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Can Teacher Quality Be Effectively Assessed?

Abstradt:

In this paper, we describe the results of the first large-scale study, based on a unique data set
from North Caroling assessing the relationsip between the certification of teachers by the
Nationd Boad for Professond Teaching Standards (NBPTS) and elementary level student
achievement. Our findings indicate tha NBPTS is successfully identifying the more effective
teachers among applicants, and that NBPT S-certified teache's, prior to becoming certified, were
more effective than thar non-certified counerparts at inaeasng student achievement. The
dtatistical significance and magnitude of the ONBPTS effect,Ohowever, differs significantly by
gradelevel and student type
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Introduction

Education research has failed to reach a consensus over which, if any, readily identifiable
teacher characteristics are assodated with studentsOlearning gans, and it remains an open
question as to whether it is even possible to judge teachersOeffectiveness outside of direct
observations of ther teaching. From a policy perspective this is extremely problematic: state-
level policymakers lack the knowledge they need to make informed decisions about teacher
licenaure, and local policymakers lack information that might be useful in hiring teachers and
determining compensation. The Nationd Board for Professond Teaching Standads (NBPTS)
offers the potential to address some of these issues through the creation of a voluntary
certification process whereby teaches who are consdeed to be highly effective can
demongrate, and gain recognition for, ther knowledgeand teaching skills.*

Participaion in the NBPTS program has grown dramatically over a relatively short
period of time. The Nationd Board began by certifying less than 100 teachers in 199495, and
by November 2003 had certified approximately 32,000 teachers (out of approximately 65,000
applicants?). This dramatic increase in current applicants and Nationd Board Certified Teachers
(NBCTy) is likely to be at least patidly, attributable to the incentives that many states and
districts have adopted for NBPTS Certification. Many pay at least a portion of the $2,300
application fee required for the NBPTS assessment. Thetotal value of fees pad to NBPTS (by
locdlities, states, or teachers) is approximately $150million3 Thisis on top of the condderable
direct federa (over $100 million) and private (over $100 million) suppot that NBPTS has
received.* In addition, some states and localities offer salary supplements to NBCTs. In North
Caroling, for ingance, NBCTs receive a 12 percent increase in ther base pay, andin California,
NBCTs who opt to teach in a high poveaty school for four years were at one time eligible to
receive a $20000 merit award.® While these examples certainly represent the more generous of
the direct finandal incentives provided to NBCTs, many districts provide other types of
incentives (e.g. release time or preparation assistance) tha are also cosly but more difficult to
quantify.

Therecognition and finandal incentives tha NBPTS certified teachers receive in various
states and school districts indicate tha many policymakers view this certification as a signd of
teacher qudity. The NBPT S assessment process may aso beviewed as an important professiond

development oppotunity for teaches (http://www.nbps.org/standadgnbeert.cfm), since it



involves a number of exercises designed to require Ontense self-reflection and andysisOof thdr
own teaching,” which, at least in theory, has the potential to build humen capital. Nationd Board
advocates view NBPTS as an important vehicle for setting high standards (and raising them) for
classroom educators, for QprofessiondizingOteaching, and for encouraging postive education
reforms overall Bultimately contributing to thegoal of improving student achievement.

Nationd Board skeptics, by contrast, view NBPTS as an organization tha has garnered
significant public and private investment despite a lack of evidence on its efficacy in identifying
effective teachers (Finn, 2003) In fact, a survey of the literature reveas surprisingly little
guantitative evidence on whether NBPTS is successfully accomplishing its stated mission: to
advance the quality of teaching and learning by establishing standards for wha accomplished
teachers should know and be able to do, and recognizing thos teache's who demondrate
mastery of those standads It remainsan open question as to whether this certification should be
treated as a signal of teacher qudity, or if the process should be viewed as onetha builds the
human capita of teachers.

In this pape, we describe the results of a study assessing the relationship between
NBPTS certification of teachers and elementary level student achievement. More specifically,
usng a unique daa set from North Caroling we estimate student level value-added modds and
test whether the value added by NBCTs differs from tha of unsuccessful current applicants and
nonapplicant teachers. Our findingsindicate that NBPTS is successfully identifying the more
effective teaches among applicants, and tha NBPTS-certified teaches, prior to becoming
certified, were more effective than thdr non-certified counerpats at inceasng student
achievement. The dtatistical significance and magnitude of the ONBPTS effect,O however,
differs significantly by gradelevel and student type

The pgoe is laid out as follows: Section Il provides some background information on
NBPTS, aswell as abrief overview of theresearch literature ontherelationship between various
teacher characteristics and student outcomes. Section |11 describes the data and andytic methods
we used in the study, and Section 1V presents our results. Section'V offers some conclusonsand

policy recommendaions



. Teacher Quality and NBPTS

A growing body of research shows that the quality of the teacher in the classroomis the
mog important schooling factor predicting student outcomes (e.g., Ferguson, 1998; Goldhaoer,
2002; Goldhaber et a., 1999; Hanushek et a., 1999; Wright et a., 1997. Furthermore, the
impact of having a high qudity teacher can be profound. Hanushek (1992, for indance, finds
tha, al else equd, a student with a very high qudity teacher will achieve alearning gan of 1.5
grade level equivalents, while a student with a low qudity teacher achieves a gain of only 0.5
grade level equivalents. Thus the quality of a teacher can make the difference of a full year@
learning growth.

While researchers tend to agree tha teacher qudity is an important determining factor in
influendng student outcomes, there is little consenaus about the relationdhip between specific
teache credentials (e.g., expeience and degree-level) and chaacteristics (e.g., age race and
ethnicity) and teacher effectiveness® For example, the teacher attributes commonly used for
certification, recruitment, screening, and selection of teache's Bi.e, certification status degree
and experience levels b are not strongy correlated with student learning gains (Goldhae and
Brewer, 2000; Hanushek, 1986 1997) In othe words teache's clearly matter, but teacher
quality is not strongly related to observed teacher credentials. There is a seeming contradiction
between the fact tha teachers have a large impact on student achievement, but specific teacher
attributes are not congstently found to directly impact student achievement. This may be
credited to the fact tha the attributes tha actudly make teachers successful in the classroom
(e.g., enthusasm and ability to convey knowedge are not strongly related to the teacher
attributes typically measured in education produdivity studies’ Consequently, it may be
necessary to assess what teachers are actudly doing in the classroom, not smply check ther
credentials, in orde to evaluae teacher qudity.

NBPTS was foundel uponthe notion tha the attributes which make experienced teachers
successful can, in fact, be measured based on applicantsOability to demondrate mastery of a set
of standadslaid out by the Nationd Board.® Based on the overall NBPTS pass rate (described
bdow), NBPTS certification appears to be more difficult to attain than the standad hurdles
assodated with licenaure testing used in mog states.  For example, from 1999 through 2002,
approximately 50 percent of first-time applicants to the Nationd Board became certified™, a



much lower success rate than the nationd average of nearly 90 percent of teachers who pass a
licensure exam on their first try.*?

Research (Goldhaer et a., 2004) on those who apply to and are certified by NBPTS
finds a strong correlation between teacher performance on standadized exams (e.g., licensure
tests) and both the probabilities of application and, given application, NBPTS certification. This
relationdhip is important, since numerous studies find a postive connection between teacher
performance on measures of academic proficiency and student outcomes (Ferguson and Ladd,
1996; Goldhaber, 2002; Greenwald et a., 1996) As previoudy discussed, however, there is a
dearth of evidence relating NBPT S-certification to a direct measure of teache effectiveness:
student outcomes. In fact, Nationd Boad skeptics often note tha NBPTS lacks sufficient
research to back its standads charging tha the process is based on internd validity, frequently
measured agang the Nationd Board'sown standads of appropriate teacher practices, rather than
externd validity measures of student achievement (Ballou and Podguisky, 1998; Podguisky
2001)

Given educationd resource constraints and the size of the local, state and naiond
investment in NBPTS, policymakers have reason to be concerned about whether NBPTS
certification isin fact an effective indicator of teacher qudity. We are aware of only two studies
(Bond et a., 2000 and Stone 2002) tha attempt to link NBPTS certification status directly to
student outcomes. Both are based onrelatively small samples of teachers and students, and they
reach divergent condusions regarding the ability of NBPTS to identify the more effective
teachers.®® Until now, the available literature on NBPTS has been striking in its absence of
rigorousquantitative studies tha policymakers might use to judgetherelative cods and benefits
of the voluntary NBPTS teache certification program, despite its powerful potential to identify
teaching skills tha may relate to student learning.

