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SAMUEL BOWLES • HARVARD UNIVERSITY

1 INTRODUCTION

EDUCATION occupies an important position in every major economy of
the world. In the United States over 6 per cent of gross national product
is annually spent on formal schooling alone, and the amount is increasing
at a rate more than twice that of the economy as a whole.1 According to
Machiup's estimates for the year 1958, the resource costs of education
and training, broadly defined, amounted to over 12 per cent of the value
of GNP.2 Education is called upon to accelerate the rate of growth and
to equalize the distribution of income. In the poor countries schools are
regarded as a central element in the economic infrastructure. In the
United States, schooling and training programs receive the lion's share
of the funds of the war on poverty. Everyone seems to have accepted
James Mill's dictum that "if education cannot do everything, there is
hardly anything it cannot do." The growing popular interest in education

• has been paralleled by the development of an immense literature on the
role of human capital in economic growth and the distribution of income.
And yet nobody really knows how education is produced.

NOTE: I should like to acknowledge the competent research assistance of Matthew
• Lambrinides, and the helpful comments of Susan Contratto, Herbert Gintis, Chris-

topher Jencks, Henry Levm, Arthur MacEwan, Stephan Michaelson, Christopher
Sims, Lester Thurow, and Thomas Weiskopif. In preparing this paper, I received
financial support from the U. S. Office of Education and the National Science
Foundation.

1 Council of Economic Advisers [15], p. 143. The figures do not include foregone
earnings; they refer to the year 1966 and the previous decade.

2Fntz Machlup [49], pp. 354 and 362. The resource costs of education and
training include foregone earnings, and expenditures on training on the job, as well
as in the army and other institutions. The gross national product figure is adjusted
to include items counted as educational costs, but not normally included m the
national income accounts.
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12 EDUCATION AND PRODUCTION FUNCTIONS

This paper is a discussion of the educational production process.
An educational production function is the relationship between school
and student inputs and a measure of school output. This method of
representing the educational production process is likely to be of par-
ticular value both in descriptive studies of human capital formation and
in normative investigations to determine optimal educational resource
allocation.

If schooling does have a unique effect on labor productivity or
earnings, we should be able to trace this effect to the development of
cognitive skills and attitudes in school. We may also be able to relate
the development of productive skills and attitudes to school policies con-
cerning the allocation of scarce resources. A production function relating
school inputs to the development of productive capacity should give us
a better indication of why the more educated are better qualified for
productive roles. Moreover, differences in production functions for dif-
ferent racial and social class groups, as well as differences in educational
inputs for these groups, may help explain an important aspect of the
determination of the distribution of personal earnings.

In setting school policy and in long-range educational planning,
knowledge of the educational production function is essential to efficient
resource allocation. This is true whether the decision unit is pursuing the
objective of growth or of equality, or a combination of these and other
(perhaps noneconomic) goals. Without an estimate of the technology of
education (the production function) the relationship between the oppor-
tunity cost and expected benefits of particular policies must be little more
than guesswork.

In this paper, I will concentrate on the relationship between school
inputs and conventional measures of school outputs, such as achievement
scores. An explanation of the relationships between scholastic inputs and

• achievement, on the one hand and economic performance on the other,
would have been more germane to the theme of this conference—educa-
tion and income. In fact, much, though not all, of the economic relevance
of what follows depends on there being some systematic relationship
between scholastic achievement and economic performance. For the
present, however, I can only present results based on the educational
evaluation of the schools' outputs.

7



TOWARDS AN EDUCATIONAL PRODUCTION FUNCTION • I 3

An educational production function is defined as follows:

A = f(X1,..., Xm, Xn, . . . , Xv, , A',) (I)

where
A = some measure of school output—for example, a score

on a scholastic achievement battery;
• . . , Xm = variables measuring the school environment. The

variables here would typically include the amount
and quality of teaching services, the physical facilities
of the school, and the length of time that the student
is exposed to these inputs;

A', = variables representing environmental influences on
learning outside the school—e.g., the parents' educa-
tional attainment; and

A',1,, . .. , X. = variables representing the student's ability and the
initial level of learning attained by the student prior
to entry into the type of schooling in question.

We are interested in estimating the structural parameters of the func-
tion f. It will be seen later that, although we cannot estimate the equation
in the form presented, some progress can be made with a slightly modi-
fied version.

The data at our disposal are ordinarily based on a cross-section of
students. Although I dwell at length on the deficiencies of our particular
data, the information generally available for the purposes of estimating
educational production functions is, in some respects, superior to that

• available for estimating economic production functions: we have data at
the "firm" level and therefore avoid the problem of making "technologi-
cal" inferences based on industrial, state, or national averages; most of

• our input data are measured directly, rather than in monetary aggregates;
• i and we have ample data on the quality of the factors of production—

e.g., teachers, principals, and other school personnel.
The crucial deficiency is not in the lack of data but the absence of

a theory of learning to guide us in establishing a model for our esti-
mation. The engineer can tell us exactly what technical processes are
necessary for the production of particular physical commodities; these

P



r
14 EDUCATION AND PRODUCTION FUNCTIONS

processes, in turn, suggest appropriate specifications of the production
function, as well as some a priori limits on plausible estimates. In edu-
cation, the psychologist replaces the engineer or agronomist as the
source of technical information on the production process, and, despite
fruit.ful developments in learning theory, we still know very little about
the underlying technology. Nonetheless, a reasonable a priori model of
the production of scholastic achievement can be specified on the basis
of existing theory, and preliminary estimates based on this model are
encouraging.

Although attempts to measure the relationship between school inputs
and outputs have occupied the attention of a number of educational
researchers over the last half-century, the estimation of the structural
parameters of a production function similar to (1) is a relatively new

I. approach.3 The results of these studies are difficult to summarize, in part
because of the variety of measurements used, and because of the diver-
sity of findings. In any case, the purpose of this paper is not primarily

* to present empirical estimates of production functions but rather to
explore some of the conceptual and econometric problems involved in
this type of estimation. The results of some of these studies, as well as
my own results, are included as examples.

Section 2 includes a discussion of the behavioral assumptions under-
• lying the usual production function estimates and the particular difficul-

3 Herbert Kiesling [45, 46] used data generated by the Quality Measurement
Project of New York State to estimate school production functions for various com-
munities in New York. Martin Katzman [43] estimated production functions for a
variety of school outputs of elementary schools in Boston. As a part of the study
which gave rise to the report of the Central Advisory Council for Education (the
Plowden Report) in England, (I. F. Peaker estimated a series of production func-
tions for British elementary education. Thomas Fox, John Holland, and Jesse
Burkhead have estimated production functions for a wide range of school outputs for
Atlanta and Chicago, as reported in Burkhead [9]. I have not included in this list the
study of Finis Welch [66], as he relies on highly aggregated inputs and his estimates
can only be identified as educational production functions by some stretch of the

• imagination. Eric Hanushek [30] and David Armor [2] have used U.S. data on the
sixth grade to estimate production functions for elementary education. The Inter-

• national Project for the Evaluation of Educational Achievement, under the direction
of Torsten Husk, has estimated similar functions for the determination of mathe-
matics achievement in a sample of twelve countries [36]. A considerable amount of
additional work is now in progress. Larry Posner (at Harvard) is currently estimat-

production functions for on-the-job training.

-
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ties encountered when such concepts are applied to schools. Sections 3
and 4 are devoted to the measurement of school outputs and student
inputs. The measurement and interpretation of school inputs are dis-
cussed in Section 5, and some preliminary illustrative results are pre-
sented in Section 6.

2 ESTIMATING A PRODUCTION MODEL FOR SCHOOLS

A statistical investigation using nonexperimental data, the most we can
expect is to discover some relationship among measurable dimensions of

a the process, based on the particular configuration of the data in our
sample. In this we are limited both by the preconceptions of the research-
ers who selected the sample and obtained the data and by the patterns

• of variation which school decision-making processes have brought about
in the sample of schools chosen. To use the apt analogy of Marshak and
Andrews [50], we are in the position of neither the agronomist nor the
meteorologist. The agronomist seeks to understand production relations

• in agriculture with a mind to increasing productivity; he can experiment,
vaiying his inputs systematically and in any desired combination and
thus, under ideal conditions, predict the effect on productivity of specific
changes in inputs. The meteorologist relies on nonexperimental data, but
seeks only to predict normal behavior—not to affect events. We have

• the worst of these worlds. We seek to affect educational output by alter-
ing school inputs, and our data are generated by decision-making units
and student responses entirely beyond our control. Thus our ability to
calculate the consequences of changes in existing educational processes
is very limited indeed.4 But the limited ability to vary and control school
inputs which occur in our data is just one of many difficulties.

4A considerable amount of educational research has used experimental tech-
niques. See, for example, Gray and Klaus [25] and Kirk [47]. These methods hold
some promise for empirical determination of the educational production func-
tion, particularly when we seek to estimate the consequences of major departures
from existing technologies.

-——•-—-.—-



16 EDUCATION AND PRODUCTION FUNCTIONS

Assume for the moment that we seek to estimate the production
function (1) in the form:

(2)

where
= the achievement score (or other output measure) for the

1th student;
Jo, . . . ,f, = the parameters of the production function to be

estimated;
= the amount of input j devoted to observation i's edu-

cation,j = 1 . . . z; and
= the disturbance term.

The least squares technique yields unbiased estimates of the regression
coefficients only if the independent variables, are exogenous—i.e.,
only if they are uncorrelated with the disturbance term, We may,
however, expect the school inputs to be endogenous to some system—
for example, a system of equations based on the school administrators'
preference function, the educational production function(s) and an edu-
cational budget constraint. In this case, we are faced with the problem
of simultaneous equation bias which plagues the estimation of production
functions at the firm level;5 a single equation approach to the estimation
of (2) will yield inconsistent estimates of the structural parameters 1,.

The basic implausibility of the above behavioral model provides one
way out of this difficulty. Given that school administrators know very
little about the underlying production processes and are subject to a

•

wide variety of political and legal constraints, we can assume that they
do not select or alter school inputs with a mind to optimizing any well-
defined function of school outputs. Therefore, we can assume for pur-
poses of estimation that the X,'s are exogenous.

Rejection of an optimizing decision model for school administrators
alleviates at least one simultaneity problem (there will be others), but it
deprives us of the usual interpretation of the estimated parameters of (2)
as a production function—a relationship which in conventional usage
indicates the maximum output consistent with a given set of inputs.

See Marshak and Andrews (50] and Nertove [54] for a discussion.

—— — —
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If school administrators follow no systematic optimizing behavior, then
the observations on which our estimates are based are not generally tech-
nically efficient. (It may be possible to produce the same output with
less than the observed level of all inputs.) Thus we arrive at some sort
of average production function. Only if the absolute degree of technical
inefficiency is uncorrelated with the level of factor inputs (which seems
unlikely) will the estimates of from (2) represent unbiased estimates

• of the true production relationship.°
Moreover, the school output is multidimensional, and the relative

valuation of different outputs—say, mathematical competence as opposed
to citizenship—differs among school districts. For this reason, technical
inefficiency may result neither from inadvertence nor from the absence
of optimizing behavior but rather from the conscious pursuit of objectives
not adequately measured in any single index of school output. The
appearance of technical inefficiency in this context can occur whenever
school administrators are able to vary the composition of the school out-
put by exercising choice about the allocation of a given set of resources
within the school. As long as the levels of factor inputs measured in our
production function do not completely determine the composition of
school output, the failure to produce the maximum possible level of one
dimension of output with a given set of inputs may reflect a relatively
low valuation of that output by the school personnel.

