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Encouraged by results from the Tennessee class size experiment, California enacted
legislation in 1996 that reduced K-3 class sizes by roughly ten students per class at an annual cost
of over $1 hillion. Although the Tennessee experiment and most recent statistical analyses find that
smaller classes benefit studentsin the early grades (particularly those who are economically
disadvantaged), little evidence exists on the effects of alarge-scale reduction in class size that
requires the hiring of alarge number of new teachers. In addition to adding many rookie teachers,
such arapid expansion of the teaching force may lead to a decline in the average quality of new
hires that offsets at least some of the benefits of smaller classes over the longer term, particularly in
high-poverty urban schools that have the most difficulty attracting and retaining teachers. Ross
(1999) describes the influx of inexperienced, non-certified teachersinto elementary schoolsin
South Central Los Angeles following class size reduction (CSR). Thisinflux, he reports, was
prompted in part by the departure of many experienced teachers to newly created positions in more

affluent communities.

As Heckman (2001) emphasizes, it isimportant to consider both direct and indirect effects
of apolicy in order to gain a comprehensive understanding of itsimpact. With that in mind, this
paper investigates the effects of the California CSR program on student achievement with special
attention to the link between class size and teacher quality. A number of factors hinder an analysis
of the overall effect of CSR. Because Californiadid not administer statewide examinations until the
1997-1998 school year, no baseline measure of achievement prior to CSR isavailable. Also, the
statewide implementation of CSR makes it more difficult to separate its effects from other changes

including expanded school accountability, the spread of charter schools, and test score inflation.

Previous evaluations of the effects of CSR compare achievement in schoolsthat did and
did not implement CSR in the initial year. In drawing these comparisons, the reports used

demographic information and student performance in non-CSR grades as controls for potentially



confounding differences in students and schools. Although such comparisons may well account
for most of the systematic differences between timely and late adopters of CSR, these difference-
in-difference estimators are likely to be contaminated by the effects of CSR on non-CSR grades.
As we show below, evidence strongly suggests that the implementation of CSR also affected the

composition of teachers and student achievement in grades not directly affected by CSR.

Our approach also uses differencesin the timing of CSR implementation but does not
compare achievement across schools on the basis of the year a school reduces class size. Instead,
we remove school fixed effects and use class size and teacher characteristic changes between 1997
and 1999 to estimate the effects of smaller classes and teacher characteristics on third-grade
achievement. The class size coefficients can be multiplied by the average reduction in class size
under CSR to obtain estimates of the gains from reducing class size for schools with particular

demographic compositions.”

Although included variables provide some information on teacher quality, these and other
observable characteristics explain only asmall portion of the total variation in quality as measured
by teacher value added to achievement (Rivkin, Hanushek, and Kain, 2000). Therefore we attempt
to capture unmeasured changes in teacher quality in addition to the changes in observable
characteristics by comparing the relationship between class size and achievement in schools that
implemented CSR in 1998 or 1999 with the relationship for schools that had aready implemented
CSR as of 1997. This approach takes advantage of the fact that sources of within-school variation
in class size for the years 1997 and 1999 differ systematically with the timing of CSR
implementation. On the one hand, class size variation between 1997 and 1999 for early adopters
(1996 or 1997) stems almost entirely from natural shifts over time in enrollment that are unlikely to

be related to teacher quality changes. Estimates of class size effects for these schools should

! See Bohrnstedt and Stecher (1999) and Stecher and Bohrnstedt (2000).



capture the direct effect of class size holding teacher quality constant. On the other hand, the
differencesin class size between 1997 and 1999 for schoolsimplementing CSR in 1998 or 1999
comes mostly from the hiring of additional teachers. Estimates of class size effects for this set of
schools should combine the direct effect of class size with any related change in teacher quality.
Any fal in average teacher quality following the implementation of CSR should reduce the
magnitude of the class size estimates obtained from the sample of |ate adopters. However, this
approach does not capture any decline in teacher quality following either the departure of teachers
to other schools with newly created positions or exits out of fourth or fifth grade to take advantage
of the newly smaller classesin the early grades. Therefore it provides alower bound estimate of the

total change in teacher quality that accompanied the implementation of CSR.

The results show that other things equal, smaller classes raise mathematics and reading
achievement in third grade, particularly for lower-income students. However, the pattern of
estimates al so suggests that program implementation led to a decline in average teacher quality for
low-income students, partially offsetting the gains from smaller classes. The declineis most
noticeable in high percentage black schools that almost certainly face some of the most difficult
teacher labor markets in the state. Because changes in teacher experience account for only a portion
of this decline, the alarming possibility exists that class size reduction asimplemented in California
may not benefit or may even harm some of the most disadvantaged students in the state over the

longer term by leading schools to hire teachers from lower down the quality distribution.

The paper is structured as follows. Section 2 describes the data set and test score
instrument used in California. Section 3 devel ops ateacher demand and supply framework
focusing on the role of teacher certification. It then documents changes over time in a number of

teacher characteristics following the implementation of CSR. Section 4 devel ops the empirical

2 Unpublished regression results for Texas find approximately linear class size effects on achievement in
fourth and fifth grade for classes with between 10 and 35 students.



model used to analyze the relationship between achievement, class size, and teacher quality.
Section 5 reports the results, focusing on differences by student demographic characteristics,
digtrict and the timing of CSR implementation. Section 6 summarizes the analysis and discusses

policies related to both class size and teacher quality.
2. Data Sour ces

The data come from the Caifornia Department of Education (CDE) and include al public
elementary schools (grades kindergarten through six) in California with the exception of charter
and alternative schools (such as special education schools). Four years of data are used: 1990-1991,
1995-1996, 1997-1998, and 1999-2000 (for ease of discussion we subsequently refer to an
academic year by the calendar year in which it begins). Micro-data are not released by the CDE,

but aggregate information on students, teachers and schoolsis available for each grade.

The data set combines student demographic data and test performance with information on
average class size and teacher experience, certification, and education. Beginning in 1997, each
Cdlifornia public school student in second through eleventh grade took the Stanford A chievement
Test Series, Ninth Edition, Form T (Stanford 9) multiple-choice test, administered by Harcourt,
Brace & Co. Our measure of achievement for mathematics and reading test performanceis
percentage of non-limited English proficient (LEP) students who exceed the 50™ percentile score
based on national norms for each test.® Implementation of class size reduction in second grade was
nearly universal as of 1997, meaning that there was little variation in the timing of second-grade

CSR adoption. Therefore, the analysis of CSR focuses on third grade.

% Other test score resultsincluding individual or school mean scores are not available in 1997. Students
classified as LEP are excluded because the testing requirements for L EP students changed between 1997 and
1999 and tests given in English are not good indicators of mathematics knowledge for non-English speakers.



3. California Public Elementary School Teachers: 1990-1999

The implementation of CSR led to a dramatic change in the composition of third-grade
teachersin California public schools. Not only did the employment of third-grade teachers increase
by more than 50 percent within two years, there was substantial teacher movement among schools
and districts. In particular, there is evidence that inner city schools serving high poverty, high
proportion black or Hispanic student bodies lost many teachers to more affluent communities. As
we document below, this led to asubstantial increase in the proportion of teachers lacking full
certification and experience in these schools. Whether this portends along-term decline in teacher
quality depends upon the links between quality, certification, and teacher cohort size. We now
draw upon previously developed models of teacher labor supply and demand in order to highlight
issues particularly germane to California. Following this discussion is a description of the changes

in Californiathird-grade teachers following the implementation of CSR.

CSR and the Supply and Demand for Teachers

The teacher labor market depends upon a number of factors that affect both demand and
supply. Recent work by Flyer and Rosen (1997) highlights the impact of the improvement in
women'’s labor force opportunities on both demand and supply. While the effect on teacher 1abor
supply may be ambiguous, the decline in the earnings of women teachers relative to women in
other occupations suggests that the expansion of alternative opportunities reduced average teacher

quality during the latter part of the 1900s (Hanushek and Rivkin, 1997).

State licensing is another important factor that has an ambiguous effect on teacher quality.
Though education and training requirements in combination with any certification examinations
may raise the skills of some prospective teachers, they may also discourage or even prevent others
from entering the profession by raising the opportunity cost of teaching. Consider the demand for

teachers by school sin a state such as Californiathat requires a school to hire afully certified



teacher if possible. Equation (1) represents demand as a positive function of skill, certification, and
other factors such as connections with specific teacher training programs and a negative function of

teacher salaries.

D D, = f(skill, certification, other factors, saary)

Schools are assumed to rank order teachers on the basis of expected classroom effectiveness (i.e.
skill), certification status, other factors and salary. Because schools value both skill and
certification, in order to be preferred to afully certified teacher, a non-fully certified applicant must
be of higher expected quality, other things equal.

