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Chapter 4

THE PRODUCTION OF EDUCATION,
TEACHER QUALITY, AND EFFICIENCY

Eric Hanushek

It is currently in vogue to claim that the public education
system is failing us. This is supported by a variety of evidence on
incomes, racial disparities in achievement, and so forth. However,
such statements by themselves are not very useful since, even if
true, they provide the educational decisionmaker with no infor-
mation from which to do his job better. It is simply easier to
provide a balance sheet of the outputs of education than it is to
provide prescriptions for action, and this fact accounts for why
there has been more analysis of the results of education than of
methods of improving education.

Hopes for improving public education in the United States
depend upon our learning from past experiences. We must be able
to assimilate the results of past educational programs and past
instruction. However, the complexities of education make this
assimilation very difficult. School administrators are often good at
making judgments about very specific aspects of education. For
example, a principal often can make a good judgment about which
teachers are getting results and which are not. Yet, at the same
time he has difficulty in pinpointing the characteristics which lead
to “getting results.” He will often conclude that it's all in the
individual. But, if this is truly the case, we have little hope for
improving public education. In order to improve our educational
system we must be able to make some generalizations about
characteristics of teachers which are more or less favorable to
education.
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. Th'lfs Paper looks at the educational process with the aim of

i enlp ying the role of teaghers in education. Moreover, since the

imp ul:nt model of edt'Jcatlon used by administrators is know—

ga;ne dy; tha.t a teachel_' S productivity is a function of experience

2 i?e eefﬁp;telonal le;/el, ;: Is possible to make some statements about
ncy ot schools in their hiring of tea

f chers. After
sketching a general model of the production of education the
sgﬁg;ﬁgrese_?_;s t\?{o separate attempts at estimating modeis of

n. e Tirst relies upon the data fro ]

( ) m Equalit
Educational Opportunity (EEO); ! the second uses a nZw sla:’np(?;
t;cgalslgctid from a California _school system during the summer of
gener.a “yro::no thfse_ anacliyses it is concluded that: (1) teachers do

unt 'in education; (2) schools now o i
( ral ‘ ; perate quite
mebf'f.lcnent.ly, anq (3) there appears to be considerable latitudz for
public policy to improve our educational system.

Conceptual Model

iso:;tl‘s not possible to look at the role of teachers in education in
i ton. Instead, one must consider all of the factors that enter

The basic model of the educati
. ational .
in equation such as Equation 1. process can be depicted by

- M ,(t
DA -ne V1,51 where

A =
it = vector of educational cutputs of the it student at time t

t) . PO
8,‘ } = vector of family inputs to education of ith
pl(t)

student at cumulative time t

= vector of peer influences of jth student cumulative to time t
l. = H
; vector of innate endowments of ith syudent

L) i i
i vector of school inputs to ith student cumulative to time t

This model snmply states that educational output (At) itself a
itfs
)

multidimensional factor, is a function of the cumulative back-
ground influences of the individual’s family (B,(t)), of the
cumulative influences of his peers (P,1!), of his innate abilities {/;)
and of the cumulative school inputs (S;!*?). While this abstract
model is not very operational, it does provide a framework for
discussion of models of the educational process which can be
tested empirically.

Specific measures of each of the inputs listed in Equation 1 are
derived from a combination of past work in the field, theoretical
considerations, and sheer data availability. For instance, one can
think of many measures of the output of the educational process.
It would be possible to use standardized test scores, juvenile
deliquency rates, future income streams, or level of education
completed. However, for any given sample of data one is usually
hard pressed to find more than one of these specific measures.
While theoretically one thinks of schools producing several
different outputs, usually lumped under the major categories of
cognitive development and socialization, the availability of data
has restricted most past studies to examining a single output.
Indeed, this will be the situation in the analysis that is presented in
this paper. This paper concentrates entirely on an analysis of
cognitive development as reflected in scores on standardized
ability and achievement test scores.? It is believed that these
scores represent differences which are valued by society.?

The inputs are subject to many of the same considerations as
the measure of output. There is no firm theoretical basis for
choosing inputs. Likewise, there is often a lack of desired data.
Each input vector will be discussed in turn.

Families contribute to the education of children in many
different ways. They provide basic shelter and food for the
individual child. But more than that, they provide models of
verbal structure, examples of problem solving, and a basic set of
attitudes to the individual child. To measure each of these
concepts explicitly would be a very difficult task, but for our
purposes this is not really necessary. It is widely accepted that the
relevant educational inputs are highly correlated with the socio-
economic status (SES) of the family. Thus one can indirectly
include the effects of each of these individual family inputs in the
educational process by including a set of measures of socioeco-
nomic status. These measures include parents’ educations, goods in
the home, family size, and father's occupation.

