The Impact of Differential Expenditures
on School Performance

hen considering
schools and their
capabilities, it is

natural, particularly for an
economist, to turn first to ex-
penditures per student. After
all, if schools are doing a
good job of allocating money,
the level of expenditures pro-
vides a readily available in-
dex of school quality. This in-
dex could be used to judge
equity in the provision of
schooling and could be the
object of state level policy
decisions about schools. But
this assumes -

are doing a good iob of allocating
oing very well with thejr expen-
, and, thus, the prevalent use o
“iNormation on expenditures in state
legislatures, in the courts, and in
general policy discussions appears in-
appropriate. .
This article reviews research on ex-
penditure relationships in schools.
Based on the review, it then considers
a number of policy implications. The
implications are most direct in the case
of state school finance deliberations, but
they are also important in other policy
areas.

Preduction Functions and Educational
Research

Although research into the deter-
minants of students’ achievement takes
a variety of approaches, the most ap-
pealing and useful to economists is the
qroductfon-@nction a%roafh {also called
the mput-output or cost-quality approach).
In this, primary attention focuses on the
relationship between school outcomes
and measurable inputs into the educa-
tional process.! If the production func-
tion for schools is known, it is then
possible to predict what would happen
if resources were added or subtracted
and to analyze what actions should be
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Tuwe decades of research into educational production functions have
produced startlingly consistent results: Varigtions in school ex-
penditures are not systematically related to variations in student
performance. Entormous differences in teacher quality exist, but dif-
ferences in teacher skill are not strongly related to educational
backgrounds, amount of teaching experience, or teaching i small
classes. Further, more skilled teachers simply are not regularly paid
more than less skilled teachers. These findings suggest that school
decision making must move away from traditional “'input directed””
policies to ones providing performance incentives. The concentra-
tion on expenditure differences in, for example, school finance court
cases or legislative deliberations, appears misguided given the
evidence.

taken if the prices of various -inputs
were to change. The problem, of
course, is that the production function
for education is not known and must
be inferred from data on students and
their schoois.

The origin of estimation of input-
output relations in schools is usually
traced to the government’s monumer-
tal study, Ejuality of Educational Oppor-
tunity, or, n:ore commonly, the ”Co%,g-
map Report”’ {Coleman et al., ).

is report "vas the U.S. Office of Edu-
cation’s response to a requirement of
the Civil Rights Act of 1964 to in-
vestigate th- extent of inequality in the
nation’s schools, and, even though it
was not the first such effort, the Cole-
man Report was much larger and more
influential tf an any previous (or subse-
quent) stud: . The study involved sur-
veying and -esting six hundred thou-
sand studer s in some three thousand
schools acrc ss the country.

The study's fundamental contribu-
tion was drecting attention to the
distribution f student performance—
the output ~ith which we are con-
cerned. Inste 1d of addressing questions
of inequality by producing an inventory
of differences among schools and teach-
ers by race and region of the country, it
highlighted the relationship between

ig‘ga_tls_gn.d_nw
schools.

"™TThe report captured atten-
tion not, however, because of
this innovative perspective or
its unparalleled description of
schools and students. In-
stead, it was much discussed
because of its conclusions. Jt

- {oundthat 2choolinaltutiOln
Very POl aiimdelormiti,
ing student achi ;
armulies
ent,

Jeterminants jations in
tognange. The hndings
were clearly controversial
and immediately led to a large (but not
concerted) research effort to compile ad-
ditional evidence about input-output
relationships in schools.? This paper re-
views the now large numbet of studies
that foliowed, with a focus on their
views on the relationship between
spending and school performance.
The underiying model guiding most
of these analyses has been very
straightforward. 1t assumes that the
output of the educational process, that
is, the achievement of individual stu-
dents, is related directly to a series of
inputs. Some of these inputs, for in-
stance, the characteristics of schools,
teachers, curricula, and so forth, are
controlled by policy makers. Others,
those of families and friends, plus the
innate endowments or learning capa-
cities of the students, are generally not
controlled. Further, although achieve-
ment may be measured at discrete
points in time, the educational process
is cumulative; past inputs affect stu-
dents’ current levels of achievement.
Given this model, statistical analysis,
typically some form of regression anal-
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ysis, is employed to infer specific deter-
minants of achievement and the impor-
tance of the various inputs into student
performance. The accuracy of the anal-
vsis and the confidence the answers
warrant depend crucialiy on a variety
of measurement, sampling, and tech-
nical estimation issues. This discussion
sets aside these issues (for a full discus-
sion, see Hanushek, 1979, 1986); in-
stead it highlights the major findings
and major unanswered questions from
the research. {Other reviews and
perspectives on this body of work can
be found in Bridges, Judd, & Moeck,
1979; Glasman & Biniaminov, 1981;
Murnane, 1981b.)

