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Abstract

For decades, policymakers and researchers have used value-added models that rely solely on
student test scores to measure teacher quality. However, since teaching ability is multidimen-
sional, test-score value-added measures of teacher quality may not fully capture the impact of
teachers on students. In this paper, we use test-score and non-test-score measures of student
achievement and behavior from over a million students in the Los Angeles Unified School
District to estimate multiple dimensions of teacher quality. We find that test-score and non-
test-score measures of teacher quality are only weakly correlated, and that both measures of
teacher quality affect students’ performance in high school. A teacher-removal policy simula-
tion that uses both dimensions of teacher quality improves most long-term student outcomes
by over 50 percent compared to a policy that uses test scores alone. Our results also show that
the long-term effects of teachers in later grades are larger than in earlier grades and that per-
formance in core elementary school subjects matters more for long-term outcomes than other
subjects.
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1 Introduction

Teacher quality has garnered the attention of policymakers and researchers for many years. Re-

searchers have primarily measured teacher quality using a test-score value-added framework.1 Al-

though the use of test-score value-added has substantially impacted education research, people

have long recognized that good teachers likely affect a wide range of student outcomes. In fact,

early theoretical formulations of value-added used an education production function that modeled

educational output as a “multidimensional factor” (Hanushek 1971). Consequently, measures of

teacher quality that rely solely on student test scores may not fully capture the impact of teachers

on students.

In this paper, we are interested in whether teachers can noticeably impact measures of student

achievement beyond just test scores, and whether the impact on non-test-score measures is impor-

tant for the future success of students. Specifically, how much heterogeneity is there in teachers’

ability to impact non-test-score measures of student achievement (e.g., suspensions or attendance)?

Are these non-test-score value-added measures correlated with test-score value-added measures?

Are these additional measures as predictive of the future success of students as test-score value-

added measures? All of these questions have important implications for education policy and how

we think about measuring teacher quality.

To answer these questions, we gather administrative data from the Los Angeles Unified School

District (LAUSD) for students in grades K-12 from 2003 to 2015. These data link over a million

students to teachers, and track students over time as they progress through the LAUSD system.

Our three measures of student achievement are constructed from (1) student math and English

state test scores, (2) measures of student behavior, including suspensions, attendance, GPA, and

grade retention, and (3) teacher assessments of student effort and 14 learning skills. The learning

skills include teacher assessments such as whether a student makes good use of time, exercises

self-control, and resolves conflicts appropriately. We measure the long-term effects of teachers

1An important exception is a paper by Kirabo Jackson (forthcoming) that estimates non-test-score measures of
teacher quality. This paper is discussed in the literature review section.
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using student performance in high school, including dropping out of high school, taking the SAT,

SAT scores, high school exit exam scores, GPA, teacher assessments of effort and cooperation,

attendance, suspensions, and grade retention.

We first document that elementary school students with better test scores, behavior, and learn-

ing skills perform better in high school. We then estimate teacher value-added measures of three

dimensions of teacher quality – student test scores (using math and English state tests), student

behavior (using GPA, attendance, suspensions, and grade retention), and student learning skills

(using teacher assessments of effort and 14 learning skills). Using these value-added measures, we

show that teachers affect both test-score and non-test-score dimensions of student achievement.

To avoid bias and potential teacher manipulation when using teacher-reported non-test-score vari-

ables, we modify the standard value-added framework to use student outcomes from the year after

the student was in a teacher’s class, instead of the contemporaneous year.

We find that having a high test-score value-added teacher in elementary school improves stu-

dents’ high school performance. These long-term effects of test-score value-added are not sub-

stantially reduced by adding teachers’ behavior or learning-skills value-added to the model. This

result suggests that the long-term effects of test-score value-added may not be biased by omitting

non-test-score teaching ability.

We also find that behavior value-added is only weakly correlated with test-score value-added,

and has a similarly large effect on students’ long-term outcomes. Therefore, test-score value-added

misses the dimensions of teacher quality captured by behavior value-added that matter for long-

term outcomes. Consequently, test-score value-added underestimates the total effect of teachers

on students. The low correlation between the two value-added measures also suggests that using

behavior value-added in conjunction with test-score value-added may substantially improve the

accuracy with which overall teacher quality is measured.

We illustrate how behavior value-added improves the measurement of teacher quality using a

hypothetical policy simulation that replaces teachers in the bottom 5 percent of the teacher quality

distribution with district average teachers. Relative to relying on test-score value-added alone, a
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simple rule that equally weights the test-score and behavior value-added of a teacher results in at

least a 50 percent improvement in the likelihood of dropping out of high school, taking the SAT,

high school GPA, suspensions, absences, and on-time progression. These gains are obtained with

little to no decline in student test scores, are similar to the gains obtained if an optimal weighting

scheme is used, and do not require administering additional tests or using data beyond what schools

typically collect.

In addition to test-score and behavior value-added, we find significant effects of learning-skills

value-added alone on some high school outcomes. However, these effects dissipate after we control

for both test-score and behavior value-added. Learning-skills value-added captures a dimension of

teacher quality that is also measured by a linear combination of test-score and behavior value-

added. Since the variables used to construct learning-skills value-added are plausible measures of

noncognitive skills, the other two value-added measures may measure some aspects of noncogni-

tive teaching ability.

Finally, we use test-score and non-test-score measures of ability in two applications. First, we

estimate the effect of test-score and behavior value-added for each grade 3 to 12. We find that

middle school and high school teachers have a larger effect on outcomes measured in 11th or 12th

grade than elementary school teachers. This result suggests that teachers in later grades may play

a more important role in improving long-term student outcomes than teachers in earlier grades.

Assuming little tracking and constant returns to higher quality teachers, these results imply large

cumulative benefits of teacher value-added. For example, giving students a standard deviation

better test-score value-added teacher each year from grades 3 to 12 increases the likelihood of

taking the SAT by 8.1 percentage points, and reduces the likelihood of dropping out of high school

by 0.5 percentage points. Giving students a standard deviation better behavior value-added teacher

over the same period increases the likelihood of taking the SAT by 8.4 percentage points, and

reduces the likelihood of dropping out of high school by 5.9 percentage points.

Second, the focus on test scores has limited the study of teacher effects to a few regularly

tested subjects (e.g., math and English). We instead use subject-specific GPAs to compute value-
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added measures of teacher quality in 10 elementary school subjects. We find that students with

higher value-added teachers in the subjects of math, reading, writing, and health perform better in

high school, whereas having a higher value-added teacher in the subjects of speaking and science

have negative effects on high school performance. Hiring teachers who are relatively better at

teaching these subjects and spending more time on these subjects could potentially improve long-

term student outcomes.

From a policy perspective, there are potentially large benefits from adopting a measure of

teacher quality that includes both test-score and non-test-score dimensions. For example, poli-

cymakers can use non-test-score value-added to measure teacher quality for all teachers, not just

math and English teachers. In addition, since focusing on only one output of the multidimensional

education production function (i.e., test scores) may distort the efficient allocation of teachers’

time and resources, using a broader measure of teacher quality may help alleviate this distortion.

Finally, using a better measure of overall teacher quality can improve school districts’ hiring and

tenure decisions.

The rest of the paper will proceed as follows. Section 2 reviews the related literature. Section

3 describes the LAUSD data that we use and, in particular, describes the variables used to measure

test-score, behavior, and learning-skills value-added. Section 4 outlines the empirical method

for estimating teacher value-added measures and estimating the effect of teacher value-added on

long-term student outcomes. Section 5 presents the descriptive results of the test score, behavior,

and learning-skills value-added of teachers, and then reports the results for how teachers affect

students’ concurrent and long-term outcomes. The gains from teacher-removal policies that use

multiple dimensions of teacher quality are also presented. Section 6 presents the relative value of

higher quality teachers over the students’ educational life cycle and in specific subjects. Section 7

concludes.
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2 Literature Review

Since the early 1970s, researchers have used test-score valued-added to measure teacher quality

(Hanushek 1971). This research led states and school districts to use test-score value-added in

teacher evaluations as early as the 1990s (Horn and Sanders 1994). Since then, the use of test-score

value-added has expanded, and 27 states require that teacher evaluations include “growth measures

as a significant criterion” (The National Council of Teacher Quality 2015). This increased use

of test-score value-added has largely been due to a lack of other predictors of teacher quality

(Hanushek and Rivkin 2010). Much of the recent work in the value-added literature focuses on the

validity of value-added models (Bacher-Hicks, Kane, Staiger 2014; Chetty, Friedman, and Rockoff

2014a; Kane and Staiger 2008; Kane et al. 2013; Rockoff 2004; Rothstein 2010; Rothstein 2017;

Chetty, Friedman, and Rockoff 2017), gains from using them in personnel decisions (Goldhaber

and Hansen 2010; Gordon, Kane, and Staiger 2006; Hanushek 2011), and theoretical and empirical

studies of their use in pay-for-performance (Fryer 2013; Goodman and Turner 2013; Neal 2011).