[Il.  Analytic Approad and Data
A. Analytic Approac

Our metric for measuring the effectiveness of NBCTs utilizes student performance on
standadized tests administered as pat of the North Carolina accountbility system.** We begin

by estimating a basic eductiond produdionfunction of thefollowing form:



A" Asey = # X+ INBPTG + 98+ & (1)
The subgripts i, |, s, and t denote individud student, teacher, schooldistrict/community, and
time, respectively. Theleft hand side of the equation (A " A;.,)) is thegrowth in student test

score fromtime (t-1) to timet. X (from here forward we suppress the sub<cripts for simplicity)
is avector of individud characteristics induding student@ race, gende, learning disability, free
or reduced-price lunch status *® English proficiency status gradeand year. NBPTS is a vector of
characteristics defining the Nationd Board status of student i@ teacher, and S is a vector of other
teacher, school, and community control variables induding: the teache's race/ethnicity, gende,
age license basis and status, degree level, years of teaching experience, standadized test scores,
school size (numbe of students), school student to teacher ratio, fraction of minority students at
school, fraction of free or reduced-price lunch a school, district size (number of students), the
expenditure per pupi in the district, district type (urban, subuiban, or rural), the percent of
educion expenditure spent on ingruction, the starting salary of teachers with a bachdor's
degree in tha district, the percent of people with a bachdor's degree in the community, and the
median housng valuein the community.*

The NBPTS vector contains our main variables of interest. An ideal specification would
indudevariables identifying future, current, and past application to NBPTS and future, current,
and past certificationby NBPTS. Unfortunaely, the number of certified teachersis significantly
larger in the find year of our daa than in any othe year, implying few past applicants and
certified teachers. Thus we experiment indead with a numbe of specifications tha indude
information on future and current applicants and NBCTs tha we can use to answver severa
guestionsabouttherelative impact of teachers by NBPTS certification status

A compaison of NBCTs to non-certified teachers is essential for policymakers wishing
to uthe NBPTS credential as asignd of teacher qudity. This credentia is actudly cited in the
federal No Child Left Behind Act as a prime example of the ways in which teachers can meet its
nighly qudifiedOrequirement, and which many states are incorporating into ther regulationsas
meeting this federal requirement (http://www.nbpts.org/aboufgovt nodild.cfm). Given the

$2 300 pe teacha NBPTS assessment cost and previousresearch showing a correlation between
teacher test performance and the probability of certification, it is important to ask whether one
might be able to identify highly effective teachers smply from ther test (e.g., licensure)
performance. A uniqueaspect of the North Carolinadata used in this study is tha it gives us a
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measure of teacher academic proficiency (mainly teachersOperformance on licensure exams) for
the great majority of teachers in our sample. Thus we are able to assess the degree to which
NBPTS certification conveys information about a teacher@ effectiveness above and beyond that
conveyed by ateacher@ performance on licensure tests.

While interesting, the comparison of certified and uncertified teachers does not provide
evidence on whether the NBPTS assessment system is accurately identifying highly effective
teaches. NBPTS is making judgnents only about thos teachers who have applied for
certification, so a compaison beween current NBCTs and noncertified teachers ignores the
possibility tha the NBPTS applicant pool might be very different from the teacher workforce as
awhole. For example, in the hypohetical case where al applicants are more effective teachers
than non-applicants, we would always observe a postive effect of NBCTs regardless of how
accurately the certification process identified effective teachers. Theconveseisaso true Thus
to judge the effectiveness of the NBPTS assessment process, we compare NBCTs to
unsuccessful NBPTS applicants.

The NBPTS assessment process is aso viewed by many as a means of adding to the
human capital of teachers. Thus we might expect NBCTs to be more effective teachers after
they have gonethroughthe assessment. We can test this by induding a variable identifying a
teacher@® future certification status to show whether those teachers who are eventudly NBPTS
certified were more effective teachers prior to receiving thar certification. The differential
between this codficient and the coeficient identifying current NBCTs hdps to answer the
question of whether going through the NBPTS certification process actudly adds to teachersO
human capital or whether NBPTS is smply a screening device tha signds teacher quality.

Findly, we might be concerned that NBCTs have differential impacts on different types
of students, or tha our findings are confoundal by nonrandom sorting of students across
teachers (Clotfelter, Ladd and Vigdor, 2003) In order to disentangle the relationship between
student achievement growth and teacher attributes, we estimate modds for different sub-groups
of students and specify modds tha indudeschool and student fixed-effects.

B. Data

The primary source of daa for this study is teacher- and student-level administrative
recordsfrom North Carolinds Department of Public Ingruction (NCDPI) for school years 1996
97 through 199899} North Carolina is an ideal state for studying the effects of NBPTS



certification dueto the large numbers of NBCTs in the state, and because the state accouniability
system requires yearly testing of students usng alignel tests to track progress over severa
years.®® Furthemore, it is possible with these daa to link teacher and student records (at the
elementary level) andto track both over time.*

The NCDPI teacher records indude variables such as teacher's race/ethnicity, gender,
age license basis and status, degree level, years of teaching experience, and a measure of teacher
academic proficiency B tha is, thar performance on one or more standadized tests induding
oneor more of thefollowing: the Praxis generalist test (Praxis 1), Praxis subject tests (Praxis 1),
the Nationd Teacher Exam (NTE), and in some cases, teachers SAT and GRE scores® We
convet the various test scores into Z-scores in order to place them on a common metric, and
experiment with using varioustest's Z-scores as our measure of teacher academic proficiency.?
We used the average of teacheas Praxis | (if present on teache record) and Praxis Il Z-scores
(henceforth referred to as "teacher Z-score") as controls for teacher qudity.?

Teachea records from NCDPI are then matched to information obtained from the
Eductiond Testing Service (ETS), which maintains NBPTS certification information for
NBPTS teache applicants. The ETS teacher recordsindudethe year in which teachers applied,
the NBPTS certification area to which they applied, and if the teachers were ultimately
successful in the process.

In linking the NBPT S recordsto state teacher records it was necessary to decidein which
year it is appropriate to classify ateache asbang NBPTS certified, because the application and
certification process generally hgppens over the course of two school years?® Based on the
NBPTS application and certification timeline (shown in Figure 1 in the Appendix A), we opted
to classify teachersOcertification status as the school year in which they completed the NBPTS
requirements rather than the school year in which the results are announed, because the bulk of
the work for becoming NBPTS certified (completing the application) occurs in the school year
prior to the onein which certificationsare announed .2

The student records maintained by NCDPI contain student backgroundinformation such
as student® race/ethnicity, gende, learning disability, free or reduced-price lunch status
(available from the state in school year 19981999 only), English proficiency status, grade and
year, and test results for grades 3 through 10. The tests are designed to measure subject
objectives defined in the North Carolina Standad Course of Sudy, and are used by the NCDPI's
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Accountbility Department as part of the OABC" education reform program to determine
performance and growth/gain gods andratings for all schoolsin thestate. All tests are vertically
adignd, dlowing us to deermine individud student achievement growth in addition to school
growth performance by subtracting the previous year's end-of-grade test from the subsequent
year's end-of-gradetest in that subject.”®

We opted to restrict our study to elementary students in thethird, fourth, and fifth grades
because dementary level students are mog likely to have only one teacher pe grade thus
enabling usto link studentsOrecordsto ther teachers. Our linkage of students and teachers was
very successful, yielding pre- and pog-test scores for alarge number of students.?® In Table B.1
in Appendix B, we report the number of student and teacher obervations in each year, the
number of these recordsthat we were able to match togehe and over time, and the number for
which we have both a valid end-of-year test score and a pre-test score (either the beginning of
theyear in the case of the 3 grade or the end of the previousyear for the 4" and 5" grades).?’
Of the NBCTs in our teacher observations almog all of them have a NBPTS Geneadlist
Certificate.

Overall, we were able to match 771537 of the 889,655 student obervationswith ther
teachers (for three grades ove the 199697 schoolyear to the 19981999 schoolyear), which is
aboutan 80 percent match rate. Of these, we matched 609,160 student observationswith 32,399
teache observations tha induded valid scores for the reading pre- and end-of-year test, and
611517 student observations with 32448 teache observations tha induded this same
information for math.