A majority of studies into educational
production relationships measure out-
put by standardized achievement test
scores, although significant numbers
have employed other quantitative mea-
sures, such as student attitudes, school
attendance rates, and college continua-
tion or dropout rates. The general in-
terpretation, particularly with the test
scores, is that these are indicators of
future success, either in schooling or in
the labor market.?

Empirical specifications have varied
widely in details, but they have also
had much in common, Family inputs
tend to be measured by socio-demo-
graphic characteristics of the families,
such as parental education, income,
and family size. Peer inputs, when in-
cluded, are typically aggregate sum-
maries of the socio-demographic char-
acteristics of other students in the
school. School inputs include measures
of the teachers’ characteristics {educa-
tion level, experienice, sex, race, and so
forth), of the school’s organization
(class sizes, facilities, administrative ex-
penditures, and so forth), and of district
or community factors {for example,
average expenditure levels). Except for
the original Coleman Report, most em-
pirical v.ork has relied on data, such as
the nor nal administrative records of
schools, which were constructed for
other purposes but that can be sup-
plementzd in some manner.4

Schools. Expenditures, and
Achieve nent

There is 1 core set of factors, those that
determit e basic expenditures, that has
been broadly investigated in the pro-
duction-function context. Instructional
expenditures make up about two-thirds
of total school expenditures. Given the
number of students in a school district,

instructional expenditures are, in tum,
determined mostly by teacher salaries
and class sizes. Finally, most teacher
salaries are directly related to years of
teaching experience and educational
levels. Thus, the basic determinants of
instructional expenditures in a district
are teacher experience, teacher educa-
tion, and class size, and most studies,
regardless of what other descriptors of
schools might be inciuded, analyze the
effect of these factors on outcomes.
(These are also the factors most likely
to be found in any given data set,
especially if the data come from stan-
dard administrative records.)

This commonality in the parameters
of analysis permits easy tabulation of
the effects of the expenditures. A rela-
tively exhaustive search uncovered 187
separate "qualified studies” in 38
separately published articles or books.
These studies, although restricted to
public schools, include all regions of the
United States, different grade levels,
different measures of performance, and
different analytical and statistical ap-
proaches. Table 1 provides a summary
of basic attributes of the data used in
the studies. About one-third draw their
data from a single school district,
whereas the remaining two-thirds com-

pare school performance across multi-
ple districts. Additionally, a majority of
the studies {104} use individual
students as the unit of analysis, with
the remainder relying upon aggregate
school, district, or state-level data. As
shown in Table 2, the studies are about
everly split between prirnary schooling
(grades 1-6) and secondary schooling
{grades 7-12). Over 70% of the studies
measure school performance by some
kind of standardized test. However,
those that use nontest measures (such
as dropout rates, college continuation,
attitudes, or performance after school)
are for obvious reasons concentrated in
studlies of secondary schooling. There
is no indication that differences in sam-
ple and study design lead to differences
in conclusions, and thus only an overall
tabulation of results is presented.*
Table 3 summarizes the expenditure
parameters of the 187 studies. Because
not all studies include each of them, the
first coluwmn in Table 3 presents the total
number of studies for which an input
can be tabulated. For example, 152 (of
the 187) studies provide information
about the relationship between teacher-
student ratio and student performance.
‘The available studies provide regression
estimates of the partial effect of given

