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INTRODUCTION

What is the distribution of educational resources across schools and what effect do dis-
parities in resources have on the achievement of poor and minority students? This
question dates to the Coleman Report (1966), but continues to be hotly debated,
involving the courts as well as federal, state, and local governments. Arguably, the
most important educational resource is teachers. Disparities in teacher qualifica-
tions figure prominently in most educational policy discussions and are a central
feature of the No Child Left Behind Act of 2001 (NCLB), which requires a “highly
qualified teacher” in every classroom in a core academic subject. Many states and
large districts also have policies in place to attract teachers to difficult-to-staff
schools (Loeb & Miller, 2006).

The recent interest in teacher labor markets stems in part from recognition of the
importance of teachers and from the recognition of substantial differences across
schools in the qualifications of teachers. A consistent finding in the research literature
is that teachers are important for student learning and that great variation exists in
the effectiveness of teachers (Sanders & Rivers, 1996; Aaronson, Barrow, & Sander,
2007; Rockoff, 2004; Rivkin, Hanushek, & Kain, 2005; Kane, Rockoff, & Staiger, 2007).
Thus, understanding what makes an effective teacher as well as how teachers sort by
their effectiveness across schools is central to understanding and addressing student
achievement gaps.

Prior studies have found substantial sorting of teachers across schools, with the
schools with the highest proportions of poor, non-white, and low-scoring students
having the least qualified teachers as measured by certification, exam performance,
and inexperience (Lankford, Loeb, & Wyckoff, 2002; Clotfelter, Ladd, & Vigdor,
2006). Yet there have been substantial changes in the educational policy landscape
over the past five years. New laws, including NCLB, have changed requirements for
teachers. Assessment-based accountability policies at the state level have created
standards and increased oversight of schools, especially those with low-achieving
students. New routes into teaching, many with fewer requirements before teaching,
have lowered the cost for individuals to enter the teaching profession. These
changes have affected teacher labor markets profoundly.

In this paper we examine these changes, asking how the distribution of teachers
has changed in recent years and what the implications of these changes are for stu-
dents. We examine three questions:

¢ How has the distribution of teaching qualifications between schools with con-
centrations of poor students and those with more affluent students changed
over the last five years?
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e What effects are the changes in observed teacher qualifications likely to have
on student achievement?

e What implications do these findings have for improving policies and programs
aimed at recruiting highly effective teachers?

We address these questions using data on New York City teachers, students, and
schools. While the findings could be specific to New York City, they may mirror
changes in other large urban districts, many of which have seen similar policy
changes over the past decade.

We find that measurable characteristics of teachers are more equal across schools
in 2005 than they were in 2000. Schools with large proportions of poor students and
students of color, on average, have teachers whose observable qualifications are
much stronger than they were five years ago. Nonetheless, a meaningful number of
schools with large proportions of poor students did not demonstrate such improve-
ment. We find that changes in these observed qualifications of teachers account for
a modest improvement in the average achievement of students in the poorest
schools. More important, our results suggest that recruiting teachers with stronger
observed qualifications—for example, math SAT scores or certification status—
could substantially improve student achievement.

BACKGROUND

A growing literature finds that teachers “sort” very unequally across schools, with
the least-experienced teachers and those with the poorest academic records often
found in schools with the highest concentrations of low-income, low-performing,
and minority students (see, for example, Betts, Rueben, & Danenberg, 2000; Lankford,
Loeb, & Wyckoff, 2002; Bonesrgnning, Falch, & Strgm 2005; Clotfelter, Ladd, &
Vigdor, 2006; Peske & Haycock, 2006). Across several different states and at least
one other country, low-performing, poor, and minority students systematically are
taught by teachers with the weakest credentials, such as certification status and
exam scores, SAT scores, ranking of undergraduate college, and, importantly, teach-
ing experience. As but one example, Lankford, Loeb, and Wyckoff (2002) find sys-
tematic sorting of New York State’s elementary school teachers in 2000. Non-white
students were four times more likely than white students to have a teacher who was
not certified in any of the courses he or she taught and 50 percent more likely to
have a teacher with no prior experience. The sorting of teacher qualifications within
districts can also be substantial. In New York City elementary schools in 2000, non-
white students were 40 percent more likely to have a teacher who was not certified
in any of the courses he or she taught and 40 percent more likely to have a teacher
with no prior experience. This sorting resulted from teachers’ choices about
whether and where to start a teaching career, whether and where to remain in
teaching—choices made within the constrained labor market governed by adminis-
trator choices, teacher contracts, and state and district regulations (for a more
complete discussion of teacher sorting see Boyd, Lankford, & Wyckoff, 2007).
Teachers can significantly influence student achievement (Sanders & Rivers,
1996; Aaronson, Barrow, & Sander, 2007; Rockoff, 2004; Rivkin, Hanushek, & Kain,
2005; Kane, Rockoff, & Staiger, 2007). Sanders and Rivers (1996) estimate that dif-
ferences in teacher quality can provide up to a 50 percentile improvement in stu-
dent achievement and that these improvements are additive and cumulative over
subsequent teachers. Kane, Rockoff, and Staiger (2007) estimate that the difference
in effectiveness between the top and bottom quartile of teachers results in a 0.33
standard deviation difference in student gains over the course of a school year.
While there is increasing consensus that more effective teachers produce
dramatically greater student achievement than less effective teachers, much less
consensus exists on the attributes of teachers responsible for these differences.
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Much, though not all, of the recent research examining teacher effectiveness con-
cludes that some teachers’ attributes, such as higher test scores and greater teach-
ing experience, will produce students with higher achievement. However, the effects
of most teacher attributes appear small in comparison to the substantial variation
across students in how much they learn in a year, as measured by achievement
tests. Studies of teachers’ value added to student achievement typically use state or
district administrative data and thus are usually limited to assessing the effects of
teacher characteristics collected by these entities. Teacher experience and certifica-
tion are among the most studied.

Students of first-year teachers learn less, on average, than students of more expe-
rienced teachers. While some of this difference may be driven by differential attri-
tion of the worst teachers (Hanushek et al., 2005; Krieg, 2006; Goldhaber, Gross, &
Player, 2007; Boyd et al., 2007), studies that account for the effects of composi-
tional change find that first-year teachers produce student achievement gains that
are significantly lower than otherwise similar teachers with 10 to 15 years of expe-
rience (Rockoff, 2004; Rivkin, Hanushek, & Kain, 2005; Kane, Rockoff, & Staiger,
2007). Most of these gains from experience occur within the first four years of
teaching.