Peer groups provide many of the same inputs that the families
provide., The individual child's peer groups would include his
friends both inside and outside of school. To be precise, one
would want to know exactly which individuals were friends or
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.nded to interact with each other, but collecting this kind of
formation on a very large scale would be prohibitively expensive.
1 this case, it seems acceptable to aggregate all classmates of the
(dividual in the classroom or school and take that as the peer
-oups. In measuring the interactions of individual children one
an use tife same proxies for peers that are used in the case of the
\dividual*$family, that is, use socioeconomic status as a proxy for
1e types of interaction which exist among friends. Thus for peer
roups we would want to take aggregates of th individual family
ackground measures.

Innate ability is probably the most difficult concept to measure
1 the whole model. In fact, it is not well understood how innate
bilities enter into the educational process, and there exists
onsiderable controversy over the role of innate ability in
ducation. The only consensus which appears to exist in the area is
hat common 1Q scores do not do an adequate job of measuring
anate abilities. All is not lost, however, when innate abilities
annot be measured directly. In particular, under a set of plausible
ssumptions {which will be detailed in the empirical section) it is
yossible to circumvent the most serious problems.

School influences are the focus of this study and will be
liscussed in more detail than the other inputs. The hypotheses to
e analyzed actually are quite simple and straightforward. 1t is
urprising how little is actually known about the ways in which
chools and teachers affect education. This largely results from a
ixation on inputs to education rather than outputs. However, one
:an input a set of hypotheses about teacher effects from the
sehavior of schools. In particular, schools base pay schedules on
eaching experience and educational levels. Thus, they must
selieve that increased experience and further schooling have a
yositive relationship to educational output. These provide two
sentral hypotheses in the study of the educational process.

Other hypotheses can also be found in the actions of school
idministrators. A frequent compensatory education plan is the
-eduction of class size. Since this is a very expensive undertaking,
‘he presumed benefits (increased outputs) must be great. Also
here are a large number of people who argue that some forms of
student distributions in the schools and classrooms (e.g., ability
-racking or racial and social integration) have a beneficial effect on
sducation.* All of these are testable hypotheses about the
-elationship between school inputs and achievement.

Further, in recent literature, particularly Equality of Educa-
sional Opportunity (EEO), there is a suggestion that one can
measure other dimensions of teacher and school quality. These
include attitudes of teachers and administrators, verbal facility
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(and perhaps general ability) of teachers, quality of physical plant,
quality of teacher education, background of teachers, and more.

Together, the preceding form the rudiments for a testable
model of the educational process. While some modifications are
required because of data limitations, this basic structure will hold
in the empirical section,

Empirical Analysis

Two separate analyses of the educational process in elementary
schools area have been undertaken in this paper. The first relies
upon the data for the Northeast and Great Lakes of Equality of
Educational Opportunity. The second uses a sample drawn from a
California school district during 1969. Each of these analyses will
be described separately and then they will be compared for
consistency and conclusions.

Multisystem School Analysis®

The well-known report Equality of Educational Opportunity
assembled the best data bank on public education to date. This
1965 survey collected a wealth of data pertaining to students,
schools, and the outcomes of education. A reanalysi; »f these data
comprises the first section of applications of the basic educational
model.¢

The survey collected data on some 570,000 students and
67,000 teachers across the country. It was a purely cross-sectional
survey of students in grades 1, 3, 6, 9, and 12. Minorities were
intentionally overrepresented in the sample.

The student information included a set of standardized test
scores {(verbal ability, nonverbal ability, reading achievement, and
mathematics achievements) and questionnaire responses to both
objective questions about the students’ background and subjective
questions about the students’ attitudes toward school and society
and the parents’ attitudes about similar issues.

The teachers in the sampled schools completed a questionnaire
concerning objective background characteristics {education, family
background, experience, etc.) and subjective characteristics (atti-
tudes toward students, minorities, compensatory education, etc.).
They also completed a simple verbal facility test.

) Finally, principals and school superintendents supplied informa-
tion on general school characteristics, curriculums, and their
personal backgrounds and attitudes.

In using these data to test the model of the educational process,
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wo factors are immediately evident. The data do not relate school
nd teacher inputs to individual students, In no place is there any
aformation on specific inputs received by or available to an
adividual student. One only knows what school averages look
'ke. Therefore, there would be considerable error in the school
aput variables if one attempted to estimate a model for
adividuals® like Equation 1. Secondly, there is no measure of
anate abilities in the model.

The first problem, the inability to estimate models for
1dividual students, is overcome by looking at total school models.
nstead of using the achievement of individual students as the
wtput of the educational process, students are aggregated across
chools so that average scores for a given grade represent the
wutput. At the same time, inputs are aggregated across the school
o that average background characteristics and average school
haracteristics form the inputs. This tends to minimize the data
roblems introduced by incompatibility of student and school
lata. )

One obvious loss from this aggregation is the influence of peers
n students. It is no longer possible to differentiate between
amily backgrounds (in aggregated form) and peer influences. (One
rude peer effect can be analyzed. This is the effects of one racial
roup on others. However, this becomes tricky to interpret
iecause of the intertwined and competing hypotheses involved in
he racial influence variables.)