This literature was recently highlighted by Chetty, Friedman, and Rockoff (2014b), who find that

students with higher test-score value-added teachers earn significantly more by their late 20s, have

fewer births as teenagers, and are more likely to attend college.

A small number of recent papers in multiple disciplines push beyond test-score value-added by

examining teacher effects on contemporaneous non-test-score measures of student achievement.

These non-test-score measures include social and behavioral skills (Jennings and DiPrete 2010),

motivation (Ruzek et al. 2014), absences (Gershenson 2016), belief in the ability to do math and

happiness in math class (Blazar and Kraft 2017), and grit, growth mindset, effort, and answering

open-ended questions (Kraft forthcoming). Other studies assess multidimensional teacher effects

using non-value-added approaches (Mihaly et al. 2013; Rockoff and Speroni 2010). However,

these papers do not analyze whether the effects of non-test-score value-added measures persist

through a student’s education and matter for long-term outcomes, or whether test-score value-

added captures the portion of these abilities that matter for long-term outcomes. Consequently, the

extent to which non-test-score teacher quality influences the future success of students is unclear.
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An important exception, and the paper most closely related to ours, is Jackson (forthcoming).

Analyzing test-score and behavioral value-added for 9th graders in North Carolina, he estimates

the effects of teacher quality in 9th grade on outcomes in 12th grade. He finds that above and

beyond teacher effects on test scores, that teacher effects on proxies for noncognitive skills in 9th

grade also predict impacts on 12th grade student outcomes such as high school completion, SAT-

taking, and intentions to attend college. Compared to just using test-score value-added measures,

he finds that including both test-score and behavioral value-added measures in 9th grade more than

doubles the predictable variability of teacher effects on 12th grade outcomes.

A contemporaneous working paper by Fleche (2017) estimates test-score and emotional/behavioral

(internalizing and externalizing behavior) teacher value-added measures using a survey of approx-

imately 14,000 primary school-aged children in the UK matched to administrative data. She finds

that teachers affect both cognitive and noncognitive skills, their ability to affect cognitive and non-

cognitive skills is weakly correlated, and that both types of value-added measures individually

affect post-secondary education enrollment, unemployment, and earnings at the age of 20.

3 Los Angeles Student Data and Background

The LAUSD is the second largest school district in the United States, educating over 600,000

students each year. In 2003, the school district was 71.9 percent Hispanic, 12.1 percent black,

and 9.4 percent white.2 We use a panel of student-level administrative data on all public school

students in the LAUSD. The panel links students to teachers over time and includes the 2002-03

to 2014-15 school years, which we reference by year of graduation (e.g., we refer to the 2002-03

school year as 2003). Our analysis focuses on the over 110,000 3rd to 5th grade students studying

in the LAUSD each year.

These data are unique in the level of detail they provide about each student’s academic perfor-

mance. For grades 2 through 11, math and English California state test (CST) scores are available

2Statistics can be found at http://dq.cde.ca.gov/dataquest.
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for each student. The testing regime is relatively consistent over this period, with the only major

change being an essay section added to the 4th- and 7th-grade English test in 2011. For all grades,

these data contain the number of days a student was suspended, the number of days a student was

absent, and whether a student did not progress on time to the next grade (i.e., held back). Both

elementary and high school students received progress reports with their grades by subject and a

number of additional teacher assessments of student performance.

Elementary school progress reports (grades K-5) are given each trimester, and contain achieve-

ment grades in 10 subjects (e.g., reading, mathematics, art, etc.), effort grades for the same 10

subjects, grades for five “work and study habits” (e.g., “makes good use of time,” “organizes mate-

rials,” etc.), and grades for nine “learning and social skills” (e.g., “resolves conflicts appropriately,”

“exercises self-control,” etc.). All grades are on a 4-point scale, with no fractional points given.

We compute an annual GPA for each of the four groups listed above. Figure 1 shows a template of

the progress report.

Starting in the 6th grade, middle school and high school students receive progress reports each

semester, with three categories of grades for each of their classes: achievement (i.e., academic

performance), “work habits,” which we term effort (i.e., “effort,” “responsibility,” “attendance,”

and “evaluation”), and “cooperation” (i.e., “courtesy,” “conduct,” “improvement,” and “class re-

lations”). Achievement is graded on a 4-point scale, and effort and cooperation are graded on a

3-point scale, with no fractional points given. We compute annual GPAs for each of these three

groups of measures. Appendix Figure A.1 shows additional details on grading criteria.

Additional data are available for middle and high school students, including whether a student

dropped out of high school (i.e., the student enrolled in the LAUSD in grade 9 and did not graduate

high school in the LAUSD within 5 years), graduated from the LAUSD conditional on enrolling

in the LAUSD in 12th grade, SAT scores, PSAT scores, math and English California High School

Exit Examination (CAHSEE) scores, science CST scores (grades 5, 8, and 10), social science CST

scores (grades 8, 11, and world history), and the number of AP courses taken. All test scores are

normalized to be mean zero and standard deviation one at the grade-year level, except both SAT
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and PSAT scores, which we place on a 600-2400 scale (PSAT is normally on a 60-240 scale, and

for some years, the SAT was on a 400-1600 scale). We top code days absent at 180 days per year,

and report log absences as the log of one plus the number of absences.

Described fully in sections 4.1 and 4.2, we compute test-score value-added measures using

math and English CST scores, and behavior value-added using log days absent, achievement GPA,

an indicator for suspensions, and an indicator for being held back. For elementary school teach-

ers, we compute learning-skills value-added using the three additional types of elementary school

GPAs. We reduce the dimensionality of both the inputs to the value-added variables and the value-

added variables themselves by creating equally weighted indices.

Our main outcome variables are measures of high school performance, including an indicator

for dropping out of high school, an indicator for taking the SAT, SAT scores, the three high school

GPA measures averaged from grades 9-12, math and English California high school exit-exam

scores, days suspended in grades 9-12, log absences in grades 9-12, and an indicator for being held

back in grades 9-12. We treat graduation as a supplemental measure because it is conditional on

enrolling in the LAUSD in 12th grade.

Summary statistics for these data are shown in Table 1. Panel A shows summary statistics for

all students in grades 3-5 from the 2004 to 2010 school years. Panel B shows high school summary

statistics for the students in Panel A who attended high school in the LAUSD. The LAUSD dropout

variable overestimates the dropout rate by a factor of about 1.5 because it includes both dropouts

and students who transferred to schools outside of the LAUSD. The actual LAUSD dropout rate,

estimated by the LAUSD, was 37.2 percent in 2010. The graduated variable is an overestimate of

the actual graduation rate because it is conditioned on entering the 12th grade.
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4 Empirical Method

4.1 Estimating Teacher Value-Added

Let Si jt be a measure of student i’s test scores, behavior, or learning skills in year t (in teacher j’s

class). For example, Si jt could be a standardized test score, an indicator for whether the student

was suspended, or a teacher’s assessment of a particular learning skill. The goal is to estimate

the effect of a teacher on several measures of students’ test scores, behavior, and learning skills.

Recent research estimating teacher test-score value-added and its affects on long-term outcomes

has used slightly different estimation strategies (Chetty, Friedman, and Rockoff 2014b; Jackson

forthcoming; Rothstein 2017). Our approach combines elements of each, and we show in the

Appendix that the main results are robust across a range of estimation strategies.

For test-score value-added, we use the following estimation procedure.3 Although very simi-

lar, a small but important adjustment is made when estimating behavior and learning-skills value-

added, which is discussed below. We construct value-added measures by first residualizing the

achievement measure, Si jt , by regressing it on a vector of controls, Xi jt , for lagged student achieve-

ment and the classroom environment. The controls include lags of a third-order polynomial of the

student’s math test score, English test score, GPA, log days absent, an indicator for suspensions,

an indicator for being held back, work and study habits GPA, learning and social skills GPA, and

effort GPA. We include third-order polynomials of lagged class and grade level means of each

of those variables, and English learner status for the individual, class, and grade. We also fully

interact each of these variables except English learner status with grade fixed effects, and include

a control for class size. For middle and high school students, we exclude the effort GPA, work and

study habits GPA, and learning and social skills GPA controls for lack of data:

Si jt = GXi jt + ei jt , (1)

3We compute value-added measures using a program written by Michael Stepner for Chetty, Friedman, and Rock-
off (2014a, 2014b).
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where ei jt = µ jt +ac + git .