A perfectly analogous problem arises because students differ in the
aspects of the school output which they most successfully acquire. Not
all students seek to maximize their scholastic achievement. For this rca-
son, we may observe low achieving schools whose technical inefficiency
results from the fact that the students have chosen to emphasize the non-
cognitive aspects of personal development. Given the possibility of mak-
ing this kind of tradeoff, it is not surprising that McDill, Meyers, and
Rigsby [52] found that a measure of the degree of intellectualism and
achievement orientation in the predominant value systems of schools is a
good predictor of scholastic achievement.7 S.

• course, the constant term will be biased downward. If we had a number of
different observations on inputs for the same school, perhaps from different grades,
or years, or tracks, we might be able to use school dummy variables to eliminate
this "management bias." See Massell [511 and Hoch [32].

course, it is virtually impossible to establish the causal relationship between
intellectual values and scholastic success.

P



18 • EDUCATION AND PRODUCTION FUNCTIONS

Differences in student valuation of scholastic success and other
dimensions of output present serious difficulties in the measurement of
output as well as the interpretation of the estimated production function.
We use the score on any achievement test as an output index to measure
some underlying competence purportedly learned in school. However, in
order for the test to be an adequate measure of the level of competence,
it must be the case that children try equally hard to do well on the test,
or more simply that they tell all that they know. Yet to some children
the reward of doing well on the test is by itself sufficient to call forth the
maximum effort, while for others the testing situation does not elicit full
concentration. Zigler and DeLabry [72], for example, found that, although
there were significant differences in middle-class and lower-class students
on a set of tests given in normal conditions, when each group was tested

• under the reward conditions which had been found to be optimal for that
• group, there were no group differences in performance. Likewise, Terrell,

Durkin and Wiesley [61] found that material-reward conditions produced
better performance in lower-class children, and nonmaterial reward
proved more effective with middle-class children. Thus the importance
of the social class of the student's family in our production functions is
probably not a pure measure of a direct influence on learning, but rep-
resents a proxy for motivation in test-taking as well. If this is the case,
the structural parameters of (1) relating to the student's social back-
ground will be upward-biased estimates of the effect of social class on
school learning.

While some school inputs can perhaps be regarded as exogenous to
our system, one set of inputs—student attitudes—must be endogenous.
Student attitudes toward self and toward learning are a consequence of
past and present achievement (as well as other influences) and are
important determinants of achievement. Thus we have to rewrite equa-
tion2as

4
A = f(Xi, .. . , I,, attitudes) (3)

and,
Attitudes = g(Xt, . . . , I, achievement—past and present) (4)

In this case simultaneity seems unavoidable. Estimates based on (3) will
certainly be biased, since attitudes will in general be correlated with the

7
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disturbance term. The solution is to return to (2). Although this equation
does not directly incorporate attitudes (the explanatory variables being
those which are exogenous), it incorporates the effects of attitudes indi-
rectly, as they are related to the set of exogenous variables. Unless we
are specifically interested in increasing scholastic achievement by chang-
ing student attitudes directly, we lose little if we exclude attitude variables
from the equation.8

The dearth of knowledge concerning the learning process makes
any a priori specification of form for the estimation of educational pro-
duction relationships particularly difficult. The notion of diminishing
marginal product is appealing, although not well established in the field
of education. A function linear in the logarithms of the variables would

a seem somewhat superior, particularly in view of the possibility of positive
interactions between inputs. Nevertheless, the restrictions of the Cobb-
Douglas function are severe.9 An analysis of variance designed to identify
the nature of the interaction between inputs would seem a prerequisite

•

for the adequate specification of the form of the educational production
function. In the work below, I will use the simple linear additive form
presented in (2) above.'0 I have not been able to compare my results
with those generated with alternative forms of (2).

Children do not learn in the same way, nor do they learn the same
things. Lesser and Stodoisky, for example, found dramatic differences in
the patterns of scholastic proficiency on four different dimensions of
learning among Chinese, Jews, Negroes, and Puerto Ricans.1' When we
find consistent differences in patterns of response to school inputs, we
have good grounds for grouping students according to these patterns and

8Nonetheless, in my results I present both the reduced form and the (biased)
estimates of the structural equation including attitudes.

Particularly important, to my mind, is the fact that the cross derivatives among
any pair of inputs, each of which is positively related to output, must also be posi-
tive. This would require, for example, that an increase in the quality of teachers be
more effective on children of well educated parents than on the children of illiterate
parents.

10 choice is dictated largely by data considerations. My regressions are esti-
mated from correlation tables, not from the raw data. Thus I was unable to make the

a necessary logarithmic transformations. Hanushek [30] found that the logarithmic
form gave slightly better significance for the estimates of the parameters of his pro-
duction functions.

'1Stodolsky and Lesser [60].

—p
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estimating a number of different technologies. Casual inspection of the
results of Hanushek's, Kiesling's and my own work suggests that it is
useful to think of distinct educational production technologies—at least
for the four-way classification of students—black/white and rich/poor.'2
The need to stratify the population by race and class reflects the primi-
tive level of our inquiry. In a completely specified model the differences
in the behavior among these subpopulations ought to be attributable to
characteristics of these groups which are relevant from the standpoint of
learning theory.

Based on recent findings in the study of economic growth, we may
anticipate that the major changes in productivity of schools will be
effected not by a more rational input structure within the existing tech-
nology, but by changes in production functions themselves—including
changes in the relationship between home background and achievement,
as well as the more conventional input-output relationships. If our goal
is to effect such changes, we should identify "best practice" schools and
attempt a quantitative explanation of their superiority.

3 THE MEASUREMENT OF OUTPUT

WHAT DO schools produce? They perform two primary economic func-
tions: selection and socialization. The socialization process may be

• broadly construed as the preparation of youths to fill adult roles. This
involves the transmission of skills and perhaps even more important, the
indoctrination of values and commitments appropriate to successful adult

• participation in life. Many dimensions of school output are directly rele-
vant to economic performance, others are valued for different reasons.
Both are economically important.

•
We would like to measure school output by post-school economic

or social performance or by indexes of valued characteristics thought to
be acquired in school. Unfortunately, our indexes of school output are
based largely on tests administered in school and designed to measure

12However, I have seen no statistical test of the hypothesis that the underlying e
subpopulations differ significantly. I have estimated functions for black twelfth-grade
students seRarately, as well as black twelfth-grade students stratified by region. Y

I
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scholastic achievement. These achievement scores must, then, be consid-
ered proxies for, or, perhaps, influences on, later economic behavior.
Scholastic achievement is, presumably, not valued per se, but only as
input to subsequent measures of performance. Therefore, although we
use achievement, A, as the measurement of output, our rationale for this
is that many socially or individually valued characteristics are themselves
functions of scholastic achievement. As an illustration, we may consider
the capacity to earn income, E, as such a valued attribute and investigate
the function:

E = E(A). (5)

There are indications (at least for some groups) of a significant
relationship between scholastic achievement and earnings. Wolfie [71],
for example, found that among persons with the same number of years
of schooling, percentile class rank in high school, and other measures
highly correlated with school learning (10 scores) showed positive rela-
tionships to annual earnings. Weisbrod and Karpoff [67] found a strong
relationship among college grades and earnings in a large sample of
employees of a nationwide firm. When Weiss [68] measured years of
schooling in achievement units rather than calendar years, the significance
of his estimates of the relationship between earnings and schooling
improved.13 Hansen, Weisbrod, and Scanlon [29] also found a highly
significant relationship between earnings and scores on the Armed Forces
Qualification Test—a measure highly correlated with school learning; and
Duncan [19] reports similar findings for a somewhat more representative
sample.'4 The apparent unimportance of scholastic achievement in the

13 His study refers to white male workers in the North Central region of the
United States, and is based on the 1/1000 sample of the 1960 Census. Years of
schooling for each subcategory of workers were translated into achievement years
based on evidence in Coleman [13], on mean "years" of achievement for groups of
individuals classified by place of schooling (urban, rural, north, south, etc.). An
"achievement year" is a norm based on the average achievement scores attained in
each year of school by white students in the urban northeastern United States.

14Some additional evidence is surveyed in Griliches [26]. It should be pointed out
that in the Hansen-Weisbrod-Scanlon [29] sample of draft rejects, the relationship
was remarkably small; and in Weiss' study of black workers, only one age group
exhibited a significant relationship between years of schooling (measured in achieve-
ment units) and earnings. Weiss reported similar results using a direct measure of
years of schooling completed.

.
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determination of earnings of some categories of workers (black, for
example) may indicate that our present schools are economically ineffec-
tive for these groups. However, it is also possible that other dimensions
of school outputs such as aspects of personality development not reflected
in achievement scores have a more direct bearing on economic perfor-
mance. In this case we have selected the wrong dependent variable in
our investigation.

Most educational processes may be thought of as producing inter-
mediate goods for use in other educational or training activities. Virtually
all workers receive some on-the-job training, above and beyond the gen-
eral education received in school. And most forms of schooling are a
direct input into yet higher levels of education. In the empirical work
presented below, we are particularly interested in education at the twelfth
grade. At the present time in the United States, about half of the high
school graduates move on to further education. Thus the evaluation of

• the school output must not be confined to the direct effects of schooling
on the productivity of the worker—the effects on the efficacy of voca-
tional training and further schooling must also be considered. Here we
have strong evidence that success in vocational training as well as in
higher education is significantly related to the initial level of scholastic
achievement.15 It may be that the main economic importance of scho-
lastic achievement in secondary school is not its direct contribution to
production, but rather its effect in increasing the "trainability" of workers
and consequently in reducing the costs of further human capital accumu-
lation at the post-secondary school level.'6

Scholastic achievement, of course, is not the only dimension of
school output. Literally hundreds of tests have been devised to measure
"achievement" alone, and this is only one aspect of the effect of school-
ing on cognitive skills and personality. In addition to economic perfor-
mance in the post-school years, schooling may affect an individual's self-

• concept and his sense of control over his environment. These and other
aspects of personality development may be valued per Se, and addition-
ally may be important determinants of post-school economic performance.

15 Jensen [39], Ghiselli [24] and Astin [3].
the above discussion of these issues, I have drawn heavily on the unpublished

work

of Herbert Gintis.
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TABLE 1

Zero-Order Correlations Among Measures of School Outputs,
Twelf (h-Grade Boys, United States

2 3 4 5 6

1. Information total .23 .65 .76 .54 .19
2. Self-confidence .17 .19 .09 .11

3. English total .67 .46 .26
4. Mathematics total .57 .20
5. Abstract reasoning .19
6. Clerical checking

NOTE: Based on a sample of 3,027.
SOURCE: J. C. Flanagan, et a!., Project Talent, Pittsburgh(1962),

Table 2—7j. (Description of test scores accompanies table.)

It is safe to say that there are fewer independent dimensions of
school output than there are test instruments to measure them. But if we
rely on the (unsatisfactory) evidence of zero-order correlations among
individual test scores (see Table 1), we find that the relationship between
some of these measures is rather weak.