Innate abilities are not handled as neatly. There is no direct
seasure. However, at least for whites, it is reasonable to assume
hat this factor is fairly well captured in the family background
ariables. This is the case if innate abilities tend to be hereditary
nd if social mobility is highly correlated with ability.” For blacks,
vhere the parent-to-son correlations of SES are not nearly as
ronounced, this lagic is more strained.® The principal problem
rising from lack of measure of initial endowments is biased
tatistical results. But bias only arises when the excluded variable
innate abilities) is not independent from the included inputs.
"hus, even in the black case, severe problems at least at the school
svel do not arise unless there is a mechanism which leads to the
orrelation of innate abilities and specific school resources. For
he purposes of analyzing school and teacher influences this
imission, then, does not seem too damaging. Note, however, that
his factor further complicates the family background factors.
‘hose who would attempt to derive policy implications from the
ackground portions of the model are warned again of the
xtremely complicated nature of that set of inputs.

The specific school analysis undertaken involved estimating
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separate black and white models. Separate models were estimated
for two reasons. First, since many of the inputs—particularly the
background factors—are measured by social class proxies, there is
no reason to assume that these nominal measures imply the same
behavioral content. Secondly, there is no reason to assume that
the educational process is the same across racial lines. In fact many
people maintain strongly that differences do exist.

The analysis is concentrated upon the sixth grade students in
the sample. This choice was the result of two factors. The inability
to include historical information due to the cross- sectional survey
with little data on the past, indicated that data from earlier
schooling with less chance of moves, changes in status, etc.,
introducing error would be superior. However, there was a
trade-off here because the students supplied all of the information
on their background (no consultation with parents); going back to
the first and third grades would introduce a different type of data
error. The desirability of using elementary schools for the analysis
is immediately obvious. The generally simpler school organization,
the more standardized curriculums, and the more homogeneous size
make elementary schools much more attractive for modeling than
intermediate or high schools.

The samples used for the analysis included all' urban elementary
schools from the Northeast and Great Lakes regions of the
Equality of Educational Opportunity survey that had at least five
white or black sixth graders. This yielded 471 schools with five or
more white students and 242 schools with five or more blacks. In
both samples the racial mix contains observations across the whole
spectrum from less than 5 percent of the opposite race to over 95
percent, although both samples are heavily represented by highly
segregated schools.

Results—Multisystem School Analysis

Models of education for whites and blacks were estimated using
regression techniques.® In both cases a multiplicative (log-log)
functional form proved superior to a linear form. Thus, the
estimated coefficients can be interpreted as elasticities.'® Three
separate measures of teacher quality proved significant in the
models: teacher experience, teacher verbal facility test scores, and
the percent of students with a nonwhite teacher during the
previous year. The effects of teachers on the preduction of verbal
achievement is presented in table 1 along with the means and
standard deviations.
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LABLE 1
TEACHER EFFECTS ON VERBAL ACHIEVEMENT, MEANS, AND
STANDARD DEVIATIONS

ariable Elasticity Mean Stnd. Dev,
WHITE MODEL

sacher expgtr.ig___ncc lyears) .020 11.9 4.6

:acher test score 117 24.8 1.4

students with nonwhite teacher
last year —.024 13.4 16.0

BLACK MODEL
sacher experience (years) .045 1.3 4.0
racher test score 178 24.0 1.8

students with nonwhite teacher
last year —.026 44.7 19.4

ymplete model: Verbal = flgoods in home, father's education, family size, attitudes,
central city, racial composition, and teachers)

he complete models are found in the appendix. Since the focus
f our attention is on the effects of teachers, only teacher effects
‘e shown in table 1 even though the estimates were derived from
larger model, Suffice it to say here that the background variables
ypear to do a good job of measuring home and peer influences on
lucation. Further, the estimated effects of teacher inputs seem to
: invariant to the precise formulation of background factors and
1 the inclusion or exclusion of the attitudinal variables,

Since the .school influences in the two models appear quite
milar, it is possible to discuss both models at the same time. One of
e more interesting features of the models is that only one factor
hich is explicitly purchased by schools affects achievement; this
teacher experience. Further, the small coefficients indicate that
:perience does not have an overwhelming effect on achievement.
1e existence of “’seniority rights” in school selection suggests an
yward bias as school achievement could well influence selection
¢+ teachers. However, indirect evidence of the insignificance of
rect attitude variables about school selection by the teachers
dicates that this variable is chiefly a “pure” experience measure,
is somewhat surprising that the elasticity is constant across the
1ole range of experience, although tests for differences in
fferent ranges proved insignificant.

The teacher verbal test score represents the best measure of
acher quality contained in the data. This provides a method of

)

making standardized comparisons across teachers but is a still
crude measure of teacher quality. It gives some measure of the
technical competence of the teaching staff in one particular
dimension—verbal ability—and it probably acts as a partial proxy
for general intelligence. Nevertheless, there are many other
dimensions of teaching, e.g., rapport with the class, empathy,
warmth, knowledge of subject matter, which are valuable in
teaching but not included in this measure.'’ Given these
shortcomings, the magnitude of the effect is significant. The
elasticity of .12 (.18) for such a poorly measured indicator of
teacher quality provides considerable encouragement in the ability
of schools to affect children. Table 2 indicates the small variation
in this measure; the standard deviation for whites equals only 1.4
with a mean of 24.8 and a maximum score of 30 with a black
sample mean approximately one point less. Nevertheless, there are
wide fluctuations of scores even within cities. Within one sampled
city, there were differences of 40 percent between the best and
worst schools.'* Switching the teacher staffs would result in a 5
to 7 percent increase in average achievement.