Suppose the error term is an additively separable function of teacher quality (µ jt), classroom

shocks (ac), and idiosyncratic student-year shocks (git). Following Chetty, Friedman, and Rockoff

(2014a), we assume teacher quality and student achievement follow a stationary process such that

the expected value of teacher quality is not a function of time, and the serial correlation of each

of the components of ei jt is determined by the number of years between them. Embedded in this

approach is the special case often used in the value-added literature, where a teacher’s quality is

the same in each year (i.e., µ jt = µ j for all t).

Let ni jt be the residualized student achievement computed using this procedure:

ni jt = Si jt � ĜXi jt . (2)

The residualization purges Si jt of measures of prior achievement at the student, class, and grade

levels. We then take the mean of the residuals, n̄ jt , in each year for all students taught by teacher

j, which provides an estimate of the teacher’s ability to affect student achievement in each year t

under some assumptions.

The key assumption is that students are not sorted to teachers on unobservable components

of student achievement, that is, E [ac + git | j] = E [ac + git ]. If some teachers systematically have

students with better or worse unobservable components of student achievement, the estimated

value-added measures will pick up differences in unobservables and not just the teacher’s causal

impact. Although this is a strong assumption, it is plausible in this context because the value-

added model includes extensive controls for students’ prior achievement and behavior in school

that have been shown to account for most student sorting (Bacher-Hicks, Kane, and Staiger 2014;

Chetty, Friedman, and Rockoff 2014a). To help alleviate concerns about student sorting based

on unobservable determinants of student achievement, in section 5.6, we check for forecast bias,

examine the effect of teacher value-added on predicted outcomes as a placebo test, and perform a

quasi-experimental analysis that uses teachers switching grades and schools.
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We then predict teacher quality in year t, n̂ jt , using measures of teacher quality in all years

except t to avoid biasing estimates of the long-term effects of teacher quality on student outcomes

(Jacob, Lefgren, and Sims 2010). Including year t would likely bias the long-term estimates be-

cause the same estimation error might be introduced to both the long-term outcome and the esti-

mated value-added measure. We allow the weight placed on the value-added measure in each year

to vary by the number of years before or after year t. We compute the weights by minimizing the

mean-squared error of the difference between n̄ jt and predictions of n̄ jt , using the n̄ of teacher j

in all years except t. This approach is equivalent to fitting a least squares model using estimated

teacher quality in year t as the outcome with leads and lags of estimated teacher quality as the

independent variables, and then using the coefficients produced by this model to predict teacher

quality in year t. This procedure produces leave-year-out, jackknife, value-added estimates that

allow for drift in teacher quality.

We modify this procedure when we calculate non-test-score value-added measures by using

the lead of the achievement measure, Si j(t+1), as the outcome variable. This approach contrasts

with most of the non-test-score value-added literature that uses contemporaneous student outcomes

instead of outcomes in the next year, but is closely related to approaches used to calculate the value-

added of professors (Carrell and West 2010; Figlio, Schapiro, and Soter 2015). This approach

requires the main assumption – that students are not sorted to teachers on unobservable components

of student achievement – holds for two years instead of just one.

We use Si j(t+1) because using Si jt creates the potential for the non-test-score value-added mea-

sures to capture aspects of teacher behavior unrelated to teachers’ ability to affect students’ be-

havior or learning skills. For example, grades are likely affected not only by how much a teacher

helps a student learn and work diligently, but also by how strictly the teacher grades. Similarly,

suspensions are affected both by whether a teacher causes improvements in student behavior and

how harshly or leniently a teacher chooses to punish a student. These types of measurement error

could lead to biased estimates of the effect of teacher value-added on student outcomes.

A related concern is that teachers could directly affect long-term outcomes without affecting a
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student’s behavior or learning skills. For example, if a teacher is more likely than other teachers

to recommend a student be held back, that student may be more likely to drop out of high school

even if the teacher actually has no effect on the student’s behavior or learning skills. This potential

direct effect could bias the effect of teacher value-added on long-term outcomes in the direction of

affecting long-term outcomes.

We remove bias from variation in teacher strictness (or leniency), and the direct effect of teach-

ers on long-term student outcomes, by using the lead of the student achievement measure (i.e.,

achievement in year t +1, rather than the measure of student achievement in year t):

Si j(t+1) = GXi jt + ei jt . (3)

This approach introduces noise to our estimates because it partially captures the effect of the

teacher in year t +1, but removes systematic bias from teachers evaluating their own students. In

addition, using student achievement in year t +1 makes it more difficult for teachers to manipulate

their behavior or learning-skills value-added.

4.2 Estimating the Long-Term Effects of Teacher Value-Added

Once we have leave-year-out estimates of teacher quality, v̂ jt , we ask how having either a higher-

or lower-quality teacher along some dimension of teacher quality affects a student in the long term.

Let yi be a long-term outcome of interest such as whether a student is a high school dropout, an

indicator for taking the SAT, or a score on a test required for high school graduation. Let k index a

number of distinct leave-year-out value-added measures of test scores, behavior, or learning skills.

We regress outcome, yi, on a number of value-added measures and our controls from equation (1).

The estimates of b̂k for each value-added measure assess how each dimension of teacher quality

affects the outcome of interest:

yi =
K

Â
k=1

bkn̂ jkt +GXi jt +hi jt . (4)

13



We reduce the dimensionality of the estimates of teacher quality by constructing three indices

of the value-added variables. The first index is computed using teacher math and English test-

score value-added, which we call the test-score value-added, or q̂ s
jt . The second value-added index

is computed using value-added for suspensions, log days absent, GPA, and not progressing to the

next grade on time (i.e., held back), which we call the behavior value-added, or q̂ b
jt . The third

value-added index is computed using the value-added from effort GPA, work and study habits

GPA, and learning and social skills GPA, which we call learning-skills value-added, or q̂ l
jt . We

chose these three groups because they separate test scores from non-test scores, and because the

behavior value-added includes variables that are available for all grades, whereas the learning-

skills value-added is available only for elementary school students. The indices are computed by

summing the standardized value-added variables, recoded so each has the same expected sign, and

then standardizing the resulting index to be mean zero, standard deviation one. In the Appendix,

we show that the main results are robust to grouping GPA with learning skills, using factor analysis

to construct the three indices, and using exploratory factor analysis to choose the factors and the

factor load on each value-added variable.

We estimate the long-term effect of these value-added measures using the following specifica-

tion:

yi = b sq̂ s
jt +b bq̂ b

jt +b l q̂ l
jt +GXi jt +hi jt . (5)

These estimates inform us of the extent to which different dimensions of teacher quality matter for

long-term student outcomes. We also compare the estimates from equation (5) with the estimates

from a model that omits non-test-score value-added indices. This comparison allows us to sign

the bias from omitting non-test-score measures in papers that estimate the effect of teachers’ test-

score value-added on long-term outcomes. If we find that b̂ s falls when we move from a model

that excludes q̂ b
jt and q̂ l

jt to one that includes them, it suggests that typical estimates of the long-

term effects of test-score value-added are biased upward by omitted measures of behavioral or

noncognitive skills. Alternatively, if q̂ b
jt or q̂ l

jt affect long-term outcomes, and the estimate of b̂ s is

unaffected by adding q̂ b
jt or q̂ l

jt , the long-term effects of test-score value-added may be unbiased,
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but estimates of the total effect of teachers on students is larger than the effects found when using

test-score value-added alone.

Let tildes denote residualized student value-added indices, for example, q̃ s
jt = q̂ s

jt � ĜX �

b̂ bq̂ b
jt � b̂ l q̂ l

jt . To interpret the estimates in equation (5) as causal, we must assume cov(q̃ s
jt ,hi jt) =

cov(q̃ b
jt ,hi jt) = cov(q̃ l

jt ,hi jt) = 0; the residualized leave-year-out measures of teacher value-added

and student unobservables that affect the outcome, yi, are uncorrelated. Although a strong assump-

tion, it allows for some sorting on unobservables. For example, suppose yi is an individual’s SAT

score and hi jt is a scalar that captures the effect of an SAT preparation course (if any) on an SAT

score that is orthogonal to X . People who have unexplained variation in SAT preparation courses in

high school could systematically sort into the classrooms of particular types of elementary school

teachers without biasing the results, as long as they do not systematically sort into higher value-

added elementary school teachers. To help alleviate some of the concerns with this assumption, in

section 5.6, we examine the effect of teacher value-added on predicted outcomes as a placebo test

and perform a quasi-experiment analysis that uses teachers switching grades and schools.

In addition, there are reasons to believe that this approach is conservative. First, we find some-

what larger, although much less precisely estimated, effects using a quasi-experimental design that

uses variation in teachers switching between grades and schools. Second, we estimate smaller

effects than if we use the approach taken by Chetty, Friedman, and Rockoff (2014b).