Thus the output of schools is multidimensional with a vengeance,
and to complicate matters, there are no convenient sets of "prices" with

• which to aggregate the output. Moreover, the technologies for the pro-
duction of each dimension of the output are blatantly dissimilar. For
example, my estimates of the reduced-form equation (2) in which the
dependent variable is scholastic achievement, differ considerably from
estimates in which the dependent variable is an index of the student's
sense of control over his environment.17 My preliminary results indicate
that for twelfth-grade black students in the United States the verbal abil-
ity of teachers is the most important explanatory variable in the former
equation, while the racial composition of the school and the experience
of the teaching staff is more important in the latter.18

17 measurement of this variable is described in the appendix to this paper.
18 In the latter equation teacher experience and the proportion of school enroll-

ment which is black are positively related to a crude measure of the student's sense
of control over his environment.
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Apparently, then, schools are multiproduct firms; and the composi-
tion of output is highly sensitive to the particular combination of inputs
used. The school production function must be represented by a number
of equations, each relating the school inputs to a different dimension of
output. The choice of an optimal input structure thus depends on the
relative valuation of the different school outputs and on the rates of
transformation among these outputs implicit in this system of production
equations.

For the purposes of educational policy making, we are particularly
interested in the structural parameters of production function (2), for under
ideal conditions they may be interpreted as the marginal products of the
inputs in question—that is, MP, = 9A /0X, = If we know the social
opportunity costs of inputs, we may use this information to move in
the direction of optimal input proportions as defined by the conditions19

ÔA/ÔX, p= — = — (for alL pairs, j, k) (6)
aA/.9X5 Ik Pk

However, difficulties arise when we seek to compare the marginal prod-
ucts of the same input for two different groups of students. We find, for
example, that the estimate of the structural parameter relating to the
verbal ability of teachers as an input into an achievement production
function is considerably greater for black twelfth graders in the United
States than for whites. Can we infer from this that verbally adroit teachers
ought to be shifted from white to black districts? The answer is no.

The output measure is ordinal; there is no zero point and no well-
defined unit of measurement for Thus, while the marginal
rate of substitution in production—represented in the additive linear
form by the ratio of regression coefficients of any two input factors—
is still a valid analytical concept, the absolute magnitude of the marginal
product is not. Among students scoring at very different parts of the

IL) Of course, we are here accounting for only one output.
20 At least one writer has constructed a cardinal index of achievement based on

the size of vocabulary Bloom [5], pp. 103—04. Whether words known is linearly
related to anything important is not known.

.7
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scale of measurement, equal units of increase in scores are not com-
parable; for example, it may be "easier" to make gains at the lower end
of the scale than at the upper end due to a so-called "ceiling effect."2'
We really need to know the relationship between our output measure A
and measurements of directly desired performance, such as earnings. The
studies by Weiss, and Hansen, Scanlon and Weisbrod, mentioned earlier,
suggest a linear relationship between their measurements of achievement
(in one case achievement years, in the other the AFQT score).22 Although
this evidence is encouraging, it is certainly not sufficient to justify much
confidence in a cardinal interpretation of academic measurement of
school learning.

A further problem remains. Our output indexes are subject to some
error—that is, test score = "true measure" + error, and, consequently,
var(test score) = var(true measure) + var(error). We have no idea of
the validity of the test—that is, its correlation with a hypothetical true
measure. But some idea of the magnitude of the error may be gained
from estimates of the reliability of the tests

of .9. Taking this as an upper estimate of the
validity, at least 19 per cent of the variance of the test scores is due to
test errors. Assuming that the errors in test measurement are uncorrelated
with our explanatory variables, even if our explanatory variables predict
the true measure with perfect accuracy, a validity of .9 imposes an abso-
lute maximum proportion of variance explained by our equations of .81.
It will be seen below that the actual R2's are considerably lower.

21 "Most frequently, aptitude and achievement tests are constructed in such a way
that it is harder to secure significant changes on one part of the scale than on another.
This unevenness stems from the combined effect of a ceiling on the tests as well as
the greater difficulty of the test items which can make the difference at the high end
of the scale." ibid.

Also, Chausow [11] indicates that among a relatively homogenous group of
viduals, students who are initially high on a test characteristically make smaller gains
than students who are initially low.

22 For white males Weiss found that the linear relationship was superior to a
logarithmic or polynomial one.

23 there are various ways of measuring test reliability, we may convey
the essential meaning as the zero order correlation between scores on the odd and
even number questions of the same test or the zero order correlation between two
versions of the test given to the same individual at roughly the same time.

I
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4 THE VALUE-ADDED PROBLEM

AN ACHIEVEMENT SCORE must be considered a measure of gross output.
Our goal is to estimate the relationship between school inputs and net
output, or value added. For this we need a measure of the raw material
inputs, i.e., student ability, or, alternatively, the level of learning upon
entry to the school in question. (Without such a measure our efforts are
like attempting to measure the effectiveness of a beauty parlor without
knowing what the clientele looked like to begin with.)

The problem is that all measures of relevant student "ability" are
hardly distinguishable from measures designed explicitly to test scholastic
achievement.24 According to a survey of the evidence by Bloom, simple
correlation coefficients between intelligence and achievement scores
(when both tests are administered at the same age) are ordinarily in the
neighborhood of .85.25

There are a number of possible interpretations of this close associa-
tion between measured achievement and intelligence. First, it may be that
the tests simply measure the same thing. There is strong evidence that
intelligence as measured by the usual instruments is a developmental con-
cept, measuring general learning.26 Moreover, most 10 tests depend
heavily on verbal facility, which is probably a good reflection of general
school learning.27 A second explanation is that the tests measure different
dimensions of competence, but that they both are sensitive to variations in
the school environment. Evidence that abilities as measured by JO tests are
significantly influenced by the educational environment is available in the
data from a study of identical twins separated prior to the age of three
and reared apart (see Table 2). Results not reported there showed that
over 60 per cent of the variance in the IQ differences between paired

• identical twins can be explained by differences in the educational envi-
•

ronment; alone, the differences in the physical and social environments

24 Duncanson [20] and Cohen [12].
KeIley [44], pp. 193—213; Bloom [5], pp. 102-03; Coleman and Cureton [14];

Duncanson [20], and Cohen [12]. All of these studies use correlations corrected for
test reliability. Jensen [39] reports lower correlations, although no references are
given.

26 See Hunt [35].
27 Bloom [5], pp. 71 and 104.



Environmental
Difference Effecta t Statistic

Educational .66 4.2
Social .25 1.6
Physical .19 1.3

R2: .70

X' Xj:
Number of observations:

18
18

aNormalized regression coefficient of the environmental difference
in an equation predicting I Q differences.

SOURCE: Data from F. N. Freeman; H. H. Newman; and K. J. Hol-
zinger; Twins: A Study of Heredity and Environment, Chicago, 1937.

explain less than a third of the variance.28 A third interpretation holds
that there is little casual relationship between intelligence and achieve-
ment, but that for some reason the bright children go to good schools,
receive especially sympathetic attention of school personnel within their
schools, and consequently achieve well. Although evidence on this inter-
pretation is fragmentary, data from the U.S. Office of Education's Equal-
ity of Educational Opportunity Survey suggests that skepticism is in order.
The relationship at grade one between a measure of verbal ability and
the two school inputs found to be most important in the determination

• of scholastic achievement is very weak. The zero order correlations
between verbal ability and a measure of the teacher's verbal ability are
.05 and .02 for blacks and whites, respectively; the correlation between
student verbal ability and a proxy for the adequacy of the school's physi-

28The evaluation of the social, physical, and educational environments was a
subjective assessment by a panel of judges who were not cognizant of each others'
evaluations or of the twins' test scores. Although the judges were in close agreement,
we have little knowledge of what they took into account in their evaluation. See
Freeman, eta!. [231.
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TABLE 2

The Effect of Environmental Differences on
Differences Among Paired identical Twins Reared Apart
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cal plant was —.07 and — .02. Moreover, in an equation including mea-
sures of the parents' level of schooling and other social class dimensions
no school input measures were significantly related to grade-one verbal
ability among black students.29 Finally, it is possible that achievement
and intelligence tests measure distinct abilities but that intelligence is the
primary influence on the acquisition of scholastic knowledge.

Of course, elements of each interpretation are consistent with parts
of the others. What is important here is that, to the extent that either of
the first two explanations is correct, it is illegitimate to include a measure
of 10 in the production function as an independent variable, as the
importance of the school input variables will thus be underestimated.
Note, however, that if both the third and fourth interpretations are cor-
rect, the exclusion of the intelligence measure from our equations will
bias upwards the estimated effect of school resources.

On balance, the evidence seems strong enough to reject the use of a
contemporaneous 10 score as the measure of the student "raw material"
input into the production process. What are the alternatives? As we are
interested in measuring school learning, it would seem reasonable to use
tests of learning administered at grade one as a measure of raw input.
Because these first grade tests clearly measure the combined effects of
genetic ability and environmental influences prior to age six, they are
exactly what we need. Thus, our basic equation (1) becomes

A12 =f(X1, . . . ,X,, A1) (7)

where subscripts on the achievement variable refer to the grade at which
the test is taken. In order to estimate a function of this type, we need
individual test scores for students at two different levels of schooling.
While some data of this type are currently available, and more is on the
way, we are generally forced to rely on cross-sections.

• If (7) is the correctly specified relation, and we are forced to work
with data which do not include the first grade scores (A 1), we may be
able to estimate the unbiased regression coefficients of (7) if we have
independent evidence on b1,12, the regression coefficient of A1 in equa-
tion 7, as well as the estimated equations:

The data are from volume U of Coleman [131.

___
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A12 =f'2(X1 X,) (8)
A1 _—f'(X1 X,) (9)

The unbiased estimates of the regression coefficients of (7).
are then

b*1 — — b1, 1221k' (10)

where are the estimated regression coefficients of X, in equations
(8) and (9), respectively. This approach is equivalent to Theil's method
of estimating the bias due to specification

I have assumed that the relationship between first grade and twelfth
grade scores is such that a student scoring one standard deviation above
the mean at grade one will, ceteris paribus, score .5 standard deviations
above the mean at grade twelve. Thus,

b1, 12 = .5 (11)

where and 012 are the standard deviation of achievement scores at
grades one and twelve, respectively. This figure is somewhat arbitrary.
It is based on two sets of data. First, longitudinal studies of scholastic
achievement scores suggest a simple correlation between early and late
test scores in the neighborhood of .6 to .9. Most of the studies cover sub-
stantially less than twelve years, so we may suspect that the simple corre-
lation of scores at grades one and twelve would be somewhat lower.31
Moreover, the simple correlation is not the appropriate evidence, as we
seek an estimate of the partial effects of differences in A1 on A12. To the
extent that students who initially score high on tests are exposed to a
better learning environment in either home or school, the size of the

4

30Thei1 [62]. Our method is based on the assumption that the function f accurately
represents the relationship between each X, and first grade scores which prevailed at
the time of entry into school, and that the vector V1 Xr is the same for a given
student at grades one and twelve.