Equation (2) describes the supply of teachers to school s as a positive function of salary
and non-pecuniary amenitiesin school s and a negative function of salaries and amenitiesin nearby
digtricts, distance to desirable housing, earnings opportunities in other occupations, and

certification.*

2 S =f(sdlary & amenities;, salary & amenitieSgiher schools, SAlary & amenities oiner occupationss

distance,, certification)

The magnitude and distribution of any changes in teacher characteristics following the
implementation of CSR clearly depends upon both the details of the class size reduction, any
commensurate increases in salary, and the elasticities of teacher supply for different types of
schools. In terms of the first, Appendix Table 1 showsthat CSR reduced third-grade class size from
roughly 30 to 20 for al types of schools. Asaresult, the number of CSR-induced openings at a
given school depended only on the size of the school, not on the characteristics of its student body.

With respect to teacher salaries, Appendix Table 2 shows changes over time in average earnings of

* Evidence on non-pecuniary characteristics strongly suggests that teachers tend to prefer schools with lower
percentages of poor, non-white and low performing students (Hanushek, Kain and Rivkin, 2001). Recent
work by Lankford, Loeb, and Wyckoff also (2002) highlights the very localized nature of teacher labor
markets and strong preference for shorter commutes..



young, non-teacher female college graduates in California, probably the best measure of the
opportunity cost of teaching. Though the small sample sizes|ead to large year-to-year fluctuations
in annual earnings, taken as a whol e the table strongly suggests that the rise in non-teacher earnings
matched if not exceeded the rise in starting teacher salaries during the 1990s, a period of rapid
economic growth in California and the nation as awhole. Specificaly, between 1993 and 1999
non-teacher earnings grew by three percentage points more than teacher starting salaries (26 to 23
percent). Using three year averages (1993-1995 to 1998-2000) increases the gap to ten percentage

points.

Finally measures of supply conditions for different types of schools are not readily
available, although Ballou and Podgursky (1997) and others argue that excess supply characterizes
most teacher labor markets, especially those in middle class communities. Such schools can meet
increased demand by drawing from new teachers, those currently out of teaching, and teachers
working in less preferred districts, though the need to fill so many slotsin such ashort period likely
necessitated even these schoolsto hire less qualified applicants. On the other hand, schools serving
academically and economically at risk students likely confront afar more inelastic supply of
certified teachers. Lankford, Loeb and Wyckoff (2002) find that the combination of distanceto
desirable housing and characteristics associated with a high poverty, high proportion black or
Hispanic student body severely inhibits the ability of administratorsto attract and retain high
quality or even fully certified teachers. Asthe next section documents, these factorsled to a
dramatic change in the characteristics of elementary school teachersin high poverty, high percent

black and Hispanic schools.



Teacher Experience, Certification, and Education

This section describes changes in teacher experience, certification, and education following
the implementation of CSR.” The tables are constructed in the following way. Schools are divided
into four categories according to the percentage of students eligible for afree lunch.® Then, the
average of the teacher characteristic, such asthe school’ s percentage of new teachers, is calculated
from all the schoolsin that free lunch category. In the case of the final row (“All Students’),
schools are weighted according to total enrollment, and the reported percentage reflects the average
for al studentsin that income category. In the other rows the cal culations weight each school by
the number of studentsin the specific racial/ethnic group (e.g. Asiansin the case of the first row)
thereby creating averages for studentsin each of the four racial/ethnic groups.” Differences among
racial/ethnic groups within each free lunch category provide information on the degree to which the

distributions of teacher characteristics differ by race/ethnicity independent of income.®
Experience

Although average experience is not closely linked with achievement gains, recent work
suggests that first and second year teachers perform markedly worse than more experienced
colleagues, and the distributions of these inexperienced teachersis highlighted.® Table 1 describes
the percentages of new and second year teachersin third grade. A clear pattern in teacher
experience based on percent free lunch exists throughout the time period: the percent of teachers

with no years or one year of experience increases with the percent of free lunch for all

® Bohrnstedt and Stecher (1999), Stecher and Bohrnstedt (2000), and Betts, Rueben, and Danenberg (2000)
also describe the distribution of public school teachersin California, though they do not focus on first and
second year teachers or divide schools on the basis of student race/ethnicity and income.

® The measure of poverty is actually the percent of students in the school who are eligible for free or reduced
price lunch. For simplicity, we refer to this percentage as the percent free lunch.

" The calculations assume that there is no systematic variation within schools by race or ethnicity in the
probability of having inexperienced or uncertified teachers.

® Because the free lunch variable is a crude measure of income, race/ethnic differences conditional on income
may also reflect income differences not captured by the four free lunch categories.

® See Rivkin, Hanushek, and Kain (2000) for evidence on teacher experience.



race/ethnicities. The gap in teacher experience between low-poverty and high-poverty schools
widens for nonwhites following the implementation of CSR. For studentsin the highest poverty
schools (75 percent or more free lunch), the increase between 1995 and 1997 in the percentage of
teachers with no experience ranges from over 180 percent for whites to over 220 percent for
Hispanics. Although the percentage of teachersin their first year declines for al demographic
groups between 1997 and 1999, the rate in 1999 till exceeds that in 1990 for nonwhitesin high

poverty schools.

The substantial variation in the percentage of new teachers by race/ethnicity and percent
free lunch, coupled with the similarity across these groups in the average reductionsin class size
(see Appendix Table 1), indicate a substantial teacher movement away from high poverty, high
percent nonwhite schools. Using data not available for this study, Reichardt (2000) does find

evidence of such mobility in the first year following CSR implementation.

Certification

Theleft half of Table 2 reports the percentage of teachers who lack full certification. In
1990, there is virtually no systematic ordering by income. By 1995, non-certification rates have
begun to climb, particularly in higher percent free lunch schools, although some of the increaseis
likely aresult of better reporting of teachers with emergency credentials. There is no doubt,
however, that non-certification rates increase dramatically following CSR. In 1997, the non-
certification rates were between 3.3 and 6.1 percent for low poverty schools (0 to 25 percent free
lunch), compared with arange of 12.0 to 27.9 percent for high-poverty schools (75 percent or more

free lunch). Similar differences remainin 1999.

Within each income category, the increases in non-certification rates from 1995 to 1999 for

blacks and Hispanics are noticeably higher than for Asians and whites. In 1999, between 23 and 28

10



of black and Hispanic students in high-poverty schools (75 percent free lunch or more) have

teachers who lack full certification.

Education

One certification requirement for experienced teachersis the completion of 30 course hours
in addition to a bachelor’s degree.”® The fact that education and certification are tied together is
reflected in theright half of Table 2. Similar to experience and certification, the percent of teachers
with only a bachelor’ s degree rises monotonically with the percent free lunch. This pattern is
evident for the entire decade. The difference between white and nonwhite grows following the
class size reduction, and the percentage of teachers with no postgraduate education isfar larger in
the highest percent free lunch category for nonwhite students. Over onethird of the teachersfor
black and Hispanic students, along with nearly 30 percent for Asian students, lack any education
beyond the completion of abachelor’s degree. The broad based trend towards fewer teachers with
only a bachelor’ s degree observed between 1990 and 1995 for al demographic categoriesis

nowhere to be seen in 1999.

Large Urban Districts

The statewide trends reveal dramatic changes in teacher characteristics, but they almost
certainly conceal substantia variation among metropolitan areas, particularly given evidence that
teacher labor markets are highly localized (Lankford, Loeb, and Wyckoff, 2002). Therefore the
following tableillustrates trends in experience and certification for each of the six largest school
digtrictsin California. Because of the smaller sample sizes and the high correlation between

poverty and racial composition, the tables divide schools only by race/ethnicity.

19 Currently, new teachers can obtain a preliminary full credential — valid for up to three years — without
completing the 30 hour requirement.
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Theleft half of Table 3 describes changesin the percentages of teachers with zero or one
year of experience. The share of inexperienced teachers in some of California s largest districts has
risen to an aarming level. In 1999-2000, for black and Hispanic studentsin San Diego, nearly 30
percent of the teachers arein their first or second year. Around 20 percent of the teachers for black
and Hispanic studentsin Los Angeles, Long Beach, Oakland, and San Francisco arein their first or
second year. In sharp contrast, Asian and white students in these districts —aswell asall studentsin
Fresno — have rates of inexperienced teachers quite comparable to the average California school

with asimilar demographic composition.