We also extend this analysis in two ways. First, we examine the dynamic effects of a teacher

on student outcomes for years t 2 [0,1, ..,7]:

yi(t+t) = b sq̂ s
jt +b bq̂ b

jt +b l q̂ l
jt +GXi jt +hi jt . (6)

The model shows the extent to which the effect of teacher value-added on student outcomes persists

or fades over a number of years. Second, we assess the effects on long-term outcomes by grade to

see in which grades high-quality teachers have the most impact on students.
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5 Results

5.1 Descriptive Results

5.1.1 Descriptive Relationships in Student Data

To assess whether multiple dimensions of teacher quality might matter for long-term outcomes,

we estimate the relationship between measures of student achievement, both with each other and

with long-term outcomes. Appendix Table A.1 shows bivariate correlations between each of the

measures of student achievement. English and math test scores are highly correlated. The rela-

tionship between test scores and students’ GPA, learning-skills GPA, and effort GPA is weaker

but the correlation still ranges from 0.45 to 0.68. The correlations of each of these variables with

attendance, days suspended, and being held back are substantially weaker, and suggests these vari-

ables largely capture different aspects of student achievement. These correlations suggest that test

scores, behavior, and learning skills are related, but that some room remains for them to have

an independent effect on long-term outcomes. Reducing the dimensionality of these variables by

separately computing test-score, behavior (i.e., attendance, days suspended, being held back, and

GPA), and learning-skills (i.e., learning-skills GPA and effort GPA) indices, as described in section

4.2, yields correlations between 0.46 and 0.55 (Table 2).

Next, we assess whether these measures of student achievement are related to long-term out-

comes, conditional on the same set of controls we use to compute the value-added measures.

English and math test scores, GPA, learning-skills GPA, suspensions, and log days absent mea-

sured in grades 3 through 5 typically have a statistically significant relationship with high school

outcomes (Appendix Table A.2). After reducing the dimensionality to the three indices of student

achievement, test scores, behavior, and learning skills measured in grades 3 through 5 nearly al-

ways have a statistically significant effect on high school outcomes (Table 3). For many of the high

school outcomes, behavior and learning skills are as predictive of the outcome as test scores.

These results are consistent with test scores, behavior, and learning skills each independently

affecting long-term outcomes. However, despite the fact that we control for a wide range of mea-
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sures of student achievement, these estimates may be biased because of unobservables. Conse-

quently, these results may not hold in situations in which there is exogenous variation in students’

test scores, behavior, and learning-skills achievement. To address this concern, we move to a

teacher value-added framework in which omitted variables are less likely to bias the results.

5.1.2 Descriptive Relationships in Teacher Value-Added Data

We compute teacher value-added as described in section 4.1. Appendix Table A.3 shows the re-

lationship between the value-added measures. English and math test-score value-added are highly

correlated. The correlations between test-score value-added and all other variables are much

weaker, but they are positively correlated with GPA, effort GPA, and learning-skills GPA, which

have correlations between 0.14 and 0.20. The GPA, effort GPA, and learning-skills GPA value-

added are highly correlated with each other. The three value-added measures of student behavior

– log absences, days suspended, and held back – are all weakly correlated with each other, test

scores, and GPA measures. These correlations suggest that math and English test-score measures

of teacher quality are closely related, as are GPA-based measures of teacher quality, whereas the

ability to influence student behavior relates less closely. Table 4 shows similar results. The correla-

tion between test-score value-added and behavior value-added is 0.15, the correlation of test-score

value-added with learning-skills value-added is 0.17, and the correlation of behavior value-added

with learning-skills value-added is 0.46.

5.2 Effects of Teacher Quality on Long-Term Outcomes

5.2.1 Single Value-Added Effects

Figures 2 through 4 show the effect of teachers’ test-score, behavior, and learning-skills value-

added individually on each high school outcome, conditional on the set of controls used to compute

value-added measures. The plotted points show the relationship between the mean residualized

outcome and the mean residualized value-added variables (with the unconditional mean of the
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outcome and value-added variables added back in) for 20 equally sized bins of teacher value-added

measures. The coefficients and standard errors reported in the figures are from an OLS regression,

using the micro data, of the outcome variable on the value-added variable, conditional on the same

set of controls.

Figure 2 shows that students with better teachers in grades 3 to 5, as measured by the test-score

value-added, score significantly higher on the SAT, have significantly higher achievement, effort,

and cooperation GPAs, and score significantly higher on the high school exit exams. We find no

significant effects on dropping out of high school, taking the SAT, being held back, log days absent,

or being suspended. These results are consistent with the existing literature that shows benefits

in adulthood from higher test-score value-added teachers, although research that demonstrates

positive effects of elementary school teachers on high school outcomes is rare (Rothstein 2017).

Figure 3 shows the effect of teachers’ behavior value-added on each outcome. We observe

at least marginally statistically significant effects in the expected direction on all of the outcome

variables except high school dropout. This indicates that in the absence of test-score value-added,

having a teacher with a higher behavior valued-added impacts the high school outcomes of stu-

dents in a meaningful way. Figure 4 shows the effect of teachers’ learning-skills value-added on

each outcome. We find less evidence of an effect than for the other two value-added measures,

but the coefficient on the learning-skills value-added typically has the expected sign, and we find

either marginally significant or significant effects for GPA, the English high school exit exam,

days suspended, and absences. These results suggest that elementary school teachers affect stu-

dents’ long-term outcomes by improving student achievement as measured by both test-score and

non-test-score data.

Comparing the magnitudes across the analyses, we tend to find that test-score value-added has

a large effect on outcomes that have more cognitive content than the behavior or learning-skills

value-added, whereas the pattern of results is reversed for outcomes that have more noncognitive

content. For example, having a teacher with a standard deviation higher test-score value-added

increases the math high school exit exam score by 0.023 standard deviations, whereas the increase
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for behavior value-added is 0.014 standard deviations, and the statistically insignificant increase

for the learning-skills value-added is 0.004 standard deviations. However, the effect of having

a teacher with a standard deviation higher test-score value-added on days suspended is less than

0.001, whereas behavior and learning-skills value-added both reduce days suspended by a statisti-

cally significant 0.003 days, a 2 percent decrease.

The test-score value-added estimates appear to have two sets of potential nonlinear effects.

First, the effect of test-score value-added on all three GPA measures is positive until teachers be-

come above average, and then the relationship is, if anything, negative. Second, there is suggestive

evidence that the top vingtile or two of the test-score value-added distribution has a smaller effect

on several outcomes than would be predicted from the rest of the test score value-added distribution

(Figure 2). Chetty, Friedman, and Rockoff (2014b) find a similar anomaly in their data, and drop

the top 1 percent of teachers because of evidence of “test manipulation.” We leave those teachers

in, although including them biases the effects of test-score value-added toward zero if “test manip-

ulation” exists. We find less evidence of non-monotonicities for both behavior and learning-skills

value-added, and outliers in the top vingtile are less common. One explanation for this finding

is that because non-test-score value-added measures are constructed using student achievement in

year t +1, teachers are unable to manipulate their non-test-score value-added measure unless they

influence the actions of their students’ teachers in the subsequent year.

The results shown in Figures 2 through 4 suggest that multiple components of teacher quality

affect long-term outcomes. Our findings also indicate that in situations in which no test-score data

are available, but other administrative data such as grades, attendance, suspensions, and held back

are available, creating estimates of teacher quality that are associated with long-term benefits to

students is possible. Some evidence also suggests non-test-score value-added measures calculated

using our approach are less prone to manipulation by teachers, although they might begin to be

manipulated if used in high-stakes settings.
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5.2.2 Multivariate Value-Added Effects

Now that we have found that each of the three dimensions of teacher quality affect high school

outcomes, we can determine whether more than one value-added measure independently affects

long-term outcomes. Significant effects of more than one value-added measure would suggest

that teacher quality is multidimensional in a way that both matters for long-term outcomes and is

measurable using a value-added approach. In addition, this analysis informs the extent to which

the long-term effects of test score value-added measures are driven by teachers’ affect on behavior

and learning skills.

Table 5 shows the effect that each of the three elementary school value-added measures have on

high school outcomes in an OLS regression in which all three value-added measures are included

simultaneously along with the baseline controls (equation 5). Including behavior and learning-

skills value-added only slightly affects the coefficients on the test-score value-added measures.

For example, the coefficient in the SAT-score regression falls from 6.39 to 6.24 SAT points (or a

constant 0.021 standard deviations), the coefficient in the math high school exit exam regression

falls from 0.023 to 0.022 standard deviations, and the coefficient in the high school GPA regression

falls from 0.004 to 0.002 GPA points. These results indicate that the long-term effects of test-score

value-added are likely not driven by teachers’ effects on students’ behavior and learning skills that

are correlated with test-score value-added.

The effects of behavior value-added on most outcomes is also not affected substantially by

conditioning on the test-score and learning-skills value-added. Behavior value-added picks up a

dimension of teacher quality that is largely unrelated to the other two value-added measures and

that matters for long-term outcomes. In addition, Appendix Table A.4 shows that there is no

evidence of an interactive effect between an elementary school teacher’s test-score and behavioral

value-added on students’ high school outcomes.