Table 1 presents student means by NBPTS teacher certification status for selected
student and teacher variables. Roughly 9,000 unique students in our sample of 390,449 unique
students have a teacher who taughtthem while they were going throughthe NBPTS assessment
process. Approximately 6,000 students in our sample have teachers who were successfully
certified by NBPTS by the time tha teacher taught them. Although students with teachers
certified, on average, have highe end-of-year test scores in both math and reading, they also tend
to have highe initial pre-test scores. Still, the growth in both reading (6.18 points) and math
(10.21 points) peaformance for students who have NBCTs was dighty highe (the difference
was statitically significant at the onepercent level) than the growth for both thoe who have
non-applicant teachers (5.69 and 9.75 for reading and math respectively) and those who have
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teachers who were unsuccessful applicants (5.83 and 9.14 for reading and math respectively, and
agan the difference is statigticaly significant at the onepecent level). These differences,
nonghdess, are relatively small; the largest differentia is in math between certified and non
certified teache applicants, at jus ove a point on the exam or roughly 14 percent of a standad
deviationin thegrowth in math scores.?®

Some of these differences in test scores may be explained by factors other than the
certification status of teachers. For example, NBCTs tend to be teaching in more affluent, well-
educated school districts, and they are teaching in schools judged as high performing with fewer
disadvantaged students. Furthermore, NBCTs themselves, both applicants and non-applicants,
differ from nonNBCTsin tha they are likely to have performed far better on any of theteacher
licensure exams. In the next section, we explore whether any of these factors explain the

differential in studentsOaverage gan scores between NBCTs and nonNBCTSs.

V. Results

Table 2 shows codficient estimates for key NBPTS variables for our reading and math
achievement modds. Columns 1 through 6 show the results for various specifications of the
growth in thereading score modd, and columns 7 through12 show variousspecificationsfor the
growth in the math score modd. Prior to discussing the coeficient estimates for the three
NBPTS dummy variables, it is worth noting that many of the individud student and schooling
variables are statistically significant.*® We find that on both reading and math tests, students
who are black, female, participants in the free and reduced-price lunch program and/or have
learning disabilities do worse than students who are white, male, nonpaticipants in the
free/reduced-price lunch program and/or who do not have learning disabilities.*

Thesignsand statistical significance levels for many of the schooling variables are mixed
and sendtive to modd specification, which is congstent with much of the educationd
produdivity literature® For example, years of teaching experience and having a Masters
degree, and a "continuous teaching license from the state (as oppo®d to a provisond or
temporary license or onethat only meets initial teaching license requirements for the state) are
geneaadly postive and significant. In some cases, however, we aso find tha larger classes and
schools seem to bendit students, which seems coungr-intuitive, althoughit is congstent with
many of thefindingson class size in theeducational produdivity literature (Hanushek, 1986)
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A. Measures of NBCT Effectiveness

We begin by assessing how NBCTs compare to non-NBCTSs, which is the comparison of
interest for policymakers who may wish to use the NBPTS credential as a signd of teacher
qudity. Recall tha we can compare NBCTs both prior to ther receiving thar certification and
after they have been identified by NBPTS as having mastered the standads for Quha
accomplished teachers should know and be able to do.O Thus in the first specification of the
reading (column 1 of Table 2) and math (column 7 of Table 2) modds we indudetwo NBPTS
variables: whether ateacher in our sampleis an NBCT (CCurrent NBCTQ), and whether ateacher
whois not currently certified becomes an NBCT at some point in the future up throughthe 1999
00 school year (GFuture NBCTQ.** The excluded comparison group in this specification (non
NBCTs) indudes thos teachers who are either non-applicants or who apply to the program but
are unauccessful in achieving certification.

The magnitudes of the Future NBCT codficients suggest that student gains producd by
the teachers who are certified by NBPTS exceed thos of non-certified applicants by about 4
percent of a standad deviation in reading and 5 percent of a standad deviation in math (based
on a standad deviation of 9.94 on the end-of-year reading tests and 12.34 on the end-of-year
math tests). These effects sizes are of the same order of magnitude as thos found for math
teachers having a bachdor@ degree in thar subject area (Goldhéber and Brewer, 1997) The
findingsfor Current NBCTs are smaller but still postive, and in the case of the reading modd,
statistically significant (we discuss possible reasons for differences in the estimated coefficients
of Future and Current NBCTs bdow).

Our finding tha NBCTs appear more effective than nonNBCTs is perhgps not
surprising, given the aforementioned research linking measures of teachersO academic
proficiency to studentsO achievement, and previous research showing a strong correlation
between teachersO performance on licensure tests and both the likelihood of application to
NBPTS and eventud certification of teache applicants (Goldhabe et a., 2004) It doss,
however, raise the question of whether NBPTS certification conveys information about teacher
qudity aboveand beyondthat which is learned from teachersQlicensure test peformance. This
is an important public policy question, since states and localities might smply use licensure
performance in place of NBPTS certification were it to provide as much information about
teacher qudity. This would, of course, alow for congderable savings the cost of the NBPTS
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assessment aloneis $2,300, and many states and localities also provide salary supplements for
thar certified teachers.

To address this issue, we report specificationsof the reading (column 2 of Table 2) and
math (column 8 of Table 2) achievement modds tha indude a control for teachersOlicensure
performance (thar Z-score). Surprisingly, in both modds the magnitude of the coefficient
estimates on the NBPTS variables diminish only dighty with the addition of this teacher qudity
control.** This suggests that NBPTS certification does in fact convey information about teacher
qudity aboveand beyondwha can belearned from performance on teacher licensure tests alone

One of the surprising results from these modds is tha future NBCTs appear to be far
more effective prior to receiving ther certification than after they have received it (based on the
difference in magnitudes of the coefficients of Future and Current NBCT). A finding tha the
coefficient on Current NBCT is not larger than Future NBCT would suggest tha NBPTS
certification does not add to teachersOhuman capital (an issue we explore in greater depth
bdow), but our findings actudly suggest tha teaches destined for certification are more
effective before they are recognized by NBPTS. Onepossibility for this seemingly strangeresult
is tha the time intensity of the NBPTS assessment process makes NBCTs less effective in the
year in which they receive certification, because they are alocating a significant propottion of
time to completing the assessment tha would othewise be allocated toward teaching.

We test the hypothesis tha teacher effectiveness may be influenced by the time taken to
complete the NBPTS assessment by estimating specifications of the modd tha indude four
NBPTS variables: Future NBCT (defined above), whether ateacher is an applicant to NBPTS in
year t (GCurrent ApplicantQ), whether ateacher is certified in year t (0New NBCTQ, and whether
ateacher was certified in ayear prior to year t (Past NBCTQ. Theomitted comparison groupin
this modd specification is nonapplicant teachers. This modd specification is reported in
column 3 of Table 2 for reading and column 9 of thetable for math.

In addition to allowing us to test the time alocation hypohesis (an issue explored in
greater detail in the next subsection), this specification has the added benefit of providing a
measure of whether NBPTS is identifying the more effective teachers among those tha actudly
apply to the program. Recall tha NBPTS is making judgnents only about those teachers who
have applied for certification, so a compaison beween current NBCTs and noncertified
teachers ignores the possibility tha the NBPTS applicant pool might be very different from the
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teacher workforce as a whole. Thus to judge the effectiveness of the NBPTS assessment
process, we wish to compare NBCTs to unsuccessful NBPTS applicants, a comparison tha is
identified in this modd specification by the coeficient of New NBCT.

The postive significant codficient for New NBCT, in both reading and math modds,
indicates tha teachers who are successful in thar attempt to attain certification are more
effective than those who are unauccessful applicants, providing evidence tha NBPTS is in fact
identifying the more effective teachers of thos they actudly evaluae. The magnitude of the
coefficients suggest tha students with teachers who are certified would be expected to achieve
growth tha exceedsthose with teachers who were unsuccessful applicants by about5 percent of
astandad deviationin reading and 9 percent of astandad deviation in math.

The primary reason for the differentiad between certified and uncertified teacher
applicants is tha teachers who apply to the program but are unauccessful in ther attempt at
certification are actudly less effective than nonapplicant teachers (this effect is identified by the
cofficient on Current Applicant).®® Thetotal effect on students of having an NBCT in the year
in which they apply to the program Bthe sum of the coefficients of Current Applicant and New
NBCT b is not satistically different than zero, implying that NBCTs are no more or less
effective than nonNBCTs when they are going throughthe NBPTS assessment process. These
findings provide some evidence that the time required to complete the NBPTS assessment does
have a short-term negative impact onteacher effectiveness.

We might also expect tha teachers who have achieved NBPTS certification would be
more effective than non-applicants in the years after completing the process (as they were found
to be pre-assessment); a measure of thisis the codficient on Past NBCT. Our reading results do
not suppot this hypothesis, however, as the magnitude of the Past NBCT coefficient is smaller
(and not significant) than the Future NBCT coefficient, and in the math modd, is actudly
negative (but not significant). We interpret these last findingswith caution since there are very
few teacherswhofall into the Past NBCT category in our data set.*

B. Doesthe NBPTS Assessment Add to Teacher Human Capital?

If it were it the case that going throughthe NBPTS assessment process makes a teacher
more effective, we might expect to see a significantly larger coefficient on the Past NBCT
variable than on New NBCT or Future NBCT, indicating that teachers are more effective in the
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years after they completed the assessment than they are prior to attempting certification. Aswe
described above (in reference to columns 3 and 9 of Table 2), the magnitudes of these
codficients do not suppot this idea, since NBCTs appear to be more effective before they are
certified than after. However, as we note above, given the relatively smal numbe of Past
NBCTs in our daaset, we want to be careful about drawing strong condusons based on this
modd specification.