The final teacher quality measure is the percentage of sixth
graders who had a nonwhite teacher during the last year. This is
interpreted as a measure of part of the teacher quality distribu-
tion, i.e., the lower end of the distribution. This interpretation
arises from our knowledge of the education provided to blacks.
Many studies, including a survey of colleges presented in Equality
of Educational Opportunity, show the general quality gap between
Negroes and whites who go into teaching.'® This not particularly
surprising given that blacks are given inferior elementary and
secondary school education and then proceed to segregated
colleges which tend to widen the educational gap (by race).'*

Before discussing the larger implications of these results, it is
useful to digress for a moment and discuss some of the school
factors which proved insignificant in modeling the educational
process. These include teacher degree level, sex, age, teaching
certificates, attitudes toward teaching and the students, measures
of teacher background, and class size. Certainly, there are
considerable measurement errors in each and these errors will
affect the significance of the various factors, However, none seems
to exert a strong influence on achievement.

A few general conclusions arise from this analysis, First, the
general low effect of purchased aspects of teachers (advanced
education and experience) indicates that schools are acting
inefficiently. Since school systems pay handsome bonuses for
these attributes, it is only economical to have people with
advanced degrees if they contribute a proportionately higher
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Jount to achievement. This does not appear to be the case.
However, these models do not support the contention that
~00ls do not count. To the contrary, they imply that higher
iality teachers do produce higher levels of achievement. Further,
ren the general problem of measurement errors in the data and
e crudenass of the variables, the coefficients tend to be
\derestimated or biased downward.! ¥ Looking at table 1, there
also the distinct impression that teacher quality impacts more
1 blacks than on whites. While differences in the coefficients are
1all, they are consistent. If in fact this is the case, it indicates
at schools can increase educational achievement for whites and
acks by allowing for these differences in the educational process.
>r example, they would be able to increase black achievement
thout changing white achievement by shuffling teachers with
ore experience into predominantly black classrooms (and possi-
y compensating predominantly white classrooms with more
rbal teachers).

It is unreasonable to push these models too hard. They make
10 essential points. First, teachers do appear to matter. Better
achers (better here in a very limited way) achieve better results.
:cond, schools appear to be inefficient. They appear to be hiring
e wrong things.' ¢

ngle System, Individual Student Analysis'’

A similar type of analysis was carried out with a different set of
ita which allowed a more accurate measure of the teacher inputs
ceived by each child. In particular, individual students were
atched with individual teachers. This allowed for an historical
sment to be introduced by matching with past teachers and
leviated the need to estimate school production functions. Thus,
e data came much closer to the conceptual model of Equation 1.
The basic sample of data was drawn from a large school system

California during the summer of 1969. All children in the third
ade during the school year 1968-1969 were initially included in
e sample. For these 2,445 students, information on family
ickground, scores on the Stanford Achievement Tests, and names
* teachers was abstracted from cumulative records. At the same
ne, all kindergarten through third grade teachers currently in the
stem were surveyed for information fairly similar to that
ntained in Equality of Educational Opportunity. Information
as collected on teacher backgrounds, attitudes, and specific
pects of schooling. An attempt was made to ascertain their use
" time, i.e., the division in the classroom between instructional
forts, disciplinary efforts, and administration. Also, a verbal
cility test was given each teacher.!'® The sample used for this

3
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analysis was developed by applying two criteria .u this group of all
third graders. First, individuals were eliminated from the sample if
data were not available on both their second and third grade
teachers. Second, students were eliminated if both first and third
grade achievement test scores were not available. When these
criteria were applied, a total of 1,061 students was left in the
sample.

This sample allows another method of dealing with the problem
of initial endowments. In particular, since there is a measure of
previous test scores, it is possible to restrict the analysis entirely to
one period of schooling by including the previous score for an
individual as an input into the process. In this matter all of the
level determining aspects of innate abilities can be eliminated. This
seems to go a long way toward minimizing any biases arising from
this missing information.

Looking at one school district has both advantages and
disadvantages. Many hard-to-measure attributes of a school such as
curriculum, school organization, community attitudes, etc., are
automatically taken care of by looking at one school system.
Thus, potential biases from community or system specific vari-
ables which cannot be or are not measured are eliminated in such a
sample. However, the same arguments can be turned around in the
other direction. By looking at only one system it is difficult to
make generalizations about behavior in other systems located in
different regions and having different types of organization. If
specific system attributes are very important, it might not be
possible to apply estimated models to other systems. This implies
that the previous section’s analysis and the analysis in this section
are very much complements of each other. Each has weaknesses,
but consistency in the different samples would strengthen the
results considerably.

