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Did Teachers' Verbal Ability and Race Matter in the
1960s? Coleman Revisited

RONALD G. EHRENBERG* and DOMINIC J. BREWERt

New York State School ot Industrial and Labor Relations. Cornell Unisersity. Ithaca. NY 14853-3901.
U.S.A . and National Bureau of Economic Research
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Abstract Our paper reanalyies data trom the classic 1966 study Equality of Educational Opportunity.
or Colcomn Report. It addresses whether teacher characteristics, including verbal ability and race.
intlaeneed s nthetic gain scores.' ot students (mean test scores ot upper grade students in a school
minus mean test scores ot ltmer glade students in a school). in the context of an econometric model that
allows for the possibility that teacher chat acteristics in a school are endogenously determined.

We tind that serbal aptitude scores ot teachers influenced synthetic grain scores for both black and
es hue students. Vei bai aptitude matteled as much for black teachers as it did for v, hite teachers. Finally .
holding teachet characteristi es other than race constant. in some specifications black teachers were
associated w ith higher gain scores tor black high school students. but lower gain scores for white
elementary and secondary students. Because these findings are for American schools in the mid-196(1s.
the do not directly apply to our contemporary experience. However. they do raise issues that should he
addressed in discussions of hiring policies in American education. PEI. 1211

I. INTRODUCTION

MO IISAI u by the poor academie performance and
fugh drop-out rates of many minority elementary
and secondary school students is-a-s is their sshite
counterparts. as well as the fact that the iacial/ethnic
distribution of public school faculty often does not
reflect the racial/ethnic distribution of their
students. many school districts base aggressively
sought to increase their hiring of minority faculty .
This policy has been purchased es en in the face ot a
declining pool of minorities seeking to enter careers
in education and evidence that new minority
teachers tend to fail the National Teacher
Examination at a higher rate than nes% %%bite

teachers. Confronted by fiscal stringencs. mans
school districts has e also begun to institute early
retirement plans to encourage older, more experi-
enced. and often white, teachers to retire. then:1)s
creating sacancies for losser paid nes\ . or relatisely
inexperienced. minority teachers.

These policies raise a host of issues. Minority

teachers are thought by many to be more effective
teachers of minority students because the former
may serve as role models for. may interact better
with. may have more favorable attitudes towards
and higher expectations for, and may provide more
positise feedback to. minority students.= Ulti-
mately. hossever. society must be concerned about
minorit teachers' impacts on the educational (test
scores, completed schooling levels) and post-
educatior al (labor market success) outcomes of both
minorit\ and white students. Only if minority
teachers improve, or at least leave unchanged. the
outcomes of both groups (as compared to what
ss bite teachers ss ould generate) can ninority recruit-
ment policies in public education be judged pareto
optimal in terms of their impacts on students. If they
improve the outcomes for minority students but
reduce the outcomes for white students, thc debate
os el these policies fs ill shift to their distributional
(across student group) consequences. If minority
teachers are shossn to have no impact on the
outcomes tor minority students and to adversely
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influence those for white students, the debate will
shift to one over the importance society places on
providing employment opportunities for minority
teachers to help remedy historical inequities and
perceptions of current discrimination against poten-
tial minority teachers.

Of course, minority and white teachers differ, on
average, on a number of dimensions other than
race. They come from different socioeconomic
backgrounds, have different levels of experience.
have different degree levels, and tend to have
received their degrees from different institutions.
They also tend to score differently on standardized
aptitude and achievement tests. While issues relat-
ing to the "cultural bias- in test scores have been
raised, studies do suggest that student's academic
performance is related. on average, to their
teachers' performance on standardized tests.'
Comparisons of the effectiveness of minority and
white teachers must control, if possible, for these
other characteristics.

Research on the relative effectiveness of minority
teachers has been t-onducted primarilv by soci-

ologists, psychologis,s. and educational researchers.
Most studies have focused on teachers' attitudes.
teachers' expectations, teachers' placement ot
students, and the feedback (positive and negative)
that teachers provide students. Only a fess have
addressed educational outcomes and none has
addressed subsequent labor market succes,..A Manv
have been studies of a single school district and
these typically failed to control for other teacher
characteristics. On lv a few studies used i epresen-
tative national data bases. only a fess attempted to
model the process by which teachers get assigned to
schools, and none ctmtrolled for this process in the
estimation of teacher effects. To our knots ledge.
none addressed whether the effects of teachers'
verbal ability vary tither ss ith the race of the
teachers or the race of the students the are

teaching.
Our paper begins to address some of the issues SSC

have raised. by reanalyzing data from the classic
1966 study Equality of Educational Oppornmity. or
Coleman Report. As we describe in the next section.
these data permit us to estimate host . during tt'e
mid-I960s. the characteristics of teachers of dif-
ferent races (verbal aptitude. degree levels, years ot
experience) influenced an estimate of the change in
test scores over a three grade level period. for
students of different races. Ihes also permit us to

test whether controlling for the process by which
teacher characteristics (including race) get assigned
to different schools influences our estimated
relationships.

After discussion of the Coleman Report in the
next section. sections III and IV present our
empirical analyses. The two final sections then
discuss the significance of our findings and their
implications for future research.

II. THE COLEMAN REPORT

The Coleman Rep(ort represented an impirtant
step in educational research. Its statistical analyses.
based on data from over 570.000 pupils. 60.00(1
teachers. and -LON) principals, represented the
beginning of the "educational production function"
literature.

The methodological approaches used in the

(.01e111(111 Report vs ere ses c tel ci nicized and
numerous reanaly ses of the data took place Ns nhin a
few vears of the Rep011.... publication." Most social
scientists. and public attention, focused on its
conclusions concerning the extent of race cgte
gation in schools and the importance of family
backgroutid chai:ictei Nies in explaining s :mations
in student achievement. Less %tell knots n (or \sell
remembered) is that the underly ing data set con-
tained information on teacher verbal ability (as

measured b ',cores on a s erbal aptitude test) and
that the as erage s erbal aptitude ot teachers in a
school 55 tls seen to be positively correlated \snit
student test scores. Roth the original Coleman
Report and subsequent reanalyses of its data found
this cooclanon and some resealcheis concluded that
the correlation appealed stronger at higher grade
les els.-

The CO1011(111 Repot! data appeal to bt.. unique
among existing micro let el data set s in that the
contain a measure 01 indis idual teachers' verbal
ahilut . One serious sseakness of the data. host es er.
is that they represent a "snapshot" at a single point
in time and that only a current year test WON
measure exists tor each student. Subsequem edu-
cational reseatch by economists has stressed that to
more f ully control for unobservable student, famil
and community t haracteristics that influence
student achievement. one should relate schtiol
characteristics. including teachei ability levels, to
student gain scores. oi changes in test scores mei
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time not to student test score levels at a point in
time.s

While all of the prior research that used the
Coleman Report data estimated current year test
score equations. the data do in fact contain infor-
mation on third and sixth graders at each elementary
school and ninth and twelfth graders at each high
school. Moreover, one can identify the subset of
third and sixth graders who spent their entire
elementary school careers at a given elementary
school and similarly identify the subset of twelfth
graders v.ho spent their ent ire high school careers at
a gis en high school. Restricting one's attention to
these subsets of student respondents. computing
mean scores for each school by grade. and assuming
that ssithin a school. the unobservable character-
istics do not sary across grades. one can compute
-synthetic- gain scores as the difference between the
mean :est scores in the two grades for each school.
For example. the difference between the mean test
scores of sixth graders in a school and the mean test
scores of third graders in a school at the survey date
can be taken as an estimate of how much third
graders in the school would learn if they remained in
the school for three more years." In cases %%here the
schools hike a significant number of both white and
black students, these gain scores can also be
computed separately for each racial group."'