Many studies examine the effect of teacher education and certification on student
achievement. These studies differ, sometimes substantially, in their findings. Many
studies do not adequately account for the systematic differences between the
schools in which certified teachers and uncertified teachers typically work. How-
ever, several recent studies with strong research designs and good data are able to
address how various teacher qualifications affect student achievement (Boyd et al.,
2006; Clotfleter, Ladd, & Vigdor, 2007; Goldhaber, 2007; Harris & Sass, 2007; Kane,
Rockoff, & Staiger, 2007). In general, these studies find that individual characteristics
of teachers and their qualifications have relatively small effects. In many cases these
effects are 2 to 4 percent of a standard deviation. While not large,! these effect sizes
are about half as large as the typical gain from the first year of teacher experience.

The studies described above address the effects of specific teacher attributes. The
effects in most cases appear to be modest. However, the variation in teacher attrib-
utes across schools is not independent; schools with the highest proportion of first-
year teachers also tend to have the highest proportion of uncertified teachers and
the lowest prior academic performance of teachers. Teacher attributes vary
together, and thus they should be taken together when considering the true differ-
ence in the effectiveness of teachers serving different student populations. In this
paper, we assess the total effect of the differences in measurable characteristics of
teachers across schools. We trace changes in the distribution of teachers across
schools in New York City from 2000 to 2005 and estimate the effects that these
changes are likely to have had on students in the traditionally most difficult-to-staff
schools.

DATA

The analysis is divided into two sections. The first section examines how the sort-
ing of teacher qualifications across schools, categorized by poverty status and the
racial/ethnic composition of students, has changed between 2000 and 2005. We
then estimate how the changing composition of teacher qualifications affected stu-
dent achievement gains. The analyses draw on a rich database constructed from

'Boyd et al. (2008) show that when effects are measured relative to gains in student achievement net of
test measurement error, effect sizes for these teacher variables, estimated with New York City data, are
four times as large. So typical teacher characteristics have effect sizes of 8 to 16 percent of the standard
deviation in student achievement gains.
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administrative data from the New York City Department of Education, the
New York State Education Department, alternatively certified teacher programs,
and the College Board.

New York State gives statewide student exams in mathematics and English lan-
guage arts in 4th and 8th grade. In addition, the New York City Department of Edu-
cation tests 3rd, 5th, 6th, and 7th graders in these subjects. All the exams are
aligned to the New York State learning standards, with each set of tests scaled to
reflect item difficulty, and they are equated across grades and over time.? Tests are
given to all registered students with limited accommodations and exclusions. Thus,
for nearly all students the tests provide a consistent assessment of achievement for
a student from grade three through grade eight.

To analyze the relationship between teacher qualifications and student achieve-
ment, we create a student database with student exam scores, lagged scores, and
characteristics of students and their peers linked to their schools and to teachers
and characteristics of those teachers. The student data, provided by the New York
City Department of Education (NYCDOE), consists of a demographic data file and an
exam data file for each year from 1998-1999 through 2004-2005. The demographic
files include measures of gender, ethnicity, language spoken at home, free-lunch
status, special-education status, number of absences, and number of suspensions for
each student who was active in grades three through eight that year—approximately
450,000 to 500,000 students each year.

The exam files include, among other things, the year in which an exam was
given, the grade level of the exam, and each student’s scaled score on the exam. For
most years, the file contains scores for approximately 65,000 to 80,000 students in
each grade. The only significant exception is that the files contain no scores for 7th
grade English language arts in 2002 because the New York City Department of
Education is not confident that exam scores for that year and grade were measured
in a manner that is comparable to the 7th grade English language arts exam in
other years.

Using these data, we construct a student-level database in which exam scores are
normalized for each subject, grade, and year, to have a zero mean and unit stan-
dard deviation to accommodate any year-to-year or grade-to-grade anomalies in
the exam scores. For this purpose, we consider a student to have value-added infor-
mation in cases in which he/she has a score in a given subject (ELA or math) for
the current year and a score for the same subject in the immediately preceding
year for the immediately preceding grade. We do not include cases in which a stu-
dent took a test for the same grade two years in a row, or where a student skipped
a grade.

To enrich our data on teachers, we match New York City teachers to data from
New York State Education Department (NYSED) databases and College Board
databases, using a crosswalk file provided by NYCDOE that links their teacher file
reference numbers to unique identifiers compatible with both databases. We draw
variables for NYC teachers from these data files as follows:

e Teacher Experience: For teacher experience, we used transaction data from
the NYCDOE Division of Human Resources payroll system to calculate expe-
rience in teaching positions in the New York City public school system.

¢ Teacher Demographics: We drew gender, ethnicity, and age from a combined
analysis of all available data files, to choose most-common values for
individuals.

2The mathematics exams in all grades are developed by CTB-McGraw Hill. New York State employs
CTB-McGraw Hill for its 4th and 8th grade ELA exams. In 2003 New York City switched from CTB to
Harcourt Brace for its 3rd and 5th-7th grade exams. At that time, there was an equating study done
to accommodate the switch in exams.
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e Undergraduate: We identified the institutions from which individual teachers
earned their undergraduate degrees using the NYS Teacher Certification Data-
base (TCERT) and combined it with the Barron’s ranking of college selectivity
to construct variables measuring the selectivity of the college from which each
teacher graduated.

e Certification: We identified current certification areas from the NYS TCERT.
New York State, like most states, has several paths toward certification. Of
particular note here, approved alternatively certified teacher programs in New
York State receive a Transitional B teaching certificate. Thus, for up to three
years while teachers are part of an alternative certification program, they have
a valid certification status. During that period they must complete a master’s
degree in teacher education to obtain continuing certification.

e SAT Scores: We obtained SAT scores for all individuals taking the SAT in New
York State through 2002 from the College Board.

e Test Performance: We drew information regarding the teacher certification
exam scores of individual teachers and whether they passed on their first
attempts from the NYS Teacher Certification Exam History File (EHF).

¢ Pathway: Initial pathway into teaching comes from an analysis of teacher cer-
tification applications plus separate data files for individuals who participated
in Teach for America (TFA) and the Teaching Fellows Program, obtained
directly from program officials.