Adding the other value-added measures considerably weakens the evidence for an indepen-

dent effect of teachers on long-term outcomes through learning skills. None of the coefficients

on the learning-skills value-added in Table 5 are statistically significant with the expected sign.
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Effort GPA and the math graduation test score are negative and marginally statistically significant,

and cooperation GPA is negative and statistically significant. These results suggest that test-score

and behavior value-added capture the effect that teachers have on long-term outcomes through

students’ learning skills.

The size of these results can be interpreted using the cross-sectional relationship between test

scores and earnings. Hanushek and Wossman (2008) find consistent evidence that in the cross

section, a standard deviation increase in test scores at the end of high school increases earnings

by 12 percent (Lazear 2003; Mulligan 1999; Murnane et al. 2000). Approximately the same rela-

tionship holds between elementary and middle school test scores and earnings. Chetty, Friedman,

and Rockoff (2014b) show that direct estimates of a standard deviation improvement in teacher

value-added on earnings, and a back of the envelope estimate using the cross-sectional relation-

ship between primary school test scores and earnings, yield estimates of the effect of teachers on

earnings in the 1.3 to 1.5 percent range. We find effects of approximately the same size or larger

using the effect of teachers on contemporaneous test scores. If we instead use the effect of having

a standard deviation higher test-score value-added teacher in elementary school on high school test

scores, which ranges from 0.016 to 0.022 standard deviations, the estimated increase in earnings

would be 0.23 percent. This much smaller effect is likely driven by the fade-out in the effect of

teachers on test scores over time.

Combined, these results indicate that teacher quality is multidimensional in a way that matters

for long-term outcomes. Importantly, this multidimensionality can be measured using a combina-

tion of test scores and other data that schools routinely collect.

5.3 Policy Implications of Multidimensional Teacher Quality

Policies that use teachers’ test-score value-added to hire, fire, or incentivize teachers have been

widely criticized because making decisions using only one (potentially gameable) dimension of

teacher quality is considered unfair, or even counterproductive. However, the effect on long-term

outcomes of having higher test-score and behavior value-added teachers implies that policies that
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shift the distribution of teacher quality upward in these dimensions benefit students. In comparison

to just using test-score value-added, we show that using multiple dimensions of teacher quality in

teacher-removal policies substantially improves the measurement of teacher quality and students’

long-term outcomes.

Figure 5 shows scatter plots of teacher quality as measured by value-added in a given year. The

dashed lines show the 5th percentile of teachers for a given value-added measure. The first panel

plots test-score and behavior value-added, and shows that although both dimensions of teacher

quality are positively correlated, the correlation is relatively weak, and some teachers who perform

poorly as measured by test-score value-added perform well on the behavior value-added dimen-

sion. For example, the majority of teachers who are in the bottom 5 percent of teachers as measured

by the test-score value-added are not in the bottom 5 percent of teachers as measured by the be-

havior value-added. Therefore, a linear combination of a teacher’s value-added measures might be

a better predictor of teacher quality and measure for teacher-removal policies.

One way to assess the value of using multiple measures of teacher quality is to ask to what ex-

tent students’ long-term outcomes could be improved under a policy that replaces a school district’s

bottom 5 percent of teachers with average teachers as measured by only test-score value-added ver-

sus different linear combinations of the three value-added measures. Panel A of Table 6 shows the

effect on a student’s high school outcomes of being assigned an average teacher instead of a teacher

in the bottom 5 percent of teachers as measured by a teacher’s true value-added (realized value-

added ex post, n̄ jt). This panel shows the upper bound on the effects of the teacher-removal policy.

The simulation uses estimated effects of teacher value-added on high school outcomes (Figures 2

through 4 and Table 5) and the within-teacher correlations between the three teacher value-added

measures (Table 4). Standard errors for the estimated forecasts are shown in parentheses.

Each cell in row 1 shows the effect on students’ high school outcomes if their bottom 5 percent

test-score value-added elementary school teacher was replaced by an average teacher. For example,

the students that the policy would affect (about 5 percent) would see their SAT scores increase by

13 points and their high school GPA by 0.008 GPA points. Row 2 shows the effect on students’
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high school outcomes if their bottom 5 percent behavior value-added elementary school teacher

was replaced by an average teacher. The benefits from using behavior value-added are comparable

to using test-score value-added, and in some cases, the benefits are larger.

Row 3 uses the average of teachers’ test-score and behavior value-added. When this combined

measure is used, students affected by the policy would see beneficial effects on all but one of

the high school outcomes. Row 5 shows the percent improvement in students’ outcomes if the

replacement of the bottom 5 percent of teachers is performed using the average of teachers’ test-

score and behavior value-added instead of just teachers’ test-score value-added. There is over a

100 percent increase in the beneficial effects on students for dropping out of high school, taking

the SAT, GPA, effort GPA, days suspended, log absences, and held back. Importantly, these gains

are accompanied by only small decreases in English exit exam test scores and SAT scores.

Row 4 uses a maximization procedure to choose the optimal weights to be placed on a lin-

ear combination of teachers’ test-score, behavior, and learning-skills value-added to determine the

bottom 5 percent of teachers for the indicated outcome variable. The optimal weights vary depend-

ing on the outcome variable, so simultaneously improving all outcomes by the calculated amount

would not be possible. However, for most of the outcomes, a policy that uses the optimal weights

for a particular outcome only slightly outperforms a simple policy that places equal weights on

test-score and behavior value-added.

Panel B of Table 6 shows analogous results using teachers’ estimated value-added based on the

three previous years of student data. These results reflect the potential student gains if the teacher

removal policy were to be implemented for teachers who had taught for three years. Similar to

Panel A, student gains can be obtained if both test-score and behavior value-added are used to

make the teacher-removal decision. Because the autocorrelation between years for the behavior

measure is smaller than for the test-score measure (Appendix Figure A.2), the percent gain from

using both value-added measures instead of just the test-score value-added is smaller.

These results suggest that the dimensions of teacher quality captured by behavior value-added

are roughly as important for long-term outcomes as test-score value-added, and in combination,
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can improve student outcomes. Most of these benefits do not require new tests or assessments –

only a new use for data that schools already collect.

5.4 Which Behaviors Matter for Long-Term Outcomes?

Behavior value-added includes several weakly correlated value-added measures, some of which

may matter more than others for long-term outcomes. A straightforward way to assess which

variables matter most is to regress high school outcomes on the full set of value-added measures

that we use to construct the lower dimensional representation of teacher quality plus the usual

set of controls. Focusing on the components of behavior value-added, we find suspensions and

absences have significant effects with the expected sign for a number of outcomes, whereas held

back only has a statistically significant effect on high school GPA (Appendix Table A.5). Inter-

preting the results for GPA is more difficult because GPA is highly correlated with the components

of learning-skills value-added. We see some positive and significant effects for GPA, and negative

and significant effects for the various components of learning-skills value-added, with a net effect

of approximately zero. This suggests that the behavior value-added results are driven primarily by

teachers’ effects on suspensions and absences.

Another way to illustrate this is to move GPA value-added from behavior value-added to

learning-skills value-added, and conduct the main analysis again. The new behavior value-added

constructed only from absences, suspension, and being held back has a significant effect in the

expected direction on all high school outcomes except high school dropout, SAT score, and the

English high school exit exam (Appendix Table A.6). The new GPA-based value-added affects

only taking the SAT and suspensions. The point estimates of the GPA-based value-added are often

smaller than the significant effects of the other value-added measures, and have relatively tight con-

fidence intervals, which suggests that the null effect for the GPA-based value-added is not simply

due to a lack of power.

These results suggest multiple dimensions through which teachers affect long-term student

outcomes, one that is closely related to improved performance on tests and others related to reduced
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absences and suspensions. The abilities reflected in achievement GPA, effort GPA, and learning-

skills GPA matter for long-term outcomes, but the portion of these abilities that teachers are able

to affect is largely captured by test scores and the ability to keep the students in the classroom.

5.5 Dynamic Effects of Teacher Quality

Figure 6 shows how the value-added measures affect a number of outcomes that can be tracked over

time beginning in elementary school. The effect of test-score value-added on test scores shows the

expected pattern of results. Having a standard deviation higher test-score value-added teacher has

a large effect on math and English test scores in year zero that largely, but not completely, fades

out over the next seven years.

Behavior value-added and learning-skills value-added show less evidence of fade out, but our

approach to constructing these variables should result in measures with less fade out than test-score

value-added. By measuring behavior and learning-skills value-added using the effect of a teacher

this year on student achievement in the next year, we are effectively removing the first year of

fade out from the estimates. In addition, because some of the student achievement variables are

grades, and students may be graded on a curve, seeing little effect of behavior and learning-skills

value-added on GPA measures in year zero would not be surprising.