Empirical Results

For analytic purposes the sample was divided into subsamples.
First, whites and Mexican-Americans (the only minority group
represented in the system) were separated. This follows the
reasoning given for looking at whites and blacks separately.The
nominal values of the proxies for background inputs do not
necessarily have the same meaning for the two groups, and there is
no reason to insist on the same model of the educational process
for both groups. Further, the ethnic samples were divided on
occupational grounds—fathers in manual or blue collar occupa-
tions and fathers in nonmanual or white collar occupations. This
left three samples: white, manual occupation (n = 515); white,
nonmanual occupation (n = 323); and Mexican-American, manual
occupation (n = 140).'°
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The first step in analyzing the data was to esumate thira grage
shievement {A3) models using only *he teacher inputs Wth!'l are
Jrchased by the system to represent school effects. Two linear
:gression models were estimated (one using first grade achit?ve-
\ent as an input, the other not using it). The '‘pay parameters’ of
ears of teaching experience, possession of a master’s degree (=1
r not (=0k and the number of college units beyond the highest
egree represented the school inputs in the models. These
ttributes pertained to the specific second and third grade teachers
or each student.

As table 2 and table 3 ably demonstrate, there is a general lack
f statistical significance of these factors.2°®

TABLE 2: SIGNIFICANCE OF TEACHER EFFECTS (Gross output)

3= f(sex, income, siblings, no. absences, percent Maxican-American, aver. income in
school, EXPER3, MASTERg, UNITS3, EXPERg, MASTER,, UNlTsz)

t statistics
White Manual  White Nonmanual Mex-Amer Manua!
XPER 74 2.74 —.04
1ASTER, .89 -2.69 —.47
INITS3 2.04 .21 1.09
XPER2 -1.39 -.55 37
1ASTER2 145 -.15 -.42
INITS2 2.26 2.93 -.34

TABLE 3: SIGNIFICANCE OF TEACHER EFFECTS {Value added)

wy=fl*)+Aq
t statistics
White Manual  White Nonmanual Mex-Amer Manual

:XPERg3 .56 1.69 -.45
AASTER3 18 -1.91 .59
INITS3 94 1.05 1.77
:XPER2 —-.61 .30 1.31
VASTER2 1.94 .60 -.00
JNITS2 31 -06 -1.60

Only four of 18 coefficients in the gross output case have
significant t values; none in the value added case have significant t
salues. Further, of the significant coefficients, one has the wrong
(unexpected) sign. The other three coefficients apply to the
number of units beyond the highest degree and, thus, have no
meaning when degree level (MASTER) is not included in the
model (or has an insignificant coefficient). The implication is
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immediately obvious—the things that schools are buying do not
appear to be valuable in the educational process.

However, the above results give minimum guidance to an
administrator. While they indicate what he should not do they givea
very imperfect picture of what he should do. For his purposes we
wish to identify what attributes of teachers do seem to count. That is
the emphasis of the remainder of this section.

Separate models using different measures of teacher character-
istics were again estimated for white, white collar; for white, blue
collar; and for Mexican-American, blue collar. The results for these
groups were quite different. Teacher effects do not appear to be
consistent across the three groups.

White Manual

The white manual occupation model comes closest to the
previous school models. Equation 2 displays the model of the
production of Stanford Achievement Test {(Reading) scores esti-
mated for 515 third graders. Variable definitions, means and
standard deviations are found in table 4.

TABLE 4
VARIABLE DEFINITIONS, MEANS, AND STANDARD DEVIATIONS -
WHITE MANUAL OCCUPATION MODEL

Variable Mean Stnd. Dev. Definition
Ag 55.74 19.1 Stanford Achievement Test raw

score — 3rd grade
F .50 5 Sex: = 1 for female

=0 for male

R .08 .3 Repeat grade: = 1 if a grade

was repeated; = 0 otherwise
Aq 35.17 15.1 Stanford Achievement Test raw score - 1st grade
D 17.93 18.8 % of time spent on discipline

by 3rd grade teacher

T3 66.90 15.8 Quick Word Test score — 3rd
grade teacher

Y3 1.91 1.6 Years since most recent

educational experience —

3rd grade teacher
T2 68.41 19.0 Quick Word Test score — 2nd grade teacher
Y2 2,64 26 Years since most recent

educational experience —
2nd grade teacher
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1ird grade achievement is a function of the starting point (first
ade achievement, A;), sex (F), grade repeats (R), and a set of
acher inputs.

(2) A3 =20.8+281F -6.38R +.79A1 - 07D + .09T3 - .57Y3
(2.3) (-2.8) (18.8) (-2.1) (2.4) {(-1.5)

"+ .06T3 - .68Y7 Rp=.51 SE=135
(19) (-29)

Again, the interest here centers on the teacher inputs. The
riable D represents the teacher’s estimate of the percentage of
issroom time spent on discipline. This gives some idea of the
tensity of instruction received by the individual student. As
pected, this has a negative impact on achievement; as more time
spent on discipline, less is spent on instruction. This suggests
at there are noticeable externalities in the classroom and that
forts to reduce discipline time in the classroom would have
isitive results on achievement. For example, the principal might
sume a very high proportion of discipline chores.