These gain scores are used as dependent variables
in the next section in the estimation of educational
production functions in which the gain scores by
school ate related to student family community .
school. and teacher characteristics. Of primary
interest to us will be the effect of the racial
composition of teachers in a school and their verbal
abIlif ies on the gain scores of students of each racial
group." Gis en prior mentioned concerns about the
alleged "cultural bias- of tests, we also address
shethei incicasing the serbal ability of teachers of
each race has the same impact on the gain scores ot
students of different races.

While conceptually such an analysis is straight-
tors\ at d. an important statistical issue exists.
Feiichers are not randomly assigned to schools and
school districts: teachers ssith higher test scores may
be more casik attracted to higher paying districts.
districts s ith smaller class sites. and districts whose
families ale highly educated. Similark . teachers
ma% preler to ssork ssith students %Om come front
the same racial group Or from similar socioecomonic
backgi ounds. To make sure that such nonrandom

3

assignment does not lead to biased estimates of the
effects of teacher characteristics on student gain
scores, an instrumental variable approach is

employed in section IV to control for the process by
which teachers and schools are matched.12

HI. ESTIMATING SYNTHETIC GAIN SCORE
EQUATIONS

A. Descriptive Statistics
The Equality of Educational Opportunity (EEO)

data tapes that we received from the National
Archives contained data for third grade students at
2499 schools, sixth grade students at 2389 schools.
ninth grade students at 930 schools and twelfth
grade students at 787 schools." We restricted our
attention to the subset of elementary schools for
which data were reported for both elementary
grades and the subset of high schools for which data
were reported for both secondary grades. We also
required that data for each school were reported on
all of the explanatory variables used in the analyses
that follow, including the characteristics of
teachers." All data were aggregated to obtain
school level mean values fo.r the entire sample. for
!xhite students at the subset of schools that had some
white students in attendance, and for black students
at schools that had some black students in

attendance."
As Table I indicates, the restrictions left us with a

maximum sample of 9(19 elementary schools and 256
high schools."' Of the former. 799 had at least one
ss hite student in both grades and 514 had at least one
black student in both grades. Of the latter. 178 had
at least one white student in both grades and 183 had
at least one black student in each grade. Because the
elementary school sample sizes are so much larger.
the majority of the analyses that follow use the
elementary school data.

Students in each grade were administered verbal
aptitude, nonverbal aptitude. reading and math-
ematics tests. The weighted (by number of students
taking the tests) mean percentage of correct answers
on the four tests across schools was 58.18 for third
graders and 52.28 for ninth graders. The weighted
mean synthetic gain scores, the mean for the sixth
grade minus the mean for the third grade and the
mean for the '.velth grade minus the mean for the
ninth grade. !re 1.55 and 0.90, respectively.

At the elementary school level 31% of the
students and 27% of the teachers were bhtek. while
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Table I . Descriptive statistics: weighted means (by school size)

BYTEST
GAIN
BLACKS
BLACKT
EXP
MA
VERB
BEXP
BMA
BVERB
WEXP
WMA
WVEREI
PI,
Ps,

(1E)
All schools

Elementary schools

(2E)
White students

(3E)
Black students

(IH)
All schools

High schools

(2H)
White students

(311)
Black students

58.18 62.89" 5(1.90 52.'8 59.10" 38.93
1 55 5.86" -4.42 0.90 0.86 -0.53

31.12 6.63' 77.84 29.24 6.31" 82.06
27.(K) 4.00" 71.00 25.00 3.00" '7.00
15.81 14.89
17.69 34.23
75.48 76.71

14.37 15.51) 13.95 14.94
21.17. 18.35 42.72 25.28
73.54 64M3 80.20' 66.91
15.96 I 4.89 14.71 I 4.49
17 66 17.83 37.05 39 73
81.13 78.76 81.17 76.62

11.38 0.79 0.42 0 77
0.92 0.62 0.9' 0.55

969 799 514 256 178 183

where
BYTEST mean percen(age of correct ansv.ers of third grade students in the school tin the group 01 te.sts (ninth

grade for high schools)
GAIN mean percentage of correct answers 01 sixth grade students in the school on the group of sixth grade tests

minus the mean percentage of correct ansm.ers of third grade students in the school On the glow of third
grade tests (twelfth and ninth grades for high schools)

BLACKS percentage of black students in the third and sixth grades in the school (ninth and twellth for high
school)

BLACKT percentage of black teachers in the school
EXP mean !,ears of teaching experience of teachers in the school
MA mean percentage of teachers in the school %kith at least a master's degree
VERB mean percentage of correct answers of teachers in the school on the serbal test
BEXP
I3MA mean lor black teachers in school, %%all positive i u m be rs of black teachers in the sample
BVER13
WEXP
WM A mean values for %%lute teachers in schools %kith positise numbers of sshite teachers
WVERB
P,, proportion of schools %kith at least one black teacher

proportion 01 schools v.ith at 1,:ast one %%lute teacher
number of schools

'mean for %bite students is significantly different Iron) the mean tot black students at the 0.051es el ot significance. Rio.
tail test.

Source: Authors' computations from the Ltpwlity hlwational Opportunity stirse data tapes.

at the high school level the comparable percentages
were. 29 and 25." Elementary school teachers in the
sample averaged close to 16 years of teaching
experience, about 17% of them had earned at least a
masters degree mid. on average. they answered
correctly slightly more than 75% ot the questions on
a verlidl aptitude test that was administered to them.
High school teachers were quite similar on their
experience and their verbal aptitude scores, but os et
34% of them had at least a n .istets degiee.

Table 1 also summariles these data separately 1or
white students and for black students, indicating in
each case hov, their teachers' characteristics %aried
by race. White qudents tended to have highet base
year test scores and larger gain scores than black
students at both the elementary and secondary
levels.1' The typical shite elemental y school
student was enrtilled in a seInuil in %%Inch about 6"..
or the students and 4% of the teachers \set e black.
Mule the typical black elementary school student

' Gzo-. ^ - a-. -
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found 77% of his or her classmates and 71% of his
or her teachers black. The respective values for high
school students were quite similar.

Both white and black teachers' verbal aptitude
scores tended to be higher if they were employed at
schools in which white students were enrolled than if
they were employed in schools in which black
students were enrolled. In addition, white teachers'
erkil aptitude scores were higher than black

teachers scrbal aptitude scores in both types of
schools, although at -the high school level the
t1:11erence at schools in which white students were
enrolled was quite small. Experience and degree
differences across the two types of schools and.
within a type. across the two types of teachers were
less uniform and were not always in favor of white
teachers. For example. in both elementary and
secondary schools at which white students were
present, black teachers were more likely than white
teachers to have advanced degrees.19

B. Elementary School Analyses
Estimates are presented in column ( I) of Table 2

of synthetic gain score equations of the form,

GAIN, = s, + rt,X, + o2S, + alBYTEST,
+ a4T, + E,. (I)

Ileic X, represents a sector of characteristics of
school i's students, their families, and the com-
munity in which the school is located: S, represents a
sector of characteristics of the school: and T,
represents a sector of characteristics of the school's
teachers. BY FEST, is the average test score of grade
3 students in the school and GAIN, is the difference
bet steen the aserage test score of grade 6 students in
the school and the as erage test score of grade 3
students in the school.

