to be almost certainly met. Indeed, simulations
with our data confirm that value-added policies would in
fact improve social welfare under almost any plausible set
of parameter values. Under the parameter values we
actually observe, a sample policy of firing teachers in the
bottom 10 percent of the observed value-added distribu-
tion would increase single-year student achievement by
about 0.016 standard deviations in reading and 0.030
standard deviations in math.

Nevertheless, the misrankings of teachers under the
standard value-added assumptions suggest that there
might be a better way to use value-added information to
improve student test scores. Indeed, we prove that
assigning teachers to subjects or student types with which
they match well can increase student welfare relative to
random assignment. Our simulations suggest that teacher
specialization according to student ability has the poten-
tial to increase reading performance of all students by
approximately 0.025 standard deviations. The benefits of
assigning teachers to specialize in the subject in which
they excel are even larger. This policy would raise math
achievement by 0.05 standard deviations and reading
achievement by 0.03 standard deviations. These matching
improvements are all larger than those realized by
replacing the bottom 10 percent of teachers in the
value-added distribution. Thus, while it raises concerns
about the use of value-added in personnel policies, the
heterogeneity of teacher effectiveness across subjects and
settings also provides a low-cost potential policy to
improve the achievement of all student types.

The remainder of the paper proceeds as described below.
Section 2 provides information and highlights the most
directly relevant prior research on teacher value-added
models. It also describes the data we use for our analysis.
Section 3 introduces our model of teacher ability rankings,
which allows for teacher ability heterogeneity across
student types or subjects, and shows how standard value-
added measures emerge as a special case under specific
assumptions. Section 4 uses our model to illuminate the
conditions under which value-added measurement cap-
tures a correct ranking of teacher effectiveness, and then
tests those conditions using our data. Section 5 discusses the
welfare implications of using value-added to rank teachers
when these conditions are not met, and presents policy
simulations of the student achievement effects of using
value-added for teacher de-selection versus other potential
interventions. This section also explores the optimal
assignment of teachers to subjects and student types.
Section 6 concludes. To aid in the exposition, the proofs of all
of the results are found in the appendix.

2. Background and data

2.1. Background

The rise of value-added modeling for teacher evaluation
has promised a data-driven method to assess teacher
effectiveness. These models leverage extensive longitudi-
nal arrays of matched teacher–student data to produce a
numerical measure of a teacher’s ability to affect student
achievement. Using such models Rivkin, Hanushek, and
Kain (2005), Rockoff (2004), and Aaronson, Barrow, and
Sander (2007) demonstrate that there are substantial,
important differences across teachers in the ability to
improve student achievement. This variability of teacher
effectiveness has further been confirmed in a large
experimental setting by Kane and Staiger (2008). These
studies suggest that a one standard increase in teacher
value-added ability results in a student test score increase
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