Thedistribution of the proportion of teachers without full certification presented in the
right panel of Table 3 differs somewhat from the experience distributions. In some ways, the
certification rates for the six largest districts mirror that of the state as awhole: essentialy no
uncertified teachersin 1990-1991 and 1995-1996, followed by alarge increase in 1997-1998 with
the class size reduction. Furthermore, by 1999-2000 the percentage of not fully certified teachersis
noticeably higher for nonwhite students than for white students. However, there is aso substantial
heterogeneity among the districts. In San Diego, only 5.6 percent of the teachers for black students
and 8.4 percent of the teachers for Hispanic students do not have full certification despite the large
numbers of new teachers.™! In Long Beach, Los Angeles, and Oakland, on the other hand, over one
fourth of black and Hispanic students have uncertified teachers, whereas the proportions for Asian

and white students are similar to the statewide averages for these two demographic groups.™

1 An alternative explanation is that the certification data are quite poor in San Diego, raising questions about
this aspect of the analysis. Similar concerns exist with the 1997-1998 data for San Francisco, where every
single teacher claims to be fully certified. The regression analysisin subsequent sectionsis not affected by
any possible problems with the datain San Francisco or San Diego.

12 Fresno has very few teachers without full certification in any of its schools.
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Summary

These tables document substantial changes in the distributions of teacher characteristicsin
third grade in California during the 1990s. All of the shiftsin experience, certification, and
education should not be attributed to CSR, because Stecher and Bohrnstedt (2000) show that
certification fell at the high school level aswell. Nevertheless, the much larger changes in third
grade concentrated around the time of class size reduction provide strong evidence that CSR
atered the composition of the third-grade teaching force in important ways. Whether the changes
in observable characteristics actually reflect a substantial decline in teacher quality is akey issue

that we explorein the next two sections.

4. Empirical Model

Cdliforniathird-grade students, particularly nonwhites from low-income familiesliving in
large, urban districts, experienced dramatic changes in both class size and teacher characteristics
following the implementation of CSR. The key question is how the reduction in class size and any
accompanying changes in teacher quality affected student performance. This section devel ops the

methods used to analyze the inter-rel ationship among class size, teacher quality, and achievement.

Previous Work

Recent research utilizes social experiments and innovative statistical methods to identify
the causal effect of smaller classes holding teacher quality constant. The most prominent of these
isthe Tennessee STAR experiment. Students were randomly assigned to small classes or larger
classes. A comparison between achievement in large and in small classes provides an estimate of
the benefits of smaller classes but provides no information on changes in teacher quality. Krueger

(1999) and Krueger and Whitmore (2001) find that smaller class sizesin kindergarten and first
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grade had a significant and lasting impact on achievement. However, Hoxby (2000) discusses

potentially serious problems with the randomi zation of both students and teachers.*®

Recent studies by Angrist and Lavy (1999), Hoxby (2000), and Rivkin, Hanushek and
Kain (2000) identify plausibly exogenous variation in class size in order to learn more about the
effects of class size on achievement (in Israel, Connecticut, and Texas, respectively). Except for
Hoxby (2000), the studies find that smaller classes significantly increase achievement in the early
grades (grade 5 and below), and the effects tend to be larger for lower income students. Because
data problems attenuate the estimates in Hoxby (2000), the overall pattern of results suggests that

smaller classes raise achievement, other things held constant.™

One important feature of these studies isthat they go to great lengthsto hold all other
factors, particularly teacher quality, constant. However, an extensive class size reduction program
such as that undertaken by Californiainevitably alters the composition and quality of the teaching
force. Consequently the controlled experiment provides only partial information on the likely effect
of reducing class size by ignoring itsimpact on teacher quality. Depending upon the elasticity of
supply of teacher quality and teacher preferences along a number of dimensions, the existing
estimates may serioudly overstate the benefits of smaller classes, particularly for schools that have

adifficult time attracting teachers.

Theinitid analysis of CSR conducted by the Class Size Reduction Research Consortium
does consider the impact of changes in teacher quality.” Consortium evaluations of the effects of
CSR on achievement compare schools that implemented CSR in theinitial year with those that did

not (although funding was available for al schools, some did not participate in the first year). In

13 Also see Ehrenberg et a (2001) for additional discussion of Project STAR.

I n the Connecticut data used by Hoxby (2000), tests are administered in the Fall. Therefore, the tests are
regressed on class size for the previous school years. If a student moved into the school or district for the
current academic year, he or she would receive an erroneous measure of class size. Such measurement error
attenuates the estimates of class size effects on achievement.
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order to account for differences between schools that did and did not implement CSR in atimely

manner, demographic information and fourth or fifth grade test scores are used as controls.

Essentially these difference-in-difference estimators compare the difference between third
and fifth grade test scores in schools that adopted CSR to the difference in schools that did not. The
validity of this approach rests on the assumption that the timing of CSR implementation did not
affect achievement in non-CSR grades. But the CSR Consortium documents large increasesin
inexperienced teachers in the fourth and fifth grades following CSR even though the program had
no direct effect on class sizes in these grades (Stecher and Bohrnstedt, 2000). In combination with
estimates presented below showing that changes in fifth grade average achievement are
systematically related to changes in third-grade class size, this raises serious doubts that this

method produces consistent estimates.

The approach adopted in this paper relaxes some of the more problematic assumptions
underlying the Consortium evaluation in an effort to obtain better estimates of the effect of CSR.
Moreover, it attempts to gain a more comprehensive understanding of the links between class size

reduction, teacher quality, and student achievement.
Empirical Model

Theimplied model that lies behind this analysis has the general form:

@ A= Z X, +iCS.m +iTCm +iyi +ia +iem

Equation (3) describes student achievement (Aisyc) for individual i in school s, grade g and cohort c.

Achievement is afunction of the entire histories of family and community background variables

1> See Bohrnstedt and Stecher (1999) and Stecher and Bohrnstedt (2000).
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(X); of class size (CS); of teacher characteristics (TC); of fixed individual skill and motivation®
(y); of a school fixed effect capturing unobserved school differences (6); and of random errors ().
For notational ease, each of the inputs is measured in achievement units such that the coefficient is

1

The entire histories of these inputs are not available for this study or any other, and
achievement is not reported for individuals. Theinability to follow students over time negates the
possibility of analyzing the rate of learning with a value added model. As mentioned above, the
focusis on third grade due to data limitations for other grades affected by CSR. Consequently, we
utilize data from 1997 and 1999 to estimate the following levels model for third grade

achievement:

4 A =X_a,+CSa.+TC_a,. +6,+d +d *I .+« +&

Equation (4) describes third-grade student achievement (As) for school s and cohort ¢ (1997 or
1999). All variables are measured at the third-grade level unless otherwise stated. The vector TC
includes the percentage of teachersin their first year, the percentage in their second year, the
percentage not fully certified, and the percentage with no graduate education. The vector X
includes percentage black, percentage Hispanic, percentage Asian, percentage eligible for afree
lunch, and percentage LEP."” A dummy variable (d.) equal to one for the 1999 cohort captures any
upward drift in the test score as well as the effects of other state policies and systematic changes
over time. Because the set of schools that implemented CSR “late” (in 1998 or 1999) likely differ
from other schools, the equation contains a dummy variable for these schools (Ii4). Thisvariableis
interacted with d, so that it controls for any systematic differencesin the rate of test score growth

over time between early and late adopters. Unobserved school quality is decomposed into a

®This term incorporates any fixed learning differences that are formed before school entry.
¥ Due to data constraints, we use school-level averages for percent free lunch and percent LEP. All other
variables are available at the grade level.
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permanent (8) and atime varying component (w), the latter of which primarily reflects changes

over timein teacher quality that are not captured by the included characteristics.

Because the limited set of explanatory variables omits many important current and past
determinants of achievement, OL S estimation of equation (4) would almost certainly confound the
effects of the specific measured elements with unobserved differencesin family and community
background aswell asindividual skills and motivation. In an effort to minimize any bias, we make
use of the availability of two years of data and estimate amodel of school fixed effects that uses
only within school variation over time to identify the coefficients. Not only doesthe fixed effects
approach remove all time invariant school characteristics (8y), it al'so controls for school average
family influences that are constant over time. For example, if some school districts tend to attract
more highly educated parents than others, the persistent aspect of the education gap will be
removed. However, if changesin class size are correlated with unobserved factors that also affect

achievement, the fixed effect estimates will be biased.

In the case of Cdlifornia, two potentially confounding factors would appear to be most
important. Thefirst isteacher quality. If areduction in class size that requires additional teachers
tends to dilute unobservable teacher quality (i.e. decrease w), the class size coefficients will
conflate the true class size effect with the change in quality, because cov(CS, w) will not equal
zero, conditional on the included explanatory variables. Rather cov(CS, w)>0, and the estimated

class size effects will be biased toward zero.