We further explore this issue by estimating specificationsof the modd tha test whether
any applicant b either successful or unauccessful B benefits from going through the assessment
process. Specifically, we estimate a modd specification (reported in column 4 of Table 2 for
reading, and column 10 for math) tha indudes three NBPTS applcation variables: Future
Applicant, Current Applicant, and Past Applicant (non-applicants are the excluded comparison
group). Aswas the case with certification, we might expect tha if teachers accumulate human
capital as a consequence of the assessment process they would be more effective pog- than pre-
assessment, whether they are successful or not in attaining certification. And, as we discussed
above it would not be surprising to find applicants to be less effective than nonapplicants
because of thetime they are allocating to complete the NBPT S assessment.

The patern of results provides strong suppott for the hypothesis tha the time required to
complete the NBPTS assessment impacts teacher effectiveness. In both math and reading,
teacher applicants are significantly less effective in the year of application than they are in either
the prior or pog application year. Thetest of human capital effects, however, provides mixed
evidence on the impacts of the assessment. The results for the reading modds are consstent
with our NBCT findingsreported abovein that NBPTS applicants as a whole do not appear to be
more effective after they have gone through the assessment process than they were pre-
assessment (the coefficients on Past Applicant are not greater in magnitudethan the coeficients
on Future Applicant in the reading modd). The math moddsOresults, by contrast, do lend
suppot to the notion tha the assessment process addsto teacher human capital: the codficient
on Past Applicant is significantly larger than on Future Applicant, implying tha teacher
applicants are more effective in math after they have completed the NBPTS assessment
process.”’

However, we wish to be cautious about these results as well, since they may smply
reflect effects assodated with paticular cohotts attempting certification® We attempt to
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distinguish between cohott and human capital effects by estimating modds tha interact the
application and year variables to determine whether applicants to the program appeared to be
more effective teachers in some years than others. While there are some statistically significant
interaction terms, these modds do not appear to show any systematic relationship between the
year of application and the measures of teacher effectiveness™.

C. School and Student Fixed-Effects Modd Specifications

There is an important reason to interpret al of the above findings with caution. A
significant amountof empirical evidence shows that teachers are not randonly distributed across
students. Nonwhite, poor, and low-peforming students are more likely to be taught by less
qudified teachers, as measured by experience and degree levels, licensure status licensure exam
performance, and college selectivity (Lankford, et a., 2002) This sorting patern occurs both
within and between digtricts, and the movement of experienced teachers between schools and
districts tendsto worsen inequities because more highly qudified teachers are found more likely
to leave poor urban schools to teach in highe peforming, more affluent schools. Research by
Levinson (1988) and Hanushek, Kain, and Rivkin (forthcoming) find tha studentsOsodio-
economc status and achievement play an important role in explaining the schools teachers
choo® as employers when they move from oneschool or district to another, and Goldhaber and
Cramer (2003) and Clotfelter, Ladd, & Vigda (2003) suggest tha these nonrandom sorting
paternsmay be even more pronouned for NBCTs.

If teachers and teache qudity are nonrandonly distributed across students and student
characteristics, as the evidence strongly suggests, and statistical modds do not fully accountfor
the student characteristics affecting achievement, then the estimated effects of teacher
characteristics are likely biased. In paticular, the impact of teacher credentias would be
oveastated if the most motivated, high-achieving students tend to be assigned to more highly
credentialed teachers. In fact, recent empirical research on teachers and students from North
Carolina shows tha the impact of teacher credentiads does tend to be overstated in simple
statistical modds precisely because of the distribution of teacher credentials across student
characteristics (Clotfelter, Ladd, & Vigda, 2003)

To take account of the nonrandomdistribution of teacher credentials across schools, we
estimate specifications of the reading and math achievement modds tha indude school fixed-
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effects. The estimated teacher-variable coefficients in these modds are identified based on
within-school variation in teacher characteristics.

Column 5 of Table 2 shows the results of these modds for reading growth, and Column
11 of the table shows the results for math growth. Theinduson of these school effects makes
surprisingly little difference in the estimates of NBCT effects. In both reading and math, we still
find tha teaches who will eventudly be certified (Future NBCT) are more effective prior to
certification, and certified teachers are more effective than non-certified applicants (the
coefficient of New NBCT) but no more effective than nonapplicants (the sum of Current
Applicant and New NBCT). Thereis no case where the magnitudeof an estimated coefficientis
satistically different from the base modds, suggesting tha mog of the findings are not
influenced by a non-randomdistribution of NBCTs across schools.*°

Theabovemodds accountfor nonrandomsorting of teachers across schools, butthey do
not account for the possibility tha teachers may be nonrandomy sorted across students within
schools. Onecould easily imaginethis would occur dueto seniority-based assignments, or to the
pressures from parents to assign ther students to particular teachers. We accountfor this within-
school sorting by estimating specifications of our modds tha indude student fixed-effects. In
these modds, the impacts of teacher characteristics are identified by variation over time in the
characteristics of theteachers to which students are assigned.

Columns 6 and 12 of Table 2 present the student fixed-effects specificationsfor reading
and math, respectively. The results of these modds continue to show tha NBCTs are more
effective before they are recognized by NBPTS (based on the coefficient on Future NBCT),
however, we do find some notable differences in the estimated effects of newly and past certified
teaches. Specifically, in reading, newly certified teachers do not appear to be more effective
than non-certified applicants (based on the coeficient on New NBCT), and previoudy certified
NBCTs are no more effective than nonapplicants. In math, we now find tha previoudy
certified teachers are actudly less effective than are nontapplicants. Agan, these results mug be
interpreted with some caution, given tha we are estimating these modds based on a three-year
pand (so there is relatively little time series variation by which to identify these effects) and
there arerelatively few previoudy certified NBCTsin thedaa
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D. Results By Student Subgroup and Grade Level

There are severa reasonswhy the effects of New NBCTs and Future NBCTs on students
might vary by student sub-group or grade level. Empirical evidence dating all the way back to
the GColeman ReportO (Coleman et al., 1966) tends to find that teacher qudity has a larger
impact onlower achieving students than those with higha achievement. Furtheamore, NBPTS s
thoughtto value particular congructivist approaches to teaching (Wilcox, 1999; Ballou, 2003)
that may be more or less effective when applied with different types of students or to students of
varying ages or academic achievement level. Whether the impact of NBCTs varies by student
subgroup or grade-level is also an important pubic policy concern: eductiond administrators
need this information in order to alocate NBCTs effectively across students and grades. For all
these reasons we present results tha are broken out by student subgroup (free and reduced price
lunch statusand race) (Table 3) and grade-level (Table 4).

Our findings for various student subgroups are congstent with previous findings tha
teacher qudity has a larger impact on poor students than on highe income students (Coleman,
1990) The magnitude of the effect of having a New NBCT or a Past NBCT is significantly
larger in reading for students who are receiving free or reduced price lund than those who are
not (compaing columns1 & 3 of Table 3), and is significantly larger for having a New NBCT
or a Future NBCT in math for students who are receiving free or reduced price lunch than those
who are not (comparing columns2 & 4 of Table 3).

There are dso some notable differences in findings for students of different races or
ethnicities. Future NBCT is postive and significant across al student race groups but the
effects are largest for students in the "othe™ category, where the point estimates for the reading
and math modds (.85 in reading and .97 in math) are statistically different from the point
estimates for white students (.34 in reading and .65 in math) and black students (.31 in reading
and .56 in math) (see Table 3).* Thoughnot reported here, we also estimated student and
school fixed-effects specifications of the abovemodds. The patern of results (the direction of
the estimated effects) for white students is genegaly similar, thoughthe levels of statistica
significance changewhereas there are no congstent results for the variouscategories of minority
students, which is not surprising given thesmall numbers of minority students who have NBCTSs.

When examining the gradelevel modds, the oveal paterns of results tend to be
congstent with our findings above b we see large postive effects for Future NBCT, some
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postive NBPTS identification effects but little or no difference beween NBCTs and non
applicants in the year of application, and divergent results for math and reading for Past NBCT.
We also observe important differences in the estimated effects by grade level. In gened, the
largest significant postive NBPTS effects are foundin the third grade  For example, while the
Future NBCT co€ficient is postive and statistically significant for all grades and both subjects,
the magnitude of this coefficient is significantly larger in the 3 grade than either the 4™ or 5"
grades (compaing across columnsin Table 4). The New NBCT coeficient is significant and
postive for both reading and math in the 3" grade, but outside of the 3 gradeit is only postive
and significant for 4" grade math.*?

