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(ABSTRACT)

The conceptual, methodological, and empirical issues of education production
function analysis were examined. Specific issues relating to model design, proxy and
variable selection, levels of analysis, standards of adequacy, and implications for
policy were addressed.

Selected studies and dissertations published since the Equal Education

Opportunity Report that identified any positive significant relationship between
financial resources and student achievement were evaluated. Each study was
examined with reference to conceptual and empirical problems of analysis.
Specifically, the researcher identified measures of dependent and independent
variables, the level of data aggregation, the direction and effect of independent
variables, characteristics of the sample, the statistical methodology employed in the
analysis, and the conclusions of the study.

This research discussed factors that result in discrepant findings in the
relationship between expenditures and achievement. From this perspective,

conclusions about the use of education production function studies in assessing this



relationship were stated. The examination of empirical studies provided a context
for the identification of conceptual, methodological, and data issues necessary to

assess the potential of production function analyses to contribute to policy decisions.
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CHAPTER 1
INTRODUCTION

Production-function studies in education have a thirty year history. The
production function or input-output analysis is a model of relationships based on the
economic theory of the firm. It requires the measurement of precise increments of
resource inputs that yield specific increments of production outputs. The model is a
valuable tool for planning industrial production. The unity of theoretical design,
empirical analysis, and practical result has been basic to the development of the
production function model. In education, however, wide variation in the use of the
model in empirical studies under very diverse conditions has resulted in confusing and
contradictory results. Unfortunately, premature claims about the efficacy of this
analytical tool for policy making can result in counterproductive decisions that reduce the
efficiency and productiveness of schools (Monk, 1990; Berliner, 1993). Yet, policy
makers cannot ignore the opportunity to develop a more precise understanding of the
links between resource investment and achievement in education.

Education production function analysis began with the Equal Educational

Opportunity Report (1966), cited as The Coleman Report for its principal author. Since
the project was funded by Section 402 of the Civil Rights Act of 1964, federal officials
attempted to make the data base one of the most comprehensive collections of
information about public schools available. @~ With these data they addressed
comprehensive questions about the effect of schools and other factors on student

achievement. The four major questions examined by the study were:
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1. The extent to which racial groups were segregated in the public schools.

2. The presence of equal educational opportunities by criteria regarded as indicators
of quality: tangible characteristics of schools in physical facilities; curriculum
areas such as high school tracking; characteristics of teachers including salary,
verbal ability, experience, and attitudes; student body characteristics including
self-attitudes and academic goals, socioeconomic status (SES), and parent
education levels.

3. How much students learn as measured by standardized tests.

4. The relationship between what students learn and the kinds of schools they attend
(Coleman, et al., 1966).

These objectives covered most of the areas investigated by the education production

function analysis. Since many readers interpreted the study to indicate that schools had

little influence on student achievement independent of family background and general
social context, it provided great impetus for research (see, for example, Mostellar &

Moynihan, 1972). This report, and the debate it began, have been the catalyst for much

of the research into education cost-quality issues which have employed production

function analyses (Coons, Clune, & Sugarman, 1970; Hanushek, 1991).

Questions about the influence of financial resources on the achievement of
students that emerged from the Coleman Report lie at the heart of the two dramas now
playing on the stage of education: one is the national reform effort that began with A
Nation at Risk; the other is the wave of state litigation that seeks to reshape education

finance and distribute resources more equally to all students (The State of Inequality,
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1991). In both dramas education production function analysis has provided information
to justify the perspectives and decisions of policy makers. For example, during his
tenure as secretary of education, William Bennett often referred to research that proved
there was no relationship between school expenditures and student achievement.
According to Baker (1991), Bennett was referring to Eric Hanushek’s 1986 education
production function chart. Also, recent equity suits have involved the litigants in
arguments about the importance of financial resources based on education production
function analyses (Testimony, 1987; Testimony, 1991; Fortune, 1992). These examples
show the important role such studies have played, and continue to play, in federal and

state education finance policies.

JUSTIFICATION FOR THE STUDY

Production function analysis has a proven validity for industrial production that
lends credibility to its transfer into other disciplines. The use of aggregate data in
statistical analysis to predict performance or identify correlations, trends, or causality in
basic scientific research has encouraged social scientists to emulate their peers. When
administrative agencies, courts, and legislatures turn to the experts for informed decisions
about spending money on education, the education production function study may appear
to provide the best evidence available from the research community since education
researchers have published numerous studies using this methodology. The opportunity
for researchers to influence policy, however, can overwhelm the nuances of statistical

analysis and the interpretive limitations imposed by nonexperimental research.
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Therefore, it is desirable, even necessary, that the education production function model

be examined critically.