The second potentia impediment to the identification of the benefits of smaller classes
relates to the sources of class size differences between 1997 and 1999. One factor that contributes
to changes over timein class sizeis fluctuationsin enrollment. CSR participantsin both years
experience annual fluctuations in class size driven by small enrollment differences among cohorts.

Controlling for changes in student characteristics, thistype of natural variation first used by Hoxby
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(2000) likely provides avalid source of identification, i.e. cov(CS, w)=0."® The second major
source of class size variation isthe CSR program itself. Nearly 35 percent of schools implemented
CSR after 1997, resulting in large reductions in class size during this period. Importantly, these
schools contribute the bulk of the variation in class size. If facility constraints, administrative
turmoil, difficulties attracting teachers, or other factors that directly affect achievement contributed

to the decision to delay program adoption, the class size estimate will be biased downward.

Theregressions directly control for any systematic differences associated with the timing
of CSR implementation with the inclusion of adummy variable equal to one for schools that
reduced class sizein either 1998 or 1999 interacted with the indicator variable for 1999.%°
Moreover, we take advantage of the two different sources of class size variation in order to identify
changesin teacher quality that may accompany class size reduction. Defining ley as a dummy

variable for schools that had implemented CSR as of 1997, we estimate the following equation:

A‘sc = Xscax + Cssc * IlateaCSate + Cssc * IearlyaCSearIy +

5
® 6,+d +d *1

late + wsc + ‘Ssc

Because schools that must reduce class size more in order to qualify for CSR funding must
add proportionately more teachers, any decline in teacher quality that accompanied implementation
of CSR should reduce the estimate of 0 cgae. Consequently the difference between the class size

coefficients for late (0 cgae) and early (0cseaty) adopters provides an estimate of the decline in

teacher quality that accompanied class size reduction.

If the observed teacher variables accounted for all variation in teacher quality, their

inclusion into equation (5) would eliminate any difference between o cgae aNd O cseaty that was due

'8 Hoxby (2000) argues that enrollment differences that are not de-trended may be correlated with
unobserved changes in family background. However, we find that the exclusion of the set of student
demographic variables has no effect on the class size coefficients, meaning that any omitted variables bias
would have to come from variables orthogonal to these very important predictors of achievement.

19 Omitted factors would have to be correlated with the change in class size in order to introduce bias.
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to teacher quality. Because these three characteristics amost certainly explain only a smaller
portion of the quality variation, that is unlikely to be the case. Instead, if schools adopting CSR
were forced to hire from further down the teacher quality distribution, the inclusion of the three

teacher characteristics would not eliminate difference between o cyze and O cseary-

A&: = xscax +CSSC* Ilalea
TC_ * 1,0

*
CYate + CSSC I mrlya
*
+6 +d_+d_*1|

+TC_* | O +

CSearly late™ TClate

(6)

TCearly late + wsc + gsc

The magnitude of any quality decline depends upon teacher labor supply conditions for a
school, and the previous section showed that there islikely to be substantial variation by student
demographic characteristics and other factors. Consequently, we allow the effects of CSR and

estimates of the change in teacher quality to vary by student demographics and district.

Although the difference between estimates of Olcgiae 8Nd O cseaty Provides some information
on the change in teacher quality that accompanied the implementation of CSR, it does not capture
potentially important sources of quality decline. First, CSR may have affected teacher qudity in
other grades. A declinein class size from thirty to twenty certainly makes teaching third grade
relatively more desirable than teaching fourth or fifth grade, and the rise in the share of rookie
teachersin these grades indicate that many teachers moved to earlier gradesin order to take
advantage of the now smaller classes. Consequently any decline in quality was likely spread across
al grades, and we examine the link between fifth grade achievement and third grade class size.

Second, teacher quality may also be affected by hiring in neighboring districts or other
schoolsin the same district. Consider two schoolsin Los Angeles Unified school district, onein a
middle class neighborhood in the San Fernando Valley and the other in a high poverty area of
South Central Los Angeles. Class size reduction in the San Fernando Valley school opens up
additional jobs that may be filled by teachers currently working in South Central if they have the

appropriate level of seniority. There may not be any decline in quality in the San Fernando Valley
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school, but teacher quality could fall at the school in South Central if that school is unable to find
suitable replacements. Because any such decline in teacher quality is not linked to the magnitude of
class size change at the affected school, it will not be captured by the methods used in this paper.
Again this suggests that a comparison of third grade class size coefficients by the timing of CSR

implementation will understate any decline in teacher quality associated with the program.

Finally, any measurement error in the class size variable would almost certainly reduce the
gap between estimates of 0 cgae aNd Ocsearty, Decause the ratio of signal to noise would be much

larger for late adopters.
5. Class Size, Teacher Characteristics, and Student Achievement

This section reports the results from the analysis of mathematics and reading achievement
for the state as awhole and for a set of large urban districts. Though micro-data are not available,
estimates are permitted to vary by student demographic characteristicsin order to investigate
possible differences in both teacher labor supply conditions and direct effects of class size.

Baseline results are reported prior to the examination of differences by CSR timing.
Baseline Results

Table 4 reports the estimated effects of class size and teacher characteristics on the
percentages of third grade non-L EP students in a school who exceed the 50™ percentile (median)
mathematics and reading test scores calculated on a national basis. The odd numbered columns do
not include any controls for teacher characteristics, and therefore the class size coefficients capture
the effects of any associated changes in these variables. The even numbered columns control for
differences in experience, certification, and education. All regression specifications include the

percentages of free lunch, black, Hispanic, Asian, and LEP students, an indicator variable for late
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(1998 or 1999) CSR adopters interacted with a 1999 cohort dummy variable and the 1999 cohort

dummy variable. Descriptive statistics are reported in Appendix Table 3.

All class size estimates are negative and highly significant. Consistent with recent research
on Texas, the effects on reading are roughly seventy percent as large as the effects on
mathematics.”® The class size estimates are quite insensitive to the inclusion of the other teacher
characterigtics, probably because most schools had already implemented CSR by 1997 and the
changein class sizeis not highly correlated with changesin experience, percent not fully certified,
or education. Importantly, the class size and teacher characteristic estimates are also quite
insensitive to the inclusion of the student characteristics. Therefore any omitted variables bias must

be orthogonal to student income and race/ethnicity, significant predictors of achievement.”

Each one student decrease in class size raised the percentage who exceeded the median
mathematics score by approximately 0.4 points and the percentage who exceeded the median
reading score by roughly 0.3 percentage points. Therefore, the ten student average decline due to
CSR raised the percentages that exceeded the median by approximately 4 percentage pointsin
mathematics and 3 percentage points in reading. Further interpretation of the magnitude of these
effectsis difficult for two reasons. First, the dependent variable measures the percentage that
crosses a threshold rather than the number or percentage correct. Second, the link between these
test scores and ultimate effects on educational attainment, earnings, and other important outcomes

is not known.

In terms of the teacher characteristics, the findings in Table 4 contradict some of the

established views on the determinants of quality. First, consistent with other studies, the table

% See Rivkin, Hanushek, and Kain (2000).

2! Similarly, Altonji, Elder, and Taber (2000) find that their coefficient of interest (Catholic schooling) is not
sengitive to the omission of subsets of observable characteristics. More generally, they demonstrate that
selection on unobservables must be greater than selection on observables in order to eliminate the causal
effect of Catholic schooling on high school graduation and college attendance rates.
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provides little or no evidence that postgraduate education improves teacher quality. None of the
coefficients on percent B.A. only are significant at any conventional level, and all are extremely
small. Further dividing teachers on the basis of a master’s degree (not reported) does not change
the results. Second, none of the specifications produce a positive and significant relationship
between achievement and the percentage of teachers not fully certified. As discussed earlier, this
result is not that unexpected if uncertified teachers must be of higher quality in order to be hired in
districts that could choose afully certified teachers instead. Appendix Table 4 shows that the
results for certification are sensitive to the model specification. In particular, the failure to account
for the highly nonlinear gains to experience that are concentrated early in the career can lead to
upwardly biased estimates of the gainsto certification (see columns 1, 2, 5, and 6). If such gains
are controlled, however, the results are not sensitive to the taxonomy used to classify teachers

lacking full certification.