Included in X, are the percentages of the school's
students that are female (I-TM). black (BLACKS).
has e no lather or no mother in the home (FNHH.
MNI111). hate a telephone in the household
( PI IONF ). and receise free lunches (FLNCH). the
mean income of the families of the school's students
(IN('OME). the mean education les els of the
lathers and mothers of the school's students (FED.
Ml D). and whether the school is located in a

central city (( ITY ). rural (RURAL), or suburban
(the omitted category) area :" The school character-
istics arc the number of books per pupil in the
school's library (BOOKS) and the pupil/teacher
taw in the school (PUN.). Finally, the teacher

characteristics are the percentage that are black
(BI.ACKT). the mean years of teaching experience
(EXP). the percentage with at least a masters degree
(MA). and the mean verbal test score of teachers in
the school (VERB). Since thc schools in the sample
vary considerably in size, the method of weighted
least squares is used to obtain the estimates.

Gain scores prove to be higher in schools with a
greater percentage of female pupils, a smaller
percentage of bl:.ck students, fewer families with
only one parent in the household, more families
with telephones, fewer families receiving free
lunches, and higher parental education levels.
Relative to suburban schools, gain sceres are higher
in rural schools and lower in central city schools.
Higher pupil/teacher ratios are associated with
lower gain scores. Finally, "regression to the mean"
is present, as higher base year test scores arc
associated with lower gain scores.

Of primary concern to us is the role that teacher
characteristics play. In this model, increasing the
percentage of black teachers by 10 percentage points
is associated with a (1.4 decrease in the school's gain
score. Teachers' experience is positively associated
with the gain score. but teachers' degree level does
not appear to matter. Crucially. higher verbal
aptitude scores for teachers are associated with
higher gain scores for students. If teachers' verbal
aptitude scores could be increased by 10 percentage
points, gain scores are predicted to be 0.9 points
higher.21 The latter should bc contrasted to a mean
gain in the sample of 1.55.

The remaining columns in Table 2 ascertain the
sensitivit of these results to changes iht the model's
specification. While inclusion of the base year (third
grade) test score on the right-hand side ot equation
( I ) is justified because how much students learn
over time depends on where they are starting trom.
there are well-known statistical problems that result.
On the one hand. if the base year test score and
the gain score arc both influenced by a common set
of %ambles and any of these variables are omitted
from equation (1). then inclusion of BYTEST may
lead to biased estimates of the coefficients of other
Nariables in the mode1.22 On the other hand, if
BYTEST measures students' true abilities with
error, its coefficient will be biased towards zero and
thus our estimate of the extent of regression to the
mean overstated.

One way to handle this problem is to omit
BY I I.ST from the model and see whether this
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Table 2. School level synthetic gain score equations: Grades 3 to WI' (absolute value r statistics)

All students Students who never changed schools

(I) (2) (3) (4)

INTER
FEM

11.483
0.059

(3.8)
(3.1)

-13.057
0.067

(3.9)
(2.9)

10.260
0.060

(3.2)
(3.1)

12.174
0.043

(3.9)
(3.0)

BLACKS -0.060 (5.8) -0.011 (0.9) -0.057 (5.5) ---1011:3873

FNHH -0.062 (3.3) -0.029 (1.3) -0.061 (3.1)
((62..50)

MNHH -0.243 (9.0) -11.194 (6.5) -0.242 (8.8) -0.109 (4.2)
PHONE 0.100 (7 5) 0.051 (3.2) 0.098 (7.2) 0.113 (9.2)
INCOME OMNI (0.9) 0.229 (1.0) 0.233 (1.1) 0.177 (1.5)
FLNCH -0.029 (2.6) -0.1108 0(.6) -0.029 (2.6) -0.016 (2.0)
FED 1.079 (4.7) 0.501 (1.8) 1.102 (4.8) 0.796 (4.(I)
MED 0.358 (1.3) -0.046 (0.1) 0.317 (1.1) 11.534 (2.2)
CITY -11.894 (1.9) 1.062 (1.9) -0.876 (1.8) -0.677 (1.2)
RURAL 1.080 (2.3) 1.017 (1.8) 1.052 (2.2) 0.915 (1.8)
BOOKS 0.010 (0.3) 0.015 (1(.3) 0.012 (0.3) 0.013 (0.3)
PUPT -0.081 (2.3) 11012 (0.0) -0.076 (2.2) 0.076 (2.0)
STAY 11.009 (I.0)
BYTES1' -0.638 (20.4) -0.634 (20.0) -0 653 (19.9)

BLACKT -0.042 (3.8) 0 060 (4 9) - 0.045 (3.9) 0.042 (3.01
EXP 0.068 (2.0) -0.023 (0.5) 0.063 (1.8) 0.058 ((.5)
MA -0.004 (0.3) 0.006 (0.5) -0.003 (0 3) -0.001 (0 I)
VERB 0.093 (4.1) 11.00 (2.4) 0.096 (4.2) 0.076 (3 1)

where:
INTER
FEM
BLACKS
ENHH

PHONE
INCOME
FLNCH
FED
MED
CITY
RURAL
BOOKS
STAY
BYTEST
BLACKT
PUPT
EXP
MA
VERI3

969 969 933 928
(1.728 0.616 0 727 (1.698

(5)

1.171847 -'11 ((( (23, ((3)I)))

-0.037 (2.) 1

-: (1)111.1311:4:1445'
(1(1'411) .1, :111)/

0.791 (4.0)

:11. .511); (02i i

0 s'9 (1.N

11.111(1:1 1171(3):

0 030 (2 7)
0116S6 111)

111145 (3 2)
II 046 (1

0 00) (0 I)
0 HSI I; 21

92N

0 "00

interce))t term
percentage of the school's students that are temale
percentage of the school's students that are black
percentage of the school's students without a father in the household
percentage ot the school's students without a mother in the household
percentage of the school's students with a telephone in the household
mean income of the families of the school's students (in thousands)
percentage of the school's students that receive free lunches
mean ears of education of fathers of the school's students
mean .ears of education 01 mothers of the school's studeills

= central eit school. = other
= rural school, 11 = other

number ol books in the school's librar!, (011(s) pet pupil
percentage of sixth grade students ho hase not ehanged schools since the hist ghide
mean grade 3 test score (percentage ol correct answers) in the school
percentage of black teachers in the school
pupils per teacher in the school
mean ears ol experience of teachers in the school
percentage of teachers with at least a master's degree in the school
mean verbal test score of teachers in the school

'Each student's test score is the simple aserage of the percentage of correct answers the student ieceixed .e, hal
nonverbal. reading, and mathematics tests.

'Weighted least squares regressions. The weight used is l(N, x N,.'( N 4 N,,)] whelk: ti, (tiI us thc 110111N:I of thud
(sixth) grade students taking the test in the school.

Source: Author's computations from the Equality ol Opptrrimin. surve data tapes

substantially influences the other coefficients. This
is done in column (2). While mean teacher experi-
ence is now no longer significant. teacher verbal
ability is still positively, and the percentage of black

teachers negativek associated Aith a school's gain
score.2'

Doe's Mohihiv StlidenN Into and out of a school
influence the ainount of learning th,it goes on in the
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school? Column (3) adds as an explanatory variable
the percentage of sixth grade students in a school
that spent their entire elementary school careers in
the school (STAY). This variable does not prove to
be statistically significant and its inclusion does not
substantially influence any of the other coefficients
in the model (compare columns (I) and (3)).