PURPOSE OF THE STUDY

Previous studies of education production functions have focused on the statistical
influence of specific independent variables, or correlated the significance of several
variables over many studies. The variation in significance and direction of effect among
variables aggregated in this manner has tended to look beyond the framework and setting
of each study. Because the instructional environment is highly idiosyncratic, this
approach may ignore patterns that exist in the context of the samples. This analysis will
examine studies that have positive and significant correlations or regression coefficients
to identify the patterns that exist between instructional expenditures and student
achievement. In addition, this study will identify conceptual, methodological, and
empirical issues of education production function analysis. With this information the
selected studies will be examined in the context of the generic problems of analysis. The
findings from this evaluation will provide evidence to discuss the conditions under which
education production function studies show that instructional expenditures correlate with
student achievement. Examination of these issues will permit the discussion of
conceptualization and methodological and data needs which could allow the production

function analysis to assist policy makers in the distribution of funds.



STATEMENT OF THE ANALYTICAL APPROACH

The following criteria will be used to analyze the selected studies. The researcher

will:

1. Identify and explain components of the conceptual model.
2. Identify and discuss statistical issues and problems related to empirical studies.
3. Review empirical studies at the K-12 level that incorporate expenditure-related

items as an independent variables by utilizing the following criteria:

A. Identify specific measures of dependent and independent variables.
B Identify the level of aggregation for variables.
C Idéntify the direction and effect of independent variables.
D. Identify the sample size and source for variables.
E Identify the statistical methodology employed in the analysis.
4, Identify conditions under which financial resources appear to influence student
achievement.
5. Draw conclusions about the use of education production function studies for

educational decision making.

SELECTION OF STUDIES

Studies will be selected from journals, dissertations, and ERIC that focus on the

K-12 education environment conducted since the Coleman Report. Only those that

address the direct or indirect effect of expenditures on student achievement and report

one or more positive and significant correlations or regression coefficients will be
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examined. To qualify for inclusion as an education production function analysis, each
study must have at least one input and one output variable, correlation data for the input
and output variables, the assumption of a link between school expenditures and student
achievement at the given level of data aggregation, and the assumption of unbiased

estimates for variables.

ORGANIZATION OF THE STUDY

This research is organized into six chapters. Chapter I contains the introduction,
justification of the study, purpose of the study, statement of the analytical approach,
criteria for the selection of studies, and the organization of the study.

Chapter II consists of a discussion of the conceptual model and comparisons
between the industrial model and the education model.

Chapter III provides a discussion of the issues surrounding empirical studies from
a review of the literature.

Chapter IV presents a description of the selected studies and the data provided
from the analyses.

Chapter V presents the findings of the study that identify the patterns of
relationships between school expenditures and achievement.

Chapter VI draws conclusions from the findings, states implications for production

function analysis, and makes recommendations for future studies.



CHAPTER I

THE CONCEPTUAL MODEL

The Industrial Model

"The goal of the entrepreneur is to maximize the quantity of his output for a given
cost level, but generally his cost is variable, and he desires to maximize his profit"
(Henderson & Quandt, p. 53). The production function or input-output analysis is a
model of the economic relationship between the maximum amount of output that can be
produced and the inputs required to make that output. The model is defined for given
technological levels that are subject to change differentially. When linked with cost
analyses, the production model can be used to measure increments of resource inputs that
yield specific increments of production outputs at precise cost estimates. The model is
a valuable tool for efficiently planning industrial production based on least cost input
estimates. "There are thousands of different production functions in the American
economy: at least one for each firm and product” (Samuelson & Nordhaus, 1989, p.
499).

In the early development of the production model, Cobb and Douglas (1928) tried
to measure changes in the amount of labor and capital used to create a given amount of
goods and to determine the relationships between the product, labor, and capital. They
quantified the components for a given time and estimated the relationship between factors
using regression analysis. Although data collection in the late nineteenth and early

twentieth centuries was imperfect, Cobb and Douglas compared the results of their
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analytical model with information provided from federal government sources enabling
the concept to be validated. Today, of course, cost and quantity data are abundant for

measuring the physical factors in production.