On the other hand, the results for experience in Table 4 are consistent with prior
expectations. For both mathematics and reading, the percentage of students who exceeded the 50"
percentile in a class with a new teacher was roughly 3 percentage points lower than in classrooms
with teachers with at least two years of experience. All of these estimates are highly significant.
Although all coefficients on percentage of teachers with one year of experience are also negative,

none are significant.
Differences by Sudent Demographic Composition

A number of studiesfind that class size and teacher experience effects are larger for low-
income or nonwhite students. In order to examine whether this holds in Californiawe interact class
size and the teacher characteristics with the percentages of free lunch and black students. The most
striking patternin Table 5 is that the effect of class size increases as percent low income increases

but not as percent black increases. The larger and significant positive interaction term with percent
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black indicates that an additional black reduces the benefit from smaller classes even if that student
is poor.?? The effects for teacher experiencein Table 5 are less precise, but they show the same
pattern as class size. In contrast, there is no evidence that having a teacher without full certification

or without any postgraduate training imposes alarger cost on low-income or nonwhite students.

Did CSR Reduce Teacher Quality?

Theresultsin Tables 4 and 5 provide only partial information on the total impact of CSR.
Most schools had already reduced class size by 1997, the first year of the sample (and the second
year of CSR). Any changesin teacher quality not captured by the included characteristics are
ignored because the tests were not administered prior to the implementation of CSR at the majority
of schools. Therefore we split the sample on the basis of CSR timing in order to gain a better
understanding of the relationship among class size, teacher quality, and achievement. As previously
discussed, the class size coefficients estimated from the sample of schools that adopted CSR as of
1997 provide estimates of the pure effect of class size, whereas those estimated from the late

adopters combine this direct effect of class size with accompanying changes in teacher quality.

Table 6 reports mathematics and reading class size coefficients from specifications based
on equation (5) that divide schools on the basis of CSR timing. Three regressions are estimated for
both mathematics and reading. For each regression, “Class Size/Late Adopter” and “ Class
Size/Early Adopter” capture the baseline class size effects for the studentsin late adopting and
early adopting schools, respectively, while “Class Size Interaction.../Late Adopter” and “Class
Size Interaction.../Early Adopter” capture any interactions with percent free lunch or percent black
for students in the two groups of schools. Schoolsthat did not adopt CSR as of 1999 were excluded

from the analysis that underlies Tables 6 and 7.

22 An dternative explanation is that blacks benefit less than their non-black classmates. In the absence of
student level data the competing explanations cannot be tested, though past evidence provides little reason to
believe that blacks benefit less from smaller classes.
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The similarity of the late adopter and early adopter class size coefficientsin Column 1
reveal little or no evidence that the quality of third-grade math instruction systematically declined
following the implementation of CSR. In the case of reading the early adopter coefficient in
Column 4 isroughly 50 percent larger, though not significantly different at the 10 percent level.
However, the previous section suggested that the dynamics of the teacher 1abor market are likely to
vary systematically by school demographic composition and other factors, and the direct benefits
of smaller classes may also vary by these same factors. Therefore the remaining columns report
results from regressions that permit class size effectsto vary by both demographic composition and

the timing of CSR implementation.

Despite the limited variation in class size among the early adopting schools, Columns 2
and 5 reveal aclear contrast between the effects of changesin percent low income and changesin
percent black; this difference is particularly striking in mathematics. Although the class size
interaction with percent free lunch is much larger in magnitude for early adopters, thereis very
little difference in the comprehensive class size effects on the basis of CSR timing in
predominantly low-income schools. For example, the estimated gain in the percentage exceeding
the nationally norm referenced median mathematics score in schools in which 75 percent of the
students are digible for afree lunch and O percent are black is 6.9 percentage pointsfor late
adopters and 7.0 percentage points for early adopters; the corresponding estimates for reading are

2.2 and 3.2 percentage points for early and late adopters respectively.

Anincrease in the percentage of students who are black, on the other hand, significantly
reduces the benefits of CSR for the late adopting schools. In the case of mathematics, the
magnitude of the interaction coefficient is roughly twice as large as the corresponding coefficient
on low income, implying that an additional poor black student tended to reduce the benefits of
smaller classin late adopting schools. Although the coefficient for the class size/percent black

interaction is also positive for the early adopting schooals, it is much smaller both in magnitude and
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in comparison to the class size/percent low income interaction. Consider schools with a 60 percent
black and a 75 percent low income student body (the average for schools with greater than 50
percent black enrollment). The estimated gain in math from reducing class size by 10 for such
schoolsis 4.6 percentage points if the schools adopted early and 0.3 percentage points (essentially
zero) if the schools adopted late. The results for reading are not nearly as strong, but there remains

asubstantial difference between early and late adopting schools.

Theresultsfor reading also indicate somewhat lower benefitsin late adopting schools, but
the gap is not as large and even late adopters enjoyed a significant positive effect in reading. The
coefficient on the percent black interaction term for schools that implemented CSR early is much
smaller (and negative in the reading regressions) and statistically insignificant, refuting the notion
that the direct benefits of smaller classes are simply much smaller in schools with alarge black

enrollment share.

An important question is whether the decline in teacher quality suffered by schools with a
high percentage black enrollment is temporary or longer term. Given the difficulties faced by new
teachers, teacher quality would be expected to fall in most schools just implementing CSR because
of the need to hire large numbers of new teachers (schoolsin more affluent communities may be an
exception if they tend to fill new positions with experienced teachers). This decline, which would
occur even if these schools continued to hire from the same pool of applicants, is an unavoidable
short-term cost of reducing class size that would disappear as these new teachers acquired more

experience.

Table 7 reports mathematics and reading class size coefficients from specifications based
on equation (6) that include teacher characteristics. The results for mathematics indicate that the
addition of the teacher characteristics, most importantly experience, reduces the percent black/class

size interaction coefficient in Column 2 from 0.0109 (in Table 6) to 0.0088 (in Table 7) for
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students in schools that implemented CSR in 1998 or 1999; there is little change for the early
adopters. Roughly twenty percent of the decline in class size effects for these studentsis eliminated
by the inclusion of teacher experience, indicating that a portion of the decline in teacher quality is
temporary. However, differencesin teacher experience do not account for most of the apparent
decline in teacher quality that accompanied the adoption of CSR. This finding suggests that some
schools were forced to draw from further down the quality distribution and that lower average

instructional quality islikely to persist for students in high percentage black schools.

As noted earlier, this approach potentially underestimates any decline in teacher quality for
anumber of reasons including the possibility that any decline in teacher quality was spread across
both CSR and non-CSR grades. In order to provide additional evidence, we consider the
relationship between fifth-grade achievement and third-grade class size. Theresultsin Table 8
from specifications that exclude 5™ grade teacher characteristics but include 5™ grade class size
show that aten student reduction in third-grade class size led to roughly 2.0 to 2.4 percentage point
decline in the percentages of fifth-grade students who exceeded the national mediansin
mathematics and reading in schools with 60 percent black enrollment. In addition, it appears that
changes in the percentages of fifth grade teaches with zero and one year of experience account for
roughly one fourth of the decline in fifth grade teacher quality associated with the reduction in third
grade class size; the inclusion of fifth-grade teacher experience reduces the size of the coefficient
on third grade class size by roughly 25 percent. Similar to the evidence for third grade, the findings
for fifth grade suggest that in higher percentage black schools, CSR led to both the need to hirea
number of inexperienced teachers and a decline in average quality conditional on experience.
Labor Market Differences Across California

Because of potential differencesin teacher labor market conditions, the findings for the
state as a whole may conceal substantial variation among districtsin the change in teacher quality

and benefits of CSR. It would be very interesting to compute separate estimates for each of the
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large districts across the state, but small sample sizes would make this an uninformative exercise
with the exception of Los Angeles. Therefore Table 9 reports results for third-grade achievement in
the state as awhole, Los Angeles Unified schoal district, the next five largest districts combined,
and all districts other than Los Angeles. Note that at least one third of schoolsin teach of the six
largest districts adopted CSR late, providing the necessary conditions for a declinein teacher
quality between 1997 and 1999. However, because school-to-school teacher transfers are
commonplace in large districts, the link between CSR timing and any decline in teacher quaity
within district is much weaker. In combination with the very small sample sizes, thislimitsthe
value of dividing the sample for this part of the analysis.

Theresultsin Table 9 suggest that high percentage black and high percentage low income
schoolsin LA Unified suffered large declines in mathematics achievement in response to CSR
regardless of whether teacher characteristics are included in the regressions. Specifically, the
interaction term between percent black and class size isnearly twice aslargein LA Unified asin
the state as awhole (see Table 5), and the low income interaction is a so positive and statistically
significant. By comparison, the interaction between class size and percent black for the next five
largest districtsis much smaller and imprecisely estimated. For all districts other than Los Angeles,
thefinal column reveals amuch smaller and less significant positive interaction with percent black
that is of the same magnitude as the interaction with percent low income. Finaly, the results for
reading are much less precisely estimated but suggest similar disparities between LA Unified and

either the state as awhole or the next 5 largest districts.