81 Based on forty-one longitudinal achievement score correlations reported in
Bloom [5], pp. 106—09. The correlations for more widely separated years occupy the
lower end of this range.
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above-reported correlations exaggerates the normalized partial relation-
ship between initial endowments and later scholastic achievement.as

A study by John Conlisk, using longitudinal data on students' intelli-
gence scores, provides additional Using a sample of seventy
individuals in Berkeley, California, Conlisk estimated the following
regression equations:

1Q18 = 4.77 + .490 IQZ....5 + 1.514 YrsSch R2 = .45
(6.44) (.099) (.358)

1Q18 = 8.11 + .527 IQ6...8 + 1.051 YrsSch R2 = .49
(5.74) (.093) (.367)

where IQ test administered between ages of t and u,
and YrsSch = number of years of school attended.

The JO measures are standardized indexes with identical means and
standard deviations; the standard errors of the estimated regression co-
efficients are in parentheses. Although the correct equation for our pur-
pose would predict scholastic achievement and would include measures of
school inputs, the biases are likely to be small unless there is a strong
association between the early 10 measure and the quantity of school
resources.

We assume that the function /1 (equation 9) will consist entirely
of arguments relating to the social class and home background of the
student, since school inputs could hardly affect scores on tests taken at
the beginning of grade one.34 For this reason, correction of this specifi-
cation bias will involve reductions in the estimates of the coefficients of
variables which measure the student's social class and home environment.
Some difficulties in implementing this correction for specification bias
will be discussed in the concluding section.

32 All of the achievement measures are subject to error. At grade 1 the rei-
• ability of the achievement score used (verbal ability) is .78. If the validity of this

score is only slightly below its reliability, the portion of variance in A1 due to
• random error is .5. Thus our method is equivalent to assuming that the normalized

partial relationship between the true measure of initial endowments and A12 is 1.
33Conlisk kindly allowed me to use his unpublished results.
34 is ample evidence that grade one achievement scores are associated with

measures
of student social class. See Bereiter [4] and Gray and Klaus [25].

4
1
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5 THE INPUT STRUCTURE OF THE SCHOOL AND
OTHER LEARNING ENVIRONMENTS

WE WANT to estimate the effect of school inputs on the value added of
schools. In order to isolate this effect, however, we must specify, as fully
as possible, all the environmental influences on learning—home, com-
munity, peer groups, and school. A complete specification of the model
is particularly important in view of the specification bias likely to arise
because of the close statistical association usually found between school
and home environments that are highly conducive to learning.

We may derive some suggestion of the relative effects of various
dimensions of environment on learning from another study of identical
twins reared apart. In this case the differences in paired identical twins'
scores on Stanford Achievement Tests are the measure of differential
learning; the relationship between environment and learning based on
this study of twins is illustrated in Table 3. Comparing the contents of
Table 3 with Table 2, we see that the educational environment is of

TABLE 3

The Effect of Environmental Differences on Scholastic Achievement
Differences Among Paired Identical Twins Reared Apart

Environmental
Difference Effecta t Statistic

Educational .899 7.69
Social .024 0.21
Physical .001 0.01

R2: .82
X'XI: .86

Number of observations: 19

SN ormalized regression coefficient of the environmental difference
measure in an equation predicting achievement differences among
paired identical twins.

SOURCE: Based on data of Freeman, Newman, and Hoizinger (see
Table 2).

'I.
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considerably greater importance in the explanation of achievement dif-
ferences than of 10 differences. Educational environment alone explains
more than 80 per cent of the difference in scholastic achievement between
paired identical twins. While this is hardly surprising, the insignificance
of the social and physical environment among genetically equivalent
individuals is striking.35 Of course, this may well be due to the imperfect
measures of the environments in question, but it alerts us again to the
dangers of specification bias in equations which do not include some
measurement of initial endowment and suggests that much of the ixnpor-
tance of social class to school learning apparent from cross-section
studies may reflect genetic differences associated with the educational
and social characteristics of the student's family.

Let us begin by asking which aspects of the student's environment
could have some effect on learning. A brief survey of the literature on
learning suggests that the major environmental influences on school
achievement (in addition to general intelligence) include:

a. The quantity of verbal interaction with adults3°
b. The quality of verbal interaction with adults37
c. The motivation for achievement and understanding in the envi-

ronment88
d. The richness of the physical environment.39

The available measures of these dimensions of the environment are
far from adequate. However, data exist which allow us to attempt an
empirical implementation based on the above a priori specifications.
Moreover, a number of relations in sociological and psychological research
will assist us in implementing the model.4°

35AIone they explain only .13 of the variance of achievement differences.
38Anastasi [1).
37 For example, see Ohm, Hess. and Shipman [55], and Jackson, Hess, and

Shipman [37].
38 See Dave [16].

Particularly for very poor children, the level of family income may have a
causal relation to the development of intelligence and scholastic achievement.

See, for example, Harrell, et al. [31].
40 are some grounds for believing that the student's peers exercise an effect

on learning. I have not included this discussion of the learning environment as I have
been unable to find adequate measures of the peer group environment in the data
which I am currently using.
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Let us begin with the nonschool environment. We may use a mea-
sure of parental education to represent the quality of the verbal inter-
action between child and adult;4' and family size (as well as the number

• of adults living at home) provides a rough measure of the quantity of
interaction and If we restrict ourselves to variables
which can be regarded as largely exogenous, the motivation for achieve-
ment may be measured in terms of parental attitudes toward schooling'3
as well as in terms of the potential objective importance of education to
the student. Race, for example, may constitute a logical measure of
expected returns: we have compelling evidence that the economic returns
to schooling, at the elementary and secondary levels, are significantly less
for black than for white children.44 The physical environment of the
home may be measured by the quantity of reading material in the home,

• the parents' occupation or income, or proxies for these variables, such as
quantity of consumer durables, etc. Evidence of a relationship between
malnutrition (primarily protein deficiency) and learning difficulties sug-
gests that some measurement of the physical environment may substitute

• for a measure of the physical development of the child as related to
learning, particularly for very poor children.

A number of authors have attempted to account for the familial and
social environment by stratifying their analyses according to social class.45
Available evidence suggests that while this technique is certainly useful in
reducing the multicollinearity among the explanatory variables, it is a
thoroughly inadequate representation of nonschool effects on learning.
Peterson and DeBord [57], for example, found that within two refined

41 On the importance of language models, see Ohm, Hess, and Shipman [37], and
Jackson, Hess, and Shipman [55].

[I].
43Although we are not able to include this variable in our analysis below, as we

have no adequate measures in our sample, at least one study which sampled the
parents as well as the children, has confirmed the importance of parental attitudes.
See Peaker [56]. Of course, parental attitudes toward schooling must depend in some
degree on the particular school in which the child is enrolled. Thus parental attitudes
are not unambiguously exogenous.

See Michaelson [53], Weiss [68], Hanoch [28]; some of the data are summarized
in Bowles [61. Differences in family interest in schooling and its associated impact on
children's motivation is, in part, a cultural phenomenon, likely to vary among ethnic
groups. For convincing evidence in one case, see Gross [27].

For example, Kiesling (46] and the U.S. Commission on Civil Rights [63], in
their study of the effect of racial integration on scholastic achievement.
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TABLE 4

A Model for the Estimation of the Environmental
Influences on Learning

Underlying Influence
on Learning

Empirical Representation in the Model
Home School

1. Quality of verbal a. education of a. educational level
interaction with parents of teachers
adults b.

c.
d.

other measures of
teacher "quality",
such as verbal-
ability

school policies

teacher attitudes

2. Quantity of verbal a. family size a. class size
interaction with
adults b. one or both

parents absent

3. Motivation for a. parental attitudes a. community support
achievement in toward of education
school

b.

c.

education
race, ethnic

group
objective returns

to schooling

4. Richness of the a. family income or a. school facilities,
physical occupation, labs, libraries,
environment

b.

consumer dur-
ables in the
home

reading material
in the home

texts, etc.
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substrata (white and black lower-class urban children in the South),
variables measuring home environment and parent-child interaction
explained .56 (white) and .66 (black) per cent of the variance in achieve-.
ment scores.46 The predictive power of dimensions of home environment
within narrowly defined social strata suggests that an analysis using no
other control for social environment will be subject to serious specifi-
cation bias.47

We may proceed in roughly the same manner (although with less
confidence) with the empirical measurement of the school environment.
The quality of interaction between child and adult may be represented
by a measure of the educational level or verbal proficiency of the teachers.
The quality of the interaction may depend somewhat on school policy,
which may be represented by a host of imperfect measures of such
aspects of school environment as breadth of curriculum, amount of extra-
curricular activities, etc. (Although there is some evidence—e.g., Chausow
[1 1]—that methods of teaching make a difference, the available data do
not allow even a rough measure of this variable.48) The physical environ-
ment of the school may be represented by measures of special facilities—
labs and libraries—as well as overcrowding, makeshift classrooms, and
soon.

Table 4 summarizes our model of the environmental influences on
• learning.

Notice that even this partial specification of the learning environ-
ment includes fourteen measures, many of which are highly correlated.
Thus serious multicollinearity problems arise. In the estimation of a full
model of the type specified for twelfth-grade black students in the United
States, the determinant of the X'X matrix, which is probably the best

course, the Peterson and DeBord findings could result from collinearity
• between the home environment and school inputs to which the children were exposed.

This probably will not explain the entire result, however. Within a group of black
sixth-grade students in the third socio-economic quartile, Levin found that in addition
to various school input measures a number of home measures were significantly
related to scholastic achievement.

The strength of the measured relationship between school inputs and achieve-
ment observed by Kiesling may be due in part to this bias.

48 For an exception, see Peaker [56], who found in many cases that an assessment
of the teacher's proficiency by an inspector was significantly related to scholastic

• achievement.

•1
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single measure of the presence of multicollinearity, fell to
Similar problems arise for whites and for other grades. In order to esti-
mate the above model, we need to reduce the number of variables so as
to simplify the presentation and bring the multicollinearity problem
within tolerable limits. That is, we would like to replace the equation

A =f(X1, . . . ,X,) (12)
with

A = FEgi(Xi, . . . , I,), g2(X1, . . . , Xe), . . . , . . . , Xv)] (13)
where h < v.

Thus we may wish to define a new variable, e.g., "teacher quality,"
as an aggregate of individual variables measuring verbal ability, years of
schooling, experience, certification, and so on. If a significant degree
of multicollinearity arises from intercorselations within each set of vari-
ables forming an aggregate variable, the problem will be reduced; the new
aggregate variables, represented by g1, . . . , may be sufficiently orth-
ogonal to allow successful estimation of the relationship. The choice of a
precise grouping of factors is determined by more than the desire to
reduce multicollinearity; however, the usual aggregation rules do not
seem particularly helpful here, as we have no knowledge of the matrix

• of second derivatives and cross-derivatives which would allow us to make
use of them.

We have no previous results or compelling theory to use as a guide
as to how to aggregate. In situations where all inputs are priced in the
market, and where the assumption of maximizing behavior is somewhat
more plausible, we ordinarily use factor or commodity prices as the basis
of aggregation, as in the measurement of "capital" or intermediate inputs.
Failure to appreciate the importance of these assumptions in the validity
of any monetary aggregate in production theory has led to the frequent
use of what might be called spurious factors of production, such as
expenditure per pupil and teachers' salaries. In my own empirical work

49See Farrar and Glauber [21]. X is the matrix of normalized observations. The
determinant of the X'X matrix varies between 1, indicating complete orthogonality
of the vanables, and 0, indicating linear dependence of at least two vectors of
observations. See also Bowles and Levin [7].