The Education Model

The goal of the education model is to explain the relationships between inputs and
outputs that would permit the maximization of student achievement from a given
combination of input factors. ‘This approach requires the use of regression analysis for
explanatory purposes initially. Such a use of regression requires the specification of a
conceptual model from which the data can be meaningfully interpreted (Pedhazur, 1982).
Variables in the education equation may include some measures of the individual’s
ability, family, peer, financial, and school inputs with a measure of student achievement
as the output factor.

Hanushek (1972) developed the following linear model in which achievement (A)
cumulative to time (t) is equal to a vector of family characteristics cumulative to time
(FY, a vector of peer group influences over time (P), a vector of initial genetic
endowments (I), and a vector of school inputs cumulative to time (S'):

A =gF, P, 1, 8.

Since precise measures for the inputs in each vector do not exist, proxies developed and
collected for other purposes must be entered into the regression equation. Proxies are
measurable variables that are assumed to correlate highly with a latent, unmeasurable

variable identified in the model. Unfortunately, by definition, true variables cannot be
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identified from proxies, only estimated. According to Hanushek, the qualities and

interactions considered in the true variables are not normally purchased in the

marketplace. The marginal products identified in the conceptual model refer to the true

variables--those which yield output changes when altered, not to proxy variables.

Therefore, a true education production function is not and, under present circumstances,

cannot be known. Any policy decision based on an estimated production function is

clearly speculative.

The proxies for each variable (vector) in the model represent a broad range of

demographic and economic data.

1.

Family background: "income level, SES, parents’ education, number of people
in the family, the family structure, languages spoken in the home, size of home,
indices of parent interest in education, and so forth" (p. 27).

Peer influence: "appropriately aggregated vectors of the attitudes, backgrounds,
and performances of other students and children which the individual comes into
contact with. Empirically this implies using aggregates of the proxy measures of
home environment" (p. 27).

Initial endowments: ". . . in empirical work, no measure of initial endowments
is available" (p. 30).

School factors: "teacher characteristics and attitudes, physical characteristics of
the school, curriculum, etc. . . . school inputs to the individual should be

analyzed" (p. 31).



5. Achievement measures: mean verbal and mathematics scores on standardized
tests were used for separate analyses. The California single system sample used
the Stanford Achievement test. The Coleman researchers relied upon the verbal
score from SCAT and the mathematics score from STEP.

In empirical analysis the model is significantly altered. Hanushek’s analysis from
the 1972 study (using Coleman data) incorporated no teacher experience variable. There
is also a fundamental problem with the use of socioeconomic (SES) data to subsume the
conceptual element of initial endowments (intelligence). If cognitive ability is
heterogeneously distributed by nature as assumed in the normal curve, the model is
confounded by reliance solely on SES measures. Since there is no model variable for
family background in this analysis, the conceptual design is essentially dismissed for lack
of data. These problems exist even in the circumstance where "data were specified and
collected for the sole purpose of looking at the educational process instead of attempting
to squeeze data gathered for different purposes into the framework of the conceptual
model" (p. 36).

The way around these dilemmas is the "value added" approach (Bowles, 1970;
Hanushek, 1972; Harbison & Hanushek, 1992). While Hanushek (1972) uses the
procedure in his single school, individual student analysis, he does not extol its virtues

so fully as he does in later publications (See, for example, Education Performance of the

Poor, 1992). As a practical matter for Hanushek, it becomes the only available

methodology that can allow for the incorporation of missing variables from the

10



conceptual model in the empirical application. This solution creates its own dilemmas
that are addressed at the end of this section.

In Education Performance of the Poor (1992), Harbison and Hanushek presented
a revised conceptual model:

A, = f(F(), SO, 00, )
where F(t) = a vector of the student’s family background and family educational inputs
cumulative to time;

S@t) = a vector of the student’s teacher and school inputs cumulative to time, t;

o(t) = a vector of other relevant inputs such as community factors and peers
cumulative to time, t;

e, = unmeasured factors that add to achievement at time t.

The model incorporates an error term, e, to indicate that we can never observe all the

factors affecting achievement. The error term has a random and unpredictable effect on

the estimation and interpretation of other factors in the model.

According to Hanushek, when the vector of various school factors denoted by S(9)
includes the pertinent instruments of policy, the relative effectiveness of possible
educational strategies can be compared both with each other and potentially with the
COsts.