TABLE 1
Sample and Uait of Analysis of Included Studies

'nit of observation

School sampling Endividuals Aggregates All studies
Single district 43 17 60
Multiple districts 61 66 17
All studies 104 83 187
TABLE 2
Grade Level and Qutput vieasurement of Included Studies
Jutput measure
Grade level Test score Nontest measure All studies
Grades 16 a0 10 0
Grades 7-12 56 41 w
All studies 136 51 187
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TABLE 3
Summary of Estimated Expenditure Parameter Coefficients
from 187 Studies of Educational Production Functions

Statistically Statistically
significant insignificant
Number of Unknown
Input studies + - Total - - sign
Teacher pupil ratic 52 14 13 125 M 46 45
Teacher education 113 8 5 100 31 R 37
Teacher expenience 40 40 10 20 #“ i 15
Teacher salary 9 1 4 54 16 1 4
Expenditures. pupil 65 13 3 49 5 13 11
Administrative inputs 61 7 1 53 14 15 4
Facilities 74 7 5 62 17 14 E)|

Sources: Armor et al.. 1976; Behrendt, Eisenach, & Johnson, 1986; Beiker & Anschel, 1973; Board-
man, Davis, & Sandav, 1977; Bowles, 1970; Browm & Saks. 1975; Burkhead, 1967; Cohn,
1968, 1975; Dolan & Schmidt. 1987, Dynarski. 1987; Eberts & Stone, 1984; Hanushek,
1971, 1972: Heim & Perl. 1974; Henderson. Mieszkowski. & Sauvageau, 1976; Jencks
& Brown, 1975; Katzman, 197%; Kenny, 1982; Levin, 1970, 1976; Link & Mulligan, 1986:
Link & Ratledge, 1979; Maynard & Crawford, 1976, Michelson, 1970, 1972; Mumane,
1975; Murnane & Phillips, 1981 Perl, 1973; Raymond, 1968: Ribich & Murphy, 1975;
Sebold & Dato, 1981; Smith, 1972; Strauss & Sawyer, 1984; Summers & Waolke, 1977;

Tuckman, 1971; Winkler, 1975.

inputs, holding constant family back-
ground and other inputs. These esti-
mated coefficients have been tabulated
according to two pieces of information:
the sign and the statistical significance
(set at the 5% level) of the estimated
relationship.

According both to conventional wis-
dom and generally observed school
policies, each tabulated factor should
have a positive effect on student
achievement. More education and more
experience on the part of the teacher
both cost more and are presumed to be
beneficial; smaller classes (more
teachers per student) should also im-
prove individual student learning.”
More spending in general, higher
teacher salaries, better facilities, and
better administration should also lead
to better student performance. Having
a positive sign in the production func-
tion is clearly a minimal requirement for
justifying a given expenditure or input,
. but quantitative magnitudes of esti-
mated relationships are ignored here,
and only the direction of any effect is
analyzed."

Of the 152 estimates of the effects of
class size, only 27 are statistically signifi-
cant, and only 14 show a statistically

significant relationship of the expected
positive sign.® Thirteen display a statis-
tically significant negative relationship.
An additional 125 are not significant at

" the 5% level. Nor does ignoring statis-

tical significance help to confirm bene-
fits of small classes, because the in-
significant coefficients lack the expected
sign by a 46 to 34 margin.”

The entries for teacher education tell
a similar story. In a vast majority of
cases (100 out of 113}, the estimated
coefficients are statistically insignificant.
The sta‘istically significant results are
split between positive and negative re-
lationships, and forgetting about sta-
tistica! significance and just looking
again at estimated signs does not allow
a better case for the importance of
added schooling for teachers.™

Teacher experience is possibly dif-
ferent. At least a dlear majority of
estimated coefficients point in the ex-
pected direction, and almost 30% of the
estimated coefficients are statistically
significont by conventional standards.
But thes< results are hardly overwhelm-
ing; they appear strong only relative to
the other school inputs, Moreover, be-
cause of possible selection effects, they
are subject to additional interpretive
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questions. In particular, these positive
correlations may result from senior
teachers being permitted to select
schools and classrooms with better stu-
dents. In other words, causation may
run from achievement to experience
and not the other way around.?

The results are startlingly consistent
in finding no strong evidence that
teacher-student ratios, teacher educa-
tion, or teacher experience have the ex-
pected positive effects on student
achievernent. According to the availabie
evidence, one cannot be confident that
hiring more educated teachers or hav-
ing smaller classes will improve student
performance. Teacher experience ap-
pears only marginally stronger in its
relationship.