* College Recommended: We obtained indicators for whether an individual had
completed a college-recommended teacher preparation program and, if so, the
level of degree obtained (bachelor’s or master’s), from NYSED’s program com-
pleters data files.

Finally, we match teachers and students to their schools, and incorporate data on
those schools from the New York City Department of Education Annual School
Report database, including:

¢ School-average performance on state and city standardized exams

e Poverty status as measured by the percentage of students eligible for free
lunch

¢ Racial and ethnic breakdown of students

¢ Expenditures per pupil

The analysis of teacher sorting links teachers to schools and places schools into
poverty groups based on the percentage of children eligible for free lunch in the first
year a school appears in our database. We use a fixed school poverty group for each
school so that it will not be influenced by year-to-year changes in reported free
lunch percentages that sometimes appear spurious. In analysis that is not pre-
sented, we allowed the composition of quartiles to vary over time as quartile bound-
aries and school poverty values change. These results are available from the
authors. The results presented are not sensitive to the definition of quartiles. In
defining groups, we weight each school by the number of teachers in our data, so
that a school with many teachers will count more than a school with few teachers.
The poverty groups are defined separately for elementary schools, middle schools,
and high schools. In addition, for most of our analysis we only include schools pres-
ent in both 2000 and 2005, so that the analysis will not be affected by changes in
classifications of schools.> We take a similar approach for categorizing schools
based on race and ethnicity.

3We also examine teacher sorting for all schools and, with the exception of a somewhat larger narrow-
ing of the gap in the percentage of novice teachers across poverty quartiles, the results are insensitive to
this change. These results are available from the authors.
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THE CHANGING DISTRIBUTION OF TEACHER QUALIFICATIONS

The analysis below uses several indicators of teacher qualifications that researchers
have previously employed to describe the teaching workforce. These measures
include teaching experience, performance on state teacher certification exams, cer-
tification status and area, competitiveness of a teacher’s undergraduate institution,
pathway into teaching, and SAT scores. As discussed later, each of these measures
appears likely to bear some relationship to student achievement, although the rela-
tionships are not always consistently significant or large in magnitude. We do not
suggest that any of these measures, taken individually, has power to discriminate
well between more and less effective teachers. However, taken as a group, we
believe that they provide significant and substantial predictive power as well as use-
ful insights, particularly because changes in teacher characteristics in the setting we
study were driven by educational policies.

We analyze the distribution of teacher qualifications by the poverty status of stu-
dents in the schools where these teachers work. The percentage of students eligible
for free lunch varies substantially across the poverty groups, as shown in the last
row of Table 1. However, in New York City, even schools in the decile or quartile
with the lowest percentage of free lunch-eligible students contain some students
who are poor as measured by this proxy. Thus, when we employ the terms affluent
or rich in describing schools, it is intended as a relative concept. By these measures,
the distribution of teachers in 2000 was unequal. For example, Figure 1 shows that
high-poverty schools were far more likely to have novice teachers: 25 percent of
teachers in schools in the highest-poverty group (top 10 percent) were in their first
two years of teaching, compared with 15 percent of teachers in the lowest-poverty
group (bottom 10 percent). These patterns held across other available measures of
teacher qualifications (Table 1). Teachers in the highest-poverty schools had much
lower scores on the SAT exams, were five times more likely to be uncertified, were
much more likely to have graduated from the least-competitive colleges, had much
lower scores on SAT exams, and failed the Liberal Arts and Sciences Test (LAST), a
state teacher certification exam that measures general knowledge, nearly three
times as frequently as teachers in low-poverty schools.

Table 1. Qualifications of teachers by poverty status of schools in which they taught in 2000.

>10th to >75th to
Lowest 25th 2nd 3rd 90th Highest
10%  percentile quartile quartile percentile 10%

Percent with less than 3 years 14.7 18.6 20.8 22.9 25.1 25.4

of NYC teaching

experience
SAT math score 490 477 468 461 451 447
SAT verbal score 506 487 481 472 465 461
Percent who failed LAST 12.20 16.80 23.50 29.60 35.30 34.20

exam on first attempt
Percent not certified to teach  4.00 8.20 11.50 17.00 21.00 21.90

Percent who attended least ~ 23.50 22.90 23.50 25.30 27.50 27.40
competitive undergraduate

institutions
Expenditures per pupil** $8,002 $8,335 $8,338 $8,738 $9,093 $9,479
Percent eligible for free 21.6 50.4 67.6 81.6 90.5 96.3
lunch

*All 2000 dollars adjusted to 2005 school-year dollars using CPI.
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Figure 1. Percentage of New York City Teachers with Less Than 3 Years of Experience,
by Poverty Grouping of School’s Students, 2000.

The Narrowing Gap

Between 2000 and 2005 there was a remarkable narrowing of the gap in teacher
qualifications between high-poverty schools and low-poverty schools. In particular,
the high-poverty schools improved considerably while the low-poverty schools either
did not improve, or did so only modestly. As but one example, Figure 2 illustrates the
narrowing of the gap with respect to math SAT scores. In 2000, teachers in the high-
est-poverty quartile of schools had math SAT scores that averaged just below 450,
while those in the lowest-poverty quartile averaged 482, a gap of 32 points. By 2005,
math SAT scores for the teachers in the highest-poverty quartile rose to 472, while
the lowest-poverty quartile rose to 488, so the gap had narrowed by 16 points, or half
its level five years earlier. Figure 3 shows a similar trend for teacher experience. In
2000, just over 25 percent of teachers in the highest-poverty quartile of schools had
less than three years of experience, compared with slightly more than 17 percent in
the lowest-poverty quartile of schools, for a gap of 8 percentage points. By 2005, the
gap had narrowed modestly as 22 percent of teachers in the highest-poverty schools
were novices, reducing the gap to 6 percentage points. Very similar changes in
teacher qualifications occur when schools are categorized by the proportion of the
school’s students who are black or Hispanic, the proportion of students in the school
who failed to reach proficiency on the state fourth grade math exam, and the pro-
portion of students in the school who failed to reach proficiency on the state fourth
grade reading exam. In each case, the initial gaps and the closing of the gaps in
teacher qualifications from 2000 to 2005 follow the same pattern as shown for the
schools arrayed by poverty. These results are shown in Appendix Tables 1 and 2.
Table 2 shows that the same basic pattern held with every other measure of
teacher qualifications, including the percentage of uncertified teachers, the