Of course, as noted in the introduction, it would
be desirable to confine the computation of the
synthetic gain scores to students who 1-vid always
remained in the same elementary school. This is
done in columns (4) and (5) where the gain score is
now computed as the mean test score for sixth grade
students who spent their entire school career at the
school minus the mean test score for third grade
students who spent their entire careers in the
schoo1.24

The estimated association between the percentage
of black teachers and teachers' verbal aptitude
scores and the synthetic gain scores in this restricted
sample are quite similar to those found in the
unrestricted sample. One ncw finding. however. is
that the synthetic gain scores of these stayers are
larger, the larger is the proportion of sixth grade
students in the school who spent their entire careers
at the school. Put another way, the more turnover
there is in a school's student population, the lower
the gain scores are for the students who remained at
the school.

The analyses reported in Table 2 group all
students together. They do not permit us to address
an issue that is of key importance to us whether a
teacher's race and verbal ability differentially
influence the academic achievement of students of
different races. To address this issue. Table 3
reports estimates of selected coefficients from
equations that were estimated separately for black
and white students. In each case the synthetic gain
score is now computed for each school using only
data for students of the given race.

Columns (1) for the white and black student
samples report coefficients from equations specified
identically to column (1) in Table 2. In this model, a
higher percentage of black teachers in a school is
associated with a lower synthetic gain score for
white students but is not associated with a higher
gain score for black students. Teacher verbal ability
is positively related to gain scores for both groups of
students and the magnitude of the relationship is
about the same. Teacher experience has a payoff
only for white students and having more teachers

with advanced degrees enhances learning for black
students, but perversely lowers it for white students.

To estimate whether the effects of teacher verbal
ability, experience and degree level vary for each
group of students with the race of the teachers.
expanded versions of the equation underlying
columns (1), (3), and (5) of Table 2 were estimated
that allowed for interactions. For example. in the
case of column (1). the estimating equation became:

= au, + cxXq + + CSBYTEST,1
+ e4,((BLACKT/1011):7,R)

+ asi(( 1-BLACKT/100))*T,55 + (2)

Here j. equal to i or 2. indexes the black or white
student equation and T,B (T,, ) is the vector of
characteristics of black teachers (white teachers) in
school i.

Selected coefficients from these models appear in
columns (lw), (3w) and (5w) for white students and
columns ( lb). (3b). and (5b) for black students. The
estimates in column (1) for each group conic from
equations that are restricted versions of the
equations that underlie columns ( I w) and ( lb) and
hence one can test for each group whether the
restrictions are vahd. Formal F tests suggests the
are not. That is. we can reject the hpothesis that .
for each group of ..tudents. the effects of all the
teacher characteristics variables are the sante for
black and white teachers.

The results in this table are striking. In most
specifications the percemage of students that are
black does not affect either black or white students'
gain scores. Higher verbal scores for black teachers
arc associated with higher gain scores for both black
and white students. In contrast, white teachers'
verbal scores matter only for white students. Iligher
white teacher experience levels are associated %kith
higher gain scores for only white students and black
teachers' experience levels do not appear to have
any impact on either group of students' gain scores.
Finally, while an increase in the percentage of black
teachers in a school with at least a masters degree
increases the gain scores of black students, an
increase in the comparable percentage for white
teachers again pet% ersely is associated with lower
gain scores.2('

Several extensions warrant brief reporting here.'
First, when the analyses underlying tables 2 and 3
were repeated separately for each of the four
individual tests (verbal aptitude. reading, nonverbal
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aptitude. and mathematics), teacher verbal ability
was found to be positively associated with the
synthetic gain scores on all four tests, with the
magnitude of the relationship being smallest for the
mathematics gain score.

Second, as discussed in footnote 9. students were
administered different tests in the third and the sixth
grades. It is. therefore, not obvious that the metric
we have chosen, the synthetic gain score, is

necessarils the correct outcome variable to use.2' 'lc
test for the sensitivity of our findings to the metric
chosen, we reestimated the equations found in
column I of Table 3 using first the difference in the
logarithms of the mean sixth and third grade test
scores in a school as the outcome variable and then
the difference in the school's percentile rank on the
sixth grade tests (among all schools in the sample)
and its percentile rank on the third grade tests.2`) We
found that teacher verbal ability continued to be
positivel associated with the outcome variable in
each of these specifications.

C. Secondary School Analyses
Table 4 contains weighted least square estimates

of synthetic gain score equations for the high schools
in our EEO sample. The outcome variable is now
the mean percentage of correct answers of twelfth
grade students in the school on their group of tests
minus the mean percentage of correct answers of
ninth grade students in the school on their group of
tests. Because the sample sizes are smaller, fewer
coefficients than in the elementary school sample
prove to be statistically significant and fewer
analyses are reported.

In these high school data, higher verbal aptitude
scores of teachers are associated, on average, with
higher gain scores for white students, but not for
black students. When teacher characteristics are
broken down by race, white teachers' verbal
aptitude scores appear to matter for both groups of
students, but black teachers' verbal aptitude scores
do not. Increasing the percentage of black teachers
in a school with at least a masters degree is

able 4. School les el snihetic gain score equations: Grades 9 to 12 (absolute value t statistics)

All studems

( I) (11

White student,.

(is%) (1)

Black students

(lb)
INFLR 2.405 (11 7) 4.101 (0.8) 0.705 ( (.2) 4.013 ((1.8) 13.326 (1.4)
FEM 0.021 (1.4) -0 (2 0) -0.021 (0.5) 0.021 (0.8)
BLACKS 0.025 (1 2) (1.057 (2.0) 11101(3 )31 (2(.821 -0.1102 (0.1) -0.017 (0.5)

0 099 (3.6) 0.129 (3.11
-.111.11153(.,

-0.1185 (2.5) -(1.076 (2.3)
0.059 (1.21 044 (I10) (131183 )) -0.056 (1.0) -0.047 (0.8)

PHONE 0.054 ().3) (1.1104 (0.1) -0.005 (0.2) 0.064 (3.2) (1.064 (3.2)
1NCOMI- 0.095 (2.0) 11.719 (2.2) 0.807 (2.4) (1.888 ((.8) 0.978 (2.0)
FI.NCH 0.007 (0.4) (1.043 (1.51 -0.049 ((.7) 0.023 (1.6) 0.036 (1.7)
f-ED 0.773 (2.)) (1 694 (1.5) (L741 (1.6) 1.603 (2.5) 1.488 (2.2)
MED
(-FLY
RURAL

0.541
11.138

0.328

((3)
0( 3)
(0.7)

1.208
0.255
0.063

(2 3)
(0.4)
0(.1)

.Y141(923651 (121) (8: )))

-0.849
0.2(14
0.556

(1.4)
(0.3)
(0.8)

-(1.754
-0.06(1

0.645

(1.2)
(0.1)
(1.0)

BOOKS 01128 01.0) 0.004 ((LI) 0.021 (0.4) -(1.031 (0.4) -0.(Y47 ((.2)
Pl'PT 0.088 (2.)) 11 (154 (I.)) 0.051 (1.))) 0.006 (1) 9) 0.017 (0.2)
BYTEST -0.550 ((4.7) -(1 021 ((2.2) -11.021 (12.2) -(1.544 (9.4) -0.553 (9.7)

BLACK! -(1020 ((.4) 0.1112 (2.4) 0.1(16 (t) 3) (1.001 (0.0) 0.229 (2.2)[xi) (1.023 (0 4) -0.000 (0.1)) (1.020 ((1.2)
MA 0.011 (1.1) -0 017 (1.41 0.035 ((.9)
VF.R11 0.081 (2 51 0 104 (2.4) -0.008 (1(.2)
B FLAP -(1.671 (1.1) -0.061 (0.6)
BTM A 0.335 (2.))) 0.057 (2.5)
BTVERB -0.233 (0 0) -0.046 (0.8)
WTEXP -0 (108 ((1.1) 0.321 (1.7)
WIVA -0 025 (1.9) 0.004 ((1.1)

(1.092 (2.2) 0.176 ((.5)

250 178 178 183 183
It. (I -INS 0 470 0 480 0.360 0.378

'See Tables 2 and tor %ariable delmitions BYTFST is nou the mean grate 9 test score (percentage of correct
ans%ke(,,) Ill the school.