The remaining rows summarize in-
formation on other expenditure factors,
including administration, facilities,
teacher salaries, and expenditures per
student.!* Administration and facilities
also show no systematic relationships
with performance. This could be ex-
plained partly by variations in how they
are measured. The quality of admin-
istration is measured in a wide variety
of ways, ranging from characteristics of
the principal to expenditures per pupil
on neninstructional items. Similariy,
the character of facilities is identified
through both spending and a range of
physical characteristics. Nevertheless,
the available eviderce again fails to sup-
port the conventional wisdom. Finally,
and not surprisingly, measures of
teacher salaries and expenditures per
student provide no definite indication
of their importance in determin'ng
achievement.'* After all, the underly.ng
determinanits of these expenditures ure
themselves unrelated to achievement.

Without systematic tabulation of rhe
results of the various studies, it woi Id
be easy to conclude that the findings are
inconsistent. But there is 2 consisten 7y

ormance. This is the case wh:n
expenditures are decomposed into un-
derlying determinants and when -x-
penditures are considered in the
aggpegate.

There are several obvious reasons or
caution in interpreting the eviden e
For any individual study, incompi te
information, poor quality data, or fauity
research could distort statistical results.
Even without such problems, the ac-
tions of school administrators could
mask any relationship. For example, if
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the most difficult students to teach were
consistently put in smaller classes, any
independent effect of class size could be
difficult to disentangle from mismea-
surement of the characteristics of the
students. Finally, statistical insig-
nificance of any estimates may indicate
lack of relationship, but it also may
reflect a variety of data problems. In
other words, as in most research, vir-
tually any of the studies is open to some
sort of challenge.

Just such uncertainties about indi-
vidual results has motivated this tabula-
tion of estimates. If the studies” com-
mon parameters were in fact central to
variations in student achievement, the
tabulations would almost certainly
show more of a pattern in the expected
direction. The reasons for caution are
clearlv more important in some cir-
cumstances than others, but the con-
sistency across these very different
studies is nonetheless striking. Further-
more, given the general biases toward
publication of statistically significant
estimates, the paucity of statistically
significant results is quite notable.
Although individual studies may be af-
fected by specific analytical problems,
the aggregate data provided by the 187
separate estimates seem most consis-
tent with the conclusion that the expen-
diture parameters are unrelated to stu-
dent porformance (after family back-
grounds and other educational inputs
are considered).

Other {nputs into Education

Since the publication of Equality of
Educational Opportunity, the Coleman
Repott, intense debate has surrounded
the fundamental question of whether
schools and teachers are important to
the educational performance of stu-
dents. This debate follows naturally
from the report’s having commonly
been in.erpreted as finding that varia-
tions it. school resources explain a
negligit'e portion of the variation in
student * achievement. If true, this
would iadicate that it does not matter
which t2acher a student has—some-
thing nost parents, at least, would
have a dJifficult time accepting.

A nutaber of studies provide direct
analyse: of differential effectiveness of
teachers by estimating differences in the
average performance of each teacher’s
students {after allowing for differences
in family backgrounds and initial
achievement scores). The findings
(Hanushek, 1971; Murnane, 1975; Ar-

mor et al., 1976; Mumane & Phillips.
1981) are unequivocal: Teachers and
schools differ dramatically in ther effec-
tiveness. The formal statistical tests
employed in these studies confirm that
there are striking differences in average
gain in student achievement across
teachers.

The faulty impressions left by the
Coleman Report and by a number of
subsequent studies about the impor-
tance of teachers have resulted primar-
ily from a confusion between the dif-
ficulty of explicitly measuring com-
ponents of effectiveness and true effec-
tiveness. In other words, existing mea-
sures of characteristics of teachers and
schools are seriously flawed and thus
are poor indicators of the true effects of
schools; when these measurement er-
rors are avoided, schools are seen to
have important effects on student per-
formance. Although a number of im-
plications and refinements of this alter-
native approach still need addressing,*
the conclusion that schools and teachers
are important is very firm.