5.6 Checking for Bias in Long-Term Effects

We conduct four analyses to look for evidence of bias in the estimates of the long-term effects of

teachers. Consistent with Chetty, Friedman, and Rockoff (2014a), most tests show no evidence of

bias, and the magnitude of the bias in the remaining tests is sufficiently small such that it does not

substantially affect our conclusions.

First, we show that the value-added measures are forecast unbiased, specifically that each of the

leave-year-out value-added variables cause an increase in the corresponding residualized achieve-

ment variable that is statistically indistinguishable from one (Appendix Table A.7). Only math

test scores are marginally different than one, for which a one unit increase in the math test-score
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value-added causes a 0.99 increase in math test scores.

Second, we show that after conditioning on the main controls, students expected to perform

better in elementary school based on their twice-lagged values of achievement are largely not

sorting to higher value-added teachers. The estimated forecast bias from selection on student char-

acteristics is between �1.6 to 1.3 percent, which is smaller than Chetty, Friedman, and Rockoff’s

(2014a) point estimate of 2.2 percent. The forecast bias is only statistically significant for GPA,

and marginally significant for math test scores, with point estimates of 1.3 and 0.3 percent, re-

spectively (Appendix Table A.7). An analogous calculation using predicted high school outcomes

from the twice-lagged values of the control variables shows no evidence of upward bias. The only

significant point estimates are for behavior value-added, but each suggests that better students are

sorted to worse teachers (Table 7).

Finally, we aggregate these data to the school-grade-year level and estimate long-term effects

using quasi-experimental variation in teacher value-added caused by teachers switching between

grades or schools. The analysis removes variation in teacher value-added caused by students sort-

ing to teachers within a grade. Following Chetty, Friedman, and Rockoff (2014b), we regress

changes in school-grade-year high school outcomes on changes in the mean teacher value-added

weighted by the number of students.4 Appendix Table A.8 shows that the signs on the estimated

coefficients are generally consistent with the main results in Table 5, and the point estimates tend

to be larger. However, the estimates are much less precise. Despite this loss in statistical power, we

observe a significant effect of test-score value-added on math exit exams, and either significant or

marginally significant effects in the expected direction of behavior value-added for taking the SAT,

the three GPA outcomes, and math exit exams. As in the main table, learning-skills value-added is

often wrong-signed and statistically significant.

4The sample is limited to cases in which we have value-added measures for all teachers in a given school-grade
year in two consecutive years, to the subset of students for which we have both the long-term outcome variable and a
teacher value-added measure, and to value-added measures that can be computed leaving out both year t and t �1.
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5.7 Robustness Checks

We conduct a number of robustness checks in which we use alternative approaches to constructing

the value-added indices, different specifications to estimate the long-term effects, and additional

high school outcomes. The results of the robustness checks are qualitatively consistent with the

main results.

Appendix Table A.9 reports the effect of teacher value-added on additional high school out-

comes such as graduating from the LAUSD if enrolled in the LAUSD in 12th grade, took the

PSAT, PSAT score, 11th grade English CST score (the last grade the CST is administered), 11th

grade math CST score, 8th grade science CST score, 10th grade science CST score, 8th grade

social studies CST score, 11 grade social studies CST score, world history CST score, and the

number of AP courses. We see significant effects of test-score value-added on all outcomes ex-

cept LAUSD graduation and took the PSAT. Test-score value-added affects test-score outcomes

by between 0.013 and 0.018 standard deviations, and does not vary noticeably by subject. Hav-

ing a high test-score value-added teacher in elementary school improves long-term performance

across a number of subjects, not just English and math. The coefficients on behavior value-added

are typically the expected sign, and are either significant or marginally significant for 4 of the 11

outcomes, whereas the coefficients on the learning-skills value-added are typically wrong-signed

and are marginally or statistically significant for 3 of the 11 outcomes. There is also little evidence

that teacher value-added in grades 3 through 5 affects whether students leave the school district in

subsequent years (Appendix Figure A.3).

We now show that the results are robust to a number of changes to our approach to computing

the value-added indices and long-term effects. The main results are larger and more often statisti-

cally significant if we follow Chetty, Friedman, and Rockoff (2014b) when computing value-added

measures by residualizing the achievement data using within-teacher variation in the controls (Ap-

pendix Table A.10). The effects are even larger if we use Chetty, Friedman, and Rockoff’s (2014b)

approach to computing long-term effects by residualizing the outcome variables using within-

teacher variation in the controls and then regressing the residualized high school outcomes on
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teacher value-added with no controls (Appendix Table A.11). There is also more evidence of an

effect of learning skills value-added on long-term outcomes including significant effects in the ex-

pected direction on dropout, SAT score, English high school exit exam score, and days suspended.

The main results are essentially unchanged if we use factor analysis to construct the three indices

for teacher ability (Appendix Tables A.12 and A.13), and only somewhat weaker for the non-test

score factor if we use exploratory factor analysis to construct two orthogonal factors (Appendix

Tables A.14 and A.15). Finally, the results are largely robust to converting test score value-added

into deciles and test score outcomes into percentiles, which means we use ordinal, rather than

cardinal measures of teacher value-added and test score outcomes. However, we no longer ob-

serve effects of test-score value-added on SAT scores or either value-added variable on the GPA

measures (Appendix Table A.16).

Lastly, Appendix Table A.17 shows that if we remove behavior value-added from the main

analysis, learning-skills value-added no longer has any wrong-signed, statistically significant ef-

fects, and we observe negative and significant effects on days suspended and a negative and

marginally significant effect on absences. This suggests that part of the reason for the unintuitive

results for learning-skills value-added is that behavior value-added and learning-skills value-added

are moderately correlated.

6 Applications of Non-Test-Score Measures

We take the general approach from the last section to demonstrate that non-test-score measures

of achievement are useful for answering additional questions related to the effects of teachers on

students. We first examine teacher effects over the educational life cycle, and ask to what extent

there could be long-term gains from moving high value-added teachers between grades. We then

take the approach used to construct non-test-score value-added measures to compute GPA value-

added for specific subjects in order to test the long-term value of having a better teacher in different

subjects. This analysis could also be interpreted as suggesting how gains could be obtained from
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reallocating time between subjects.

6.1 Long-Term Effects of Teacher Quality over the Educational Life Cycle

The approach in this analysis is to compute the test-score and behavior value-added for teachers in

grades 3 through 12, and ask how having a standard deviation better teacher in each grade affects

long-term outcomes as measured in 11th or 12th grade.5 We do not compute learning-skills value-

added because we do not have learning-skills data for middle and high school students. Previous

work on long-term teacher effects by grade has estimated the effects of test-score value-added

for grades 4 through 8 (Chetty, Friedman, and Rockoff 2014b), and test-score and non-test-score

value-added for grade 9 in North Carolina (Jackson forthcoming).

Figure 7 reports the results of this analysis for outcome variables measured as late as possible

in a student’s career. In each graph, we also report the sum of the coefficients across all grades.

With some assumptions, particularly no tracking of students and no diminishing returns to having

consecutive high quality teachers, this sum reflects the cumulative effect of having a standard

deviation higher test-score or behavior value-added teacher in each grade from 3rd through 12th

grade. If tracking students plays a large role, or if diminishing returns exist, this sum overestimates

the cumulative effect. However, Chetty, Friedman, and Rockoff (2014b) find evidence for only a

small amount of tracking.

We find that having a standard deviation higher test-score teacher in grades 3 through 12 has a

beneficial effect on taking the SAT, SAT scores, and math and English test scores. The cumulative

effect for each of these outcomes is quite large. Using the cross-sectional relationship between test

scores and earnings, and the cumulative effects on math and English tests scores, having a standard

deviation higher test-score value-added teacher in each grade increases a student’s adult earnings

by 2.7 to 5.2 percent.

We also find that having a standard deviation higher behavior value-added teacher in grades 3

5We cannot compute teacher value-added in 12th grade, so value-added measures for teachers in 12th grade use
estimates of teacher quality in earlier grades.
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through 12 has a large beneficial effect on dropping out of high school, graduation, taking the SAT,

the three GPA measures, absences, suspensions, and grade retention. For example, the cumulative

effects suggest that having a standard deviation higher behavior value-added teacher in each grade

decreases the likelihood of dropping out of high school by 9.0 percentage points. Once adjusted for

dropping out of high school being over estimated due to students leaving the LASUD, this effect

is still a 5.9 percentage point decrease.

Since we have data on all grades 3 to 12, we can also examine whether having a high value-

added elementary school teacher or high school teacher is more important. Models of human cap-

ital formation in which past human capital production is complementary to current human capital

production suggests that having a high value-added elementary school teacher is more important.