4The appendixes are available at the end of this article as it appears in JPAM online. Go to the publisher’s
Web site and use the search engine to locate the article at http:/www3.interscience.wiley.com/cgi-bin/
jhome/34787.
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Figure 2. Average Math SAT Scores All New York City Teachers by Poverty Quartile
of School’s Students, 2000-2005.
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Figure 3. Percent of All New York City Teachers Who Are Novices by Poverty
Quartile of School’s Students, 2000-2005.

percentage of teachers who failed the LAST teacher certification exam on their first
attempt, and the percentage of teachers who attended least-competitive colleges. In
general, the gap between the lowest- and highest-poverty schools narrowed as a
result of substantial improvements in the highest-poverty schools. Table 2 also
shows expenditures per pupil and average teacher salaries (which are available for
2005 but not for 2000).> Expenditures per pupil were higher in high-poverty schools

5School-level expenditures include “direct services” such as classroom instruction, instructional support
such as counseling and evaluation, school leadership and support, building services such as custodial serv-
ices, and ancillary services such as food and transportation. They do not include expenditures on regional
or systemwide services. On average, direct services amount to about 80 percent of total expenditures.
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than in low-poverty schools in both years, and the difference actually increased
between 2000 and 2005. Although total spending was higher in high-poverty
schools, average teacher salaries are higher in the low-poverty schools. The differ-
ences in teacher salaries reflect the remaining difference in teacher experience
between low- and high-poverty schools.

Similar trends in teacher qualifications exist across schools when grouped by
grade levels; however, elementary schools experienced the greatest narrowing in the
teacher qualifications gap. For example, as shown in Appendix Table 3a,° the novice
experience gap between high-poverty and low-poverty elementary schools in 2000
was 12 percentage points. By 2005, that had diminished to 5.6 percentage points.
Similarly, the gaps in passing the LAST exam and SAT scores were reduced by 50
percent. Although middle schools also had a novice experience gap of over 11
percentage points in 2000, there was no meaningful reduction by 2005 (Appendix
Table 3b). A much smaller percentage of middle school teachers failed the LAST
exam initially than was the case for elementary school teachers, and the middle
school failure rate declined only modestly between 2000 and 2005. Finally, high schools
experienced some meaningful improvement between 2000 and 2005 (Appendix
Table 3c). On most measures, the narrowing of the gap in qualifications fell
between those of elementary schools and middle schools.

Not all poor schools experienced an improvement in teacher qualifications over
the 2000 to 2005 period. Three-quarters of the schools in the poorest decile experi-
enced an increase in average math SAT scores. However, the remaining 25 percent
of the poorest schools experienced a decrease, although in many cases the decrease
was small. Similar results hold for the other measures of teacher qualifications.
Nonetheless, a substantial proportion of the high-poverty schools shared in the
improved qualifications of teachers.

Explaining the Change

To further understand the recent change in teacher sorting, it is worth asking to
what extent the change is driven by new hires as opposed to the behaviors of more
experienced teachers. Little of the change in teacher qualifications among poverty
quartiles between 2000 and 2005 is attributable to the transfer and quit behavior of
teachers. Figure 4 shows how the average math SAT scores for those teaching in
2000 change over time as that group moves across schools or leaves teaching
in New York City. In 2000, the difference between the lowest- and highest-poverty
quartiles of math SAT scores is 35 points. While both quartiles lose teachers with
higher SAT scores, thus causing mean SAT scores in each to fall, the gap actually
grows modestly to 38 points. Similar results hold for other measures of teacher
qualifications. It is evident that the transfer and quit behavior of teachers had little
to do with the reduced gap in teacher qualifications.

The reductions in the teacher qualifications gap has been driven primarily by
changes in the qualifications of newly hired teachers and the ways in which they
vary with the poverty status of schools. Figure 5 shows that the average math SAT
scores of newly hired teachers increased over the 2000-2005 period, but that the
increase in the poorest quartile of schools was so dramatic that by 2005, SAT scores
were higher in these schools than in the lowest-poverty quartile. A similar conver-
gence occurred for LAST failure rates and the percentage of uncertified teachers,
but not for the competitiveness of colleges attended by teachers. One additional
factor that may also have helped contribute to these changes is a considerable
increase in the salaries of teachers in New York City, particularly for new teachers.

6 This appendix is available at the end of this article as it appears in JPAM online. Go to the publisher's Web
site and use the search engine to locate the article at http:/wwwa3.interscience.wiley.com/cgi-bin/
jhome/34787.
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Figure 4. Average Math SAT Scores of Those Teaching in 2000 and the Effect of
Their Transfers and Quits Over Time.
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Figure 5. Average Math SAT Scores of New Teachers by Poverty Quartile of School’s
Students, 2000-2005.

The starting salary for a teacher with no experience and a bachelor’s degree rose
from $33,186 in 2000 to $39,000 in 2003. In general, a common salary schedule
applies to teachers in all schools, regardless of poverty, and thus it is difficult to
establish any direct link between salaries and the sorting of teachers. However, it is
quite plausible that higher salaries for new teachers aided the recruitment and
retention of Teaching Fellows and other highly qualified individuals choosing to
teach in high-poverty schools.

Three policy changes were important in the improving and converging qualifica-
tions of new teachers. (1) In 1998 the New York State Board of Regents recommended
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Figure 6. Number of New Teachers by Pathway, 2000-2005.

abolishing temporary licenses for uncertified teachers effective September 1, 2003,
and—except for limited waivers in New York City for 2004 and 2005—temporarily
licensed teachers were eliminated. (2) In 2000 the Regents created alternative certifi-
cation routes that would allow school districts to hire teachers who are participating
in approved alternative certification programs to become teachers as long as they
were able to pass required teacher certification exams. (3) In collaboration with the
New Teacher Project, the New York City Department of Education developed
the Teaching Fellows program and in 2000 selected its first cohort of Fellows. Fellows
grew from about 1 percent of newly hired teachers in 2000 to 33 percent of all
new teachers in 2005, as Figure 6 shows. Over the same period, temporarily licensed
teachers fell from 53 percent of new hires to 3 percent.