*
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(for black twelfth graders), whereas teachers' salaries explain only .008 5
of the variance in achievement, the two variables most closely related to
variations in teachers' salaries—teachers' verbal ability and years of
schooling—explain over four times as much.5°

Similarly, Kiesling [46] found a "disappointingly weak" relationship
between expenditure per pupil and achievement; in a later paper [45] he
found that variables which together explain most of the variance in
expenditure per pupil are very strongly related to achievement. All of
this simply suggests that school administrators are not using their
resources efficiently as far as the production of scholastic achievement
is concerned. The relative market prices used to aggregate inputs in the
expenditure measure are apparently significantly different from the mar-
ginal products of the inputs.5' Thus the use of monetary aggregates is
unfounded in theory.

In our situation the best method seems to be to attempt to identify
the underlying dimensions of the input structure by both a priori and
empirical methods. This done, we would select a variable, or an index

•
based on a number of variables, to represent each dimension. Our a priori
specification of the school environment suggests that we have four impor-
tant dimensions of the school environment: teacher quality, teacher quan-
tity, school policy, and physical facilities. One procedure would be to
assume that these represent the dimensions of the input structure and to
select from each set a variable to represent the underlying input. Thus
we could represent teacher quality by the teacher's score on a verbal
ability test (at least when we are predicting verbal achievement), and so on.

Alternatively, we may combine our preconceptions based on previ-

50 In each case I am referring to the increase in the coefficient of determination in
•1 an equation already including measures of social background and nonteacher school

inputs, as in equation 8. See Levin [48] for an analysis of the relation between
• teacher quality and teacher salary. These two teacher attributes (verbal ability and
a. i years of schooling) explain 60 per cent of the variance in teachers' salaries in the

• sample reported in the next section.
51This inference is supported by a comparison of the estimated marginal products

/, and the supply prices for various teacher attributes. (See Levin [48].) Calculations
of the cost of unit increase in achievement through increases in each factor based on
these estimates show that for the sample under consideration increases in teacher's
verbal ability are more efficient than any other dimension of teacher quality, by a

• wide margin.

-P.-.
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ous research and learning theory with an empirical analysis of the struc-
ture of our data, using principal components analysis.52

Leaving the problem of aggregation in this unsatisfactory state, let
me ask how well we have measured the environmental influences on
learning, particularly as they relate to the school. The answer "not very
well" stems primarily from three problems: (a) the home and school
variables fail to capture the complexity and richness of the interaction
processes relevant to learning; (b) we have ignored significant qualita-
tive differences in education available within a school; and (c) we have
measured inputs at only one point in time, while the learning process
must certainly be cumulative and therefore dependent on past inputs.

Turning to the first problem, our measures of social class, family
size, class size, teacher quality, and school facilities do not measure the
quantity and quality of interaction as relevant to learning. Our input
measures are merely circumstantial evidence of a few of the opportuni-
ties for such interaction. Two recent studies suggest that these crude
measures are a poor substitute for measures of actual patterns of inter-
action. On the basis of detailed interviews with sixty parents, Dave [16]
and Wolf [70] found that their measurement of home environment
explained .57 and .64 of the variance in intelligence and achievement,
respectively.53 The crude home environment measures used in our study
explain only 10 per cent of the variance in individual achievement scores.
Presumably, analogous detailed studies of actual classroom interaction
would reveal that our school measures are an equally poor representation
of our basic learning model.

• The second problem arises particularly where tracking is wide-
spread and the differences in the educational opportunities within a single
institution are so great that we really have two or three schools in one.54
Also, differences in teacher and administrator attitudes and expectations
may differ considerably within a school and even within a classroom.55

52 This is the method used by Kiesling.
Recall, also, the Peterson and DeBord (1963) study, op. ci:.

54Diflerences in the quality and quantity of school inputs received within the
same school are documented in Hollingshead [34].

Davis and Dollard [17], pp. 284—85, and Warner, Havinghurst and Loeb
[65], as well more recent studies by Deutsch [181 and Wilson [69].

A
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One recent study (Rosenthal and Jacobson [58]) suggests that teacher
expectations have a significant effect on learning, at least in the early
years of school. Failure to measure these in-school and in-class differ-
ences in inputs results in a specification error which is particularly serious
because of the correlation of these differences with other of our explana-
tory variables. Because low social class and minority racial or ethnic
status are closely associated with intraschool deprivation of school in-
puts,56 the estimates of the parameters reflecting the impact of social class
and race are biased upward. Further, because of the serious errors intro-
duced by the school-wide aggregation of the variables measuring school
inputs, the estimated effect of the school environment is biased down-
ward.57

Our third objection, against the sole use of contemporary input
measures, would not be serious if children did not move from school to
school and inputs were roughly uniform throughout all of the grades
up to the one for which the production function is being estimated.
Of course, the world is simply not like that, and I think we sometimes
underestimate the seriousness of this problem. In a sample of black sixth-
grade students in a Northeastern metropolis, 57 per cent had attended
more than one school since grade one, and 29 per cent had attended
more than two.58 Evidence from a number of studies of the phasing of
learning development over the school years suggests that this problem is
particularly serious, as patterns of achievement are apparently established
with a high degree of stability in the early grades. Scannell [59], for
example, found that scores on fourth-grade tests (Iowa Tests of Basic
Skills) explained half the variance in test scores (Iowa Tests of Educa-
tional Development) in the twelfth grade.59 Cardinal measures of scho-
lastic achievement based on vocabulary tests suggest that about two-thirds

58See the evidence in Hollingshead [34] and the more recent studies cited in
4 Rosenthal and Jacobson [58].

571n a study in which within-school variations were measured, Peaker [56] found
that school inputs were considerably more important in the determination of school
achievement (relative to other influences such as home background) when within-
school variations in these inputs were taken into account.

58 Work in progress by Henry Levin and Stephen Michelson.
Scannell [59J; Bloom [5) summarizes the evidence on the stability of achieve-

meat.
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of what is known in grade twelve was already known in grade six. On
the presumption (which seems to have currency among educational psy-
chologists) that the effects of environment on learning are potentially
greater during periods in which the most learning takes place, it would
seem that measurement of the inputs in the early grades would be essen-
tial to the prediction of achievement at the higher levels.60

The importance of the early years in the learning process suggests
one last question: how much impact can we expect schools to have on
learning?

The mental ability commonly called intelligence is probably the
single most important determinant of scholastic achievement. Studies of
the degree of hereditability of the characteristics measured by scholastic
achievement tests are, to some extent, contradictory—the very wide range
of estimates does not allow any simple summary of the results.8' None-
theless, it is safe to conclude that a sizable portion of the variance in
scholastic achievement is associated with genetic differences. Thus, even
in an otherwise perfectly specified and perfectly measured model, unless
we are able to take account of genetic differences, we are likely to be
unable to account for all of the variance of scholastic achievement.
Of course, if the genetic component in intelligence is related to social
class (through inheritance), our social background measures in the
learning model will take account of some of the genetic differences in
mental abilities among our students. Thus, the residuals in the estimation
of the education production function cannot be unambiguously identified
as the influence of student ability differences.62

Given the importance of genetic influences on scholastic achievement
the possible impact of schools on achievement is severely limited. But

60 In the absence of a time series of school inputs, it might be advisable to con-
• centrate on the estimation of production relations in the early grades.

61 See Jensen [39], Burt [10], Vandenberg [64], and Jensen [38].
°2There is evidence of a significant genetic component in the observed social class

differences in measured intelligence. For example, the of children adopted in
early infancy show a much lower correlation with the social class status of their
adopting parents than do the IQ's of children reared by their own parents; the IQ's

• of children reared in an orphanage from infancy and who have not known their
parents show only slightly lower correlations with their true father's occupational
status than that found for children reared by their own parents. See Jensen [40], pp.
1—2 and references.

S -.
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this reasoning still overstates the importance of schooling, as the class-
room is only a small part of the learning environment of the child.
During the elementary and high-school years, children ordinarily spend
considerably less than one-fourth of their waking hours in school. In
addition, Bloom [5] suggests, about one-third of adult learning is achieved
before age six.

Jensen [39] suggests that the impact of well-designed and well-
executed "enrichment" and "cognitive stimulation" programs is ordi-
narily between 0.5 and 2.0 standard deviations on specific achievement
tests. These rough estimates place broad limits on the expected maximum
effect of either a very good or a very bad school as opposed to an aver-
age one. Of course, our estimations are based on a cross-section of repre-
sentative schools, not well-endowed experimental programs designed to
raise scholastic achievement. This fact plus the severe deficiencies in
the measurement of the learning environment suggest that the impact of
extreme school environments estimated from our production functions
are likely to fall short of Jensen's estimates.

6 AN EDUCATIONAL PRODUCTION FUNCTION

THE FOLLOWING results are presented here to illustrate the discussion in
the previous section of educational production functions. Their empirical
substance must be treated with extreme caution.

The estimates are for black students enrolled in the twelfth grade in
the fall of 1965. The data were collected by the U. S. Office of Educa-
tion as part of the Equal Educational Opportunity Survey. Some of the
results of this survey have been reported in Equality of Educational
Opportunity, known popularly as the Coleman Report, after its prin-
cipal author.63 The sample and a number of serious shortcomings of
the data are described in detail elsewhere.64 Any reader adventuresome

Coleman, et a!. [13]. Our estimations are based on the correlation tables and
mean and standard deviation of each variable, as reported in Vol. II of Equality of
Educational Opportunity.

64 addition to the report itself, see also Bowles and Levin [7], Hanushek [30],
and Hanushek and Kain [42).
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enough to take seriously my preliminary results is urged to consult these
sources.

The variables used in the empirical implementation of the model,
along with their means and standard deviations, and a table of zero order
correlations appear in the appendix. A listing of all other variables which
were used in the experimental stage also appears there. A total of thirty-
six variables were tested for significance in the educational production
function. The equations presented below include all of the variables which

TABLE 5

aDependent variable is verbal achievement.

*

An Educational Production Function (Reduced Form),
Black Twelfth-Grade Students

0'

Regression
Coefficient

Independent Variablea (t in parentheses) Beta

1. Reading material in the 1.9284 0.0822
home (2.5847)

2. Number of siblings 1.8512 0.13 16
(positive = few) (4.3411)

3. Parents' educational level 2.4653
(4 .4660)

0.1431

4. Family stability 0.8264
(1.6938)

0.0494

5. Teacher's verbal-ability 1.2547 0.2222
score (7.1970)

6. Science lab facilities 0.0505
(2. 5 82 1)

0.0784

Constant: 19.4576
(5. 1887)

R2 : 0.1708
IX'XI: 0.6628
Number of observations: 1,000

S
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made sense on the basis of the learning model, and which proved to be
significantly related to achievement.

The estimate of our basic equation of the educational production
function (8) appears in Table 5. Note that the estimated parameters are
consistent with our suggested model of learning. With one exception, all
of the estimates, including those for the school environment, are signifi-
cantly different from zero at the 99 per cent level.05 The quality and
quantity of interaction with adults, as well as motivation for schooling
and the richness of the home environment, are all represented (at least
symbolically) in the four nonschool environment variables.