14 ::"
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associated with higher gain scores for both black and
white students. althedgh again the percentage of
white teachers r.ith at least an MA degree is

negatively associated with white students' gain
scores.

There is also evidence that white students' gain
scores are positively associated with the percentage
of students in the school that are black and
negatively associated with the percentage of
teachers that are black. In contrast, while black
students' gain scores are not related to the per-
centage of students in the school that are black, they
do appear to be positively associated with the
percentage of black teachers. That is. in the EEO
data, other things held constant, black teachers do
appear to improve the gain scores of black students
at the high school level.

IV. CAN SCHOOL AND TEACHER
CHARACTERISTICS BE TREATED

AS EXOGENOUS?

A. Conceptual Issues
Differences in school or teacher characteristics

are not randomly determined across schools.
Families choose where to live, and hence their
children's schools, based on their own preferences
and resource constraints.'' Teacher characteristics
depend upon factors such as the salaries teachers are
offered, and the pecuniary and nonpecuniars
characteristics of the community in which the school
is located." These considerations suggest that fail-
ure to treat teacher and school characteristics as
endogenous may lead to biased estimates of their
affects.32 Yet to date, virtually all studies of teacher
and school affects have treated these characteristics
as exogenous."

These biases might arise if the teacher and school
characteristics used in the synthetic gain score
equations (equations (1) and (2)) are correlated with
the error terms in the equations due to an omitted
variable problem. For example. suppose that we are
interested in the effects of teachers' verbal aptitude.
that we assume (for now) that teacher verbal
aptitude actually does not influence gain scores, and
that the omitted variable is a measure of the value
that the parents of students place on education.
Presumably parents who value education highly will
invest more in their children at home (thus leading
to higher gain scores) and will also reside in school
districts that pay high salaries to attract and retain

teachers with high verbal aptitude scores (if they
believe, erroneously in our example, that high
teacher verbal aptitude enhances learning). Other
things held constant, estimation of equations ( ) or
(2) by least squares would yield a positive relation-
ship between gain scores and teacher verbai aptitude
even though we hve assumed (for now) that the true
relationship is zero.

The bias arises in our example because of the
endogeneity of families' locational decisions coupled
with our inability to fully control for unobserved
variables that simultaneously influence students'
gain scores and their families' locations (which in
turn determined teachers' verbal aptitude). We
address this problem below hs using an instrumental
variable estimation method to obtain instruments
for the school and teacher characteristics variables.
conducting formal statistical tests to ascertain which
of these characteristics can he legitimately treated as
being exogenous and which must be treated as
endogenous. anti then reestimating the ssnthetie
gain score equation using the original % ariables for
the exogenous characteristics and the instru-
mental sariable estimates for the endogenous
characteristics.

II. Institutional Variable Approach
Appendix Table A2 summarizes the equat ions ss e

estimated to generate instruments tor the school and
teacher characteristics ariables. These equations
were estimated primarily to obtain instruments for
the school and teacher % ariables and thes should not
be thought of as structural equations. In each case .
the act wit value of these ambles ss ere regressed on
a set of characteristics of the families of these
students at the school. a broader set of character-
istics of residents of the county or SMSA in w hich
the school was located, and an estimate of the
starting teacher salar% in each school district. I The
counts level a riables are suitable for 1.1`.e as

instruments because they are less likely to be
correlated with the error term in the gain score
equations than are school or district level variables.
The county and SN1SA ariables ss ere obtained from
the /965 City and County Databool, and starting
salaries were obtained from ss ithin-school district
teacher salary equation% that were estimated by us.
using the indi- idual teacher data from the EEO.'s

The instruments obtained from the coefficients in
Appendix Table A2 were used to test whether the
Isumptions that all the teacher and school charac-
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teristics can be treated as exogenous are valid, using
Durbin-Wu-Hausman specification tests in the
following two-stage fashion.'" First, an expanded
version of the model that appears in column (I) of
Table 2 was estimated that included both the
original values and the instruments for all six teacher
and school characteristics variables. The coefficients
of the instruments for MA and PUPT each had t
statistics that exceeded 1.9 in absolute value and a
formal F test suggested that one can reject the
hpot hest!, that the xector of coefficients of the six
instruments as a set are all zero, and hence that all of
the school and teacher characteristics variables
should be treated as exogenous.' These tests imply
that at leavt NIA and PUPT should he treated as
endogenous in the estimation of this gain score
equation.

Second. a ersion of the model ss as estimated in
which the instruments for MA and PUPT replaced
the original values of these sariables, hut both the
original alues and the instruments for the other
teacher and school characteristics (BOOKS,
BLACKT. EXP. VERB) were included. None of
the coel hcients of the instruments for the latter four
ariables in this model had a t statistic that exceeded
1.5 in absolute %Ate and a formal 1' test suggested
that one cannot reject the hy pothesis that the entire
ector of these latter four instruments' coefficients

tilt: all equal to /ero.' This test implies that in a
formal statistical sense it is legitimate to treat
BOOKS. 131 ACKT. EXP. and VER13 as exogenous
in the estimation of the gain score equation.

As a result, the synthetic gain score equation
found in column ( of Table 2 was first reestimated

ith instruments used only tor PUPT and MA. A

comparison of the coefficients of the school and
teacher characteristics variables that were obtained
when weighted least squares was used on the
original data (column I. Table 5) and when a
weighted instrumental variable procedure was used
with these instruments (column 2, Table 5) suggests
that the percentage of black teachers continues to be
negatively, and teachers' verbal aptitude positively.
associated with the synthetic gain scores. Moreover,
the magnitudes of the coefficients of the two
variables are roughly the same in the two specifi-
cations. Hence, if we take our endogeneity tests at
face value, our findings about the roles that teacher
ability and race play do not appear to be biased by
endogeneity issues.

We note, however, that treating BOOKS,
BLACKT. EXP. and VERB as exogenous is not
consistent with either our underlying economic
model or the empirical evidence provided by
others." If one also treats BOOKS, BLACKT,
EXP. and VERB as endogenous and reestimated
the model, the results in column 3 are obtained.
While the estimated effect of teacher verbal ability
increases substantially, the coefficient of the
proportion of black teachers now switches sign and
is statistically insignificant. Thus, our conclusion
about the effects that teachers' skin color per se had
on students in the 19nds hinges on the accuracy of
our specification tests.'"