These production function analyses
have also investigated a wide variety of
other school and nonschool factors.
Some generalizations about these fac-
tors are possible, although their spe-
cifications across studies are idiosyn-
cratic and precise summaries, like those
for teacher parameters, are impossible.

First, family background is clearly
very important in explaining differences
in achievement. Virtually regardless of
how measured, better educated and
wealthier parents have children who
perform better on average. These stu-
dies, however, have seldom gone into
any detail about the mechanisms by
which families influence education, but
have generally stopped with the in-
troduction of proxies for family dif-
ferences in education.’” Moreover, from
a policy perspective, it is very impor-
tant to understand such issues as
whether or not inputs can feasibly be
changed, either in the shott run or he
long run, and this requires under-
standing the underlying causal struc-
ture 1?

Second, considerable attention has
been given to the characteristics of
peers or other students within scho ls.
This line of inquiry was pressed by the
Coleman Report and pursued by a
number of subsequent studies (e.g.,
Winkler, 1975; Henderson, Miesz-
kowski & Sauvageau, 1976; Summers
& Wolfe, 1977). It is especially impor-

EXA

4  EDUCATIONAL RESEARCHER

tant in considering issues that revolve
around the racial compositions of
schools. The educational effect of dif-
fering student bodies has also been im-
portant in the debate about public ver-
sus private schooling. Nevertheless, the
findings are ambiguous, in large part
because of data and measurement ques-
tions.” For example, one important
critique of the estimated importance of
private schools found in Coleman, Hof-
fer, and Kilgore (1982} asserts that the
effect of private schools is inflated
because of mismeasurerent of student
body characteristics (see, for example,
Murnane, 1983).

Finally, an enormous range of addi-
tional measures of schools’, teachers’,
curriculas’, and especially instructional
methods’ effects on achievement have
been ed. Various studies have in-
cduded indicators of organizational as-
pects of schools, of specific curricular or
educational process choices, and of
such things as time spent by students
working at different subject matters.
Others have compiled very detailed in-
formation on teachers’ ccgnitive abil-
ities, family backgrounds, and such
educational factors as where they went
to school, what their majors were, what
their attitudes are about education or
different kinds of students, and so
forth. Similarly detailed information has
been gathered about school facilities
and school administrators and other
personnel. Although Table 3 presents
some evidence on facilities and ad-
ministrators, disparities in the measure-
ment of all of these factors certainly add
to difficulties in uncovering any consis-
tent relationships. Perhaps the closest
thing to a consistent conclusion across
the studies is the finding that teachers
who perform well on verbal ability tests
do better in the classroom, but even
there the evidence is not very strong.¥

One simple interpretation of the com-
bined results of these studies is that an
important element of skill is involved
in successfully teaching ? Some teach-
ers have an ability to promote higher
achievement of students. But, unfor-
tunately, it is currently impossible to
measure with any precision any readi-
ly identifiable components or elements
of this skill. Moreover, it is unclear
whether any form of teacher training
could be organized to foster high levels
of skill in teachers.

This interpretation has implications
for other kinds of analyses of educa-
tional performance. As mentioned,
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most educational research does not
follow the production-function para-
digm, but concentrates more on specific
elements of the teaching process and
how those relate to student achieve-
ment. Certain variations in the cur.
riculum, in the content or form of
teaching materials, in the time devoted
to individual student-teacher or group-
teacher interactions, and so forth have
been examined. These studies, al-
though frequently not employing the
same research methodologies as the
production-function studies, are none-
theless subject to the same influences
from variations in teacher skill. Neglect-
ing those influences (or including in-
adequate measuremnents) renders these
studies as ““inconsistent’ in their results
as the input-output studies.

