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[h1] Introduction 
 

On February 6, 2007 an Associated Press headline in the St. Louis Post-Dispatch read: 

More should be spent on black students, experts say. The headline followed the presentation of 

expert testimony which applied statistical models to predict the cost of achieving state-mandated 

outcomes in Missouri school districts. Experts for plaintiffs and plaintiff intervenors (St. Louis) in 

Committee for Educational Equality v. State (Committee for Educational Equality v. State of 

Missouri, 04CV323022) independently presented evidence that when statistically modeled, the 

fact was unavoidable that the cost of achieving state-mandated outcomes is strongly associated 

with the concentration of black children in Missouri school districts. That is, where black 

population concentration was higher, costs of outcomes are higher, when costs are modeled by a 

conventional education cost-function approach. 

This article revisits the analyses prepared for plaintiffs in the case and provides updated 

models of the relationship between school district racial composition and costs of educational 

outcomes. This article applies the education cost function methodology in order to sort through 

additional costs associated with black student concentration and with alternative, race-neutral 

measures of urban poverty. Secondary to my interest in evaluating additional costs associated 

with school district level racial composition is my interest in evaluating the usefulness of 

education cost function modeling specifically for identifying factors that influence additional 

costs and estimating the additional cost effects of those factors.  
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[h2] Measuring Equal Educational Opportunity 

In the wake of the Coleman (1966) report, Garms and Smith (1970) note that “equality of 

educational opportunity is usually thought of as allowing all school districts to offer, with a 

reasonable tax effort, at least a minimum standard school program” (p. 304). They then note that 

“the realization is coming gradually that even if state aid programs were to distribute money to 

school districts in such a way that all districts would have an equal expenditure per pupil with 

equal local tax effort, we would still not be guaranteeing equality of educational opportunity” (p. 

304). The authors posit that “[e]quality of educational opportunity exists when the average 

achievement of groups is roughly equal. This definition recognizes a duty of the public schools, 

as servants of society, to attempt to overcome environmental deficiencies that are not the fault of 

the individual students” (p. 305). That is, in 1970, Garms and Smith proposed an outcome-based 

definition of equal-educational opportunity and estimated an empirical model based on student 

population characteristics at the school level to determine relative costs of providing equal 

opportunity.  

By the early 1980s, many state school finance formulas had begun to include factors to 

accommodate the differing needs of specific student populations, but the possibility of 

differentiating on the basis of race remained taboo despite substantial evidence of racial 

achievement gaps. For example, Berne and Stiefel (1984) note: “Children’s characteristics 

frequently given special consideration in school-finance equity include learning disabilities, such 

as those that result when English is a second language; poor pre-school preparation that 

sometimes results from an impoverished upbringing; and health-related problems such as 

physical and severe mental handicaps.” But, the authors also note: “On the other hand, children’s 

characteristics such as race, sex and ethnicity are generally not considered legitimate 

differentiating characteristics.” (Berne & Stiefel, 1984, p. 14). In recent school level cost 

modeling work in New York City, Stiefel and colleagues include racial composition variables, 
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finding specifically higher costs associated with black student concentration. See Stiefel, L., 

Schwartz, A.E., Iatarola, P., Chellman, C. (2007)  

 Since the 1980s, two basic approaches have been applied to the measurement of 

education costs and variations in costs across settings and children— input oriented approaches 

based on the resource cost model and outcome-oriented approaches based on statistical models of 

education spending and production of outcomes. Resource cost modeling strategies identify 

appropriate service-delivery models for meeting the needs of varied student populations, where 

those service-delivery models are based on estimates of the appropriate quantities and qualities of 

educational resources (for example, Hartman, Bolton, and Monk, 2001). Central to resource cost 

estimates are the appropriate quantities and qualities of teachers required to achieve certain 

outcome objectives with certain students. Recent attempts to identify appropriate resource 

quantities and configurations have relied either on panels of education experts— professional 

judgment approach— or attempts to synthesize existing research on reform models and 

educational interventions (Baker, 2005).  