IV. SIMULATIONS

Did teachers' verbal ability and race matter in the
1960s? Our reanalysis of the EEO data suggest that
the answer to the first question is definitely yes,

'Fahk. 5. Companson 01 V), 1 S estimate \ (It school lesel
sIntheue gain seine equations: t:irailes 3 to h. (abso(ific aIu / statistics)

(WI V' (\ IV r

(1 I (2 (3)

13()()KS it 010 i0 II 1164 (1.4) 0 47(i (1 11

"PI ii Os) (2.3) 0 In' 0.01 0 415 (2.3)
UI ACK.I 0.04' 11.$) 11.019 1.2.(0 0.076 (I I)
I NI' 0 06); (' (I) 1039 01.91 O 105 (0.5)
NIA (i 004 (1.1.3) 0.219 14 (l) -0.284 (3.9)

1.1(1) (i 093 (4
1 I ii (198 (3.() 0.448 (2.) )

. \ )1 equations also Lontam all ol ilk' satiable, used in column (1) ot
I able ,

bCoelticients lion) 'table 2. column (1)
satiable - csiiiii,ics 111 col1.111111 2) use

Insliuments tor NIA and Pt ; p1 onl. %%bile the estimates in column (3)
use insuuments tor satiable.,

'A
t W t-,k1q4A I, Lan,
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while the answer to the second question is much
more sensitive to the statistical model used. On
balance, increases in the verbal aptitude scores of
both black and white teachers were associated,
other things held constant, with higher synthetic
gain scores. On balance, increases in the percentage
of black teachers in a school were associated, other
things held constant, with lower gain scores for
white students at both the elementary and secondary
level and higher gain scores for black students at the
secondary level. The latter results do not always
hold up, however, once one attempts to control for
the endogeneity of teacher and school
characteristics.

A number of simulations that are summarized in
Table 6 provide the reader with estimates of the
quantitative importance of these characteristics in
the weighted least squares analyses. These simu-
lations make use of the estimates that were obtained
separately for black and white students and, thus,
that allowed the influence of teachers' character-
istics to vary with the race of the teachers (Tables 3
and 4). To given the reader a sense of the mag-
nitudes that follow, we note that the results in
column I of Table 2 suggest that reducing class size

by 10 students per teacher for elementary school
students, would be associated with roughly a 0.8
point increase in thc students' gain scores.

The mean percentages of black teachers in the
sample were 4 (3) for white elementary (secondary)
school students and 71 (77) for black elementary
(secondary) school students. respectively. The first
three simulations ask what the impact would have
been on students if the percentage of black teachers
had been I() percentage points higher? Those
reported in row I hold constant the mean values of
black and white teachers' other characteristics (MA.
EXP. VERB) at their satnple values. However,
since the mean values of black and white teachers'
characteristics differed, especially for VERB, this
first simulation provides no information on whether
teacher skin color per se would matter if other
teacher characteristics were the same. The simu-
lations reported in rows 2 and 3 address this issue.
The former assumes that all teachers have the mean
sample value of black teachers' characteristics, while
the latter assumes that all teachers have the mean
sample value of white teachers' characteristics

In fact, the three sets of simulations yield quite
similar findings. Depending upon the particular

Table 6. Estimated changes in gain scores from changes in teacher race and verbal ability

Simulation

Grades 3 to 6
White students Black student)

(IW) (3W) (SW) (IB) (3)3) (513i

Grades 9 to 12
White Black

(1W) (113)

(I) Increase the percentage of black
teachers by 10 (holding constan)
all other teacher characteristics)

I 20 I .09' 11.79' 0 27h 0.13 0.16h 0.951' 0 'I

(2) Increase the percentage of black
teachers by 10 (assuming black
and white teachers both had the
mean characteristics of black
teachers)

-1 12' -1.01' -0.74' (1.24 -0.25 0.471' 9.931' 0 17

(3) increase the percentage of black
teachers by 10 (assuming black
and white teachers both had the
mean characteristics of white
teachers)

-(1.98' -0.90' -0.08 -0.04 0.20 I 22:' 'C

(4) Increase the verbal aptitude
scores of black teachers by 10
points

(1.15' 0.14' (1.12' (1.95 0.97' 0 SO' 0.00. 04

(5) Increase the verbal aptitude
scores of white teachers by 10
noints

II 451' (1.51)' 0.24 (I.(83 0 (14 -0.1(1 II 09' 0.04

"Estimated change is statistically significant different from zero at the 0.115 level of significance. mo-tail test
l'Estimated change is statistically significantly different from zero at the 0.10 level of significance. two-tail test
Source: Authors' calculations from data in Table 1 and coefficient estimates in the indicated columns (ruin Table 3 (loi

grades 3 to 6) and Table 4 (for grades 9 to 12).

1 i
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elementary school equations used in the simulation,
increasing the percentage of black teachers by 10
percentage points is estimated to reduce the syn-
thetic gain scores of white elementary school
students by roughly 0.7 to 1.2 points and to reduce
the gain scores of black elementary school students
by roughly 0 to 0.5 points. This should be contrasted
to mean gain scores of 5.86 and 4.42 for thc two
groups. respectively. At the high school level, the
increase would reduce the synthetic gain scores of
white students by roughly 0.9 to 1.2 points, but
nwrease the gain scores of black students by roughly
0.2 to 0.4 points. This should be contrasted to mean
gain scores of 0.86 and 0.53. respectively.

The mean verbal aptitude test scores of white
elementary (high school) teachers and black
elementary (high school) teachers were 81.13
(81.17) and 73.54 (80.20) respectively for white
stueents and 78.76 (76.62) and 64.03 (66.91)
rev wctively for black students. The simulations
rer orted in the fourth and fifth rows of the table ask
ss hitt the impact on the synthetic gain scores would
have been if all black teachers' verbal aptitude
scores ss ere increased by 10 points (row 4) and if all
ss hitt: teachers' scores %sere increased h., (0 points
trm% 5). l'he standard deviation of teachers verbal
aptnude scores is approximately 20 points for each
ot the %hite and black teacher samples, so a ltl-point
increase represents a change of about one-half of a
standard de iat ion. Given that A hite teachers taught
primaril sshite students and black teachers taught
pomarib, black students in the l9611s, one should
expect that improsing tunly the verbal test scores of
teachers ot one race would influence primarib the
gdin scores of students of that rice. This in fact
occurs.

Impros ing the erbal aptitude scores of black
teachers b 10 poiots is estimated to increase the

nthetic gain scores of v.hite elementary school
students b roughly 0.14 points and of black
elementar school students by roughly 0.9 points.
Similarl increasing the verbal aptitude scores of
s bite elementary school teachers by 10 points is
estimated to increase the synthetic gain scores of
shite elementary students by between 0.24 and 0.50
points. hut to have very little, or e'en a small
negative effect, on black elementary school
students' scores. At the high school level, neither
sk bite nor black students gains scores are predicted
to change very much in response to either a

change.

VI. CONCLUDING REMARKS

What conclusions should one come away with
from our findings? Teacher race and verbal aptitude
did matter in the 1960s in the sense that they were
associated with synthetic gain scores! Verbal
aptitude scores of teachers nationwide have declined
substantially during the last two decades.4' If onc
adds a quadratic term in ability to our gain score
equation, one finds that the marginal affect of ability
increases as ability declines, so tht the' payoff to
improving teachers' verbal scores probably is even
higher today:12

We must caution, however, that our results are
for synthetic gain scores in the mid-1960s. The mid-
1960s was a period of change for schools in the
United States and this may reduce the appropriate-
ness of our synthetic gain score approach, which
assumes that the sante -fixed" unobservable vari-
ables identically affected the test scores of students
in different grades at a school at a point in time.
Furthermore, synthetic gain scores, especially for
the high school data. are dependent on drop-our
rates. Other things equal, assuming the drop-outs
come front the lower tail of the test score distri-
bution, the higher the drop-out rate in a school
bets% een the ninth and twelfth grades. the higher the
twelfth grade score will be and thus the larger the
gain score ss ill he. Put another way, our results may
he subject to a form of selection bias. While no data
exist on drop-out rates in the EEO. results we report
elses here based on a.nalyses of data front High
School and Reymul suggest that teacher race and a
proxy for teacher ability do not influence a student's
drop-out probability, so perhaps this is not a

problem_ I'
Changes in student test scores over their school

careers are not the sole outcome of interest. Do
teacher verbal aptitude and race influence college-
goi ng behavior, college completion rates, or post-
educational labor market outcomes? Do they
influence noneconomic outcomes such as attitudes
students hold towards individuals from other racial
groups'? These questions cannot be answered with
the EEO data, although one recent study on a
related topic did suggest that school quality
measures do affect labor market outcomes.'"