Alternatively, the substantial fade out we observe in the effect of teacher value-added suggests that

high school teachers will have a larger effect on student outcomes.

The results generally show that having a high value-added English and math teacher in middle

school or high school has a bigger impact on long-term outcomes than having a high value-added

elementary school teacher. This pattern of results is especially clear for dropping out of high

school, test scores, the GPA measures, absences, suspensions, and grade retention. For example,

having a one standard deviation higher behavior value-added teacher has little effect on whether

a student drops out of high school in grades 3 to 5, but reduces the likelihood of dropping out by

about one percentage point per year in grades 6 to 12. Exceptions exist, notably for taking the SAT,

but the pattern of results is fairly clear. The strength of the middle school and high school effects

is somewhat surprising because we only calculate value-added for English and math teachers, with

whom a student spends less than half of her school day, whereas in elementary school, the value-

added measures are calculated using a classroom teacher with whom students spend much more

time.
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6.2 Long-Term Effects of Teacher Quality by Subject

A significant shortcoming of the test-score value-added framework is that to measure a teacher’s

quality in a subject, a test must be administered in that subject. Consequently, we cannot evaluate

teachers using value-added measures in subjects or grades that are untested, or compare the im-

portance of high quality teachers across untested subjects. We extend the approach for calculating

non-test-score value-added described in section 4.1 to compute value-added measures for elemen-

tary school teachers by subject using students’ grades in each subject. We measure a teacher’s

quality using the grade each student receives in a subject in year t +1, controlling for the baseline

controls from year t �1.

Appendix Table A.18 shows long-term student outcomes regressed on students’ grades and

the standard set of controls. Better grades in virtually all subjects improve students’ long-term

outcomes. Two exceptions are speaking and PE, which indicate that students who perform better

in speaking or PE perform worse in high school, even conditional on their grades in other subjects

and prior achievement. However, these estimates may not be detecting the true effect of ability in

a particular subject, but unobserved characteristics associated with both elementary school grades

and high school outcomes.

Table 8 reports the results after redoing this analysis using teacher value-added for each subject.

Teachers who excel at teaching math, reading, writing, and health have students who perform better

in high school. The effects for math-GPA value-added are somewhat subject specific. The effect is

only positive and marginally significant for SAT scores, and significant for math high school exit

exam scores. Unexpectedly, students with better elementary school math teachers are more likely

to be held back in high school. The effects of reading-GPA value-added are more widespread,

with significant or marginally significant effects on taking the SAT, SAT score, and both math and

English high school exit exam scores. Writing-GPA value-added matters for the three high school

GPA measures, and the probability of being held back, but has a negative effect on taking the SAT.

Health-GPA value-added matters for taking the SAT, effort GPA, cooperation GPA, and both math

and English high school exit exam scores.
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Speaking-GPA value-added has negative effects on SAT scores, both high school exit exam

measures, and all three GPA measures. Perhaps talking in class is not well rewarded in high school.

We also observe negative and significant or marginally significant effects on science-GPA value-

added for four outcomes. We find little evidence that social studies, PE, and arts affect outcomes

in either direction.

These results broadly support the traditional view that math, reading, and writing are building-

block skills that have long-term benefits. The health results are unexpected, suggesting that im-

proved health knowledge at a young age could have long-term benefits, though this explanation

should be interpreted with caution. Besides the negative effect of speaking and science, we find

relatively little evidence of effects of other subjects. A plausible explanation for these results is that

certain subjects, as taught in elementary schools, do not impart skills that have long-term value,

and teachers who focus too heavily on them have students with poorer reading, writing, and math

skills. These results suggest that elementary schools could potentially create long-term benefits for

students by hiring and retaining strong math, reading, and writing teachers, and focusing more of

their time on teaching those subjects.

7 Conclusion

The results demonstrate that teacher quality is multidimensional. We show that teachers’ test-score

value-added has significant effects on long-term outcomes, and that adding controls for behavior

and learning-skills value-added does not influence the estimated effects. This finding indicates the

long-term effects of having a high test-score value-added teacher may not be biased upward by

omitting measures of behavior or learning-skills value-added.

We also find that a teacher value-added measure that combines the teacher valued-added effects

on GPA, absences, suspensions, and grade retention affects many high school outcomes. These ef-

fects are similar in magnitude to test-score value-added. This second dimension of teacher quality

is only weakly correlated with test-score value-added, and allows for substantial improvement in
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the measurement of teacher quality. For example, a policy that uses both dimensions and three

years of data to identify the bottom 5 percent of teachers and replaces them with average teachers

improves dropout rates, the likelihood of taking the SAT, GPA, effort GPA, absences, and being

held back by over 50 percent versus a policy that uses only test-score value-added. Despite sub-

stantial gains in many areas, high school test scores experience only minimal declines.

We find that learning-skills value-added individually has significant effects on a number of high

school outcomes. However, once we control for test-score and behavior value-added, the effects

dissipate. These results suggest that although the teacher effect on learning skills matters for long-

term outcomes, test-score and behavior value-added capture that measure of teacher quality.

We then demonstrate that this value-added framework can be extended to analyze effects by

grade and all elementary school subjects. We find that high test-score and behavior value-added

middle school and high school teachers have a greater effect on end of high school outcomes

than elementary school teachers. Lastly, we also show that teachers who are relatively better at

teaching math, reading, writing, and health improve their elementary school students’ high school

outcomes, whereas teachers who are better at teaching speaking and science worsen them. Teach-

ing these subjects may have long-term benefits for students, which suggests schools should focus

on improving teaching quality in those areas.
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Figure 1: LAUSD Elementary School Progress Report

Note: The figure displays a blank copy of an LAUSD elementary school progress report. Each row labels the academic subject, work and study
habits, or learning and social skill each student is graded on by their teacher. Columns 1, 2, and 3 correspond to each of the three trimesters students
receive a grade. For the academic subjects, the AC column stands for achievement scores and the EF column stands for effort scores. For all
academic subjects, work and study habits, and learning and social skills, students receive a grade ranging from 1 (the poorest performing) to 4 (the
best performing).
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Figure 2: Effect of Teacher Test-Score Value-Added on High School Outcomes

Note: Figure 2 shows binned scatter plots of residualized high school outcome variables and normalized teacher test-score value-added for grades
3-5. We construct these plots by first residualizing the outcome and teacher value-added variables using the controls shown in equation (5). We then
plot the mean values of both variables in 20 equally sized bins. Lastly, we add back the unconditional mean of both variables. We also plot the best
linear fit estimated prior to binning the data, and report its slope coefficient and standard error, clustered at the school-cohort level. *** p < 0.01, **
p < 0.05, and * p < 0.10.
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Figure 3: Effect of Teacher Behavior Value-Added on High School Outcomes

Note: Figure 3 shows binned scatter plots of residualized high school outcome variables and normalized teacher-behavior value-added for grades
3-5. We construct these plots by first residualizing the outcome and teacher value-added variables using the controls shown in equation (5). We then
plot the mean values of both variables in 20 equally sized bins. Lastly, we add back the unconditional mean of both variables. We also plot the best
linear fit estimated prior to binning the data, and report its slope coefficient and standard error, clustered at the school-cohort level. *** p < 0.01, **
p < 0.05, and * p < 0.10.
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Figure 4: Effect of Teacher Learning-Skills Value-Added on High School Outcomes

Note: Figure 4 shows binned scatter plots of residualized high school outcome variables and normalized teacher learning-skills value-added for
grades 3-5. We construct these plots by first residualizing the outcome and teacher value-added variables using the controls shown in equation (5).
We then plot the mean values of both variables in 20 equally sized bins. Lastly, we add back the unconditional mean of both variables. We also plot
the best linear fit estimated prior to binning the data, and report its slope coefficient and standard error, clustered at the school-cohort level. *** p <
0.01, ** p < 0.05, and * p < 0.10.
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Figure 5: Two-Dimensional Cross Teacher Value-Added Plots

Note: The first scatter plot shows a plot of elementary school teachers’ annual, normalized test-score and behavior value-added within three standard
deviations of the mean. The two dashed lines show the cutoffs for the 5th percentile of the test-score and behavior teacher value-added, respectively.
The second and third scatter plots are constructed analogously for test-score value-added versus learning-skills value-added, and behavior value-
added versus learning-skills value-added, respectively.
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Figure 6: Dynamic Effects of Test-Score, Behavior, and Learning-Skills Teacher Value-Added

Note: Each plot shows the effect of test-score, behavior, and learning-skills value-added of teachers in grades 3-5 on student outcomes in the
concurrent year (the year a student was in a teacher’s classroom) and future years (the years after a student was in a teacher’s classroom). The
estimated effects are obtained by regressing leads of outcome variables on teacher test-score, behavior, and learning-skills value-added and the
baseline controls as specified in equation (6). The coefficients on test-score, behavior, and learning-skills value-added are plotted along with 95
percent confidence intervals, with standard errors clustered at the school-cohort level.