 Alternatively, authors beginning with Garms and Smith (1970), and more recently 

Downes and Pogue (1994); Duncombe and Yinger (1997, 1998, 1999, 2000, 2005, 2006, 2007a); 

Imazeki and Reschovksy (2004); and Gronberg, Jansen, Taylor, and Booker (2004) have applied 

statistical models relating education spending, outcomes, and various student demographic and 

district structural attributes in order to estimate the costs of achieving specific educational 

outcome levels and how those costs vary from one district to the next and one child to the next. 

This method estimates an education cost function. In a review of cost analysis methods, Downes 

(2004) notes, “Given the econometric advances of the last decade, the cost-function approach is 

the most likely to give accurate estimates of the within-state variation in the spending needed to 

attain the state's chosen standard, if the data are available and of a high quality” (p. 9).  
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[h2] Race, Outcomes and Equity 

Recent research highlights the continued importance of the role of race in educational 

outcomes (Clotfelter, C., Ladd, H., Vigdor, J., 2006; Hanushek and Rivkin, 2007). The recent 

U.S. Supreme Court decision in Parents Involved v. Seattle School District No. 1 (551 U.S. 701 

(2007)), limiting the use of race in school-based assignment strategies, brought new attention to 

the debate over the influence of classroom and school-level racial composition effects on student 

outcomes. Hanushek and Rivkin (2007), using student-level data from the State of Texas find, 

“The uneven distribution of blacks across school districts can explain a significant portion of the 

black-white achievement gap in Texas.”  

  Hanushek and Rivkin (2007) go further to discuss the interplay between race and peer-

group effect, with other factors tied to racial composition of schools. Using data from the state of 

Texas, and data on students in grades 3 through 8 from a recent national survey, Hanushek and 

Rivkin conclude: “The substantial contribution of changes in achievement gaps between schools 

is consistent with an important role for schools, and we find that the imbalanced racial 

distribution of specific characteristics of teachers and peers— ones previously found to have 

significant effects on achievement— can account for all of the growth in the achievement gap 

following third grade.” (p. 29) 

 This recent work, in particular, highlights how the intersection of peer group effects and 

teacher-quality distribution serve to simultaneously disadvantage black children attending 

racially-isolated black schools. Previous work by Hanushek, Kain, and Rivkin (2004) has found a 

strong aversion among white female teachers— the majority of the public school teaching 

workforce— to predominantly black schools. Among other things, Hanushek, Kain, and Rivkin 

(2004) note: “A school with 10% more black students would require about 10% higher salaries in 

order to neutralize the increased probability of leaving” (p. 350). That is, all else equal, it would 

cost more simply to provide comparable teaching quality in predominantly black schools. 

Alternative policies might include either redistributing children based on their race so as to 
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eliminate the existing labor market behavior, or establishing statewide teacher assignment 

policies to insure that each child in the state has access to comparable quality teachers. 

 Studies on the efficacy of class size reduction and comprehensive school reform models 

have also found racial differences (Finn and Achilles 1999; Finn, Gerber, and Boyd-Zaharias 

2005). That is, all else equal, black children tend to benefit more than white children from certain 

educational interventions. Capitalizing on the different marginal effects by race found in the 

Tennessee Class Size studies, Krueger (2001) simulates the extent to which class size reduction in 

particular might be leveraged for closing black-white achievement gaps. Krueger finds that 

“… while students are in small classes, average test scores increase by 7 to 10 percentile points for 

black students and by 3 to 4 percentile points for white students” (p. 1). Further, Krueger notes 

that: “we also find that having attended a small class compared to a regular-size class raises the 

likelihood that black students take the ACT or SAT college entrance exam from 31.8%–41.3%, 

and raises the likelihood that white students take one of the exams from 44.7%–46.4%. As a 

consequence, if all students were assigned to a small class, the black-white gap in taking a college 

entrance exam would fall by an estimated 60%.” Levin (2006) makes a similar case about the 

long-term economic value of investing in reforms targeted at African American males.  

 

[h2] Synthesis 

Labor-market analyses like those by Hanushek, Kain, and Rivkin (2004) explain why 

race-based funding is required merely to achieve horizontal equity of schooling inputs— no less 

equal educational opportunity for black children. Where horizontal equity is measured in terms of 

equal access to teaching quality rather than dollar inputs, wage premiums based on school racial 

composition may be required.  