In contrast to the overal findings the 3 grade results and the 4" grade math modd
results provide at least some evidence tha successfully completing the certification process itself
does in fact make teachers more effective, as the magnitude of the coefficient on New NBCT is
larger than the magnitude of the coefficient on Future NBCT. Again, this result mug be treated
with caution asit may ssmply reflect cohott differences.

The differential impacts of New NBCTs and Future NBCTs by grade level have
important policy implications these results at least suggest that greater benefits are provided to
studentsif NBCTs are assigned to teach the earlier elementary grades. We discuss this and other

public policy issuesin greater detail in thefollowing section.

V. Public Policy Implications. The Cogs of Identifying High-Quality Teachers

So wha are the policy implicationsof our findings? To begin with, thisisthefirst large-
scale study tha appears to confirm the NBPTS assessment process is effectively identifying
thoe teaches who contribute to relatively larger student learning gans This finding is
important both because it provides some indication of a postive return on the investment in
NBPTS, and on a more fundanental level, it demondrates tha it is actudly possible to identify
teacher effectiveness throughNBPT S-type assessments. The NBPTS processis not, however, an
inexpengve one The direct cost to the state of North Carolina of identifying one NBCT (in
2000 dollars) totals more than $6,500: $2,300 for the assessment itself, along with a salary
increase of about$4 200, which is 12 percent (the state salary supplement) of the average NBCT
salary in 2000 (Goldhae and Anthony,2003) Thetotal cod of identifying an NBCT is more
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than $8,800, based on a pass rate of about50 percent.*® Thisis actudly alower-boundestimate,
given tha teachersreceive a salary supplement in each year for the 10-year life of the certificate.

Is the investment in the NBPTS process a cogd-effective one€? The answer depends on
wha type and grade level of students are being taught by NBCTs as well as by those who are
unauccessful in their attempt to become certified. ** It is also of significant policy import tha
unsuccessful Current Applicants are actudly less effective teachers in the year in which they
apply to NBPTS. These findingssuggest tha thetotal impact of the NBPTS program on schools
dependsboth on the nunmber of successful and unsuccessful applicants in a given school, as well
as where those teache's are assigned. Consequently, schools with many unsuccessful applicants
or those with successful applicants that leave following thar certification may actudly be worse
off for having had thar teachers apply to the program, since NBCTs are no more (or less)
effective than nonapplicants in the year of application and unsuccessful applicants are less
effective in the year of application. Teaching assignment matters because schools with NBCTs
receive subdantially more educationd bendfits from having thar NBCTs teach low-income
studentsin earlier grades. However, this does not necessarily imply tha schools would be better
off reassigning their NBCT's to teach lower-income students or third graders, as teaching skills
may noteasly betranderable across grades or types of students.

Using the most optimistic NBPTS findings on human capital Bi.e, tha the assessment
process adds about .4 test score points in math, which is roughly 3 pecent of a standad
deviation Dwe can loosly compare the bendits of investmentsin the NBPTS modd to estimates
of the benefits of other educationd interventions® The cog of the assessment is $2300for all
applicants, but it is also appropriate to distribute the $4,200 NBCT sadary increase across all
applicants given tha many probably would not have applied to the program without the salary
induement. Based on a 50 percent pass rate, this adds an additiond $2,100 for a total pe
applicant cost of $4 400for this program.*® Given these figures and an assumed class size of 20,
the estimated (lower bound)cog per pupi of raisng student achievement on reading tests by 1
standad deviation is about $7,300%" This is far more cosly than estimates of some other
populr educationd interventions For example, redudionsin class size (from 25 to 20 students)
are estimated to cog about $1900 pe student to achieve the same growth in reading scores
(Levin and McEwan, 2000)
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We aso wish to consider whether there are any ben€fits associated with identifying who
the more effective teachea's are. The total pe NBCT identification cog (calculated above is
$8,.800, and the mog optimistic finding, which is about 20 percent of a standard deviation in
math for third graders, yields an estimated cog-effectiveness ratio of $2,200 assodated with
NBCT identification® This may be a far more cos-effective way of identifying teacher qudity
than paying a premium for teachers who hold a masters degree, since the evidence on the value
of a masters degree is quite mixed (Hanushek, 1986, 1997; Goldhae and Brewer, 2000;
Greenwald, et a., 1996. The bendfit to students of identifying NBCTs dependson whether the
identification (or the compensation associated with it) aters teachersOcareer pahs If, for
ingance, it does not cause them to remain in the teaching profession longe, there would be no
direct benefit from identifying which teachers were more effective, although there may be
various indirect bendfits.*® We are unavare of any published empirical findings on whether
becoming NBPTS certified alters ateacher(3 career path.

Conclusions

Thesignificant interest and recent growth in NBPTS certification represents an important
effort to try to professiondize teaching, bring effective eductiond practices to the classroom,
and ultimately enhance student learning. Until now there has been no large-scale quantitative
study to assess whether NBPTS has been successful in its god to identify highly effective
teachers. Thus it has been unknown wha the return has been thus far on the hundeds of
millionsof ddlarstha have been invested in NBPTS.

Many of our findingsappear to confirm tha the NBPTS assessment process is successful
in identifying the more effective teachers among applicants to the program; theresults are robug
to a nunmber of different modd specifications induding those tha accountfor the potential non
random matching of students to schools or classrooms. However, there are mixed findingson
whether certification should be used as a signal of teacher qudity. While we consstently find
tha teachers who will eventudly be NBPTS certified are more effective, there are mixed
findingsaboutther effectiveness after bangidentified as an NBCT.

We find some evidence tha going through the NBPTS assessment process adds to
teacher human capital, thusproviding some support for the investment in the NBPTS program.
Neverthdess, the question of whether the investment in NBPTS is worthwhile a'so dependson
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the impact of NBPTS certification on teachersOcareer pahs If NBCTs are in fact better
teachers, the payoff inheent in thar identification as such is certainly highe if they remain in
the teaching profession longe as a consequence of having been identified. Furthermore, the
magnitudes of estimated NBCT impacts depend on thegrade level and thetype of students being
taught suggesting the value of identifying NBCTs may depend, at least in pat, on ther teaching
assignments. These teacher career path issues certainly merit further empirical study.

Whether NBPTS certification serves as a signd of teacher qudity is influenced both by
the assessment process and the qudity of applicants to the program. Our daa encompass the
early years of certification by NBPTS; it would not be surprising if the early cohats of teacher
applicants to the program differed markedly from those teachers who apply once the program has
become better established. With this in mind, it will be important to determineif the estimated

effects of NBCTs vary as the program matures and the applicant pool changes.
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Table 1. Selected Sample Statistics®
(Standad deviationsin parenthesis)

Student Tes Scaes

Applicants, Not Applicant, NBPTS

Non-applicants

Variable NBPTS Certi fied Certified

Reading Math Reading Math Reading Math

Posi-teg 149.47 150.39 149.47 149.80 151.52 152.38
(9.94) (12.34) (9.72) (12.93) (9.72) (12.29)

Preted 143.78 140.64 143.65 140.67 145.34 142.17
(10.19) (12.80) (10.28) (13.26) (10.35) (13.01)

Growth in test scorein 5.69 9.75 5.83 9.14 6.18 10.21
oneyear (6.13) (6.92) (6.27) (6.64) (6.37) (7.00)

Teacher Characteri stics

Black 0.14 0.14 0.24 0.24 0.07 0.07

(.34) (.34) (.43) (.43) (.25) (.25)

White 0.85 0.85 0.75 0.75 0.93 0.92

(.35) (.35) (.42) (.43) (.26) (.26)

Female 0.94 0.94 0.98 0.98 0.98 0.98

(.24) (.24) (.15) (.15) (.13) (.13)

Years of teaching 13.18 13.18 1254 12,52 1255 12.56
experience (9.86) (9.86) (7.81) (7.79) (7.88) (7.89)

Teacher Z-score -0.03 -0.03 -0.16 -0.16 0.37 0.36
(0.87) (0.87) (0.85) (0.85) (0.87) (0.86)

Schml Characteristics

Schaol of " excellence™ 0.02 0.02 0.02 0.02 0.07 0.07

(.13) (.13) (.14) (.14) (.25) (.25)

oo 0.18 0.18 0.20 0.20 0.31 0.31

e () (.38) (.40) (.40) (.46) (.46)

';332;’; I;’rfl I:reGIi?]::h 0.36 0.36 0.42 0.42 0.31 0.31
sudents (0.19) (0.19) (.22) (0.22) (0.18) (0.18)

Fraction of minority 0.36 0.36 0.42 0.42 0.32 0.32
students (0.25) (0.25) (0.38) (0.28) (0.22) (0.22)

Distri ct/ Community Characteristics

Percent in community 16.92 16.92 15.25 15.23 19.52 19.51
with at least a BA (11.19) (11.18) (10.76) (10.76) (12.61) (12.6)
Average household 33.11 33.11 31.87 31.84 34.65 34.64
income (in thousands) (6.33) (6.34) (6.59) (6.59) (6.53) (6.53)
M edian housing value 66.05 66.05 64.23 64.18 69.62 69.58
(in thousands) (16.52) (16.52) (16.59) (16.60) (17.75) (17.75)
Sample Size 600,261 602,577 4,602 4,622 4,297 4,318

Table 2. Sdlected Codficientsfor Growth in Test Score Modeds

# Student observations were divided into one of three categories: teacher was presently not applying to NBPTS, teacher was an unsuccessful
Current Applicant that year, teacher was a successful Current Applicant that year.
® Schools of excellence have 90-100% of their students performing at or above grade-level.