6. Summary and Policy Implications

The characteristics of teachers and classrooms changed dramatically during the 1990s for
al demographic groups. The now standard class size of 20 students for gradesK through 3is

roughly one third smaller than the average just six years ago, and the results suggest that smaller
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classes increased mathematics and reading achievement, other things equal. Y et the rapid
expansion of the teaching force needed to staff the additional classes hasled to adramatic increase
in the percentage of teachers who lack full certification, who have no postgraduate education, and
who arein their first or second year of teaching. These changes have been concentrated in high-
percentage nonwhite and free lunch schoals, particularly those in Los Angeles. For example, in
1999, nearly 30 percent of the teachersin these schools were not fully certified, while over 10
percent werein thefirst year of teaching. Overall, the income and race/ethnicity gaps in teacher

quality widened aong virtually all measured characteristics between 1995 and 1999.

Although neither teacher education nor certification appear to be strongly related to teacher
quality as measured by student performance, the pattern of estimated class size effects suggests that
teacher quality has deteriorated for students attending schools in which a substantial percentage of
the student body is black; this effect is particularly striking in Los Angeles Unified School District.
Therise in the incidence of rookie teachers explains a portion of the decline, but it appears that
these schools were hiring and retaining teachers from lower down the quality distribution following

the implementation of CSR.

This conclusion that a decline in teacher quality offset the benefits of smaller classes is not
based on observable measures of quality. Rather it rests upon the assumption of sizeable
differencesin teacher effectivenessthat are not well captured by the included variables. In other
words, we believe that the decline in observable teacher characteristics (i.e. a higher proportion of
uncertified teachers with little or no experience) is accompanied by asimilar declinein
unobservable teacher quality for both certified and non-certified teachers. There may be other
explanations for the observed pattern of class size estimates, such as differencesin other school
resources that are correlated with the change in class size, but we believe that the most plausible

explanation is a decrease in teacher quality following the implementation of CSR.
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These findings highlight the importance of the easticity of the supply of teacher quality in
the determination of the benefits from class size reduction. Although that supply might be highly
elagtic in schools serving middle- or upper-income students, the results are consistent with the view
that schools serving a predominantly black student body face severe difficulties in attracting and
retaining high-quality teachers. Persistent teacher shortagesin New Y ork City illustrate the
challenge of staffing schools that serve disadvantaged children, particularly those in urban districts
in which senior teachers are able to choose their preferred school.? Similar teacher shortagesin
Cdlifornia'slargest cities, the impending retirement of alarge share of teachers, and the expanding
wage opportunities for women outside of teaching all suggest that this phenomenon is neither short

term nor limited to Cdifornia.

There are potentia policy levers for reducing the adverse costs of class-size reduction by
making the supply of teacher quality more elastic. Evidence that certification is only weakly related
to quality, particularly for low- income and nonwhite students, and the lack of association between
teacher education and student outcomes strongly suggests that personnel policies should be
reexamined. Removing the link between postgraduate education and pay and relaxing or
eliminating many certification requirements would lower the cost of becoming a teacher with
arguably little cost in terms of preserving quality. Higher pay, particularly for teachers who serve

disadvantaged students, also may be necessary in order to attract and retain higher-quality teachers.

The unintended consequences of class-size reduction could probably be reduced if the
program were targeted toward schools serving disadvantaged populations. Evidence consistently
shows that non-disadvantaged students obtain quite small gains from smaller classes, particularly in
comparison to those with low family income. In a more fundamenta way, the targeting of large
sums of money for statewide or nationwide class-size reduction would appear to be a faulty

approach to improving school quality. School and district circumstances including personnel

% See Lankford, Loeb, and Wyckoff (2002) for a description of the teacher labor market in New Y ork.
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considerations are far too disparate for such ablunt, “ one-size-fits-all” program. Rather, policies
should accommodate the fact that schools and districts face very different constraints and have very

different needs.
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Table 1. Teacher Experience by Student Income and Race/Ethnicity

Percent Percent O Years Experience Percent 1 Year Experience

Free Lunch 1990

Asian 0-25
25-50

50-75

75-100

All

Black 0-25
25-50

50-75

75-100

All

Hispanic 0-25
25-50

50-75

75-100

All

White 0-25
25-50

50-75

75-100

All

All Students

4.5
4.9
6.6
8.0
5.7

4.4
5.3
10.0
9.2
7.6

50
5.7
7.6
7.4
6.8

4.5
5.7
6.5
8.3
53

6.1

1995 1997 1999

3.4
3.1
3.8
5.2
3.9

3.6
3.1
5.0
9.4
6.4

3.7
4.2
5.2
7.6
6.3

3.7
3.2
4.2
6.2
3.9

5.1

10.6

9.0
121
14.9
11.7

9.9
8.7
11.6
20.6
15.2

10.5

9.2
13.6
17.6
15.1

9.3
7.6
10.7
12.7
9.5

12.6

4.5
4.8
6.1
8.3
5.8

4.9
5.4
6.4
11.3
8.3

4.6
4.7
6.3
8.8
74

4.2
3.3
4.4
6.2
4.2

6.2

1990

6.0
6.7
7.3
8.8
6.9

7.3
7.0
7.6
8.8
7.7

8.4
7.7
8.5
7.6
7.9

7.1
7.1
8.0
8.0
7.3

7.5

1995 1997 1999

34
3.1
5.7
6.7
4.8

3.8
3.8
6.0
8.4
6.5

4.1
4.1
52
7.0
5.9

4.3
35
4.8
6.1
4.3

52

7.8
9.1
10.0
9.6
9.0

8.2
7.5
10.3
11.7
10.4

7.9
8.2
9.2
10.6
9.8

8.2
7.5
8.1
9.7
8.1

9.1

59
6.4
8.3
110
7.7

5.6
5.6
7.9
13.8
9.9

6.4
6.2
8.4
10.7
9.3

5.5
5.1
6.2
9.1
59

8.0

Notes: Schools are divided into four categories according to the percentage of students eligible for afree

lunch. Then, the average of each teacher characteristic is calculated from al the schools in that free lunch
category. In the case of the final row (“ All Students”), schools are weighted according to total enrollment,
and the reported percentage reflects the average for all studentsin that income category. In the other rows

the calculations weight each school by the number of studentsin the specific racial/ethnic group (e.g.

Asiansin the case of the first row) thereby creating averages for students in each of the four racial/ethnic

groups.
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Table 2. Teacher Certification and Education by Student Income and Race/Ethnicity

Percent Percent Not Fully Certified Percent with B.A. Only

Free Lunch 1990

Asian 0-25
25-50

50-75

75-100

All

Black 0-25
25-50

50-75

75-100

All

Hispanic 0-25
25-50

50-75

75-100

All

White 0-25
25-50

50-75

75-100

All

All Students

0
0.6
0.4
0.5
0.3

0
0.5
14
11
0.9

0.1
0.7
0.8
0.6
0.6

0.1
0.4
0.4
0.2
0.2

04

1995 1997 1999

0.1
0.3
11
25
1.0

0.2
0.5
2.4
5.8
3.3

0.5
0.7
2.0
4.0
2.8

0.3
0.6
1.0
16
0.6

18

5.0
59
10.6
14.2
8.9

6.1
6.7
12.1
27.9
18.2

5.3
6.7
13.6
24.8
18.4

3.3
4.7
8.2
12.0
56

12.6

4.6
5.8
10.2
16.0
8.7

6.3
6.0
135
281
18.0

5.2
6.3
116
232
17.2

3.4
4.4
7.3
12.0
5.2

12.2

1990 1995 1997 1999

12.6
13.8
20.2
28.0
174

12.9
16.3
235
33.6
231

13.7
14.8
20.0
32.6
22.8

12.3
14.7
195
25.2
145

18.5

8.4
12.2
139
19.7
135

119
14.3
15.0
27.6
20.1

10.1
119
12.7
259
194

9.8
111
11.8
175
11.3

15.6

15.2
16.4
20.1
24.6
19.0

16.5
18.1
231
35.7
27.7

15.1
16.3
21.8
344
27.7

124
13.0
16.7
22.3
145

21.8

112
134
19.2
28.5
174

11.3
14.7
225
38.8
27.3

12.9
13.2
20.3
33.9
26.7

110
115
16.7
219
133

211

Notes: Schools are divided into four categories according to the percentage of students eligible for afree

lunch. Then, the average of each teacher characteristic is calculated from al the schools in that free lunch
category. In the case of the final row (“ All Students”), schools are weighted according to total enrollment,
and the reported percentage reflects the average for all studentsin that income category. In the other rows

the calculations weight each school by the number of studentsin the specific racial/ethnic group (e.g.