The shift in the entry pathway of teachers has had a large impact on the distri-
bution of teacher qualifications for two reasons. First, Teaching Fellows and TFA
teachers on average have test scores and prior academic experiences that are
stronger than those of other teachers, and much stronger than those of the tem-
porarily licensed teachers they replaced. For example, newly hired Teaching
Fellows/ TFA teachers in 2005 had average math SAT scores of 541, while newly hired
traditional teachers averaged 493. In 2002, the last year with a large number of
newly hired temporarily licensed teachers, they averaged 460 on the math SAT,
which is 80 percent of a standard deviation below that of the Teaching Fellows
and TFA teachers who replaced them.” Second, newly hired Teaching Fellows and
TFA teachers are placed disproportionately in high-poverty schools, as were their
temporarily licensed predecessors. Teaching Fellows and TFA teachers grew from
about 3 percent of newly hired teachers in the poorest quartile of schools in 2000
to 43 percent of all new teachers in those schools in 2005. Over the same period,
temporarily licensed teachers fell from 63 percent of new hires to less than 1 per-
cent of newly hired teachers in the poorest quartile of schools, while teachers
entering through other pathways, including traditional teacher preparation pro-
grams, increased from 34 percent to 56 percent. In sum, temporarily licensed

7Even more dramatic differences exist between Teaching Fellows/TFA teachers and temporarily licensed
teachers on other measures of qualifications, including undergraduate college ranking, certification sta-
tus, and the percent who failed the LAST exam on the first attempt.
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teachers were replaced by certified teachers, primarily alternatively certified
teachers and, to a lesser extent, teachers from traditional teacher preparation pro-
grams and other routes.

These changes in the composition of teachers can be translated into improved
teacher qualifications by decomposing the overall change in a qualification into the
shares attributable to each pathway. For example, the 59 point improvement in
average math SAT scores of entering teachers in the poorest quartile of schools
between 2000 and 2005 can be decomposed into the portion attributable to changes
in the composition of teachers and changes in each group’s math SAT scores for
each source of teachers (Teaching Fellows and TFA; other pathways, primarily tra-
ditional teacher preparation; and temporary license teachers). Based on such a
decomposition, 65 percent of the 59 point increase in math SAT scores of newly
hired teachers in the poorest quartile of schools between 2000 and 2005 is attribut-
able to the increased share and scores of Teaching Fellows and TFA teachers; 35
percent is attributable to the increased share and scores of teachers from other
pathways, primarily traditional teacher preparation programs. Thus, the increase in
Fellows and TFA teachers accounts for the majority of improvement in math SAT
scores over the period, but teachers from other pathways also contributed in mean-
ingful ways. Similar results occur for other measures of qualifications with the
exception of experience. As a result, the policy changes that led to the substitution
of the Teaching Fellows and TFA teachers for temporarily licensed teachers resulted
in improved measures of teacher qualifications, with the exception of experience, in
the poorest quartile of schools.

The reduction in the proportion of novice teachers is not attributable to the pol-
icy changes noted. The dramatic increase in Teaching Fellows over the 2000 to 2005
period likely increased the proportion of novice teachers, as these teachers typically
have no prior teaching experience. Rather, the reduction in the proportion of novice
teachers appears to have resulted from a reduction in hiring of new teachers over
this period. As we describe below, the vast majority of improved student achieve-
ment resulting from measured teacher qualifications results from qualifications
other than experience.

The Relationship between Teacher Qualifications and Student Achievement

Over the same period in which the gap in teacher qualifications narrowed, the gap
in the proportion of students failing to meet proficiency standards also narrowed.
In the 2000 school year, 30 percent of students in the lowest-poverty group failed
to meet state proficiency standards on the grade 4 ELA exam, while 74 percent of
students in the highest-poverty schools failed to meet the state standard, a gap
of 44 percentage points. Between 2000 and 2005, failure rates declined in all
poverty groups, as shown in Table 3, but they declined most in the highest-poverty
schools, so that the gap between low- and high-poverty groups narrowed to 32
points.

Table 3 shows the narrowing of the percentage of students reaching proficiency
between high- and low-poverty schools occurred across all four major state
exams—ELA for grades 4 and 8, and math for grades 4 and 8, although middle
school tests showed only a slight closing of the gap. We also have examined other
measures of the achievement gap, including average test scores by school, and the
percentage of a school’s students scoring at Level 4 (the highest level of perform-
ance). By all measures except the Level 4 percentage for 8th grade ELA, the
achievement gap between high-poverty and low-poverty schools narrowed
between 2000 and 2005. In general, achievement in high-poverty schools has
improved and come closer to that of low-poverty schools, though in some cases
the changes were not large.
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Even though the narrowing of student achievement across poverty groupings of
schools occurred concurrently with the narrowing of the teacher-qualifications gap
across these groupings, the causal relationship between the two trends is not clear.
The change in teachers may have caused the change in student outcomes; the
change in student outcomes may have caused the change in teachers; a third factor
may have led to both changes; or, alternatively, they may have separate though
simultaneous causes. While we cannot determine the complete causal mechanism,
we can predict how much a change in measurable characteristics would, on aver-
age, affect student outcomes. The prediction may under- or overestimate the effects
of the changes in teacher sorting on student achievement, depending on how
unmeasured characteristics of teachers changed during the same time period. If the
extent of teacher sorting declined with respect to positive unmeasured, as well as
measured, characteristics, then the estimates will underestimate the teacher effects;
if teacher sorting increased on positive unmeasured characteristics, then we will
overestimate the total teacher effect.

Estimating the Effects of Measured Teacher Characteristics

It is not easy to estimate how the achievement gains of students are affected by the
qualifications of their teachers, because teachers are not randomly sorted into
classrooms. For example, if teachers in schools in which students perform best in
math are more likely to be certified in math, one might be tempted to conclude
that being certified to teach math contributes to higher student achievement.
The causal relationship, however, may operate in the other direction; that is, more
qualified teachers may be in schools where students perform well in math because
they prefer to teach good students and because employers want to staff their
courses with in-field certified teachers. Analysts need to be careful not to attribute
the test-score gains associated with sorting to the attributes of teachers. Unfortu-
nately, researchers have not agreed upon a specific methodology for addressing
selection in a panel-data estimation context. As a result, we choose to run a num-
ber of different specifications in order to test the robustness of the estimated
effects.

Equation (1) summarizes our base model for estimating the effects of teacher
attributes.