These research implications are, at
root, conceptual problems that also per-
vade some of the large evaluations of
educational programs. For example, The reliance on expenditures or now
analyses of HeadStart, Title I, and other  conventional proxies for teacher perfor-
compensatory programs frequently mance reflects, in part, an oft-repeated
view the research design in quasi-ex- view that performance itself cannot be
perimental terms: They look for dif- adequately or objectively measured.
ferences in mean performances among  Clearly, there are serious issues related
those students in or out of the program  to measurement and to implementation
{at.er statistically controlling for obser- of any system based on performance.
vable differences). But, to the extent Nevertheless, an important sidelight of
that they do not appropriately measure  the production-function investigations
the wide variations in teacher skill, they  is that decision makers might be able to
are prone to yield misleading results identify, with fair accuracy, underlying
about programmatic impacts. differences in skills among teachers.
Mumane (1975) and Armor et al. (1976)
found that principals’ evaluations of
teachers were highly comrelated with
estimates of total effectiveness {that is,
adjusted mean gains in achievement by
the students of each teacher). This abil-
ity to identify effective teachers is ex-
actly what is needed to implement a

school finance are phrased entirely in
terms of the pattern of expenditure vari-
ations across districts. The argument for
this practice is frequently that of expe-
diency: Because there is ambiguity
about which factors affect performance
and because legislators cannot realisti-
cally assess or implement management
in local schools, expenditures offer the
only reasonable policy instrument. The
research findings presented here sug-
gest that such a view, at the very least,
leads to wasteful policies.

Or, in just as obvious an instance,
local school boards are content to focus
on class sizes and to negotiate contracts
setting teacher salaries exclusively on
the basis of teacher education and ex-
perience. State legislators themselves
also enter into regulating salaries and
class sizes in different programs and
mandating that teachers obtain a
master’s degree.

Policy Implications

Two Ec‘zli% sonclysions spring im-
mediately from the findings about varia-
tions in expenditures. First, because

within the current institutional struc-
ture expenditures are not systematically
merit pay scheme.

related to performance, policies should
not be formulated Erié%?ﬁmm

as1s of expenditures, Second, because It would be valuable to know exactly
&

mmon surrogates for teacher and which characteristics of schools and
teachers help effect good student per-
formance. But, decades, indeed cen-
turies, of inquiry and research suggest

school quality (class_size, teachers’
education, and teachers’ experience,
among the most important) are not
systematically related to performance that this information is unlikely to be
within the current institutional struc- forthcoming in the near future. For
ture, policies should not be dictated many purposes, however, it is almost
sim m as useful to identify good performance

lEese CONCILSIONS appear oEwous after the fact as it is to identify dif-
and indeed seem to be subscribed to in ferences among teachers ex ante. Poli-
principle by many policy makers. But  :es are needed that are keyed to stu-
violations occur frequently and go un-  Jdent ce directly instead of to
challenged. Take, for example, the fi- the levels of different inputs (that may
nancing of local schools, the instance of  or may not be related to performance).
dlearest policies by both state legislators Again, note the caveat that applies
and the courts. Virtually all of the throughout these conclusions, All of the
discussions and court cases related to  results cited reflect generalizations that

are based upon the structure and oper-
ating procedures of schools today, A
changed organizational structure, with
different incentives, could produce a
new configuration of results. For exam-
ple. almost every economist would sup-
port the argument that increasing
teacher salaries would expand and im-
prove the pool of potential teachers.
Whether or not this would improve the
quality of teaching, however, would de-
pend on whether or not schools syste-
matically chose and retained the best
teachers from the pool.? The results
cited here on salary differentials might
be very different if schools were to have
a greater incentive to produce stadent
achievement and if mechanisms for
teacher selection were altered. [n other
words, there seems little question that
money could count—it just does not
consistently do so within the current
organization of schools.

Moreover, the consistency standard
for judging the results and the poten-
tial for policy improvements does not
entail the view that money never
counts. The results are entirely compat-
ible with some schools’ using funds ef-
fectively whereas others do not, This
work is most directly applicable to the
potential actions and policies of states,
or the courts, or, perhaps, of school
boards, where aggregate policies are
applied without any real sensitivity to
the effects at the levels of the classroom
or the child. Sometimes m.acro policies
work, but just as often they do not, so
higher expenditures fail to produce
commensurate gains in-a hievement.

Conclusions

Although most data on the simple cor-
relation between school expenditures
and achievement show a st ongly posi-
tive affiliation, the strength of relation-
ship disappears when one =ontrols for
differences in family back4round. In-
deed, detailed research spmnning two
decades and observing per’ »mance in
many different educational s2ttings pro-
vides strong and consiste: t evidence
that expenditures are not sy stematically
related to student achieven ent. More-
over, the dramatic differen s that ex-
ist in teachers’ performance have not
been captured by any accc unt of dif-
ferences in their backgrounds or class-
rootm behaviors.