Note also that the estimated parameters of the school inputs are
consistent with the suggested model of learning. The very significant esti-
mate of the influence of teacher quality (represented by the teacher's
verbal ability score) is not surprising, since the teacher is the single most
important school input.06 The importance of teacher quality, which our
estimate demonstrates, has also been confirmed by other work on educa-
tional production functions.°7 The failure of the class-size variable to
appear in the equation may reflect severe errors in the measurement of
this variable.68 Although a number of studies have suggested that class
size is not a significant influence on achievement (e.g., Hanushek [30]
and Levin [work in progress]), Kiesling did find a highly significant rela-

• 65 The family-stability variable is significant only at the 90 per cent level. The
• regression coefficients of the reduced-form equation, excluding attitudes, is virtually

unaffected by the removal of the absent father variable.
I have fewer schools than individuals, and because of the strong possibility of

there being unmeasured school effects, the variance-covariance matrix of the error
term is not diagonal: the off-diagonal elements reflect the covariance of the residuals
among students in the same school. As a result I have probably underestimated the
standard errors of the estimates of the regression coefficients. Without school iden-
tifications for each observation, I am unable to estimate the extent of this bias.

66The teacher's verbal ability test consists of only 30 questions and is self-
administered. If, as seems likely, the variance of the error component in this measure
is larger than the variance of the error component in the dependent variable, the

• estimate of the associated regression coefficient may be biased seriously downward.
The same reasoning, of course, applies to the other inputs.

67 See Kiesling [45]; Hanushek [30]. In addition to these results, Levin found that
two measures of teacher quality (verbal score and type of college attended) were
highly significant in explaining verbal achievement among sixth-grade black students
of the third socio-economic quartile in a large Northeastern metropolitan area.

68See Bowles and Levin [7].

I
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TABLE 6

Educational Production Function (Reduced Form), with School
Policy and Community Support Proxies,

Black Male Twelfth-Grade Students

Regression
Coefficient

Independent Variablea (t in parentheses) Beta

1. Reading material in the 1.6579 0.0707
home (2.2193)

2. Number of siblings 1.7583 0.1250
(positive = few) (4. 1322)

3. Parents' educational 2.4519 0.1423
level (4.4575)

4. Family stability 0.8339 0.0499
(1.7174)

5. Teacher's verbal-ability 1.0419 0. 1845
score (5.5605)

6. Science lab facilities 0.0373
(1.88 24)

0.0580

7. Average time spent in 1.4803 0.0804
guidance (2.3652)

8. Days in session 0.2032 0.0582
(1.92 13)

Constant: —14.2214
(—0.7529)

R2 : 0.1804
IX'XI: 0.4477
Number of observations: 1,000

I.

w

aDependent variable is verbal achievement.
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tionship between students-per-teacher and achievement.69 It is somewhat
more surprising that the very crude representation of the physical facili-
ties of the school—science laboratories—appears to be significantly re-
lated to achievement.

Note that the explained variance is very small. This is to be expected,
given the crudeness of our measures, and it points to our failure to
specify adequately a model of school achievement. In addition to the
poor measurement of our variables we have certainly omitted altogether
some important influences on learning.

The absence of a measure of school policy, which would help to
indicate the quality of student-teacher interaction, is explained by the
profusion of imperfect measurements of this input dimension. When we
entered eleven school policy and environment variables (see Table AA)
into the above equation, we could not accept the hypothesis that the
entire set of regression coefficients for these variables were zero.7° In
order to represent the influence of school policy variables, we have intro-
duced a proxy variable, representing the extent of guidance counseling
in the school. We have further added a days-in-session variable to repre-
sent the general level of community interest in and support of education.
The resulting equation appears in Table 6.

of these proxy variables are highly correlated with measures
indicating over-all support for education—e.g., teachers' salaries and
system-wide expenditure per pupil. In addition, both are positively asso-

89 My preliminary results with a different sample of black twelfth-grade students
in the Northeast and Central United States reveal a significant negative relationship
between class size and achievement. The positive relationship between class size and a
measure of school output found by Welch [661 is almost certainly a reflection of the
smaller classes in rural schools and the failure to take account of the negative influ-
ences on learning associated with a rural home and community environment. The
negative association between student-teacher ratio and tenth-grade verbal scores in
twenty.two Atlanta public schools estimated by J. W. Holland and J. Burkhead [9] is

4 difficult to interpret, as the equation in which this finding is reported includes a
measure of per pupil expenditure (plus a number of insignificant variables). This
seems to suggest that even with a given level of expenditure, reduction in class size
produces sufficiently strong effects on achievement to more than offset the associated
opportunity costs.

70 F value leading to the rejection of the hypothesis was 2.39 with 11 and 984
degrees of freedom. Thus the hypothesis was rejected at the 99 per cent level of

'7
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ciated with such school policy variables as extracurricular activities and
foreign language courses (though days in session is less closely associ-
ated than is guidance counseling.)7'

Regressions similar to that reported in Table 6 were estimated sepa-
rately for different samples of 1,000 students each in the North and in
the South. The estimated equations (which are presented in an appendix)
are remarkably similar to those estimated for the national sample.72

Thus far we have been working with a model which takes no explicit
account of students' endowments at the beginning of school. The result-
ing biases in our estimates are suggested by the following exercise, based
on equations (9), (10), and (11). We have attempted to explain a
similar achievement score in grade one using our set of explanatory
variables. The resulting equation and the calculation of the specification
bias appear in Table 7. At the first-grade level, coefficients of the school
input variables were never significantly different from zero (at conven-
tional levels).

Given the crudeness of both the measurements and the technique,
the particular numerical estimates are subject to considerable error. The
effect of correcting for this specification bias is to reduce the apparent
influence of social class on school learning. Of course, as long as we use
an additive linear model with no interaction effects and plausibly find no

• relationship between school inputs and initial scores, there can be no
estimated bias of the school inputs.

It is likely that some of the remaining influence of social class and
home background is a reflection of genetic differences, This is certainly
a plausible interpretation of the results, given the apparent unimportance

71 Of course, the days-in-session measure may simply reflect urban-rural differ-
ences, as there is evidence that rural schools are open for fewer days per year. (See
Coleman [131.) As a test of this hypothesis, we added a variable measuring the size
of the senior class to the equation. This new variable was insignificant, and, although

• its introduction lowered the estimated regression coefficient for days in session by
about 10 per cent, the latter variable was still significantly different from zero at the
95 per cent significance level. The remainder of the equation was altered only
slightly. The importance of guidance counseling is equally difficult to interpret, as an
abundance of counselors may be associated with a large fraction of college-bound
students in the school, or severe discipline problems, or both.

721n both North and South, only one school policy-community support variable
is significant: days in session in the North and average time spent in guidance in the
South. The very large difference in the constant term in the two equations is due to
the absence of the days-in-session variable in the southern equation.
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of class and home environment on scholastic achievement among pairs of
genetically equivalent identical twins. (See Table 3.)

Although in Table 7 the corrected regression coefficients of all
background variables are positive, in general the predicted effect of social
class and family environment on the difference in scores at grade one
and grade twelve is ambiguous. This is because the grade-one scores in

TABLE 7

,a12 \.51—I, or 1.806.
\Q1 /

Correction For Specification Bias Due to Omitted initial Endowments
in the Educational Production Function, Black Twelfth-Grade Students

Independent Variable
(dependent variable is

Regression Coefficients
Corrected

Regression
Coefficientsc

At Grade
Twelve a

At Grade
Oneb

verbal achievement) (1) (2) (3)

Reading material in 1.657 .348 1.029
the home (1.97)

Number of siblings .

(positive = few) 1.758 — 1.758
Parents' educational 2.451 .884 .856

level (5.85)
Family stability .833 — .833
Teacher's verbal

ability score 1.041 — 1.041
Science lab facilities .037 — .037
Average time spent in

guidance 1.480 — 1.480
Days in session .203 — .203

.1

aFrom Table 6.
ratios are in parentheses; the coefficient of determination for the

equation was .05.
cColumn 3 = Column 1 Column 2 x b1 12' where b1 12' the regres-

sion coefficient of in equation 7, is assumed to be

p.
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equation (7) measure the initial level of learning and not the student's
capacity to learn. There is evidence that among below-average achieving
children with similar JO scores in the elementary school grades, learning
capacity on some tasks varies widely, and inversely with social class.
That is, lower-class students with an IQ of 90 learn faster than upper-
class students with equivalent 10 scores on tasks which do not depend
on previous learning.73 Thus it would not be anomalous to find a nega-
tive relationship in equation (7) between twelfth-grade scores and social
background, at least for some background variables.

The main difficulty with the above method arises because of the
social selectivity of the dropout phenomenon. The students tested in the
fall of the twelfth grade are not the full complement of those who began
in grade one. The fact that low achieving, low-social-class children are
much more likely to drop out than other children, clearly biases down-
ward the estimated coefficients of the social class variables in equation

Turning now to a second problem of specification bias, recall that
equation (2) represented our reduced form. Yet a complete specification

• of the learning environment must include student attitudes. As mentioned
earlier, these attitudes are represented in two ways: student self-concept
and student sense of control over environment.75 Measurements of these
are added to the equation and the resulting estimates are presented in
Table 8.

In the new equation, the structural parameters of school inputs
change very little, which suggests that in this case the simultaneous-

• equation bias is relatively small. The attitude variables are powerfully
related to achievement—the proportion of variance explained is almost
doubled by their inclusion.

Jensen [41). Of course, much of school learning does depend on prior learning,
but a major portion of it probably is not strictly cumulative once the rudimentary
communications skills have been learned.

74 seriousness of this bias is difficult to determine, although experiments using
a similar equation for grade-nine students (who have not had the opportunity to
drop out) may suggest the order of magnitude of the bias. Of the four regression

• coefficients for the relevant social-background variables in an equation predicting
ninth-grade achievement (resealed to take account of the different units of measure-

•
ment of the achievement variable), two are similar to those in the twelfth-grade
equation and two are about 50 per cent larger than the downward biased estimates
at grade twelve.

measurement of these variables is described in the appendix.

V
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7 CONCLUSION: THE EFFECTS OF SCHOOLING

IMPERFECT measurement, limited exposure to the educational environ-
ment, and our fundamental ignorance of how children learn establish the
presumption that estimated effects of different schools upon scholastic

TABLE 8

Educational Production Function with Student Attitudes Measured,
Black Male Twelfth-Grade Students

I.