¢ Schools of distinction have 80-89% of their students performing at or above grade-level.
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(Standad errorsin parenthesis)

COLUMN 1 2 3 4 5 6 7 8 9 10 11 12
M ODEL Reading Achievement Growth Math Achievement Growth
Future J6F -.21**
Applicant (.04) (.10)
Current -33**  -10  -36r** - 57F** -1.00%**  -40%** -1.06*** -1.64***
Applicant (.09) (.07) (.09) (.17) (.10) (.07) (.10) (.19)
3 08 .21***
Past Applicant (.09) (.04)
JgFxx 17 .09 .05
Current NBCT “ ey (08) (09 (.09
37FFx 3errx 3gE** 35xx ATTEE L gpxkk GO *K GOF*X B3rrx 67
FutureNBCT  (.05) (.05) (.05) (.05) (.09) (.05) (.05) (.05) (.06) (:11)
Ag*** A9* ** .09 1.21%** 1.18*** 1.60***
NEY T (13) (13) (25 (14) (14)  (28)
.23 .28* .08 -12 -09  -LA7xx*
ess et (.14) (15 (27) (16) (16)  (30)
Teacher Z- No Yes Yes Yes Yes Yes No Yes Yes Yes Yes Yes
score
Fixed- Effect No No No No School ~ Student No No No No School ~ Student
R? .06 .06 .06 .06 .07 .60 10 10 10 10 A1 57
SEle 609,160 611,517
Size

*xk xx % Significant at 1%, 5% and 10% confidence level, respectively.

Note: These models also include controls for student® grade, race/ethnicity, gender, free/reduced lunch status (free/reduced lunch
information was available in 1999 only), Limited English Proficiency status, learning disability status; teacher® age, race/ethnicity,
gender, years of teaching experience, license type, license basis, degree-level; total students at school, fraction of minority students at
school, student-teacher ratio at school, fraction of free-lunch students at school; total students in district, current per pupil expenditure,
percent of education expenditure spent on instruction, urbanicity, starting salary for teachers with BA and no experience in district;
community@ median housing value, percent in community with at least a BA; the year of the test. Mean value replacement was used for

cases where values for the explanatory variables were missing, except in the case of free/reduced lunch status, where missing values were
coded as 'no lunch information.'

27



Table 3. Sdected Codficientsfor Growth in Test Score Modedls

Broken Out By Student SubGroup

(Standad errorsin parentheses)

Freeor Reduced

Non-Recipients

STUDENT Price Lunch of Free or White Black Other
SUBGROUP Recipi a Reduced Price
ecipients o
Lunch
COLUMN 1 2 3 4 5 6 7 8 9 10
M ODEL Reed Mah Read Mah Read Mah Read Mah Read Math
Current -.32% -.84*%** -.20 -.68*** -.21 - 72%*x . 309%* .1.09*** -51 -2.35***
Applicant (.19) (.20) (.17) (.18) (11) (12 (.16) (.18) (.37) (.41)
BEr*k ] QQFY* 32X BAkk  Bgkxx GEKR*  JPkkk  GEKEx GOkkx  Q7Xkk
Future NBCT (.19) (.21) (.13) (.14) (.06) (.06) (.10) (.12 (.24) (.27)
98*** 1 50*** .18 BOx**  J7r** QOr** 32 TJ4x**  1.36%** 3.09%**
New NBCT (.29) (.31) (.22 (.23) (.15) (.17) (.25) (.28) (.56) (.62)
.60** -.01 .10 .08 35%* .00 .02 -.23 -39 -1.75%**
Past NBCT (.30) (.33) (.20) (.21) (.17) (.18) (.30) (.33) (.61) (.68)
R? 0.06 0.03 0.15 0.14 0.09 0.15 0.03 0.02 0.04 0.08
Sample Size 85,177 85,970 111,927 112,133 400,369 401,434 175,466 176,502 33,194 33,447

*xk xx % Significant at 1%, 5% and 10% confidence level, respectively.

Note: The free/reduced lunch status models are run for recordsin 1999 only. These models also include controls for student®
grade, race/ethnicity, gender, Limited English Proficiency status, learning disability status; teacher@ age, race/ethnicity, gender,
years of teaching experience, teacher Z-score, license type, license basis, degree-level; total students at school, fraction of
minority students at school, student-teacher ratio at school, fraction of free-lunch students at school; total studentsin district,
current per pupil expenditure, percent of education expenditure spent on instruction, urbanicity, starting salary for teachers with
BA and no experience in district; community@ median housing value, percent in community with at least a BA. Mean value
replacement was used for cases where values for the explanatory variables were missing, except in the case of free/reduced lunch
status, where missing values were coded as 'no lunch information.'

The race models also include controls for student@ grade, gender, free/reduced lunch status (free/reduced lunch information was
available in 1999 only), Limited English Proficiency status, learning disability status; teacher@ age, race/ethnicity, gender, years
of teaching experience, teacher Z-score, license type, license basis, degree-level; total students at school, fraction of minority
students at school, student-teacher ratio at school, fraction of free-lunch students at school; total studentsin district, current per
pupil expenditure, percent of education expenditure spent on instruction, urbanicity, starting salary for teachers with BA and no
experience in district; community@ median housing value, percent in community with at least a BA; the year of the test. Mean
value replacement was used for cases where values for the explanatory variables were missing, except in the case of free/reduced
lunch status, where missing values were coded as 'no lunch information.'

# Free and reduced-price lunch information is only available at the student-level starting in 1999.
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Table 4. Selected Codficientsfor Growth in Test Score M odels
Broken Out By Grade-Level
(Standad errorsin parentheses)

GRADE-LEVEL Third Grade Fourth Grade Fifth Grade
COLUMN 1 2 3 4 5 6
HobiEL Read Math Read Math Read Math
. -37** -1.07*** -.26* -1.18*** - 43*** -.65* **
Cunrentpplicant (.16) (17) (.16) (.18) (13) (.15)
AGH** 96* ** 26%** 35x** 30%** 52X **
Future NBCT (.09) (.09) (.08) (.10) (.08) (.09)
1.01*** 1.73*** -.09 96*** A1 .36*
New NBCT (.23) (.24) (.22) (.26) (.19) (.22)
B3** .09* * * .28 -.80*** .05 -.44**
Past NBCT (.31 (.02) (.23) (.27) (.20) (.22)
R? .05 .06 .02 .02 .02 .01
Sample Size 228,654 229,623 191,853 192,606 188,653 189,288

*xk xx % Significant at 1%, 5% and 10% confidence level, respectively.

Note: The grade-level models also include controls for student@ gender, free/reduced lunch status (free/reduced
lunch information was available in 1999 only), Limited English Proficiency status, learning disability status;
teacher® age, race/ethnicity, gender, years of teaching experience, teacher Z-score, license type, license basis,
degree-level; total students at school, fraction of minority students at school, student-teacher ratio at school, fraction
of free-lunch students at school; total studentsin district, current per pupil expenditure, percent of education
expenditure spent on instruction, urbanicity, starting salary for teacherswith BA and no experience in district;
community@ median housing value, percent in community with at least a BA; the year of the test. Mean value
replacement was used for cases where values for the explanatory variables were missing, except in the case of
free/reduced lunch status, where missing values were coded as 'no lunch information.'
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Appendix A

Variable Definitions

STUDENT VARIABLES

DATA SOURCE

VARIABLE DEFINITIONS

Post-test NCDPI Student end-of -year test score
Student test score from end of previousyear, unless if student

Pre-test NCDPI was athird grader. Third graders take a beginning-of-the-year
test as pre-test.