Under experimental conditions it would be possible to estimate overall mean
achievement differences between schools after accounting for measurable resource and
family differences. Second, it would be possible to measure explicitly the specific school

resources provided by the project and to include these factors in estimates of student
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achievement relationships. This would provide regression coefficients that can be used
in assessing changes in performance produced by the specific inputs of the project.
The most serious issue is the probability of getting biased statistical estimates of
the effectiveness of different school resources. In the equation, the error term, e,
includes all unmeasured influences on achievement and represents the source of bias. It
is natural to expect many influences on individual achievement to be unmeasured. The
key issue is whether the collection of these factors is unrelated to the influences on
achievement that are measured and included in the analysis. If unrelated, standard
regression analysis provides unbiased estimates of the achievement relationships. If they
are systematically related, however, the parameter estimates will be biased and their use
for evaluation or policy analysis will tend to be misleading. It is difficult to accept that
these error terms are uncorrelated with the measured inputs to achievement. These error
terms are likely to contain a variety of unmeasured factors that are systematic. First,
since education is a cumulative process, the entire history of inputs is necessary to
characterize achievement at any point in time. Second, most research designs limit the
range and character of the observed data. Even with very thorough research designs, it
is difficult to record any qualitative differences in teacher behaviors. Even where
qualitative observation$ have been tried, student responses have been almost impossible
to chart. Third, some factors nearly defy measurement. For example, differences in the
intelligence of students are important in determining achievement differences. Yet, there
is little consensus on how intelligence might be measured, and available instruments are

not easy to administer to large numbers of students. The use of "verbal ability" as a
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measure of intelligence in some surveys is confusing. (The National Opinion Research
Center, Annual Survey, includes such a measure that is sometimes used as a proxy for

intelligence.) The Coleman Report used "verbal ability" as a measure of achievement.

In addition, the motivation and aspirations of children are extraordinarily difficult to
measure even though they are important (Berliner, 1993).

These unmeasured factors are likely to be correlated with measured family and
school variables. Past school experiences tend to be related to family characteristics and
school inputs; qualitative differences in inputs often correspond to quantity and family
choices; the abilities, motivations, and aspirations of students tend to be correlated with
measured family characteristics. "The risk of biased parameter estimates--and unreliable
policy conclusions--is thus substantial" (Harbison & Hanushek, 1992, pp. 85-86).

According to Hanushek, it is less problematic to focus on gain scores in what he
labels a "value added approach," A-A*. Gain scores require repeated sampling of the
same individuals. (This issue is explored in another context in the section on the
influence of time.) The analysis of gain scores, or "the value added approach," has a
considerable body of literature (Bloom, 1964; Campbell, 1963). Such gains are subject
to a variety of internal validity challenges. Regression to the mean, history, maturation,
testing effects, and mortality are all problems associated with gain scores where neither
randomization nor control groups are used in research--the standard research conditions
in public school settings (Huck, Cormier, & Bounds, 1974; Harris, 1963). Even more
significantly, the assumption of linearity becomes highly problematic where human

performance is associated with time factors (Wolfle, 1993A; Bloom, 1964). Curvilinear
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models become more the norm as a function of Samuelson’s "empirical regularities. "
(See the discussion of the economic model.) Therefore, Hanushek’s conceptual linear
model diminishes in validity in a "value added" context and a quadratic model becomes

more explanatory of learning characteristics over time.

Comparison of the Models

Several features of the economic model deserve attention because of differences
with the education design. The marginal product of an input is the additional output
produced by a unit of that input when all other inputs are held constant. It is a function
of the law of diminishing returns. "The law of diminishing returns holds that the
marginal product of each unit of input will decline as the amount of that input increases,
holding all other inputs constant” (Samuelson & Nordhaus, 1989, p. 501). The
dependency on teachers (hired inputs) epitomizes a reliance on one factor of production
that economists would find alarming (Monk, 1990). Without alternative instructional
inputs being available, the theoretical probability is that the marginal product will
decline. The education model, however, assumes a linear relationship between inputs
and output(s) in which there is a constant and unchanging marginal product. In economic
analysis, the marginal product displays a curvilinear relationship to the input. The
scarcity of curvilinear relationships in education studies has been addressed elsewhere in
this analysis. It is important to identify these fundamental deviations between the
industrial and the education models so that policy makers do not assume a false equality

between them (See Bowles, 1970; Hanushek, 1979; Bridge, Judd, & Moock, 1979).