Krueger’s (2001) simulations suggest the need for race-based adjustments to schooling 

input quantities to advance the closure of achievement gaps. That is, schools and districts with 

higher black concentrations require greater quantities of at least comparable-quality teachers. 
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Krueger’s findings provide not only a basis for why cost function estimated costs may vary by 

race, but also provide a basis by which professional judgment panels or expert consultants might 

prescribe different resource mixes for children in schools based on race. Quite simply, it would be 

reasonable— toward providing equal educational opportunity— for professional judgment panels 

to prescribe smaller class sizes to schools based on black student concentration. In addition, when 

setting wages in the resource cost model, it would seem reasonable to include wage premiums for 

teachers in predominantly black schools. Taken together, these recent findings provide a case for 

why underlying costs of equal educational opportunity may vary across predominantly white and 

black schools.  

 

[h3] Recent Events and Impetus for this Article 

During and following Committee for Educational Equality vs. State of Missouri, experts 

for defendants and defendant intervenors in the case critiqued the education cost function method 

used by plaintiffs in the case, arguing that the methodology is an invalid tool for estimating either 

the overall cost of meeting specific educational outcomes or how the costs of meeting specific 

educational outcomes vary from one context to another and across student populations (Costrell, 

Hanushek and Loeb, 2008). Specifically regarding the issue herein, that costs per pupil are higher 

where black student concentrations are higher, Costrell, Hanushek and Loeb (2008) argue that 

this finding is an artifact which occurs in the Missouri data simply because of the state’s history 

of desegregation litigation which then led to substantially higher spending in districts with higher 

black concentration. While the correlation between black concentration and spending is indeed 

positive in Missouri, the argument made by Costrell, Hanushek and Loeb (2008) is grossly 

overstated and oversimplified. In fact, Baker and Green (2009) show that positive racial 

composition effects on costs may be identified even in states where a negative relationship 

persists between spending and minority concentration and further that the cost function estimates 

between racial composition and spending differ from expenditure function elasticities where 
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outcome data are excluded from the model. That is, the models are at least reasonably sensitive to 

the extent that black concentration serves to depress student outcome measures, at constant 

spending, above and beyond other demographic factors. Further, Hanushek (with Rivkin, 2007) 

himself provides strong empirical evidence of potential underlying explanations for why black-

white achievement gaps persist and why those gaps may be associated with cost differentials, 

such as the additional costs associated with retaining white female teachers (the majority of the 

teaching workforce) in predominantly black schools.  

 

[h1] Cost Function Models and Cost Variation Associated with Student Needs 

Education costs are assumed to vary across districts, settings, and children as a function 

of desired outcome levels, student population characteristics, school and district structural 

characteristics (economies of scale, grade ranges offered), prices of labor and other schooling 

inputs, and the relative efficiency with which school districts apply their resources toward 

achieving desired outcomes:  

 

Cost = f(Outcomes, Students, District, Input Prices, Efficiency) 

 

where Cost is measured by the current spending of school districts. The cost of producing any 

given level of outcomes is the spending toward achieving those outcomes, less inefficiency in 

spending.  

On the one hand, we know from the education production function that student outcomes 

are a function of schooling and non-schooling inputs. We also know from a long history of 

education production function analyses— seeking to identify the relationship between education 

spending as an input and standardized assessment scores as the outcome— that parameter 

estimates can vary widely and outcomes can be relatively insensitive to financial inputs to 

schooling, because of the varied degrees of efficiency with which those financial inputs are used. 
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Attempting to use production functions to project spending levels associated with any particular 

outcome level is therefore problematic at best (Imazeki, 2007).1  

Recent cost-function literature identifies indirect predictors of school district inefficiency, 

grouping them as factors associated with fiscal capacity and factors associated with public 

monitoring (Duncombe and Yinger, 2007). One reason why local public school districts may 

spend more than necessary to achieve desired outcomes is because they can— they have the fiscal 

capacity to do so. In addition, where local public oversight is reduced, perhaps as a function of 

large shares of the population not having children in the public schools, public schools may spend 

in ways that do not contribute directly to improved student outcomes. Also, the method by which 

a state allocates resources to schools (categorical and targeted vs. general and unrestricted) may 

influence the efficiency with which the education dollar may be applied (Duncombe and Yinger, 