Growth in test scorein one year NCDPI Post-test score minus pre-test score

Grade

(), (5) NCDPI Student grade as recorded on state record

Race/Ethnicity

(Black), (Other) NCDPI Student race as recorded on state record

] NCDPI Student gender as recorded on state record

(Female)

Year of record

(1998), (1999) NCDPI Y ear of record

Free/Reduced

lunch status

(Freeor reduced NCDPI Student's free and/or reduced price lunch program eligibility

participant), (available from the state in 1999 only)

(No lunch

infor mation)

L|m|.te.d S NCDPI State indicates that student is classified as an L EP student

Proficiency status

Learning NCDPI State indicates that student has a learning disability in reading or

disability status

math

TEACHER VARIABLES

DATA SOURCE

VARIABLE DEFINITIONS

Age NCDPI Teacher's age (in years) a start of each school year

Race/Ethnicity

(Black), -

. . NCDPI Self-reported race/ethnicity of each teacher

(Hispanic),

(Asian)

Gender

(Male) NCDPI Self-reported gender of each teacher

Yearsof teachin Y ears of teaching experience that the state of North Carolina

: 9 NCDPI credits teachers with (can be for non-teaching but subject-related

experience .
experience)

Teacher 7-score NCDPI Averqge Z-§corefrom Z-scor&s of Praxis| and I, depending on
what is available on teachers record

Licensetype

(continuous NCDPI Teacher islicensed on a permanent rather than temporary basis

license status)
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License basis

Teacher received license through an education program

éNagééhl i(;,ear:sel)ina NCDPI approved by, and located in, the state of North Carolina
Master @ degree NCDPI Teacher® highest degree is Master@ degree

Ph.D. /Other

advanced NCDPI Teachers highest degree is Ph.D. or other advanced degree
degree

Past Applicant NBPTS? Teacher applied to NBPTS in aprior year

Current Applicant NBPTS? Teacher appliesto NBPTS in current year

NSPTS e Ity e 0 NBFTS e ko s
Past NBCT NBPTS? Teacher had become an NBCT in apast year

Current NBCT NBPTS? Teacher is currently aNBCT

New NBCT NBPTS? Teacher becomes aNBCT in present year

Future NBCT NBPTS? Teacher becomes aNBCT in future year

SCHOOL VARIABLES

DATA SOURCE

VARIABLE DEFINITION

Schools of excellence have 90-100% of their students

School of " excellence" NCDPI website  performing at or above grade-level, determined by state
standards.
School of " distinction” NCDPI website Schools of distinction have 80-89% of their students performing

at or above grade-level, determined by state standards.

Total students

Common Core of
Data

Total number of students enrolled at school

Fraction of minority
students

Common Core of
Data

The fraction of minority studentsin school out of the total school
population

Student-teacher ratio

Common Core of
Data

Total studentsin school divided by total number of full-time
equivalent teachers

Fraction of freelunch students

Common Core of
Data

Thefraction of students dligible for free lunch programs under
the National School Lunch Act of the total school population

DISTRICT/COMMUNITY
VARIABLES

DATA SOURCE

VARIABLE DEFINITION

Total students

Common Core of
Data

Total number of students enrolled in PK-12 gradesin district's
schools

Current per pupil
expenditures ($)

Common Core of
Data

Current expenditures are expenditures for the day-to-day
operation of schools and school districts. They include
expenditures for Instruction, Support Services, Food Services,
and Enterprise Operations. They exclude expenditures for
capital outlays and programs outside the regular pre-school to
grade 12 scope.
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Per cent education expenditure
spent on instruction

Common Core of
Data

Instruction expenditures divided by total expenditures

Urbanicity
(Urban, Suburban)

Starting salary with
BA and no experience

Common Core of
Data

NCDPI website and
phone calls to
individual school
district offices

Thisis acomposite of local codes from the schools. Urban
districts are those in large or mid-size central cities. Suburban
districts are found in the urban fringe of large or mid-size central
cities. Rural districts are defined as those in large towns, small
towns, or Census-defined rural areas.

Starting salary for teachers with a Bachelor's degree and no
experience and in that district

Percent in community with
at least a BA

Common Core of
Data

Percent of residents with a Bachelor® degree or higher degreein
community

Average household income
(in thousands)

Common Core of
Data

Average income for ahousehold of four in the community

Median housing value (in
thousands)

1990 Census Data

Median value of all housing unitsin district. Valueisthe
respondent’s estimate of how much the property (house and lot,
mobile home and lot, or condominium unit) would sell for if it
werefor sale.

®Note: For NBPTS variables, datais only available for teachers who applied for National Board Certification
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Figure 1. NBPTS Application Process Timeline
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Appendix B

TableB.1. Student and Teacher Record Matcheswith Pre- and Pog-tests

1997 1998 1999 Total

I EEET 286,574 296,609 306,469 889,655
records
Student and
teacher merged 246,049 256,840 268,648 771,537
records (STMs)
Sr-:-c'i\-/losfywra deted Read Math Read Math Read Math Read Math

9 236,462 236,914 245542 246,607 257,085 258,323 739,080 741,844
scores (posts)
SLI\_/I;;&V/ \ézlt;d Read Math Read Math Read Math Read Math
P P 202,443 202,886 190,839 191,605 215,878 217,026 609,160 611,517

Scores
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TableB.2

Numbersof NBCTgStudentswith NBCTsin North Carolina Across Yearsand Grades

READING 1997 1998 1999 Total

Grade3 4180 21/ 415 841,722 109/ 2,217
Grade4 3/62 24481 65/1,226 92/1,769
Grade5 4189 32/ 609 66/ 1,345 102/ 2,043
L"Btg'TSrade 35 11/231 771,505 215/ 4,293 303/ 6,029
MATH 1997 1998 1999 Total

Grade3 4/81 211420 841,729 109/2,230
Grade4 3/62 241 482 65/ 1,225 92/1,769
Grade5 4190 32/610 66/ 1,349 102/ 2,049
GE] EFEEEES 11/233 77/1,512 215/ 4,303 303/ 6,048

NBCTs
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Footnotes

! Specifically, NBPTS was foundel in 1987with athree-fold mission: 1) to establish high and
rigorousstandadsfor wha accomplished teachers should know and be able to do; 2) to develop
and opaate andiond voluntary system to assess and certify teachers who meet these standads
and; 3) to advance related education reforms to capitalize on the expertise of Nationd Board
Certified Teachers (NBCT®) (www.nbps.org).

2 This estimate was cal culated using the total number of NBCTs as of November 2003and the
average pass rate for current applicants naionwide, which is 48 percent according to the
Eductiond Testing Service (ETS) and NBPTS officials.

® Thisis calculated based on the produd of thetotal number of Current Applicants, estimated to
be65,0000ve thelife of NBPTS, and the $2,300 assessment fee.

* ThroughSeptember 2002,NBPTS has been appropriated federal fundsof $1193 million,
representing approximately 45 percent of the more than $250millionin total money received for
theNationd Board Certification project (www.nbgds.org).

® As of May 2003 32 states and many localities offer at least onetypeof finandial incentive
(bonusor salary supplement) for teachers to become NBPTS certified, and some type of
formalized suppot is offered in 49 states and approximately 4861ocal school districts, induding
the District of Columbia (www.nbpts.org).

® See http://www.teachnow.la/incentives.htm for more information on this NBPTS incentive.

’ For a detailed description of the assessment see http://www.nbps.org/standadsdev.cfm.

8 See, for ingance, Hanushek (1986,1997)who suggests there is little relationship between
teacher credentials and student outcomes, and Hedges, Laine and Greenwald (1994)or Card and
Kruege (1996)whofind more postive results. We discuss "teacher effectiveness' in this pgper
in terms of theteache's contributionstowards student gansin achievement.

® Educstion produdivity studies typically measure the size of therelationship between various
gquantifiable education factors and student achievement. Goldhaber, Brewer and Andason
(1999) for example, investigate the contributonsof school, teacher, and class characteristics on
student achievement. They find only about 3 percent of the contribution teachers make toward
explaining student achievement is assodated with teacher experience, degree level and other
readily observable characteritics. Theremaining 97 percent is made up of teacher qudities or
behaviorstha could notbe separately isolated and identified.

19 prior to 2001 (atime period corresponding to our data, described bdow), Current Applicants
were judged based on the submission of a teaching portfolio containing two samples of student
work, two teaching lessons documentation of invavement in the paent community and in the
professiond community, and the completion of four assessment exercises on pedagogical and
content knowledgerelated to the NBPTS certification area for which they were applying. Each
portfolio component is scored and weighted according to arubric specific to thecertification area
(as of Augud 2003 there are 27 NBPT S certification areas from genera to soda studies,
science, English, art, math, etc. that are offered at variousagelevels,
http://www.nbpt.org/candidaes/guide/2_certif.html); in general the samples of student work
and teaching lessonsare weighted mos heavily, followed by the assessment exercises and then
documentation of community and professiond involvement. In 2001 some of theNBPTS
assessment procedures changed. For ingance, teachers now complete only 4 portfolio exercises,
al of which mug involve samples of student work and self-reflective commentary by the
teacher. Thedemondration of community and professiond involvement has been collapsed into
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onepottfolio entry rather than two separate ones. There are two additiond assessment exercises,
which focus more ontesting content knowedgerather than pedagogical knowledge

1 Thefirst-time pass rate was 48 percent during that time, according to ETS and NBPTS
officials. It isimportant to distinguish between thefirst-time pass rate and individudsQoverall
passrate: individudsQoveral passrate will behigher than thefirst-time passrate, since
individuds who are notinitially successful in obtaining certification may re-apply to NBPTSin
later years.