14



Returns to scale refers to the "responsiveness of total product when all the inputs
are increased proportionately" (Samuelson & Nordhaus, 1989, p. 503). Economists
usually seek to identify increasing, decreasing, or constant returns to scale. Constant
returns to scale is assumed to be attainable in most production activities (Samuelson &
Nordhaus, 1989).

In education attempts to increase returns to scale have been addressed through
consolidation of smaller districts into larger ones (Verstegen, 1990; Walberg, 1987). The
research suggests that larger districts produce lower achievement than smaller districts
(Verstegen, 1990; Walberg, 1987; Butler & Monk, 1985). The per pupil expenditures
in large cities, however, must address dysfunctional socioeconomic conditions that
smaller localities may not have. This comparison of larger and smaller school districts,
therefore, may often ignore conditions within the districts that work against achievement.
For example, the Fairfax County system in Virginia (127,000 ADM in 1989-90) is the
largest in the state and produces an enviable record of achievement (Outcome
accountability project, 1992). Socioeconomic factors in this district strongly favor high
investment in education and equally high student achievement. Throughout the country,
however, per pupil costs in the range of district sizes from 500 to 5000 tend to differ
very little (Turner, Camilli, Kroc, & Hoover, 1986; Walberg, 1992). These results
suggests that constant or increasing returns to scale is not the norm in education and
illustrate another area in which education and standard production functions diverge in

substantive ways.
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The substitutability of elements in the production function model is a rationale for
its use in manufacturing and industry. If the price of one factor falls while other factor
prices remain the same, substituting the lower-priced input for another could allow for
a reduction in costs without any loss of quantity or quality (Samuelson & Nordhaus,
1989). To do this, it is necessary to identify inputs that contribute to outcomes;
determine how much difference each input makes and their costs; and substitute effective
resources for less effective ones (Bridge, Judd, & Moock, 1979). The opportunity to
evaluate the substitution of elements in the education model is severely limited. Children
require human supervision and guidance restricting the possibilities of the substitution of
capital for labor. Beyond this condition, however, it is a consequence of the limitations
imposed on experimental research within the school setting. From another perspective,
it represents the inflexibility of the education model. If classroom level analysis were
developed to the point that teacher effects could be assessed, for example, then
alternative classroom level inputs might be evaluable. Finally, problems with
substitutability among education inputs is a consequence of the interpretation of analytical
results. "If we find that two variables--an input and an outcome--are unrelated
statistically it may be because (a) the data are accurate and in fact the two variables are
unrelated; (b) the variables are related but one (or both) of the measures is insensitive
(not detecting variance that actually exists) or is producing random values; or (c) the
variables are unrelated as the data show, but we have failed to measure a relevant
outcome that the input does contribute to in some significant manner" (Bridge, Judd, &

Moock, 1979, p. 26).
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Teachers remain the most important schooling input. The addition of electronic
teaching aids, such as computers, has not reduced the need for professional instruction.
The use of paraprofessionals to replace teachers is as close to the concept of
substitutability as education has reached. The substitution of longer hours in the school
day or the extension of the school year into the summer to more efficiently use facilities
represent efforts to substitute resources--traditional down time for building use substituted
for the cost of additional facility construction. Unfortunately, the inability to provide
information on resource arrangements within the education model limits the value of the
production function study to meet the needs of decision makers.

Technological change is the "invention of new products, improvements in old
products, or changes in the processes for producing goods and services" (Samuelson &
Nordhaus, 1989, p. 506). In education, technology encompasses the methodology of
instruction (processes) as well as the hardware of computers and other media. Education
has remained labor intensive as other industries have replaced people with machines.
The inability to substitute capital for labor in education makes teacher training a primary
means to transform the process. Teacher behaviors, however, lie outside the ability of
the production function analysis to evaluate. Therefore, crucial policy information that
could transform the education system, also, lies outside the purview of production
function study (See Walberg, 1992, for instructional strategies that demonstrate
significant effects on student achievement).