Two characteristics of both the second and third grade teachers
are significant. Verbal facility test scores and length of time since
ost recent educational experience of the teacher proved to be
portant attributes affecting achievment. The third grade teacher
asticity at the point of means of .11 for T and the second grade
asticity of .07 fall in fine with those from the previous school
ialysis. It is a little surprising, however, that the elasticities are
ghtly less here than in the other models. The other teacher
riable, Y, indicates that recent educational experiences—either
idergraduate or graduate level—are important. Thus, efforts to
wve teachers return to school during summers seem justified in
rms of effects on education. The cumulative effect (master’s
gree and total units) is not as important as recent involvement.
There are some important policy implications surrounding the
‘bal test measure of teacher quality. By interchanging teachers
the top and bottom of the verbal ability scale for this system,
rievement changes by .2 to .4 grade levels.?! This seems quite
nificant at this grade level, particularly if the increasing grade
el disparities hypothesized in Equality of Educational Oppor-
1ty hold true for the individuals in this sample.?? Thus, teacher
tribution can have a significant effect on individual children.
rther, since this test has national norms, it is possible to get
ne idea of how the teachers being hired in this system rate when
npared with other college graduates. The mean score of 68
ces the teachers in this sample slightly under the median for
nale college graduates. Thus, this system is not being successful
attracting the best people.

White Nonmanual ' _
The model estimated for the 323 chiidren with white collar

backgrounds (Equation 3) did not show the imp‘ortance of
teachers to be as high as in the blue collar whlt_e sample.
Definitions, means, and standard deviations are found in table 5.

TABLE S
VARIABLE DEFINITIONS, MEANS, AND STANDARD DEVIATIONS—
WHITE NONMANUAL OCCUPATION MODEL

Variable Mean Stnd. Dev. Definition

A3 64.82 16.8 Stanford Achievement Test raw score - 3rd grade

Al 42.43 15.8 Stanford Achievement Test raw score - 1st grade

C .19 4 Clerical occupation: = 1 if father in clerical job;
= 0 otherwise

s 2.02 1.7 Years since most recent educational experience -
3rd grade teacher

S3 7.85 8.1 Years of experience with this socioeconomic level -
3rd grade teacher

Y2 1.88 1.7 Years since most recent educational experience -
2nd grade teacher

So 7.94 6.1 Years of experience with this socioeconomic level -

2nd grade teacher

Equation 3 indicates that, given the first grade achievement of the
student, children with fathers in clerical cccupations (C) score
lower. Further, the recentness of educational experience (Y) is
again a factor along with the amount of experience the teacher
has had with this socioeconomic level(S).

(3) A3 =359+ .72A1 — 5.1C — .79Y 3+ .10S3 — .BBY 7 + 2087
(-3.00 (1.9 (1.20 (1.7) (1.8)

Rp=.52 SE=118

Each of these teacher variables is statistically less significant
than the teacher variables in Equation 2. Further, the magnitudes
of the coefficients suggest that teachers have less effect on thesé
children. The elasticity at point of means for each of the four
teacher variables is less than .025. Thus, changing the input values
by any reasonable amount yields a considerably smaller achieve-
ment change than was found changing teacher inputs in the sample
of children in blue collar families.
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tican—American Manual

1 looking at the 140 Mexican—American children, it was
ossible to find any discernible impact of schools. The best
jel of the educational process for these children, Equation 4,
ws that in addition to entering achievement scores (A4}, only
(F), grade repeated (R), and differences in family background
and SK) ‘affect third grade achievement. Variable definitions,
ins and standard deviations are found in table 6.

TABLE 6
VARIABLE DEFINITIONS, MEANS, AND STANDARD DEVIATIONS—
MEXICAN-AMERICAN MANUAL OCCUPATION MODEL

ible Mean Stnd. Dev, Definition
47.61 194 Stanford Achievement Test raw score - 3rd grade
28.06 125 Stanford Achievement Test raw score - 1st grade
.54 5 Sex: = 1 for female
=0 for male
.08 3 Repeat grade: = 1 if a grade was repeated;
= 0 otherwise
34 5 Skilled labor: = 1 if skilled occupation;
= 0 otherwise
.38 5 Semiskilled labor: = 1 if semiskilled;
= 0 otherwise

) A3 =146+ 97A + 2.84F — B.92R + 8.225K + 5.9655

.70 (1.2 (2.00 (2.7 (2.0l
R2 =51 SE =138

gone of the measurable factors used in this analysis concerning
‘hers impacted on these children, at least in the production of
{ing achievement, This is a shocking result, and not without its
icy implications. The system has not been able to provide the
e of instruction necessary for these children. Standard teaching
:hods do not seem to be appropriate in this case.

ividual Student Models
n developing each of the models a set of variables correspond-
to some common hypotheses about the education process was
y examined. Consistently, the influence of peers (measured by
regate characteristics of all third graders in the 25 schools for
sample) was found to be insignificant. Peer influences were
asured in a number of specific ways. Occupational distribution
i depicted by percentage in nonmanual occupation and average

income level: ethnic distribution by percent Mexican-American.
Further, ability distribution was considered in terms of average
achievement scores in the first grade. For teachers, attitudes about
compensatory education and minority students proved insignifi-
cant. Teacher age, sex, and undergraduate major also showed no
effect. Thus, the models displayed imply a set of other hypotheses
which proved insignificant.