Aisgry — Aisgle-re—1) = Yo + ¥1Siy + ¥3Ciy + y4 Ty + Li + Ly + Ly + &isgry (1)

Here the standardized achievement gain score of student i in school s in grade g
with teacher ¢ in year y is a linear function of time varying characteristics of the
student S, characteristics of the other students in the same grade with the same
teacher in that year C, and the teacher’s qualifications 7. The model also includes
student, grade, and time fixed effects, and a random error term. The time-varying stu-
dent characteristic is whether the student changed schools between years. Class
variables include proportion of students who are black or Hispanic, the proportion
who receive free or reduced-price school lunch, the class size, the average number
of student absences in the prior year, the average number of student suspensions in
the prior year, the average achievement scores of students in the prior year, and the
standard deviation of student test scores in the prior year. Teaching experience is
measured by separate dummy variables for each year of teaching experience up to
a category of 21 and more years. Other teacher qualifications include whether the
teacher passed the general knowledge portion of the certification exam on the first
attempt, certification test scores, whether and in what area the teacher was certi-
fied, the Barron’s ranking of the teacher’s undergraduate college, math and verbal

Journal of Policy Analysis and Management DOI: 10.1002/pam
Published on behalf of the Association for Public Policy Analysis and Management



808 / The Narrowing Gap in New York City Teacher Qualifications

SAT scores,? the initial path through which the teacher entered teaching (for exam-
ple, a traditional college recommended program or the New York City Teaching
Fellows program), and an interaction term of the teacher’s certification exam
score and the portion of the class eligible for free lunch. The standard errors are
clustered at the teacher level to account for multiple student observations per
teacher. We also estimate the model with student achievement level as the depend-
ent variable, the previous year’s achievement and its square as independent
variables along with all other independent variables and a school fixed effect, omit-
ting the student fixed effect, and obtain results that are remarkably similar to those
presented for student fixed effects. The effect of employing this model in assessing
the effect of teacher observables on student achievement is presented below; a full
set of coefficient estimates is available from the authors.

Student achievement gains are measured as the difference between the student’s
test score in a given year and his or her test score in the prior year. Student achieve-
ment gains are computed after normalizing test scores to have zero mean and unit
standard deviation for each year and grade. Based on the differential pattern of
teacher sorting between elementary and middle schools described above and earlier
research that finds differences in the determinants of student achievement across
grade levels (Boyd et al., 2006), we estimate four models: separate models for math
and ELA, and separate models for students in 4th or 5th grades and those in 6th
through 8th. We discuss only the math results; the effect of observed qualifications
on student achievement in ELA in both grade groupings is very small.

Many of the measures of teachers’ qualifications are highly correlated with each
other in our sample. The LAST certification exam score and the verbal SAT are cor-
related at 0.68; attending a most-competitive undergraduate college is correlated
with the verbal SAT at 0.35; and certification to teach math and entering teaching
through the New York City Teaching Fellows program have a correlation of 0.30. As
a result, including them all in one large regression may understate the importance
of individual qualifications in affecting student achievement. For example, as
shown in Table 4, while teacher experience is statistically significant and appears
important, few of the other measures of teacher qualifications are significant, even
though if entered alone they would have been.

The gains to teacher experience can serve as a benchmark against which to judge
the effect size of other teacher qualifications. As discussed above, the coefficient
estimates for experience in Table 4 may provide misleading estimates of the gains
that accrue to teacher experience. These results are a combination of teacher
improvement with experience and teacher attrition. Figure 7 shows the gains to
experience for math achievement in a model that employs teacher fixed effects and
thus increments to value added are identified only from teachers who persist from
one year to the next. As shown, teachers continue to improve the achievement

8We impute values for SAT scores and the LAST certification exam for all teachers with missing values.
We observe SATs for every person who took the SAT in New York from 1980 until 2000. Thus, we may
be missing SAT scores for three groups: those who took the SAT prior to 1980 and thus are likely to be
more experienced teachers; those who took the SAT in another state; and those who never took the SAT.
We do not observe SAT scores for about 53 percent of the teachers in our sample. Two-thirds of the teach-
ers for whom we are missing SAT scores were born after 1963 and thus were younger than 17 in 1980,
when our SAT data begin. Our imputations are guided by a growing literature (see, for example,
Cameron & Trivedi, 2005). Consistent with this literature, we employ a model-based approach to imput-
ing SAT and LAST scores for missing observations. As shown in our results presented below, we have
examined several alternative models to explore the robustness of our results to the imputation of SAT
and LAST scores.

Finally, New York State switched teacher certification exams from the Educational Testing Service
(ETS) general knowledge exam to an exam designed for New York State by National Evaluation Systems
(NES) in 1995. Because our sample includes teachers who took the ETS exam, we create a dummy vari-
able that indicates if a teacher passed either exam the first time they took it. In addition, we impute values
of the LAST for those who did not take it.
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Figure 7. Improvements in Math Student Achievement Attributable to Additional
Teacher Experience.

outcomes of their students over the first three to five years of their careers. The
effect of moving from being completely inexperienced to having a full year of expe-
rience is the largest gain and in our sample of 4th and 5th grade math achievement
is about 0.06 standard deviations.

Other measures of teacher qualifications also are related to student achievement
gains. Not being certified at the time a teacher taught the course reduces student
achievement by 0.042—roughly two-thirds the size of the gain of the first year of
teaching experience, which most observers agree is important. A similar size effect
results from improving math SAT scores by one standard deviation, which improves
student achievement by 0.043. Having a teacher who attended a competitive under-
graduate college improves performance relative to one who attended a less-
competitive college, but the effect appears small (—.014).

The Combined Effect of Teacher Characteristics

Although some of the individual qualifications described above affect student out-
comes in important ways, often the effects are relatively small in magnitude when
compared with the variation in student learning over a school year. However, the
rather substantial changes in teacher qualifications in the poorest schools during
the 2000 to 2005 period occurred across a variety of measures. The effects of these
joint changes are likely to be greater than changes in a single measure, holding
other attributes constant. In order to estimate the combined effect of the change,
we use the coefficient estimates for the teacher variables presented in Table 4 and
the actual qualifications of teachers in the poorest and most affluent deciles of
schools in 2001 and 2005 to predict the student achievement gains attributable
solely to changes in teacher qualifications. To insure stability in the predictions, we
employed records reflecting the qualifications of teachers working in 2000 and 2001
(labeled 2001) and the teachers working in 2004 and 2005 (labeled 2005). We esti-
mated the improved value added of teachers in low- and high-poverty schools in
2001 and 2005 by predicting the value added of each student resulting from the
actual values of all of teacher variables in Table 4, holding constant all other
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Figure 8. Effect of All Observed Teacher Qualifications on Students in Grades 4 and
5 Math Achievement, Most Affluent and Poorest Deciles of Schools, 2001 and 2005.

variables. We then averaged across all students within low- and high-poverty
schools for both years.