Since the education model lacks direct measures of the variables identified in the

conceptual design and proxies must be selected from available data to serve as substitutes
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in a regression equation, there is no opportunity to validate the model against data
supplied from other sources. A comparison of the estimated production model cannot
be made with the true inputs since only proxy data are available. Using this kind of
comparison with true data enabled Cobb and Douglas to validate and refine the industrial
model (See Cobb & Douglas, 1928, p. 153). The education model, however it may be
defined, remains unverified by any objective methodology.

Costing variables is a relatively simple task for calculations using the industrial
model. Data are collected specifically for that purpose by government agencies and
industries. The Cobb-Douglas equation focuses on physical inputs and outputs primarily.
The costing of variables for the education model remains in a primitive condition,
partially because inputs and outputs are neither exclusively nor most importantly
physical. Efforts such as that of Rossmiller (1986) and Ferguson (1991) remain
relatively unmatched examples of the possibilities of costing variables for American
schools. The variability of the results of these studies are sufficient to give policy
makers pause at the cost effectiveness of such production function studies. (The
Vanderbilt computer simulation, ITCOT, is an innovative approach to educating
administrators by linking reform scenarios to time and financial costs.)

Human variables play a significantly different role in the industrial and education
models. Cobb and Douglas recognized that neither the quality of labor nor the intensity
of work could be measured quantitatively in their initial application of the model. This
is a reasonable certainty for the education model as well. Nevertheless, labor inputs

could be quantified and held as a fixed or variable factor to determine relative input value
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since other measures were easily quantifiable. Teacher and student inputs remain less
easily quantified. The student is both an input and an output factor. In the industrial
model the output commodity is not an active participant on the input side. Even
economists acknowledge that the acquisitive behavior ascribed to mankind by the
assumptions of the discipline often fails as an explanatory tool (Weisskopf, 1973). The
dual role of the student in the model adds a confounding characteristic to education
production. If one could assume with the economists that student acquisitiveness was
maximized (for knowledge, in the education model, as the equivalent to wealth in the
economic model), the problem of student behavior would be less of a conundrum. Such
an assumption is difficult to sustain in the K-12 environment where production function

studies have been concentrated.

Time As A Cumulative Variable

The use of time in the economic model is recognized as a continuum during which
certain measurable material conditions exist (Cobb & Douglas, 1928). It is not an
independent factor in production. Time affects the definition of an input as fixed or
variable (changeable) based on the length of the production planning period (Henderson
& Quandt, 1971). In education, time is a contributor to the product of student
achievement. "Time inputs are important determinants of cognitive achievement" (Lau,
1979, p. 42). Lau can describe quantitative proxies for time inputs, but the estimate of
cumulative effect is unspecified for the short time period analyzed by most education

studies. The relationship of initial student endowments to achievement in an academic
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year, for example, can be measured. This may offer a means to evade the problem of
cumulative effect. Since important time factors remain in the control of students
(homework time for specific subjects and television time), reliable measures are elusive.
Unfortunately, measures of initial endowments are often excluded from equations. IQ
may be challenged as a baseline, because it is demonstrably a changeable measure and
time may have a significant unmeasured cumulative effect upon it (Berliner, 1993). As
previously discussed, Bowles (1970) and Hanushek (1972) have suggested that using the
"value added" approach to measuring achievement could include all previous conditions

of SES, schooling, and ability in the initial measure.
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CHAPTER III

ISSUES IN EMPIRICAL STUDIES

Deficiencies of Problem Assessment

Production function analyses have not generally addressed several critical
problems (Bridge, Judd, & Moock, 1979). While outputs vary widely by individuals,
school inputs often may not vary greatly in either quantity or quality. When there are
-small input differences, the effect of the input may not be statistically significant because
of the attenuation of variance in the measurement of samples. An example provided by
the measurement of the effects of facilities illustrates this point. Hanushek (Harbison &
Hanushek, 1992) found statistically significant effects for facilities on student
achievement in his Brazilian analysis. He found no such relationship in his earlier
studies in the United States (Hanushek, 1972). The differences in the resources available
in the two settings provide statistical evidence that money does matter in facilities
investment where there is a significant variance in the measures compared. Where the
variance in facilities is reduced (attenuated) by limited measurable differences between
the samples, no statistical significance is found. Production function analyses have rarely
addressed attenuated variance, although it is likely to be prevalent in district level
analyses within states that provide moderate equalization in funding. Pass/fail
measurements of student achievement are particularly vulnerable to the problem of

attenuated variance (see Price, Strickland, & Fortune, 1993).
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