In terms of teachers the three models can be rank ordered.
Teachers have most effect on white children from blue collar
families and least effect on children from Mexican-American
families. This is disappointing since Mexican-American children are
worst off at the beginning of the process (first grade for this
analysis). The idea of schools’ equalizing initial deficits of these
children is obviously not realized.

For the white population teachers obviously do count. Better
teachers imply better results. However, better teachers are not
measured in the direction that schools measure them by their pay
schedules. Instead they are measured in terms of verbal ability,
recentness of education and specific socioeconomic class ex-
perience. This implies that schools are being inefficient—for a
smaller expenditure on teachers schools could reach the same level
of achievement. Moreover, there are gains to be made in the school
systems from changing their hiring and pay systems.

Conclusions and Implications

The two separate analyses are complements. Each individual
analysis has a set of problems associated with it that tends to
dilute the findings. However, taken together each appears to make
up for the larger problems of the other. Thus, the sum of the two
provides a much more reliable picture of education.

Throughout the analysis there is never much question about the
ability to model the general educational process, at least as seen in
the elementary school. As an overall view of education the models
seem to do quite well. The effects depicted are consistent with a
priori views; the individual elements are statistically significant;
and the general explanatory power of the models seems reason-
able,

The strongest conclusion from the models is that school systems
now operate quite inefficiently. They are buying the wrong
attributes of teachers, i.e., attributes which lead to little or no
achievement gains. However, it is more difficult to develop the
positive side. There are attributes which appear to be quality
related which affect achievement. Yet, they can also be in-
terpreted as proxies for other factors. To the extent that verbal
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ity 1S JUSt a proxy TOr general ability or intelhigence, then it is
t verbal facility which we want to purchase; it is intelligence.
ce a hiring policy for verbal ability was instituted, any
ationship between verbal ability and intelligence would tend to
appear or possibly reverse. Thus, these models do not provide a
ictical guide to the school administrator. They only say that
re is sorogthing there that is desirable for teachers to have.
t is strange to find strong teacher effects for blacks and not
xican-Americans. This suggests that it is not just deprivation or
ower educational input from outside the school. The most
usible explanation is found in the language problem. There is
measure of the intensity of Spanish language input for each of
Mexican-American children. This omission could obscure any
cher relationship, especially when measured in terms of English
ding ability. However, the insignificant effects of schools on
se children make it difficult to argue against community
1trol plans for this community.
A large caveat is needed at this point. The only measure of
:put used in this paper has been achievement test scores. This
ms to be very important in terms of further education as that
Ids upon this foundation. However, this is probably not the
y output in schools. In particular, teachers of Mexican-
erican children may spend a large proportion of their time on
ialization aspects of education, e.g., discussing the American
itage or accepted behavioral patterns. This type of instruction
teachers, although somewhat improbable, could lead to the
ilts of Equation 4,
Fhere seem to be a number of directions in which one could
ceed at this point. It is obvious that more information about
different dimensions of teacher quality is needed. One must be
2 to break down the verbal facility measure used in this paper.
the same time it is necessary to develop a model in terms of
ibutes which the administrator can purchase. While some
lysis, particularly that of Levin, suggests that schools implicitly
* attributes such as teacher verbal facility, buying these through
:ale in terms of experience and education cannot help but be
ficient.?® Further, it is evident through comparing verbal
es for teachers with national norms that present salary
:dules do not attract the best college graduates into teaching.
vever, more information is needed about the supply schedules
specific teacher attributes,
\t the same time it appears to be very important to expand the
isures of output. Achievement test scores certainly do not
2ct all dimensions of educational output. The relationship
ng different outputs of education is very imperfectly under-
id at this point.