School reform discussions that begin
with the prernise that constraints on ex-
penditures are the most serious road-
block to improved student performance
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are, at best, misguided. Expenditure in-
creases. if undertaken WM T TOT™
St e

T@Wﬁﬂdﬁnm
indiscrimunate raisesj salaries,
atmost surglz gﬁ;ﬁ Eowth in student

performance,
e——rrrTarch raises a2 number of ob-
vious questions to which, embarrass-
ingly, we have no answers. What
causes the apparent waste of resources?
Why is there so little pressure for effi-
cient operation of our schools? What in-
centives will help schools increase their
effectiveness? Can the institutional
structure be altered to facilitate im-
proved performance? Answering these
questions will be key in the long-run
impravement of our system of educa-
tion. C

'This is a contrast to a more common ap-
preach in educational research, process-outcome
studies. where attention rests on the organiza-
tion of the curmculum, the methods of present-
ing materials, the interactions of students,
teachers and administrators, and the like. An
entirely different approach—true experi-
mentation—has been much less frequently ap-
plied, particularly when investigating the effects
of evpenditures.

‘There were also extensive analyses of the
report’s methodology and of the validity of its
inferences. See, for example, Bowles and Levin
(1968}, Cain and Watts (1970), and Hanushek
and Kain (1972).

*One rather commonly held presumption is
that better educated individuals are able to per-
form maore complicated tasks or are able to
adapt to changing conditions and tasks (see
Welch, 1970; Nelson & Phelps, 19658). This
hypathesis, which has been tested in both
developed and less developed countries, has
important implications for studving the produc-
tivity and outputs of schools. because it pro-
vides some rationale for favoring measures of
analytical ability.

Alternative theories are built on ideas of
screening {e.g.. Berg, 1970, Spence. 1973, or
Riley, 1979), of tuck {e.g., Jencks et al.. 1972),
or of the influences of social structure (e.g.,
Bowles & Gintis, 1976). None of these alter-
natives, however, offer any guidance on the
evaluation of the performance of schools.

1As discussed elsewhere {Hanushek, 1979,
1986), a variety of empirical problems enter in-
to estimation and the subsequent interpretation
of results, The most significant general prob-
lems are the lack of measurement of innate
abilities of individuals and the imprecise
measurement of the history of educational in-
puts. Both the quality of the data and the
estimation techniques are very important in in-
terpreting particular findings, but, as discussed
below, these problems have less impact on the
aggregate findings illuminated here.

3A qualified study was defined as a pro-
duction-function estimate that is: (1) published
in a book or refereed journal; (2) relates some

ubjective measure of student output 1o char-
actenstics of the family and the schools at-
tended; and (3} provides information about the
statistical significance of estimated relationships.
Note that a given publication can contain more
than one estimated production function by con-
sidering different measures of output, different
grade levels, or different samples of studerus
(but different specifications of the same basic
sample and outcome measure are not dupli-
cated). (This is an expanded version of tabula-
tions in Hanushek, 1981, 1986.)

*The tabulations, when stratified by grade
level, by whether individual or aggregate data
were used, by output measure, and by value-
added or level form of estimation yield the same
qualitative conclusions re, below.

TTabulated results are adjusted for vanables
being measured in the opposite direction; for
example, the sign for estimated relationships
including student-teacher ratios is reversed.

%It would be extremely difficult to provide in-
formation of quantitative differences in the co-
efficients because the units of measure of both
inputs and outputs differ radically from one
study to another. One attempt to provide quan-
titative estimates of varving class sizes is by
Glass and Smith (1979). This work, however,
has been subjected to considerable criticism,
largelv because of the ultimate difficulties in do-
ing such analyses.

*Teacher-pupil ratios are treated here as be-
ing synonymous with class sizes. This is not
strictly the case and. in fact, could be misleading
today. Several changes in schools, most prom-
inently the introduction, in the mid-1970s, of
extensive requirements for dealing with handi-
cappesd children, have led to new instructional
personnel, without large changes in tvpical
classes. Because much of the evidence here
refers to the situation prior fo such legislation
and restrictions, it is reasonable to interpret the
evidence as relating to class sizes.