As shown in Figure 8, the improvement in qualifications increased predicted stu-
dent achievement in the poorest decile, shifting the overall distribution to the right
between 2001 and 2005. On average, the change in the observed qualifications of
teachers employed in our value-added model increased student achievement by
0.029 standard deviations in the decile of schools with the highest concentration of
students in poverty. The predicted student gains in the most affluent decile
of schools improved by 0.007. Therefore, as a result only of the changes in observed
teacher qualifications, the gap in gains resulting from observed teacher qualifica-
tions between the poorest and richest deciles declined by 0.022, from 0.089 to 0.067
(Table 5). Put differently, improvements in the measured teacher qualifications in
the poorest decile of schools reduced the gap resulting from observed differences by
25 percent.

As noted above, the change in teacher sorting has been driven almost exclusively
by new teachers. Many teachers in a school remain unchanged over any five-year
period and thus, when examining the effect of changes in teacher qualifications,
these observations do not contribute to improved student achievement (except for
the net gains to experience). The prior analyses predict student achievement based
on the full sample of teachers. The results are predictably stronger if we look only
at teachers in their first or second year of teaching. As shown in the second column
of Table 5, achievement predicted only from the observable qualifications of first-
and second-year teachers in the poorest decile of schools improves by 0.044 from
2001 to 2005—about two-thirds of the gain estimated to accrue to teachers after
their first year of teaching. The gap in student achievement between poor and more
affluent schools was reduced by 0.041.

The reduction in the gap in achievement gains resulting from improved teacher
qualifications is robust to several alternative specifications. As shown in Table 5,
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Table 5. Effect of observed teacher qualifications on student grades 4 and 5 math achieve-
ment, most affluent and poorest deciles of schools, 2001 and 2005 for various model speci-
fications.*

Imputed SAT and LAST L.
Drop SAT Drop Missing No

All Obs. Exp.<3  Variables SAT Obs.  School FE Experience

Most affluent decile

2001 0.049 -0.011 0.093 0.129 0.074 0.050

2005 0.056 —0.008 0.102 0.125 0.077 0.048
Change 0.007 0.003 0.009 —0.004 0.004 —0.002
Poorest decile

2001 —0.040 -0.106 —0.053 —-0.083 —0.047 —0.032

2005 —0.011 —0.062 —0.015 —0.027 —-0.014 —0.016
Change 0.029 0.044 0.038 0.056 0.033 0.016
Gap between most affluent and poorest decile

2001 0.089 0.095 0.146 0.212 0.121 0.082

2005 0.067 0.054 0.117 0.152 0.091 0.064
Change -0.022 —-0.041 -0.029 —0.060 -0.029 -0.018
Percentage 24.8 43.0 19.7 28.4 243 21.9

reduction in gap

*Base model is as shown in Table 4; Exp. <3 includes only teachers in their first two years of teaching;
Drop SAT variables omits the SAT variables from the estimation; Drop Missing SAT Obs. omits any
teacher for whom we do not observe SAT scores, which has the effect of eliminating about 45 percent of
the observations; School Fixed Effect substitutes school fixed effects for student fixed effects in the base
model; No Experience is the base model with teacher experience omitted from the predictions.

if instead of imputing the SAT and LAST exams, we drop the math and verbal SAT
variables and omit observations that are missing the LAST, the poorest decile shows
greater improvement and the gap closes by more than in our base model. If,
instead, we include the SAT variables and omit observations with missing values,
gains to the poorest decile and the closing of the gap are much greater. Finally, we
estimate a model similar to the base model that employs current achievement levels
as the dependent variable with lagged student achievement and school fixed effects
instead of a gain model with student fixed effects. In these estimates the gap closes by
0.029. These results suggest that our findings are robust to several different
assumptions regarding the estimation of the effects of teacher attributes on student
value added.

One way of summarizing these results is to examine what portion of the original
achievement gap resulting from observed teacher qualifications between the most
affluent and poorest deciles each model would predict is eliminated as a result of
improved teacher qualifications. As shown in the last row of Table 5, across four
quite different specifications, the percentage of gap reduction attributable solely to
observed teacher qualification varies between 20 and 28 percent, with the base
model predicting 25 percent. Thus, the changes in teacher qualifications alone that
occurred in New York City’s poorest schools between 2000 and 2005 had a mean-
ingful effect on 4th and 5th grade math achievement. These predicted effects
include the effect of the reduction in the teacher experience gap. If that effect were
held constant, there would still be a narrowing of the gap in student achievement
gains of 0.018 in the base model, as shown in the last column of Table 5. Thus,
about 80 percent of the reduction in the original gap between schools with poor and
more affluent students is attributable to qualifications other than experience. The
narrowing of student achievement gains will be affected if unobserved measures of
teacher qualifications, such as motivation, are systematically correlated with the
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observed measures. From a recruitment perspective, however, the end result for
improved student achievement is not altered.

In addition to explaining a moderate proportion of the change in achievement
across schools, the results show a substantial difference between teachers in pre-
dicted student achievement gains based solely on observable qualifications. As is
apparent in any of the achievement distributions in Figure 8, meaningful achieve-
ment differences exist between higher and lower performing teachers attributable
solely to observed differences in teacher qualifications.