Finally, it isimportant to broaden the California type sample. It
is necessary to develop refined samples over a wnpg range of
experiences. This includes matching students with specific inputs. It
is necessary to look at different grades and different school systems.
Further, the necessity of refining our measures of teachers is

obvious.
APPENDIX
COMPLETE MULTISYSTEM SCHOOL MODELS {(verbal ability)
{log-log models)
WHITE BLACK
Variable Coefficient Coefficient
{t statistic) {t statistic)
Central City: = 1ifce -.025 -.042
= 0 otherwise {(—4.1) (—2.5)
Goaods in home (average number with auto, TV, 599 662
refrigerator, record player and phone) (10.4) {7.9)
Father’s education (years) 133 .022
(4.4) (.4)
People in Home -.049 -.177
(1.8} {—3.0)
% who attended nursery school 015
(4.0}
% student out migration during past year -.005
{—1.8)
% who wish to finish high school or more 319 590
(4.8} (5.5)
% who feel they don’t have much chance for success -.027 —.028
{5.9) (-2.3)
Racial concentration: = % Negro if between 45 and
75 percent -.011
= 0 otherwise {—25)
Racial concentration: = % Negro if greater than 75
percent —.036 —.006
= 0 otherwise {(-3.3) (1.3
% with nonwhite teacher during the past year -.024 -.026
(-7.1) (-1.7}
Average score on teacher verbal test 417 178
(2.2 {2.0)
Average years of teaching experience 020 .045
(3.2) {2.6)
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bie Footnotes

nes S. Coleman, et al. Equality of Educational Opportunity {Washington, D.C.:
vernment Printing Office, 1966), commonly known as the Coleman Report.

Jo different tests are used in the course of the analysis: (1) Educational Testing
rvice's School and Callege Ability Test {SCAT) for verbal ability in grade 6; and {2)
snford Achievement Test for reading in grade 3,

ere is scattered evidence on this in W. Lee Hansen, Burton A, Weisbrod, and William
Scanlon, “‘Determinants of Earnings of Low Achievers: Does Schooling Really
wont, Even for Them?"”, mimeo, Institute for Research on Poverty, University of
sconsin, February 1969; Burton A. Weisbrod and Peter Karpoff, “Monetary
wurns to College Education, Student Ability and College Quality,” The Review of
.onomics and Statistics, November 1968; and Randall D. Weiss, “The Effects of
jucation on the Earnings of Blacks and Whites,”” Discussion Paper No, 44, Program
1 Regional and Urban Economics, Harvard University, April 1969.

. U.S. Commission on Civil Rights, Racial Isolation in the Public Schools
Jashington, D.C.: U.S. Government Printing Office, 1967), Chapter 11,

~is section relies heavily on analysis presented in more detail in Eric Hanushek, “The
jucation of Negroes and Whites” {Unpublished Ph.D. dissertation, Massachusetts
stitute of Technology, 1968).

ne shortcomings of the analysis in Equality of Educational Opportunity which
iggest a reanalysis would be valuable are discussed elsewhere. Cf. Eric Hanushek and
shn Kain, “On the Value of Equality of Educational Opportunity as a Guide to
iblic Policy.” Discussion Paper No. 36, Program on Regional and Urban Economics,
arvard University, 1968.

ater M. Blau and Otis D. Duncan, The American Occupational Structure {New York:
>hn Wiley and Sons, 1967).

ee The American Occupational Structure.

ecausc of the heteroscedastic efforts introduced by using schoal observations,
reighted regression techniques were used to improve the efficiency of the estimators.
ee ""The Education of Negroes and Whites,” appendix A,
n elasticity presents the percentage change in verbal achievement that will result
rom a 1 percent change in the given input.

tathematically % change in verbal score

% change in input value,

*he narrowness of this quality measure is further attested to by similar analysis of the
,roduction of mathematics achievement test scores. In those models the elasticity
Irops to .09 and the t-ratio goes to 1.3. This indicates a more narfow technical
ompetence interpretation,

he other teacher variables in these schools were roughly equal,

$£0, Chapter 1V and James A. Davis, Undergraduate Career Decisions (Chicago:
Aldine Publishing Co., 1965).

ZEO, Table 3.121.1,

see J. Johnston, Econometric Methods {New York: McGraw-Hill Book Co., 1963},
p. 148-150.

This should be qualified somewhat. Even with fixed salary schedules, Henry Levin in
Recruiting Teachers for Large City Schools (forthcoming) shows that it is possible to
;stimate supply functions for other characteristics—primarily things like teacher verbal
test scores.

The analysis presented in this section is part of an ongoing study of education
sponsored by The RAND Corporation. However, this should not be taken to represent
the official views of The RAND Carporation,

elasticity =

3

18Edgar F. Borgatta and Raymond J. Corsini, Quick Work Test: Level 2 (New York:
Harcourt, Brace and World, inc., 1964). This test appears to be superior to the test in
Equality of Educational Opportunity as it appears to give better discrimination among
teachers. One complaint voiced about the EEO test is that it was 100 easy.

19These samples are not exhaustive. Children with only mothers or no occupation
reported for fathers were not included. For whites, these groups totaled 36 students;
for Mexican-Americans, these groups plus the nonmanual occupation group totaled
47. These samples were too small to study separately, and, thus, they were ignored.

20When .1. < 1.96, it is not possible to reject the hypothesis that the coefficient equals
zero at the 5 percent level,

21This is calculated by changing only the third grade teacher verbal score for the lower
limit and both second and third for the upper limit. The scores are changed from 40
to 96 to represent the range found in the data. (Maximum score is 100.} The resulting
achievement scare is then converted to grade level equivalents.

22g£0, Chapter 3.

23see Recruiting Teachers.
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