41



Figure 7: Effects of Test-Score and Behavior Teacher Value-Added by Grade

Note: The figure shows plots of the effect of test-score and behavior teacher value-added on high school outcomes by the grade level of the student.
The plotted coefficients and standard errors (clustered at the school-cohort level) are from a regression of the high school outcome variable on
test-score and behavior teacher value-added, and the vector of controls for high school students specified in section 4.1, estimated separately for
each grade.
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Table 1: Summary Statistics

Variable Mean
Standard
Deviation

Observations

Panel A: Grades 3 - 5
Math CST Score 0.01 1.00 891,643
English CST Score 0.00 1.00 891,751
GPA 2.88 0.42 861,977
Effort GPA 3.14 0.46 861,977
Learning Skills GPA 3.10 0.58 614,532
Fraction of Days Absent 3.9% 858,308
Days Suspended 0.05 0.38 906,193
Held Back 0.7% 837,401
English Learner 42.0% 906,193
Panel B: High School Outcomes
LAUSD Dropout 54.6% 333,513
Took SAT 50.5% 249,436
SAT Score 1,330 298 145,265
GPA 2.25 0.96 536,868
Effort GPA 2.12 0.52 476,548
Cooperation GPA 2.33 0.45 476,548
Math CAHSEE Score 0.07 1.01 331,266
English CAHSEE Score 0.08 0.98 329,980
Days Suspended 0.18 0.83 588,273
Fraction of Days Absent 7.8% 542,959
Held Back a Grade 29.0% 449,533
Graduated if Entered 12th Grade 88.6% 190,278
Took PSAT 68.9% 470,703
PSAT Score 1,110 248 348,992
Math CST Score -0.05 0.99 124,044
English CST Score 0.00 0.99 135,769
Grade 8 Science CST Score 0.02 1.00 599,880
Grade 10 Science CST Score 0.09 1.00 296,069
Grade 8 Social Science CST Score 0.03 1.00 548,439
Grade 11 Social Science CST Score 0.07 0.99 160,483
World History CST Score 0.06 0.98 270,403
Number of AP Courses 0.73 1.70 588,273

Note: Panel A reports summary statistics for all LAUSD students in grades 3-5 from 2004 to 2010. Panel B reports high school summary statistics
for all LAUSD students who were in grades 3-5 from 2004 to 2010 and attend high school in the LAUSD. Elementary school GPA, effort GPA,
and learning-skills GPA are on a 4-point scale. GPA in high school is on a 4-point scale, and effort GPA and cooperation GPA in high school are
on a 3-point scale. All test scores except the SAT and PSAT are normalized at the grade-year level. Both the SAT score and PSAT score are on a
600-2400 scale. The LAUSD Dropout variable is the fraction of students who enrolled in an LAUSD school in 9th grade and did not graduate from
the LAUSD within five years. The Graduated if Entered 12th Grade variable shows the fraction of students who enrolled in an LAUSD school in
12th grade and graduated from the LAUSD.
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Table 2: Correlation of Elementary School Student Achievement Measures

Measure Test Scores Behavior
Learning

Skills
Test Scores 1
Behavior 0.463 1
Learning Skills 0.532 0.550 1

Note: Table 2 reports the correlations between the three measures of student achievement for grades 3-5. Each of the three measures of student
achievement are equally weighted indices. The test-score index is computed using the students’ normalized math and English test scores. The
behavior index is computed using students’ GPA, suspensions, log days absent, and not progressing to the next grade on time (held back). The
learning-skills index is computed using students’ effort GPA, work and study habit GPA, and learning and social skills GPA.
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Table 4: Correlation of Elementary School Teacher Value-Added Measures

Grades 3-5 VA
Test Score

VA
Behavior

VA
Learning
Skills VA

Test Score VA 1
Behavior VA 0.145 1
Learning Skills VA 0.174 0.459 1

Note: Table 4 reports the correlations between the three measures of teacher value-added for grades 3-5. Each of the three measures are equally
weighted indices. The test-score value-added is computed using teachers’ value-added for math and English test scores. The behavior value-added
is computed using teachers’ value-added for GPA, suspensions, log days absent, and not progressing to the next grade on time (held back). The
learning-skills value-added is computed using teachers’ value-added for effort GPA, work and study habit GPA, and learning and social skills GPA.
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Appendix

Figure A.1: Secondary School Criteria for Marks

Note: The figure shows LAUSD’s secondary school teacher guidelines for giving achievement, effort, and cooperation grades.

51



Figure A.2: Autocorrelations of Teacher Value-Added Across Years

Note: Each graph shows the correlation between mean test-score residuals, using the baseline controls, across classes taught by the same teacher in
different years. The first graph plots the autocorrections for elementary school and the second graph for secondary school.
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Figure A.3: Effects of Teacher Value-Added on Student Attrition

Note: The figure shows plots of the effect of a teacher’s test-score, behavior, and learning-skills value-added in grades 3-5 on leads of student
attrition (the first panel) and attrition in future grades (the second panel). In the first panel the plotted coefficients and standard errors (clustered at
the school-cohort level) are from a regression of the leads of attrition out of the sample on test-score, behavior, and learning skills teacher value-
added and the vector of controls specified in section 4.1, estimated separately for each lead. In the second panel the plotted coefficients and standard
errors (clustered at the school-cohort level) are from a regression of student attrition in a particular grade on test-score, behavior, and learning skills
teacher value-added and the vector of controls specified in section 4.1, estimated separately for each grade.

53



Table A.1: Correlation of All Student Achievement Measures

Measures
Math Test

Scores

English

Test Scores
GPA

Learning

Skills GPA
Effort GPA

Log

Absences

Days

Suspended
Held Back

Math Test Scores 1

English Test Scores 0.762 1

GPA 0.636 0.676 1

Learning Skills GPA 0.454 0.454 0.688 1

Effort GPA 0.527 0.539 0.828 0.774 1

Log Absences -0.186 -0.110 -0.170 -0.181 -0.176 1

Days Suspended -0.081 -0.076 -0.098 -0.184 -0.116 0.076 1

Held Back -0.072 -0.077 -0.106 -0.069 -0.082 0.018 0.010 1

Note: Table A.1 reports the correlations between each measure of grades 3-5 student achievement.
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Table A.3: Correlation of All Elementary School Teacher Value-Added Measures

Grades 3-5 VA
Math Test

Scores

English

Test Scores
GPA

Learning

Skills GPA
Effort GPA

Log

Absences

Days

Suspended
Held Back

Math Test Scores 1

English Test Scores 0.761 1

GPA 0.174 0.199 1

Learning Skills GPA 0.145 0.158 0.683 1

Effort GPA 0.142 0.154 0.767 0.760 1

Log Absences -0.064 -0.031 -0.122 -0.110 -0.111 1

Days Suspended -0.028 -0.033 -0.036 -0.078 -0.040 0.062 1

Held Back -0.023 -0.019 -0.016 -0.004 -0.011 0.010 0.006 1

Note: Table 4 reports the correlations between measures of grades 3-5 teacher value-added. Each measure of teacher value-added is created as
described in section 4.1.
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Table A.13: Factor Loads for Elementary School Value-Added

Grades 3-5 VA Test Score Behavior
Learning

Skills

Math Test Scores 0.804

English Test Scores 0.804

GPA 0.253

Log Absences -0.271

Suspended -0.160

Held Back -0.049

Effort GPA 0.798

Work and Study GPA 0.917

Learning and Social GPA 0.886

Note: This table reports the factor loads for the test-score, behavior, and learning-skills teacher valued-added measures in elementary school (grades
3-5). Each of the three measures of teacher value-added is created using factor analysis. The test-score value-added is computed using the teachers’
value-added for math and English test scores, and the factor loads are shown in column 1. The behavior value-added is computed using teachers’
value-added for GPA, suspensions, log days absent, and not progressing to the next grade on time (held back), and the factor loads are shown in
column 2. The learning-skills value-added is computed using teachers’ value-added for effort GPA, work and study habit GPA, and learning and
social skills GPA, and the factor loads are shown in column 3.
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Table A.15: Factor Loads for the Exploratory Factor Analysis

Grades 3-5 VA Factor 1 Factor 2

Math Test Scores 0.102 0.807

English Test Scores 0.118 0.808

GPA 0.781 0.126

Log Absences 0.121 0.044

Suspended 0.065 0.029

Held Back 0.008 0.024

Effort GPA 0.845 0.068

Work and Study GPA 0.910 0.088

Learning and Social GPA 0.866 0.050

Note: This table reports the factor loads for the two factors used in Table A.14. The two factors of teacher value-added measures are created using
factor analysis. All nine of the listed value-added measures are variables included in the factor analysis. Factors with an eigenvalue grater than one
are included.
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