2007).2  

 It is important to understand that the goal herein is to identify differences in spending 

toward achieving common-outcome goals across different student populations. That is, I am 

interested primarily in the coefficient magnitudes on the student-need measures in the cost-

function models and not concerned with total cost projections in this particular analysis. While it 

is relevant to consider approaches to control for inefficiency across districts, inefficiencies not 

captured in the models are only significantly problematic if districts with higher black 

                                                
1 Duncombe and Yinger (2007) point out that “… it is not possible to estimate a production function at the 
school-district level using spending as a measure of ‘inputs’ without making the assumption that spending 
on every input is equally productive and that all input combinations are equally efficient. These are 
extreme, indeed, ridiculous assumptions, which the cost-function approach does not have to make.” 
Further, Duncombe and Yinger (2007) note “the production-function approach magnifies the problem of 
accounting for efficiency because it automatically incorporates inefficiency into the definition of the key 
explanatory variable, namely spending per pupil.” While this concern is typically overlooked in production 
function analyses, most recent cost-function studies have attempted to address, via varied methods, 
inefficiencies in the financial input-achievement outcome relationship. 
2 Duncombe and Yinger (2007) explain potential public monitoring measures: “For example, voters may 
have a stronger incentive to monitor school officials, that is, to force them to be more efficient, if they must 
pay a high price for any additional school spending. As it turns out, the price of education varies a great 
deal across districts in most states. With a standard property tax, voters in some districts can shift the 
burden of additional property taxes onto commercial and industrial property whereas voters in other 
districts, where commercial and industrial property is limited, cannot.” (p. 20) 
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populations, or other student need-factors, are systematically less efficient in their production of 

outcomes. That is, if they spend more toward common outcomes not because of differences in 

need, but because of waste or inefficiency. There is little reason to believe that inefficiency is 

distributed with strong positive relationship to poverty and minority concentration of Missouri 

school districts.  

Taking this concern to the extreme, some might argue that there simply is no such thing 

as a difference in the cost of outcomes by differences in student population characteristics, 

whether poverty or race. Rather, findings to this effect based on spending data merely reflect 

spending differences resulting from political preferences and leading only to increased 

inefficiency. Some, including Haveman (2004) do find that percentage of district enrollment that 

is black is a strong predictor of school district inefficiency indices derived using Data 

Envelopment Analysis. I argue however, that Havemen’s analysis actually shows that black 

population share may have been an important omitted cost factor and not a predictor of 

inefficiency. Further, as I have already identified herein, a significant body of literature on racial 

differences in marginal effects of class size reduction and comprehensive school reforms, and 

student racial composition effects on the distribution of teachers, may explain why costs are 

higher in districts with higher black concentrations. 

From a statistical modeling perspective, the indirect efficiency factors are an attempt to 

overcome omitted variables bias that may exist in the spending models. Omitted variables bias 

occurs when parameter estimates in the model are biased in one direction or another by failing to 

include other important predictors of variance in the dependent measure. In particular, I am 

concerned with that portion of the variance in spending which is not associated with changes in 

outcomes (inefficiency). Critics argue that the “indirect efficiency” controls commonly used in 

cost modeling capture little of that variance, and thus because large shares of inefficiency remain 

unexplained in the dependent variable, and because other model parameters may remain biased, 

cost predictions are meaningless. The same critics provide no suggestion as to what additional 
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measures might better capture remaining variation associated only with school district 

inefficiency (see Costrell, Hanushek and Loeb, 2008).  

Again, whether the remaining variance that may be associated with inefficiency is 

problematic to the analyses herein depends on whether that variation is systematically associated 

with the student need factors. That is, does it bias the student need coefficients? If one wished to 

project more specifically the minimum costs of achieving any given outcome level, one would 

face a greater burden to measure efficiency and/or control not just for variation in efficiency 

across school districts but also to identify the overall magnitude of inefficiency to be subtracted 

from spending toward identifying costs.  