Consider only 4th and 5th grade teachers whose students are in the quartile of
schools with the highest rates of student poverty. The difference between the average
value added attributable solely to teacher qualifications for those teachers in the top
and bottom quintiles of this distribution is 0.16—roughly three times the effect of the
gains attributable to the first year of teacher experience. Table 6a shows how these
values change over the quintiles of value added for teachers in the poorest quartile of
schools. It also shows the average qualifications of teachers in each of these quintiles.
Important differences in qualifications exist between teachers who produce the high-
est and lowest value-added students, even among teachers working in the poorest
quartile of schools. Those with the weakest value added tend to be inexperienced,
have failed the LAST certification exam the first time taken, be uncertified at the time
they teach the class, and have low math SAT scores. As might be expected, differen-
tial experience plays a role in accounting for the differences in student value added.
However, as shown in Table 6b, when we omit experience from the prediction (assign
all students a novice teacher) there remains an 11 percent of a standard deviation dif-
ference in achievement gains between the top and bottom quintiles—about twice the
size of the gains associated with the first year of teaching experience. As is shown
in Table 6b, the actual teachers of these students have substantially different
qualifications—for example, differences in teacher certification status of about 70
percentage points and math SAT scores that differ by more than 150 points.
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Figure 9. Effect of All Observed Teacher Qualifications on Students in Grades 6-8
Math Achievement, Most Affluent and Poorest Deciles of Schools, 2001 and 2005.
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The conclusion arising from our analysis is clear. The performance of students in
4th and 5th grade math can be substantially increased across all stratifications of stu-
dents by recruiting and hiring better-qualified teachers.

The effects of observed teacher qualifications on student achievement are more
modest for middle school math. Figure 9 shows how the narrowing of differences
in teacher qualifications from 2001 to 2005 corresponds to improvement in student
achievement of 0.015 for the poorest decile, but the narrowing qualifications gap
leads to virtually no change in the achievement gap between the poorest and the
most affluent deciles. If limited to teachers in their first or second year of teaching,
the poorest decile improves by 0.020 standard deviations. The smaller effects for
middle school achievement are fully consistent with the smaller changes in teacher
qualifications noted above and in Appendix Table 3b.? Nonetheless, there are mean-
ingful within-decile differences in the predicted effects of observed teacher qualifi-
cations of the least and most effective teachers, and thus, again, recruiting more
qualified teachers could meaningfully improve achievement outcomes.

CONCLUSIONS

The gap between the qualifications of New York City teachers in high-poverty
schools and low-poverty schools has narrowed substantially since 2000. For exam-
ple, in 2000, teachers in the highest-poverty decile of schools had math SAT scores
that on average were 43 points lower than their counterparts in the lowest-poverty
decile of schools. By 2005 this gap had narrowed to 23 points. The same general
pattern held for other teacher qualifications such as the failure rate on the Liberal
Arts and Sciences (LAST) teacher certification exam, the percentage of teachers
who attended a “least competitive” undergraduate college, and verbal SAT scores.
Most of the gap-narrowing resulted from changes in the characteristics of newly
hired teachers, rather than from differences in quit and transfer rates between high-
and low-poverty schools.

The gap-narrowing associated with new hires has been largely driven by the vir-
tual elimination of newly hired uncertified teachers coupled with an influx of teach-
ers with strong academic backgrounds from alternative certification programs and,
to a lesser extent, traditional teacher preparation programs. Only 5 percent of newly
hired Teaching Fellows and TFA teachers in 2003 failed the LAST exam on their
first attempt, while 16.2 percent of newly hired traditional teachers failed the LAST
exam, and fully 32.5 percent of uncertified teachers failed the LAST exam. In 2005,
43 percent of all new teachers in the quartile of schools with the poorest students
were Teaching Fellows or TFA teachers.

The improvements in teacher qualifications, especially among the poorest
schools, appear to have resulted in improved student achievement. By estimating
the effect of teacher attributes using a value-added model, the analyses above pre-
dict that observable qualifications of teachers resulted in average improved achieve-
ment for students in the poorest decile of schools of 0.03 standard deviations, about
half the difference between being taught by a first-year teacher and a more experi-
enced teacher. If limited to teachers who are in the first or second year of teaching,
where changes in qualifications are greatest, the gain equals two-thirds of the first-
year experience effect.

Many of these changes resulted from policy interventions that changed the qualifi-
cations of the teachers of poor, minority, and low-achieving students in New York City.
In particular, a majority of the improvement in teacher qualifications, other than the
reduced proportion of novice teachers, can be attributed to the New York State policy

°This appendix is available at the end of this article as it appears in JPAM online. Go to the publisher’'s Web
site and use the search engine to locate the article at http:/wwwa3.interscience.wiley.com/cgi-bin/
jhome/34787.
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that eliminated uncertified teachers and the New York City policy that established the
Teaching Fellows program and, to a lesser extent, employed Teach for America teach-
ers. The sorting of the least qualified teachers to the students most in need of better
teachers is not destiny, but it requires forceful action by policymakers and a commit-
ment by local hiring authorities to attract more highly qualified teachers.

Perhaps most intriguing, much larger gains could result if teachers with strong
teacher qualifications could be recruited. Among teachers teaching 4th and 5th
grade math students in schools with the highest proportions of students in poverty,
we found substantial differences in student achievement attributable solely to dif-
ferences in observed teacher qualifications. The top quintile has value added that
differs from the bottom quintile by an effect size of 0.11, excluding the effect of
added experience, about twice the effect accruing to the first year of experience.
Thus, recruitment can substantially change outcomes for students.

A new paper by Boyd et al. (2008) shows that effect sizes as typically measured,
including those reported here, understate the extent to which teacher attributes and
other factors affect actual gains in student achievement. Judging such effects rela-
tive to the dispersion in achievement gains, not the dispersion of achievement, and
netting out that portion of the dispersion in test score gains attributable to meas-
urement error for student assessments administered in New York City results in
effect sizes being larger by a factor of four. Making these adjustments has impor-
tant implications for the results presented in this paper. Rather than having an
effect size of 0.03, as reported above, the effect of observed teacher qualifications
on the true gain in achievement of students is 12 percent of a standard deviation.
Similarly, the potential improvement of recruiting more qualified teachers is more
than 40 percent of a standard deviation, net of the role of experience.

Improving student achievement, especially among students in low-performing
schools, will require several complementary strategies. A large portion of the varia-
tion in teacher effectiveness in improving student achievement is not related to
measurable teacher characteristics such as test scores or certification. As a result,
policies that enable school leaders to better understand the strengths and weak-
nesses of each teacher so that they can target professional development and effec-
tively utilize the due-process system to continually improve the teacher workforce
are likely to be important. However, this paper suggests that selection of teachers
with stronger qualifications has made an important difference in New York City
public schools and that recruitment and retention of teachers with stronger meas-
urable characteristics can lead to improved student learning.
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