12 Thisis the percentage of candidates who passed the Praxis || exam from 19941997, which is
themos commonly used standadized test for teacher licensure (Latham et a., 1999.

3 TheBondet a. study indudes atotal of 65 teache's, and the Stonestudy indudes 18 teachers.
14 We recognize that test performance isjust oneof many ways tha NBPTS certified teachers
mightinfluence student outcomes, and that NBPTS certification may have numerousimpacts on
students. Foringance, NBPTS certified teachers might affect the propengty of studentsto drop
out of school or pursueinterests in particular subjects.

1> We have information on this for 19990nly, when the state started collectingiit.

18 For information on any variables in our data set, see Appendix A.

Y There are 74,318teachersin 1997 76,609 teachersin 1998and 78,075teachersin 1990.

18 For mosgt of the years of daain our study, over one quater of thenaion® NBCTs taughtin
North Carolina

19 state officias (a statistical andyst at the NCDPI testing office and that individud's
supavisors) stated tha at least 90% of thetime, the students classroomteacher isthe same
person as theonelisted onthar student record as thar "test administrator.” We followed up on
tha information, asking the same question of district-level testing officials. We gathered our
sample by calling thefirst 15 districts (in alphabetical order) aswell asthefive districts serving
thelargest metropolitan areas in the state, until we received ten districts responses onthe
question. All ten responges confirmed that at least 90% of thetime, thetesting administrators
were indead also students classroomteachers (alist of thedistricts that provided thisinformation
isavailable onrequest). To minimize any mismatching of student and teacher records we
excluded magne schools from our sample, since state officias indicated tha thereisareduced
likelihoodat magne schools tha theteacher listed as the testing administrator on the student@
record isin fact tha student® regular teacher.

20 \We retained only teacher test scores that fall into the prope rangefor each particular test (e.q.,
if therangeof possible scores for atest was between 100and 200, and the recorded score was a
54, we congdered thetest to bemissing). We replaced missing teacher test scores with the mean
valuefor tha particular test in order to keep as many observationsin our modds as possible.

2! For teachers with multiple scores for the same test, themost current test score was used.

22 Themost commonly available tests on teacher recordsare the Praxis |1 tests, because the state
of North Carolinabegan requiring teachers to take and submit their Praxis || exam scoresin the
second hdf of the 1990'sin order to obtain ateacher'slicense. Teachers have until June30 of
theyear that thar teaching license is granted to take and report thar Praxis || exams. Mean
value replacement was used when teachers were missing test scores.

%3 Please see Figure 1 in Appendix A for agraphical representation of the NBPTS application
and certification timeline It should be noted tha the length of the entire process varies for
candidates, depending on when they apply (JunethroughDecember in theyear previousto the
fall tha certificationisannouned).
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4 Whether ateacher is consdered certified uponcompletion of the assessment requirements or
after certification announ@ments have been made could impact theresults of thedaa andyses,
sinceit is thoughtthe assessment process can in fact detract from ateacher® performance dueto
its rigor and time commitment.

2% For more information on how variousgrowth/gain gods and measures are determined by the
state, see
http://www.ngpublicschools.org/Accountbility/reporting/2003nemo/Standadseb2003PDF
(07/28/03).

%6 For specific information on how student and teacher recordswere merged, please contact the
authors.

?'Some students and teachers may appear in our datain multiple years so we refer to each
apperance as an "observation.” Some student and teacher do notappear in our daa, despite the
presence of therr records We did notindudeobsrvationswhere we were unable to match
teachersto students. This hgppened primarily because of coding errorsin listing theteacher
name on the student@ record. For ingance, since we matched student and teacher records by
teacher name and school code if teachers last names or first names were spdled differently on
each year@ records it was not possible to match the information. Matching students across
yearsissimilarly problematic if datais entered differently between years, makingit impossible
to match multiple year records of the same student in those cases.

28 Of thereading observations 6,029 student observations have a New or Past NBCT and 303
teacher observationsare a New or Past NBCTs in our daa. Of the math observations 6,048
student obervationshave a New or Past NBCT and 303teacher observationsare New or Past
NBCTsinourdaa SeeTable B.2 for thedistribution of these students and teachers across
years and grades.

2 Unless otherwise noted, the effect sizes reported in this paper are based on the standad
deviationsof the growth in reading (6.14) and math (6.91) scores, for thefull sample of students.
% Thoughwe do notreport them all here, acomplete set of coefficient estimates is available
from theauthors uponrequest.

3L All else equd, in reading and math, growth in test score for oneyear for white students
exceedsblack students by 10 and 12 percent of astandad deviation respectively; male students
exceed female students by 2 and 1 percent of a standard deviation respectively; nonparticipants
in the free and reduced price lunch program exceed participants by 4 and 9 percent of a standad
deviation respectively; and students withoutlearning disabilities exceed students with learning
disabilities by 5 and 8 percent of a standad deviation respectively.

%2 See Hanushek (1986,1997)and Greenwald, et al. (1996)for reviews of thisliterature.

3 We are able to match teachers and student throughthe 199899 school year, but we have data
onteacher certification statusthrough199900. Since we have onemore year of information on
teacher NBPTS certification statusthan student achievement, our sample of Future NBCTs (805
unigueteacher observationg islarger than our sample of 303 Current NBCT teacher
observations

% The decrease in themagnitudes of Current NBCT and Future NBCT is not statistically
significant in either thereading or math modds.

% See discussion of themodd that is the exception to this (Column 4 of Table 2) in the next
section, which further explores theeffect of NBPTS application.

% Theeare only 87 teacher obsrvationswhere ateacher had been NBPTS certified in the past.
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3" We have 213 uniquepast NBPTS applicant teacher observationsin reading and math, and
1,345and 1,349 uniquefuture NBPTS applicant teacher obervationsin reading and math,
respectively.

% Foringance, al past applicants are teachers who went throughthe NBPTS assessment process
in 199798 or an earlier year, while future applicants are teachers who went throughthe NBPTS
assessment processin 199798 or alater year.

¥ Althoughwe do notreport them here, theresults of these modds are available from the authors
uponrequest.

“0\We also estimated teacher fixed effects modds (withoutPast NBCT dueto too little variation
in this variable) to examinethe posibility tha undoservable variables at the teacher level might
be correlated with teachersONBPTS status  Our math findingswere congstent with our other
findings in tha the coefficient on Current Applicant is negative and significant and tha the
codficients on New and Future NBCT are postive and significant, while all of the coefficients
ontheNBPTS variables (Current Applicant, New NBCT, Future NBCT) arein thesame
direction as previousreading modds but are now indgnificant. These results should be
interpreted very cautioudy, however, as theimpact of teachersONBPTS statusis identified by
variation over time in teacher'sSONBPTS status and our three-year pand, of course, containslittle
variation.

1 The"other race variable condsts of students reported to be Asian, Hispanic, Native
American, mixed and other in the state daa.

2 Furthermore, the sum of Current Applicant and New NBCT is postive and statistically
significant in the 3" grade reading and math modds, implying tha having aNBCT in the year of
applcationis ben€ficia for studentsin tha grade

* Thisfigureis calculated distributing across NBCTs the cog of assessing unauccessful
applicants and adding this to the $6,500direct cog.

* |t also dependson the subject area, butin mog elementary schools NBCTs are teaching both
math and reading.

> The .4 test score paint figure is based on the differential between the coefficients on Future
Applicant and Past Applicant in the math achievement modd (column 10 of Table 2).

% Agan, thisis actudly alower boundestimate of the cogt since the salary supplement is good
for the 10-year life thecertificate.

*" Thisis calculated by dividing the $4 400 per applicant cost by 20 students to obtain a cog per
student of $220,then dividing this by the estimated achievement effect, .03 standad deviations
*® Thisis calculated by taking the per student cost of identifyinga NBCT, $8,800divided by 20
(theassumed class size), and dividing that by theaverage assumed gan (.2 standard deviationg
per student.

* For example, NBCTs may modd effective teaching techniques for other teachers or bring
aboutother postive changes to schools.
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