A second issue with cost function modeling is that the student outcome measures which 

are identified as independent variables are at least somewhat dependent on the dependent measure 

itself – spending. That is, the outcome measures are endogenous. Homeowner voters in school 

districts approve spending levels (or public officials set those spending levels) with some notion 

of the outcome levels they desire. Outcomes may also be a function of other observed factors in 

the cost model as well as unobserved factors. As a result, additional costs associated with 

increasing outcomes may be either overstated or understated in a single stage regression, or 

ordinary least squares (OLS) cost model, due to biased coefficients on the input-outcome 

relationship.   

The most common approach to account for the endogeneity of outcomes in education 

cost functions is to estimate an instrumental variables or two-stage least squares cost function. In 

an instrumental variables specification, the goal is to identify a set of “exogenous” instruments, or 

measures that may be used to predict the endogenous variable but are not directly statistically 

related to the dependent measure – spending. Drawing on the recent work of Duncombe and 

Yinger (2007, 2006) in California and Kansas I apply a two-stage least squares method for 

estimating the education cost function, drawing on economic and demographic attributes of 
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districts in the same labor market with each observed district to derive the instruments for the first 

stage regression.  

 

[h2] Outcome Measures 

The outcome measure used in both the original and follow-up models is the Missouri 

Assessment Program (MAP) Index score (see www.dese.mo.gov). In the original 2001 to 2005 

analysis, the MAP index scores at the district level ranged from 100 to 300, with a mean just 

below 200. In the original models, I specified the outcome measure as the natural logarithm of the 

MAP index. For 2006 to 2008, the MAP index is again a weighted average of the performance 

categories into which students fall on state assessments, but values range from 669 to 808 with a 

mean around 750 (2008).3 I specify the outcome measure in the updated cost models as a z-score 

of the MAP index relative to scores of other districts in the same year.  

Test score measures provide us with predictable measures of student academic 

achievement and measures considered important enough by state policymakers to have been 

mandated across all school districts and children. In the specific case of Missouri outcome 

measures, these measures have been successfully applied in previous cost models both in the 

context of litigation and in peer reviewed literature. A major shortcoming of test score measures, 

however, is that they present only a narrowly defined snapshot of desired outcomes. Not all 

desired outcomes are measured and included in the performance index. It may be desirable, for 

example for students to gain exposure to the arts, to enhance their physical fitness or participate 

in elective courses such as ceramics and activities like cheerleading. Expenditures on arts or 

physical fitness may be not only reasonable, but desirable. In the present models however, 

outcomes most directly influenced by these expenditures are not measured. To the extent that 

                                                
3 Significant changes to the MAP assessment reporting were implemented in 2006, including re-aligning 
cut scores and performance categories more closely with NAEP. Previously, Missouri had very high 
relative cut scores for the math assessment in particular. An overview of changes is provided here: 
http://dese.mo.gov/divimprove/assess/revmapoverview.html 
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these expenditures do not influence the measured outcomes, these expenditures may be 

incorrectly identified as inefficient expenditures.  

 

[h2] Demographic Measures 

The central objective in the original models and the follow up models herein is to 

disentangle how race and ethnicity measures affect the costs of providing equal educational 

opportunity, and whether alternative non-race measures might be used to capture fully the same 

cost variations. I divide the measures into common cost-function measures of student-needs and 

aggregate-group measures of district racial-ethnic composition.  

 

Student Need Measures 

?  Percent disability 

?  Percent Limited English Proficient or English Language Learners (LEP/ELL) 

?  Percent Low Income 

o Original models – Percent Free or Reduced Lunch 

o Updated models – Census Percent Poverty 

?  Percent Low Income x Population Density (alternative to race measure) 

?  Percent Low Income x Urbanicity (alternative to race measure) 

Race/Ethnicity Measures 

?  Percent Black 

?  Percent Black x Percent Low Income 

?  Percent Hispanic (2001 to 2005 original models only) 

?  Percent Asian/Pacific Islander (2001 to 2005 original models only) 

?  Percent Native American/Indiginous (2001 to 2005 original models only) 
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It may be argued that the strength of the black student concentration variable in the few cost-

function studies where it has been included is to some extent measuring the differences between 

rural, predominantly white poverty and urban, higher density poverty (Duncombe and Yinger, 

2006). As such, I estimate alternative models using an interaction term between poverty and 

population density, and compare for the state of Missouri, per pupil cost estimates generated by 

this race-neutral specification with race-sensitive specifications to determine whether the race-

neutral alternative is sufficient for estimating additional costs of equal educational opportunity.  