Asiansin the case of the first row) thereby creating averages for studentsin each of the four racial/ethnic

groups.



Table 3. Teacher Experience and Certification by District and by Student Race/Ethnicity
in the Six Largest School Districts

Percent O or 1 Y ears Experience Percent Not Fully Certified
1990-91 1995-96 1997-98 1999-00 1990-91 1995-96 1997-98 1999-00

Fresno Asian 14.3 5.7 13.7 10.9 0 0 18 1.2
Black 119 6.3 18.6 6.2 0 0 32 11
Hispanic 13.0 37 17.6 8.7 0 0 20 1.8
White 9.0 15 8.2 2.7 0 0 0.4 14

All 12.0 4.0 15.0 7.7 0 0 1.8 15

Long Asan 18.0 154 29.2 19.7 0 111 27.1 30.1

Beach  Black 20.2 16.1 28.2 20.4 0 10.0 28.6 30.0
Hispanic 20.9 16.0 30.8 22.7 0 13.0 30.0 30.7
White 9.8 71 20.7 12.8 0 3.6 17.7 144

All 171 14.2 28.1 20.0 0 10.2 26.9 27.6

Los Asan 11.3 9.0 30.6 12.6 0 2.8 28.2 15.6

Angeles  Black 13.6 175 35.8 21.2 0 6.0 37.1 29.7
Hispanic 124 14.2 315 18.6 0 4.6 36.9 25.8
White 11.8 13.0 29.3 124 0 31 229 13.1

All 124 14.2 31.9 18.0 0 4.5 34.9 24.5

Oakland  Asian 15.8 7.4 16.1 8.8 0 24 15.7 16.7
Black 14.0 71 225 19.6 0 39 25.9 29.1
Hispanic 20.8 7.7 24.4 21.0 0 7.3 24.4 28.1
White 5.7 2.0 7.6 3.0 0 13 4.7 4.9

All 14.8 7.0 20.9 17.3 0 4.2 224 254

San  Asian 199 7.7 18.8 145 0 0 13 2.1

Diego  Black 25.4 114 29.4 314 0 0 16 5.6
Hispanic 20.9 16.4 30.4 29.6 0 0 31 8.4
White 105 5.0 16.3 11.8 0 0 0.3 16

All 17.6 10.3 24.3 22.9 0 0 1.8 52

San  Asian 7.0 4.6 194 20.4 0 0 0 15.9

Francisco  Black 10.3 9.6 191 21.7 0 0 0 25.5
Hispanic 10.6 79 24.6 17.8 0 0 0 22.2
White 3.6 21 13.7 9.2 0 0 0 14.8

All 8.1 6.0 19.7 18.7 0 0 0 189

Note: The percentages are weighted by the number of students in each racial/ethnic category.
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Table 4. Estimated Effects of Class Size and Teacher
Characteristicson Third Grade Test Scores

Mathematics Reading
Include Student
Characteristics? no no yes yes no no yes yes
Class Size -0.37 -039 -040 -041 | -022 -023 -026 -0.26
(456) (471) (485 (5.01) | (337) (351) (385 (399
Teacher Characteristics
Percent O Years -0.028 -0.027 -0.031 -0.030
Experience (2.51) (2.43) (3.37) (3.29)
Percent 1 Year -0.007 -0.006 -0.004 -0.003
Experience (0.61) (0.56) (0.42) (0.34)
Percent Not Fully -0.018 -0.018 -0.011 -0.011
Certified (1.36) (1.38) (1.05) (2.07)
Percent B.A Only -0.002 -0.003 0.010 0.009
(0.20) (0.33) (1.26) (2.149)
Observations 7626 7626 7,626 7626 | 7612 7612 7612 7,612

Notes: Absolute value of t-statistics are in parentheses. The dependent variable is the school percentage of non-LEP students
who exceed the 50th percentile on anationally determined basis. Other regressors include percent black, percent Hispanic,
percent Asian, percent free lunch, percent LEP, adummy variable for the year 1999, and the 1999 dummy variable interacted
with adummy variable for schools adopting CSR in 1998 or 1999. All regressions are weighted by the number of test
takers. Each column represents a separate regression.
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Table 5. Estimated Effects of Class Size and Teacher Characteristics
on Third Grade Test Scores, by Student Demographic Composition

Class Size

Class Size Interaction

with Percent Free Lunch
Class Size Interaction

with Percent Black

Teacher Characteristics
Percent O Y ears Experience

0 Y ears Experience Interaction
with Percent Free Lunch

0 Y ears Experience Interaction
with Percent Black

Percent 1 Year Experience

1 Year Experience Interaction
with Percent Free Lunch

1 Y ear Experience Interaction
with Percent Black

Percent Not Fully Certified

Certification Interaction
with Percent Free Lunch
Certification Interaction
with Percent Black
Percent B.A. Only

B.A. Only Interaction
with Percent Free Lunch

B.A. Only Interaction
with Percent Black

Observations

Mathematics

-0.24
(2.37)
-0.0052
(4.02)
0.0092
(3.12)

0.037
(1.63)
-0.0014
(3.62)
0.0011
(1.46)
0.035
(1.55)
-0.0009
(2.22)
0.0003
(0.37)
-0.029
(0.91)
0.0002
(0.39)
0.0004
(0.59)
-0.003
(0.15)

-0.00001

(0.03)

-0.00001

(0.01)
7,626

Reading

-0.13
(1.52)
-0.0028
(2.71)
-0.0004

(0.17)

0.0018
(0.10)
-0.0007
(2.08)
0.0004
(0.60)
-0.0007
(0.04)
-0.0001
(0.34)
0.0003
(0.44)
0.003
(0.13)
-0.0003
(0.70)
0.0003
(0.57)
0.004
(0.24)
-0.00003
(0.10)
0.0005
(0.96)
7,612

Notes: Absolute value of t-statistics are in parentheses. The dependent variable is the school percentage of non-LEP
students who exceed the 50th percentile on a nationally determined basis. All regressions include school fixed effects,
percent black, percent Hispanic, percent Asian, percent free lunch, percent LEP, a dummy variable for the year 1999, and
the 1999 dummy variable interacted with adummy variable for schools adopting CSR in 1998 or 1999. Regressions are
weighted by the number of test takers. Each column represents a separate regression.
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Table 6. Estimated Effects of Class Size on Third Grade Test Scores, by Timing of CSR
Implementation and Student Demographic Composition

Interaction Group None

Class Sze

Late Adopter -0.422
(3.95)

Early Adopter -0.365
(1.68)

Class Sze Interaction with Percent Black

Late Adopter

Early Adopter

Class Sze Interaction with Percent Free Lunch

Late Adopter

Early Adopter

Observations 6,818

Teacher Characteristics Excluded

Mathematics Reading

% Black, % Black | None % Black, % Black

% Free Lunch % Free Lunch
-0.233 -0.479 | -0.215 -0.074 -0.198
(2.90) (4.34) | (2.50) (0.74) (2.22)
0.122 -0.380 | -0.321 0.014 -0.245
(0.46) (1.68) | (1.83) (0.06) (1.34)

0.0109 0.0070 0.0009 -0.0011
(3.60) (2.39) (0.37) (0.46)
0.0041 0.0004 -0.0062 -0.0081
(0.63) (0.06) (1.19) (1.57)

-0.0061 -0.0030
(4.60) (2.85)
-0.0110 -0.0053

(3.57) (2.65)

6,818 6,818 | 6,802 6,802 6,802

Notes: Absolute value of t-statistics are in parentheses. The dependent variable is the school percentage of non-LEP
students who exceed the 50th percentile on a nationally determined basis. All regressions include school fixed effects,
percent black, percent Hispanic, percent Asian, percent free lunch, percent LEP, a dummy variable for the year 1999, and
the 1999 year dummy variable interacted with a dummy variable for schools adopting CSR in 1998 or 1999. Regressions
are weighted by the number of test takers. Each column represents a separate regression.
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Table 7. Estimated Effects of Class Size on Third Grade Test Scores, by Timing of CSR
Implementation and Student Demographic Composition

Interaction Group None

Class Sze

Late Adopter -0.434
(4.07)

Early Adopter -0.382
(1.75)

Class Sze Interaction with Percent Black

Late Adopter

Early Adopter

Class Sze Interaction with Percent Free Lunch

Late Adopter

Early Adopter

Observations 6,818

Teacher Characteristics Included

Mathematics Reading

% Black, % Black | None % Black, % Black

% Free Lunch % Free Lunch
-0.207 -0.462 | -0.225 -0.087 -0.199
(1.66) (4.17) (2.61) (0.87) (2.23)
0.010 -0.401 | -0.359 -0.111 -0.280
(0.04) 2.77) (2.04) (0.50) (1.53)