The racial and ethnic distributions of students and
teachers are different today than they were 30 years
ago when the EEO survey was undertaken. So,
perhaps. are the attitudes about and expectations of
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black and white students and teachers towards
members of the other race. Although our reanalyses
of the EEO data found in some specifications that
increasing thc percentage of black teachers in a
school. other things held colistant, was associated
with lower white student gain scores at both the
elementary and secondary levels and higher black
student gain scores only at the high school level,
these findings were sensitive to assumptions about
the endogeneity of teacher and school character-
istics. Furthermore, estimated relationships
obtained from -educational production function"
analyses are often not the same across studies and
there is nothing that guarantees that these relation-
ships would hold today.45 For example. one recent
study of the actual gain scores between the second
and sixth grades on reading and vocabulary tests for
low-income black students in Gary. Indiana found
that. holding other characteristics of teachers
constant, black elementary school teachers did
enhance the performance of these black students.'
Clearly, before drawing any .policy conclusions
about the importance of teacher skin color, per se, it
is necessary to replicate our analyses using more
recent data.47

Conceptually. however, the issues we have raised
should not be ignored. Minority teachers may, on
average, improve the academic performance of
black students but adversely influence the academic

performance of white students today. Teacher
verbal aptitude may matter today, on average, both
for white and minority teachers. To the extent that
the latter tend to have lower test scores, hiring
minority teachers with lower verbal aptitude scores
than white teachers may adversely affect the gain
scores of both minority and white students. The case
for expanding the number of minority teachers in
public education rests on disiributative as well as
efficiency considerations. However. contemporary
empirical evidence of the type we have presented
surely should be part of the policy debate.
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NOTES

On the declining pool of potential minority teachers see ('ole (1986), Irvine (1988). Berger (1990).
and Zinn (1990). For evidence that minority teachers are more likely to fail the National Teacheis
Examination (NTE). and. in Texas. the Texas Educational Assessment of Minimum Skills
Examination, see Cole (1986), Ferguson (1991a). and Thernstrom (1991).

2. See, for example. Irvine (1988).
3. On the potential cultural bias of tests and the validity of the NTE see National Research Council
(1989), Ayers and Qualls (1979). Ayers (1988). Haney et al. (1987). Darling-Hammond and Wise
(1983). and Sheehan and Marcus (1978). Studies that show that teachers' "ability", as measured by
test scores, does affect student academic achievement include Armor (1972). Boardman. et al. (1978).
Coleman et al. (1966), Ferguson (1991a; 1991b). Sheehan and Marcus (1977), and Strauss and Sawyer
(1986). In contrast Summers and Wolfe (1977) find no evidence that teachers' "ability" matters.

4. These studies include Aaron and Powell (1982), Aloia. Maxwell and Aloia (1981). Banks (1988).
Barnes (1979). Baron (1985). Beady and Hansell (1981), Braun (1976). Brophy (1981). Brown el .

(1970). Byalick and Berson. (1979), Carew and Lightfoot (1979), Coates (1972). Cooper et al. (1975).
Cooper and Tom (1984). Cornbleth and Korth (199(1), Dusek and Joseph (1983). Eaves (1975).
Feldman (1986). Gottlieb ( I9M), Haller (1985). Heath (1971). Holiday (1985). Irvine (1985: 1986:
1990). Jackson and Cosca (1974). Leiter (1976), Mathis (1976), Meier et al. (1989). Natriello and
Dornbusch (1983). Simpson and Erickson (1983). Sizemore (1981). Tobias et al. (1983). and West and
Anderson (1976).

5. See. for example. Alexander el al. (1987). Bridge et al. (1979). Crain and Mahard (1978). Crain er
al. (1982). Cunningham (1975). Darkenwald (1975). Farkas et al. (1990). Ferguson (1991a. 1991h).
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Glick (1971). Mas nor (197(1). Murnane (1975). Ohberg (1972). Pascarella et al. (1979) Rossel and
Hawley (1983). Sanders (1982). Sheehan and Marcus (1977). St John (1971). Touliatos et al. (1977),
and Yando et al. (1971).

6. See. for example. Bowles and Levin (1968). Cain and Watts (1970) and the set of papers published
in Mosteller and Moynihan (1972).

7. See. for example. Colemn et al. (1966). Armour (1972). Hanushek (1972). Jencks (1972).
Thernstrom (1991) has recently reminded people of this finding.

8. See Hanushek (198(i).
9 Students in each grade were administered a battery of subject and aptitude tests. For each subject.
different tests were administered to students in each grade so that one cannot inkr anything about the
absolute amount students in a school learn hy comparing say. the mean third grade and mean sixth
grade test scores. However. one can infer something about how much students in a school were
learning in relative terms by comparing gain scores across schools. So. for example. if the mean third
grade score on a test was 80% in each of two schools and the mean sixth grade scores were 80% and
90% in the two schools. respectisely. the implication is that the students learn more between the third
and sixth f rade in the second school.

10 A major finding of the Coleman Report was how segregated by race schools were in 1966. For
example. almost 80% of all white pupils in the first and twelfih grades attended schools that were 90 to
100% w hite. tine more than 65% (85%) of black students in the first (twelfth) grade attended
schools that were between 90 and 10(1% black (Coleman et al.. 1966. p. 3). In the research that
follows. gain scores are computed by race for a school if at least one student of that race arc present in
the base scar grade. Since weighted least square analyses are used (with the weights based on the
number of students in the racial group in the grades in the school), schools with only a few students
from a rachn group are Oxen ers little weight in the race-specific analyses.

11. While (ink a small fraction of w hite students were taught by black teachers in 1966, a greater
traction ea bla,:k students %sere educated hs white teachers. For the nation as a whole, the average
black ekmentarx (secondars ) student attended a school in which 35% (41%) of the teachers were
ss lute (Coleman t'l (11' . 1906. p. 31.

12 Pi tor anals ses ot how teachers arc sorted across school districts and how they decide whether to
remain in the protession base been undei taken. See. for example. Antos and Rosen (1975). Ferguson
( 1 9 9 1 b ) . iial Murnane and Olsen (1990). Howes er. Ehrenberg and Brewer (1994) is the first study to
neat teacher charactelistics zis endogenous in the estimation of educational production functions.

13 Ihe 1-.1.0 data tapes ..re sers poorls documented and considerable effort had to he expended by us
to "clean" the data. A data appendix. is ailable from us on request, discusses a number of the
pi oblems we laced and the actions we took.

14. Although oser 60.0110 !cachet swele surs es ed in the original LEO survey, the data set we received
ham the National Aiello e contained information on onls 44.193 teachers and came with a notice that
two (cachet files were missing When teacher data was missing. it appeared to he missing for all the
teachers in a school and all of these schools are nece+sarily excluded front our analyses. This
restriction alone reduced the total number of schools in the sample from about 40(XI to 2075. This
implies that !nost of the schools thut tailed to report teacher data were relatively small.