Independent Variable
(dependent variable is

(tverbal achievement)

Regression
Coefficient

in parentheses) Beta

1. Reading material in the 0.4982 0.02 12
home (0.7169)

2. Number of siblings 1.5287 0.1087
(positive = few) (3.8885)

3. Parents' educational level 1.8746
(3. 6768)

0. 1088

4. Family stability 0.3818 0.0228
(0.8489)

5. Science lab facilities 0.0355 0.0552
(1.9383)

6. Days in session 0. 18 14 0.0519
(1.8571)

7. Teacher's verbal-ability 1.1100 0.1966
score (6.4133)

8. Average time spent in 1.7747 0.0964
guidance (3.0644)

9. Student's control of 4.4059 0.2334
environment (8.2 159)

10. Student's self-concept 4.2721 0.2108
(7. 44 39)

Constant: —12.1269
(—0. 694 9)

R2 : 0.3036
X'XI: 0.3764

Number of observations: 1,000

- —pm



TABLE A.1

Full List of Variables Used

Dependent variable:
Verbal score

Nonschool environment:
Consumer durables in the home
Family stability
Foreign language at home
Number of siblings
Parents' educational level
Preschool attendance
Reading material in the home
Student urbanism of background

General school environment: C

Accelerated curriculum
Amount of homework
Average time spent in guidance S

Comprensiveness of curriculum
Days in session t
Extracurricular activities
Freedom of movement between tracks
Length of academic day
Number of foreign language courses
Number of mathematics courses
Number of twelfth-grade students in school C

Promotion of slow learners
Proportion of students transferring in and Out C

Teacher turnover C

Tracking
Teacher quality:

Degree received (teacher)
Experience (teacher)
Localism (teacher)

• Number of absences (teacher)
• Quality of college attended by teacher

4 Salary (teacher)
Teacher's socio-economic status
Teacher's verbal-ability score fi

• Teacher quantity:
Total pupils in school / total teachers in school V

(continued)

—.---• - — -
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Table A.1 (concluded)

School facilities:
Science laboratory facilities
Volumes per student in the school library

Student attitudes:
Student self-concept
Student sense of control of environment

achievement will be quite limited. Our equation (Table 6) suggests that,
for the individuals represented by our sample, a uniform improvement of
10 per cent in all school inputs (in the neighborhood of the mean) would
raise achievement by 5.7 per cent. (This cannot be construed as the effect
of a uniform improvement in the school environment, as we have not
measured some of the important school inputs.) Put somewhat differently,
the difference in achievement between students in schools with inputs one
standard deviation below the mean for our sample, compared with stu-
dents in schools one standard deviation above the mean, is slightly over
two-thirds of a standard deviation on our achievement scale.7°

Given the limited nature of the sample and the inadequate oppor-
• tunity to explore the available data, I will refrain from generalizing from

these initial encouraging results. We are still a long way from estimating
a satisfactory educational production function. However, we have suc-
cessfully identified a number of school inputs which do seem to affect

• learning. Further studies of the educational production function may
• contribute to making schools more nearly equal for those now deprived

of a constructive learning environment, and more effective for all children.

4

76This is roughly equivalent to two years of scholastic progress, using the per-
formance of white urban Northeastern children as the norm. For the purposes of
these calculations, the variable "length of school year" is considered a community
variable, not a school input.

------F-.



TABLE A.2
Means, Standard Deviations and Zero-Order Correlations

Among Variables Used in Estimates

Standard
Variablea Mean Deviation

Dependent variable
Verbal achievement scale scoreb 49.2202 14.45 12

Home environment C

Reading material in the home -0.1091 0.6 159
Number of siblings

(positive = few) —0.3334 1.0275
Family stability —0.1691 0.8645
Parents' educational level —0. 1672 0.8389

School environment
Teacher's verbal-ability score 21.2211 2.5593
Science lab facilities (index)d 89.4083 22.4557
Average time spent in guidance 1.8528 0.7847
Number of days in session 179.8984 4.1359
Size of the senior class 264.3718 212.7663

Student attitudes
Sense of control of environmente -0. 1265 0.7654
Self 0.0460 0.7132

aFurther definition of these variables, as well as the survey instru-
ments on which they were based, is available in J. S. Coleman el a1.,
Equality of Educational Opportunity [13L Vol. IL

bThe verbal-ability score is based on the School and College Abil-
ity test scores of the Educational Testing Service.

CThe home environment and student attitude variables have been
normalized to mean = 0 and standard deviation = 1 for the national
sample taken as a whole.

dRange = 0-99. A score of 33, 66, or 99 indicates that the school
has one, two, or all of the following types of laboratories: biology,
chemistry, and physics.

eThe sense of control variable is based on the student agreement or
disagreement with three statements: "Good, luck is more important
than hard work for success; Every time I try to get ahead, something
or somebody stops me;" and "People like me don't have much of a
chance to be successful in life."

1me self-concept variable is based on the student's responses to
the following items: (1)"How brightdo you thinkyou are in comparison
with the otherstudents in your grade?" (2)"Sometimes I feel that I just
can't learn" (agree — disagree); (3) do better in school work
if teachers didn't go so fast" (agree — disagree).

- -——,,— —..— __.•
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APPENDIX

SUPPLEMENTARY STATISTICAL INFORMATION

The final specifications of the educational production functions were
based on analysis of data on a much larger number of variables. These
are listed in Table A.1. The means and standard deviations of the vari-
ables appearing in the final specifications appear in Table A.2., and the
zero order correlations among these variables appear in Table A.3. All

TABLE A.4

Estimated Production Function for Samples of Northern U.S.
Twelfth-Grade Students

Regression
Independent Variablea Coefficient

(t in parentheses) Beta

1. Reading material in the 1.279 .052
home (1.601)

2. Number of siblings 1.660 .116
(positive few) (3.700)

3. Parents' educational level 2.655
(4.626)

. 151

4. Family stability .899 .051
(1.675)

5. Teacher's verbal-ability .721 .097
score (3.193)

6. Science lab facilities .059
(2.137)

.067

7. Days in session .189 .062
(1.971)

Constant: -2.585
(—0.1462)

R2: .090
IX'XI: .730

Number of observations: 1,000

WI

..1
.

aDependent variable is verbal achievement.
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of the basic data in these appendix tables is based on the Equality of
Education Survey of the U. S. Office of Education. The correlation coeffi-
cients, means and standard deviations are from J. S. Coleman [13]. The
form and specification of the educational production function which is
developed in the text and estimated for a national sample of 1,000 stu-
dents was tested on different samples of 1,000 students each in the North
and the South. The results of this estimation appear in Tables A.4,
and A.5.

TABLE A.5
Estimated Production Function for Samples of Northern U.S.

Twelfth-Grade Students

Regression
Coefficient

Independent Variablea (t in parentheses) Beta

1. Reading material in the 1.841 .083
home (2.629)

2. Number of siblings 1.794 .135
(positive = few) (4.438)

3. Parents' educational level 2.185
(4.18 1)

.132

4. Family stability .823 .053
(1.858)

5. Teacher's verbal-ability 1.097 .210
score (6.593)

6. Science lab facilities .027 .052
(1.72 4)

7. Average time spent in guidance 2.017 .102
(3.2 66)

Constant: 20.373
(6.247)

R2: .1961
IX' .519

Number of observations: 1,000

I'

aDependent variable is verbal achievement.
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COMMENTS

JOHN E. BRANDL
OFFICE OF THE SECRETARY, DEPARTMENT OF HEALTH,
EDUCATION, AND WELFARE

Sam Bowles has written a discerning, discouraging paper. He has
explicitly shown the gap between what estimators of education produc-
tion functions have been doing (mostly least-squares regressions of
achievement or even income on a host of explanatory variables), and
what they could be doing with the econometric tools now available. The
paper hints at the desirability of a system of simultaneous relations over
a uniequational model, cleverly manipulates and combines variables to
lessen the difficulties associated with couinearity, mentions that produc-
ton functions should recognize that "schools are multiproduct firms,"
makes a start at giving some theoretical content to education production
functions, produces some impressive estimates, and, in general, shows
the way toward more respectable econometric analysis in this field that
has been characterized by shabby statistics.

WE The paper is discouraging to me, however, for it leaves little room
for hope that estimations of education production functions from survey

• data can be very useful for policy purposes in the foreseeable future.
The remainder of this comment consists of two parts: the first outlines
my reasons for taking this pessimistic position, and the second offers
some observations on policy making given such a state of affairs. As the

i. lone bureaucrat participating in this conference I am looking for answers
i to the question, "How can education expenditures be allocated more

efficiently now?"

NOTE: Dr. Brand! is now Director, School of Public Affairs, University of Minnesota.

-P
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WHY PROSPECTS ARE BLEAK

Consider Bowles' regression equation (p. 13)

A=A+Jixi+j2x2+...+fnxn
where 2 is a measure of "output," such as an achievement test score, the

are "input" measures, and the i's are constants. This is the typical
specification of education "production functions," and it is used by
Bowles despite his own cogent and compelling reservations. The impli-
cations of such a relationship for a policy-maker are disconcerting. As
Bowles notes, optimum conditions for resource allocation are

.9Xk

fl/k(where p, is the price of or, alternatively, — = —, or achievement
P; Ph

gain per marginal dollar expended should be identical for all factors.

• The Ps are constant by definition, and for any single decision-
making body in this country (probably including the federal government
since its contribution to education is relatively small) the p's probably
are, too. Policy-makers are being told, then, that their job is to deter-
mine the highest ratio of Ito p for any variable over which they have
control and to expend all available funds in that direction. That conclu-

• sion is enough to disenchant any educator or bureaucrat—many of whom
• are already wary of economists that they think intend to show them up.

The following are some reasons why I believe such incredulity to
be justified.

1. Surely the "production function" is misspecified. The argument
against linear production functions already mentioned is at least as
strong on a priori grounds as that suggested by Bowles against the
Cobb-Douglas.'

'The Cobb-Douglas function would require, as Bowles mentions, "that an increase
in the quality of teachers be more effective on children of well-educated parents than

82Aon the children of illiterate parents," i.e., that k > 0. See Bowles (p. 19, note 9).
•

a
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2. A variation on this specification theme is that we know and
desire that our schools produce more than ability to achieve high scores
on standardized achievement tests. Failure to include others of the joint
outputs gives no indication of the effect of an input change on those
other outputs. More importantly, it means that the regression coefficients
do not even necessarily indicate the most efficient way to produce an

• impact on the single measure chosen, since the relative weightings of the
several outputs in the preference functions of administrators are not
known.

This leads to a third objection which I consider to be a critical blow
to the usefulness of production functions of this sort. But to make myself
clear, let me assume away the econometric problems alluded to—specifi-
cation, simultaneous equations, multicollinearity (and others such as the
absence of good time series data).

3. Even if we could overcome these statistical problems, the mean-
ing of our estimates would be in doubt. Local, state, and federal school
administrators and decision makers are maximizing neither "achieve-
ment" nor any other known combination of outputs, or rather, it is likely
that different decision makers weigh the several outputs in different ways.
Survey or longitudinal data which aggregate information resulting from
the maximization of dozens, hundreds, or thousands of different objective
functions will not yield an answer to the question posed in the beginning
of this comment: "How can education expenditures be allocated more
efficiently?"

WHERE DO WE GO FROM HERE?

If we had a well-defined theory giving us grounds for choosing par-
ticular variables as the inputs and outputs to be included,2 and which
provided guidance in the choice of functional form, then perhaps at least
negative results of estimated production functions could be used to prod
an embarrassed education community into doing better. That is, indi-
cations that marginal products of some inputs approach zero might be
a goad to improve. As it is, tentative results showing little improvement

2Presumably the outputs could be chosen on either consumption or investment
grounds. At present we are not able to relate our test measures either to the fun of
being in school or to the financial gains of having been educated.
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on achievement tests after injection of Head Start or Title I (of the
Elementary and Secondary Education Act) funds3 are often shrugged
off by educators on the grounds that that's not what they are trying to do.