0.0088 0.0049 0.0003 -0.0018
(2.80) (1.63) (0.12) (0.74)
0.0047 0.0015 -0.0068 -0.0084
(0.71) (0.23) (1.28) (1.59)

-0.0062 -0.0029
(4.53) (2.66)
-0.0105 -0.0046

(3.29) (1.79)

6,818 6,818 | 6,802 6,802 6,802

Notes: Absolute value of t-statistics are in parentheses. The dependent variable is the school percentage of non-LEP
students who exceed the 50th percentile on a nationally determined basis. All regressions include school fixed effects,
percent black, percent Hispanic, percent Asian, percent free lunch, percent LEP, percent new teachers, percent with one
year of experience, percent without full certification, percent with only a bachel or's degree, adummy variable for the year
1999, and the 1999 year dummy variable interacted with a dummy variable for schools adopting CSR in 1998 or 1999.
Regressions are weighted by the number of test takers. Each column represents a separate regression.
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Table 8. Estimated Effects of Third-Grade and Fifth-Grade Class Size on Fifth-Grade Test
Scores, by Teacher Characteristics Included and Student Demographic Composition

Mathematics Reading
Teacher Characteristics No Yes No Yes No Yes No Yes
Fifth Grade Class Size -0.24 -0.26 -0.26 -0.27 -0.07 -0.08 -0.08 -0.08

(399) (423) (339  (344) | (1.34) (153) (119  (1.20)

Fifth Grade Class Size Interaction 0.0018 0.0003 0.0008 -0.0008
with Percent Black (0.38) (0.07) (0.19 (0.20)
Third Grade Class Size 0.002 -0.006 -0.031 -0.028 0.035 0.030 0.002 0.004

(0.04) (015 (0.71)  (064) | (0.97) (0.84) (0.04)  (0.10)

Third Grade Class Size Interaction 00039  0.0029 0.0039  0.0034
with Percent Black (213)  (L57) (251)  (2.15)
Observations 6748 6748 6748 6748 | 6716 6716 6,716 6,716

Notes: Absolute value of t-statistics are in parentheses. The dependent variable is the school percentage of non-LEP students who exceed the 50th
percentile on a nationally determined basis. All regressions include school fixed effects, percent black, percent Hispanic, percent Asian, percent free
lunch, percent LEP, adummy variable for the year 1999, and the 1999 year dummy variable interacted with a dummy variable for schools adopting CSR
in 1998 or 1999. Regressions are weighted by the number of test takers. Models controlling for teacher characteristics also include percent new teachers,
percent with one year of experience, percent without full certification, and percent with only a bachelor's degree. Each column represents a separate

regression.



Table 9. Estimated Class Size Effects by Student Demographic Composition and Community Type

Mathematics Reading
Los Next5  All Digtricts Los Next5  All Digtricts
Entire Angeles Largest Except Entire Angeles Largest Except

State Unified Districts LA Unified State Unified Districts LA Unified

Class Size 021  -153  -0.10 -0.13 010 -112  -053 -0.12
(207 (255  (0.18) (1.20) (125) (212)  (1.08) (1.39)

Class Size Interaction 00103 00217 0.0023 0.0071 0.0005 0.0085 -0.0130  -0.0007
with Pct Black (352) (366)  (0.21) (2.10) (0.22) (164  (1.46) (0.25)

Class Size Interaction -0.0057 00130 -0.0143  -0.0066 |-0.0032 00106 -0.000L  -0.0031
with Pet Free Lunch (447  (193)  (2.04) (4.91) (306) (1.80)  (0.01) (2.87)
Observations 7626 816 644 6,810 7612 816 646 6,796

Notes: Absolute value of t-statistics are in parentheses. The dependent variable is the percentage of third grade students who exceed the 50th percentile on
anationally determined basis. All regressions include school fixed effects, use data from 1997 and 1999, and are weighted by the number of test takers.
Other regressors include percent new teachers, percent with one year of experience, percent without full certification, percent with only abachelor’s
degree, percent black, percent Hispanic, percent Asian, percent free lunch, percent LEP, adummy variable for the year 1999, and the 1999 dummy
variable interacted with a dummy variable for schools adopting CSR in 1998 or 1999. Each column represents a separate regression.
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Appendix Table 1. Average Class Size for Grade 3,
by Income and Race/Ethnicity

Percent Average Class Size
Free Lunch 90 95 97 99

Asian 0-25 290 294 229 200
2550 288 293 234 196

50-75 286 292 241 196

75100 284 289 235 199

All 288 292 234 198

Black 0-25 289 294 232 198
2550 283 295 231 196

50-75 285 293 232 197

75-100 277 289 231 196

All 283 292 232 197

Hispanic 0-25 289 294 231 197
2550 288 294 236 198
50-75 286 292 239 201

75-100 275 289 240 20.2
All 283 291 239 201

White 0-25 286 290 221 194
2550 284 291 229 196

50-75 284 289 232 197

75100 284 291 236 199

All 285 290 227 196

All Students 284 201 233 198

Notes: Schools are divided into four categories according to the percentage of
students dligible for afree lunch. Then, the average class sizeis cal culated from all
the schools in that free lunch category. In the case of the final row (“All Students’),
schools are weighted according to total enrollment, and the reported percentage
reflects the average for all students in that income category. In the other rows the
calculations weight each school by the number of students in the specific
racial/ethnic group (e.g. Asiansin the case of the first row) thereby creating
averages for students in each of the four racial/ethnic groups.
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Appendix Table 2. Salaries for Beginning Teachers
and Recent Female College Graduates

Average Saary
Beginning Recent Female
Y ear Teachers College Graduates
1993 24,598 30,400
1994 25,085 28,091
1995 25,711 31,936
1996 26,684 35,147
1997 27,852 34,078
1998 28,798 34,959
1999 30,214 38,356
2000 33,121 44,037

Note: Teacher salaries are the average starting teacher
salaries, asreported by the California Teachers Association.
Salaries for recent female college graduates are based on the
authors’ calculations from the March Current Population
Survey data. Recent female college graduates are defined as
women who are age 22 to 30, have a bachelor’s degree or
more, and work 35 or more hours a week and 40 or more
weeks ayear. There are roughly 100 such women in each year
of the CPS. All dataare for Californiaonly.



Appendix Table 3. Variable Means and Standard
Deviationsfor Third Grade

Math Test Score

Reading Test Score
Class Size

Teacher Characteristics
Percent O Years
Experience

Percent 1 Year
Experience

Percent Not Fully
Certified

Percent B.A. Only

Number of Observations

50.2

44.6

21.7

-3.6

-6.9

9.5

8.6
-1.0

131
-0.9

224
-1.2

Mean  Std Dev

232
22.0
45
50
21.6

16.2

145
20.3

20.1
20.0

26.3
23.6

7,626

Note: Bottom number for each class size and teacher characteristics
refers to the school average change from 1997 to 1999. All statistics are
weighted by the number of studentsin third grade.



Appendix Table 4. Robustness Analysis for Certification and Experience: School Fixed Effect
Regression Results by Specification of Teacher Experience, Certification and Education

Mathematics Reading
Class Size -0.38 -041 -041 -041 | -016 -027 -026 -0.26
(7500 (5.02) (499 (500 | (392 (404 (397 (397
Teacher Characteristics
Percent O Years -0.030 -0.027 -0.032 -0.029
Experience (2.72) (241 (358) (3.21)
Percent 1 Year -0.008 -0.006 -0.005 -0.003
Experience (0.70) (0.55) (0.51) (0.33)
Average 0.067 0.101
experience (1.59) (2.88)
Percent Not Fully -0.029 -0.025 -0.022 -0.017
Certified (2.27) (1.96) (215 (1.61)
Percent Intern -0.029 -0.028
(1.24) (1.48)
Percent Emergency -0.011 -0.016 -0.003 -0.007
or Waiver (0.82) (1.10 (0.28) (0.63)
Percent B.A. Only -0.008 -0.005 -0.005 -0.003 | 0.005 0.009 0.007 0.009
(0.82) (049 (054 (033 | (0.60) (115 (091 (@118
Observations 7626 7626 7,626 7,626 | 7612 7612 7,612 7,612

Notes: Absolute value of t-statistics are in parentheses. The dependent variable is the school percentage of non-LEP students
who exceed the 50th percentile on anationally determined basis. All regressions include school fixed effects, percent black,
percent Hispanic, percent Asian, percent free lunch, percent LEP, adummy variable for the year 1999, and the 1999 dummy
variable interacted with a dummy variable for schools adopting CSR in 1998 or 1999. Regressions are weighted by the number
of test takers. Each column represents a separate regression.