IS Ans school that enrolled both white and bl.rek students. will appear in both the white student and
the black student samples. Test scores for students of other ethnicities/races. primarily Native
Americans. Ilispanies. and Asian Americans. are used to compute the mean test scores in the overall
sample. but not in the black or white samples.

16. Part ot the reason for the small high school sample is that many ninth graders attended junior high
schools and thus were not enrolled in schools with twelfth grades. A comparison of the descriptive
statistics lot the samples act nails used in our anals se. (Table 11 and the largest samples available if we
ignoic our need for teachei characteristics data, suggests that the two samples were quite similar. for
both elemental s and seiondars schools, in terms ()I their base year test scores, synthetic gain scores.
and proportions ot black teachers and students.

17. The high percentages ot black students and teachers in our sample occur because black schools were
oser-sampled in the original EEO sun ex . No sample weights were found hs us in the data so we could
not control tor problems relating to choice-based sampling in our statistical analyses.

18. Gain scores can be negato e because, as discussed in footnote 9. the tests administered in each grade
were different.

19. Requiring black teachets to hase more education than white teachers at schools with white students
mas reflect either discrimination in hiring or a compensating differential for their lower test scores.

20. The mean aloes of the students characteristics in a school were very similar for third and sixth
grade students in each school and the latter were used in these analyses. Family income data were
act ualls not as ailable in the El.0 data and had to be estimated hy us. We computed the occupational
distribution (at the one-digit les el I ot lathers in each school and then used this distribution and data

20
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on the 1970 median male earnings in each occupation in the census region (4) in which the school was
located to obtain an estimate of family incomes in each school.

21. A 10 percentage point increase in teachers' verbal aptitude scores is equivalent to a change of a little
under one standard deviation in the overall distribution of teachers' scores.

22. Appendix Table Al contains mean test score level equations for the four elementary and secondary
grades that are specified similarly to column I of Table 2. While these test level equations suffer from
omitted variable bias (see the introduction), it is clear that many ot the measured variables that
influence the synthetic gain scores also influence the test score levels.

23. An alternative way to handle the problem is to treat BYTEST as endogenous. obtain an
instrumental variable estimate for it, and then reestimate the gain score equation in column ( I ) using
the instrumental variable. We obtained an instrument by regressing BYTEST on the characteristics of
the school's students, their families and the community in which the school was located (the X,) and
similar variables for the larger county or SMSA in which the school was located. When the gain score
equation w:,s reestimated using this instrument, the coefficient of the instrument proved to he
insignificant but the coefficients of BLACKT ( -0.0(i3) and VERB (0.066) were very similar to the
corresponding coefficients found in column I of Table 2 and both remained statistically significant.
Consequently, in what follows, we treat BYTEST as exogenous.

24. In some schools, either all students failed to report whether they spent their entire careers in the
school or all students reported that they had not. Hence. the smaller sample sizes in columns (3)
through (5).

25. For the white students sample. the computed statistic is F(3.776) = 5.87 and for the black student
sample it is F(3.491) = 7.93. Both of these values exceed the 0.99 critical values of F(3.120) or F(3.x)
of 3.95 and of 3.78. respectively.

26. One cannot infer the effect of black teachers per w in these models from the coefficients ot
BLACKT alone since this variable also interacts with the other teacher characteristic% (see equation
(2)). We conduct simulations, however, using all of these characteristics and their coefficients in
Section V.

27. Tables of the results of these analyses are available from the authors.
28. We are grateful to Fran Blau for suggesting this point to us.
29. In each case. the mean third grade value of the variable (logarithm of mean test score or percentile

rank on the third grade test) appears on the right hand side of the equation.
30. See Tiebout (195(i).
31. Again. see Antos and Rosen (1975) and Ferguson (1991h).
32. Evans. Oates, and Schwab (1992) make a related point in the context of estimating -peer group

effects- on drop-out rates. While they treat peer group measure., such as the percentage of
disadvantaged students in a school as endogenous. they do not explore the influence of teacher oi
school characteristics.

33. Ehrenberg and Brewer (1994) is the exception. Ferguson (1991 h) treats teacher and school
characteristics as exogenous when he estimates district-level educational production functions, hut
then goes on to show how these characteristics vary with underlying socioeconomic and demographic
variables.

34. We are grateful to Marshall Smith. currently Undersecretary at the U.S. Department of Education.
for helping us to develop an algofithm to identify the county or SMSA in which each school in the
EEO survey was located. The data appendix pros ides details.

35. For each district, we regressed the logarithm of teacher's salary on the teacher's experience, and
degree level, using all teachers we observed in the district as observations. The estimated intercept%
from these equations are estimates of each district's logarithm of starting salary.

36. See Russell Davidson and James M. MacKinnon (1993). pp. 237-242 for a more formal treatment.
37. The computed F statistic was F(6.681) = 6.56 which exceeds the critical value of roughly 2.80 for

rejecting the hypothesis at the 0.99 level.
38. The computed F statistic was F(4,683) = 1.44 which is less than the critical value ot roughly 3.78 for

rejecting the hypothesis at the 0.99 level.
39. See Antos and Rosen (1975) and Ferguson (1991h).
40. Two other extensions warrant brief reporting here. First, when one eliminates the estimated starting

salary in a district from the instrumental variable equations (on the grounds that it is endogenous),
one obtains virtually identical results to those reported in Table 6 and the text. Second, when one
repeats the analyses eliminating the base year test score from the gain score equations (on the grounds
that it too may be correlated with unobserved variables), one again obtains a similar pattern ot results.
That is. Durbin-Hausman-Wu tests suggest that only BOOKS. PUPT, and MA should be treated as
endogenous and the estimated VERB and BLACKT coefficients obtained from such a specification
are very similar to those obtained in column 2 of Table 2.

41. See Murnane et al. (1991). Chapter 2.
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42. When VERB squared is added to the model specified in column I of Table 2 and then the expanded
equation reestimated. the coefficient of VERB and VERB squared, respectively become, with the
absolute values of their statistics in parentheses. 0.366 (2.5) and -0.002 (1.9). Although the marginal
effect of VERB declines as aptitude increases in this model, it remains positive until VERB reaches

(:91 .5.
43. Ehrenberg and Brewer (1994).
44. See Card and Krueger (1992).
45. See Hanushek (1986).
46. Hanushek (1992).
47. The data used by Ferguson (1991) on Texas school districts would be extraordinarily valuable if

characteristics of teachers and students by race/ethnic group for each district could be made available.
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POPDEN area population per square mile in 1960
PURB per cent area population living in urban areas in 1960
PBLK per cent area population that is black in 1960
P650 per cent urea population that is age 65 or older
MEDU median school years completed for area population that is age 25 or older in 1960
PGHS per cent area population 25 or older in 1960 that completed high school
SEN total area school enrollment in 1960
PWHC per ccnt area adults in white collar jobs in 1960
M1NC median family income in the area in 1960
PUBAS per cent area families on public assistance in 1964
PSEE per student expenditures in the area in 1960
All other variables are defined in Table 2.

`Weighted least squares regressions. The weights used in each case are the number of teachers taking the test.
Sources: (a) Authors' computations from the Equality of Educational Opportunity survey data tapes. (b) Authors'

computations from the /965 City and County Datahook data tape. The "area" refers to the SMSA in which the school is
located, if the school is in SMSA and the county in which the school is located for schools outside SMSAs.
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