We are, then, in a pre-Newtonian (or perhaps even pre-Ptolemaic')
state where we not only lack theory, but have at least some grounds for
believing that the best technology is not widely used.4

My personal reaction to this state of affairs can be summarized as
follows:

a. Estimation of efficient technological relationships might be more
readily accomplished through examination of exemplary and demonstra-
tion programs than through scrutiny of data from large national sur-
veys—this not only because the objectives of such programs are more
easily determined than are the objectives of a conglomeration of systems,
but also because the statistical problems of managing data are not as
great when one can influence selection of control and experimental
groups, variables on which data will be collected, types of tests admin-
istered, and so on.

b. We economists tend to find more maximizing than exists. Just
as the problem of X-efficiency5 in firms has been neglected until very
recently (with economists assuming that firms operate on their efficiency
frontiers) our usual approach for estimating education production func-
tions ignores not only the existence of joint products, but the possibility
that our schools may not be efficient users of resources. Thus, survey
data (such as that collected by the Coleman Commission, or the reams
of material obtained each year through the survey of school districts
receiving Title I ESEA funds) can be of more value for describing the
present state of education, than for prescribing what might be done.

c. Attempts should be made to determine what it is that school

8 See Evaluation of Title I, Office of Program Planning and Evaluation, Office
of Education, Department of Health, Education, and Welfare, Washington, D. C.,
1968.

Ibid., for unimpressive results of the present school system. Scattered exam-
ples of impressive results indicate the possibility that superior technology may exist
but, for whatever reason, not be widely disseminated. See A Study of Selected
Exemplary Programs for the Education of Disadvantaged Children, American
Institute for Research in the Behavioral Sciences, Palo Alto, California, September
1968.

See H. Leibenstein, "X-Effuciency vs. Allocative Efficiency," American Economic
Review, June 1966.

-



TOWARDS AN EDUCATIONAL PRODUCTION FUNCTION 65

authorities are trying to accomplish, first, in order to find out whether
they are attaining their objectives, and second, so that the questions of
whether to change those objectives and provide incentives to do so can
be considered.

d. In addition to fostering research to find out what works and
how to get people to use it, we should recognize that our current ignor-
ance has implications for how we allocate money to existing programs.
For example, in the field of higher education, there is a growing con-
sensus (both inside the government and out) that federal assistance to
students is preferable to the government's buying inputs (such as build-
ings, teaching paraphernalia, or teachers). That is, for the time being
we cannot relate pompons per cheerleader to lifetime income or graduate
record exam score, so perhaps assisting students directly—and letting
them choose where (and to some extent, how) to spend the money—
has some advantages.

Sam Bowles, cosmetologist,6 has beautified considerably what was
a most unattractive client. Unfortunately, she is still not veiy helpful
around the house.

JOHN C. HAUSE
UNIVERSITY OF MINNESOTA

In the following comment Bowles' interesting, exploratory paper will
be discussed under three headings: first, some important aspects of his
general analytic framework; second, several specific problems arising in
the execution of the study; and finally, a few of the main issues the study
raises for future research.

I. GENERAL FRAMEWORK OF THE STUDY

Bowles sets for himself the task of devising a systematic and sen-
sible framework for studying the relationship between inputs and outputs
of schools. In addition, he presents some initial attempts to estimate

1•

6 See Bowles (p. 26).
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crude structural parameters of relationships implied by this framework.
The motivation of the study appears to be essentially normative—pre-
sumably to aid in improving allocation in the educational sector. It is not
concerned with how or why school administrators currently allocate edu-
cational resources as they do.' Indeed, Bowles explicitly assumes that
"they do not select or alter school inputs with a mind to optimizing any
well-defined function of school outputs." As the author recognizes, this
implies that the estimated dependence of educational outputs on inputs
may significantly understate what could be achieved if the inputs were
allocated in an efficient way.2 One might perhaps examine in greater
detail schools with large positive residuals from regressions in hopes of
determining additional factors that "explained" why these schools were
especially productive. But cross-sectional studies of the average observed
relationships between inputs and outputs do not appear to be very prom-
ising as a way of getting at optimal techniques in the current regime.
However, Bowles considers that the most serious difficulty is the lack of
a theory of learning that would aid in specifying the production function.
I shall discuss the implications of this problem.

One important omission in Bowles' general analysis is a careful
discussion of the appropriate level of aggregation for carrying out the
study of the production of education, especially if the results are intended
to held guide the decisions of school administrators. As the author rec-
ognizes, the lengthy process of educating a child is very complex, and
the measurable inputs applied by school administrators vary greatly in
magnitude and importance during this process. He stresses the important
role of value added analysis for appropriately imputing the returns from
education, but does not adequately emphasize the main methodological
issues that depend on the use of a value added framework. Consider a

1 One might argue that positive economic analysis of resource allocation in the
public sector is at least as deficient as relevant normative analysis. Modification of
existing incentives and constraints in this sector may at times be as important as
presenting confused administrators with better normative theories to aid them in
their decisions.

2 Bowles provides some indirect evidence which suggests current inefficiencies.
For the educational outputs he is concerned with, instructional costs per pupil are
less strongly related to output than specific characteristics of the inputs, which in
turn can also "explain" much of the variance of expenditures per pupil.
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child who has been "in process" in the educational system for a number
of years. Is it possible to measure his current status by means of achieve-
ment, aptitude, and interest tests and thereby determine the additional
inputs that will efficiently help him achieve additional, well-defined edu-
cational objectives? Or is the educational process so interdependent that
the full, detailed history of the child's previous educational experience
critically affects the appropriate inputs for the next stage of development?
The task of improving the technology of education is greatly simplified
if extensive decomposition of the education production function is pos-
sible for a least two reasons. First, it permits a degree of decentralization
and the assignment of limited, but well-defined responsibilities to teachers

administrators who are directly concerned with only a small part of
the whole educational process. Second, if such decomposition of the
educational process is feasible, it may help to identify certain kinds of
achievement and attitudes which are exceptionally important for subse-
quent educational development. It seems possible that a significant in-
crease in educational expenditures on such key elements would yield

• high returns if they could be identified.
The extent to which such temporal disaggregation of the educational

production function is useful is essentially the same question as the extent
• to which detailed value added analysis is feasible. This is currently an

open question. Bowles cites an article by Jensen that indicates possible
pitfalls in trying to specify the current status of a child that would be

¶ appropriate for a value added analysis. Jensen mentions some evidence

j that students from lower social-economic backgrounds with a given JO
learn faster than students from higher backgrounds with the same 10
when confronted with tasks that are not dependent on former learning.
Thus JO information alone might lead to inappropriate groupings of
young pupils for some purposes.

Even if it is impossible to disaggregate the detailed education pro-
duction function very far, it is not clear how much normative guidance
can be obtained from a highly aggregated model. The statistical experi-
ments an economist can carry out depend, of course, on the data avail-
able to him. Still, an explicit discussion of the appropriate level of aggre-
gation might be useful to other people studying these problems.
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H. SEVERAL TECHNICAL PROBLEMS.

Although Bowles considers the empirical calculations reported in
the study to be preliminary, several issues deserve comment. A key diffi-
culty stems from the lack of explicit variables for controlling initial ability
(or achievement). The author acknowledges that such a variable would
be desirable, but it is not available in his cross-section data. As a partial
adjustment, he adjusts home environment regression coefficients for
twelfth graders by the corresponding coefficients for first graders. The
motivation for this procedure is not very clear, and the modification in
any case seems to be of dubious value. This adjustment would seem to
be relevant for discussing the following question. Given the influence that
home environment has already exerted on a child by the time he has
entered the first grade, how much additional influence does it have on
his achievement test score by the time he is in the twelfth grade? It is not
obvious what issue is clarified by such an imputation even if it were
legitimate. The procedure does not seem appropriate because the home
environment variables are surely correlated with omitted variables (in-
cluding genetic factors) that are determinants of first grade "ability" or
achievement. Strong (and implausible) assumptions are required to jus-
tify interpreting the adjusted coefficient as a measure of the net additional
influence of home environment after the child has entered the first grade.

The limited predictive power of Bowles' initial regressions is of
course due primarily to the unavailability of control for initial ability.
Nevertheless, the relationships of central importance for this study are
those between school environment and education output variables. It is
not clear how much the coefficients of these variables will be biased by
inability to control for initial ability and this issue is more important
than the values of the coefficients of determination obtained in the re-
ported regressions. It seems quite possible that inefficiencies in the cur-
rent allocation of educational resources may be empirically the more
important cause of understating the size these coefficients would have
if the resources were appropriately organized.

The general variables that seem appropriate determinants of the
educational production function are not directly observable. This raises
the problem of the appropriate way of aggregating less satisfactory proxy
variables into indexes representing the general factors. The difficulty with
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including all the specific factors is that multicollinearity makes the esti-
mates of the individual coefficients unstable and difficult to interpret.
Bowles does not attempt to resolve this issue. He mentions two alterna-
tives—selecting a single proxy variable to represent each general variable
or adopting some formal statistical procedure such as principal compo-
nents analysis—and opts for the former in this study. The following very
simple procedure might be more appropriate than either of these sug-
gestions. Associate the specific variables that seem to be reasonable
proxies for a general factor with that factor, run an ordinary multiple
regression including all these specific variables, and test only groups of

• coefficients, where each group includes the specific variables associated
with a particular general factor. The test corresponding to the usual
t-test for a coefficient being significantly different from zero is to test the
vector of specific variable coefficients corresponding to a general factor
to see whether it differs significantly from a zero vector. Multicollinearity
will often lead to imprecise estimates of the coefficients of some specific
variables, but it is presumably the influence of the general factor that is

• of interest. This procedure amounts to accepting the linear function deter-
mined by the coefficients of each group of specific variables as an appro-
priate index serving as a proxy for the general factor.

UI. SOME IMPLICATIONS AND PROBLEMS FOR FUTURE RESEARCH.

Bowles recognizes that such educational "outputs" as achievement
scores in tests do not represent the ultimate outputs that one hopes the
educational system will generate. Specific levels of proficiency may indeed
provide minimal standards of achievement which are useful tools for
school administrators. Bowles discusses briefly the importance of trying
to relate the educational process to such outputs as earnings capacity.
The implicit conclusion appears to be that it is necessary to analyze how
the more specific, readily measured educational outputs are related to
these more important outputs. This raises the question whether the anal-
ysis of the relationship between the "ultimate" outputs and inputs allo-
cated by school administrators should attempt to establish a direct rela-
tionship or whether these variables should be related only by intermediate
output variables such as test scores. At this stage of research into the
economics of education, this is an unresolved issue. Certain inputs may
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generate so many joint products of intermediate educational output that
the appropriate imputation of ultimate returns to school-administered
inputs will be an unmanageable task if the analysis must proceed through
the mechanism of the intermediate level outputs of education. At least
this possibility should be considered before any major attempt is made
to analyze the ultimate outputs in an educational production function
framework.

A second important issue for future research was raised in the dis-
cussion in the first part of this comment: the levels of aggregation that
will be most fruitful for improving the technology of education. The
magnitude of sub-optimal decisions currently made by administrators
may seriously limit the relevance of statistical analyses based on typical,
current practices for improving current technology.

I