Whate that not all studies report the sign of
insignificant coefficients. For example, 45
studies report insignificant estimated coeffi-
cients for teacher-student ratios but do not
repor anv further information.

“Nnte that only 113 studies report evidence
about teachers’ education. Because data on
teache. education is so readily available, it
seems tikely that a number of additional studies
investiated teacher education effects but, after
findin:, negative or insignificant effects, dis-
carded the results without reporting them.

1G5t enberg ardd McCall (1974) and Mumane
(1981a) analyze teacher selection and arrive at
differe:st conclusions about the underlying
behaviiw and its potential impact on production-
function estimation. The estimates of experience
effects .n value-added models that look at gains
in achi vement are somewhat stronger than
thase i.: level models, This suggests that selec-
tion does not explain all of the experience
findings.

Uinf rmation on each of these is less fre-
quentl. availabie. This i5 partially explained by
commk A reliance on administrative records
which 40 not record each. The form of the
analysi- offers an additional explanation; for ex-
ample, since expenditures per student are gen-
etally neasured for districts, any of the 60
analyses for individual districts would find no
variation in this irpret and thus could not in-
clude it.

“The expenditure dnd salary estimates are
generally more difficult to interpret. Their in-
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terpretation is sometimes clouded by including
them in addition to teacher expenience. educa-
tion, andfor class size. Additionally, because
prices can vary across the samples in the sepa-
rate studies, it is more difficuft to interpret the
dollar measures than the real input measures.
Finally, in terms of the results in Table 3. B of
13 significant positive expenditure results also
come from the different estimates of Sebold and
Dato (1981). In this study. imprecise measure-
ment of family inputs suggests that school ex-
penditures may in fact mainly be a proxy for
family background.

"These studies are analyses of covariance or.
equivalently, of individual teacher dummy
variables in addition to measures of prior stu-
dent achievement, family background factors,
and other explicitly identified inputs.

“It would be useful to know z2bout the stabil-
ity of teacher effects over time and the possibil-
ity of interactions between classroom composi-
tion and teacher skill. Replication of these
studies in samples representing different educa-
tional circumstances would also be useful.

"One interesting subset of these analyses.
however, involves investigating more detailed
aspects of family structure and size. The large
changes in birth rates and divorce rates of the
past two decades have created a concerr about
their potential effects on leaming and achieve-
ment. General discussions and reviews of the
issues can be found in Easteriin {1978) and
Preston (1984). For the most part, these ignore
influences of schools on achievement, although
it may not be too problematical in a time-series
context. A preliminary investigation of familv
factors based upon simple time allucation
models can be found in Hanushek (1957

#Since the publication of Equality of Educa-
tignal Opportunity, there has been a fascination
with the question of whether families, peers.
or schools are most important in determiming
the performance of students, but such questions
simply cannot be answered very easily within
the production-function framework. The pri-
mary information provided by knowledge of
the production ftnction is how much s udent
performance will change when given inputs are
varied; that is, what is the marginal ef -t on
achievermnent from changing the level ot a par-
ticutar input. By contrast. questions if the
relative importance of, say, family infuts to
education versus the inputs of school com-
monly refer to decompositions of variat ns of
student achievement. These decompo: dons,
while bearing some relationship to the marginal
effect of each variable, also involve the s -mple
variations of the observed inputs and r ake it
impossible to evaluate specific policies. Vore-
over, from a policy perspective. most attention
is concentrated on inputs that are ma eable
through policy.

PAssessing the impact of desegregaticn has
been especially difficult because such 5 udies
demand historical information on the cm rse of
desegregation—data that are seldom av ilable
along with the other information need d for

production-function studies.

*Tabulations similar to those in Tabli 3 in-
dicate 31 studies that have analyzed tea ‘hers’
verbal scores. Of these, 8 find positive and
significant relationships and another 10 find
positive but insignificant relationships.

MFurther discussion of skill differences in the
production-function context can be found in
Hanushek {1986).
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*The dismal level of current understanding
of teacner labot markets has been described by
the National Research Council (1987).
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