 

[h2] District Level Cost Factors  

District-level cost factors include the: (a) grade ranges offered by each school district, (b) 

the enrollment size (economies of scale) of each district, and (c) regional variations in labor 

prices. For the economies of scale term, I apply categorical groupings of district size to avoid the 

problem of second and third order polynomial terms, which may inappropriately drive cost 

estimates higher (2nd order) or lower (3rd order) for very large districts. It is generally assumed 

that per pupil costs level off between enrollment size of 2,000 and 6,000, but do not necessarily 

rise for larger districts as might be inferred from a 2nd order polynomial term (Baker, 2005).  

 

[h2] Indirect Efficiency Controls 

Variables selected as representing fiscal capacity and public-monitoring factors are based 

on recent work of Duncombe and Yinger (2007, 2006). In the original models, fiscal capacity 

measures include the ratio of the value of the median home (Census 2000) to the district wide 

taxable property value (mean 2001–2005, a tax price or tax share measure) and a measure of the 

aggregate district wide income (Census 2000) per enrolled pupil (mean 2001–2005). Public 

monitoring measures include the share of the resident population over the age of 65, and the share 

of current expenditures received from state sources.  In the follow up models, fiscal capacity 

variables include a measure of the log of assessed value per pupil, and a measure of median 
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housing unit values (separating the tax ratio variables from the original models). The public 

monitoring variables include the natural log of state aid per pupil and a measure of district market 

share (% of students in the labor market who attend the district).  

 

[h2] 2-Stage Least Squares and Instrument Selection 

 In each model, the instruments for first stage regression are based on the characteristics 

of other districts sharing the same labor market, working with the assumption that the competitive 

context of surrounding districts creates pressure to improve local education outcomes. It is less 

appropriate to use the outcomes themselves of neighboring districts because those outcomes are 

more likely endogenous. As such, one must find a set of exogenous factors that characterize 

surrounding districts and/or the relationship between the observed district and its surroundings 

and are likely to influence outcomes in the observed district.  

 In the original models, I use the labor-market averages of the percent of adult females 

with a bachelor’s degree or higher, the labor-market average aggregate income per pupil, the 

labor-market average percent Hispanic population and labor-market average percent of the adult 

population over 65 years old. One concern with the original models was the presence of relatively 

weak instruments. In the follow-up models, I use the labor market averages (excluding the 

observed district) of the percent of the population that is over 65 years of age, the percent of 5 to 

17 year olds enrolled in private school and the labor market average state aid per pupil and these 

instruments, within the context of the updated models and data, perform better. For all 

instrumental variables models, I report partial F-statistics for excluded instruments as a test of 

instrument relevance and Hansen J p-values as a test of over-identification (see Bound, Jaeger 

and Baker, 1995). 

 

[h2] Model Validity Checks 
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In recent years, education cost analysis has come under increased scrutiny, especially 

where those cost analyses strive to estimate the cost per pupil of a constitutionally adequate 

education under state education clauses (Guthrie & Springer, 2006; Hanushek, 2006). A positive 

response to this increased criticism has been greater attention to evaluating the validity and 

reliability of methods for estimating education costs (Duncombe, 2006). The method used herein, 

regression-based education cost functions, is intended to estimate a statistical model of 

relationships between outcomes and spending, given a variety of conditions. The equation is then 

used to predict per pupil costs of specific educational outcomes. That is, the model is intended 

primarily for prediction purposes and specifically for predicting cases marginally outside of the 

current sample, such as estimating the costs a district would face for achieving marginally higher 

educational outcomes.  

As such, the predictive validity of the models is of particular importance. To evaluate 

predictive validity, one would not want to rely solely on measures of model fit to current 

spending data, as the best fitting model may not be sufficiently generalizable for prediction or 

forecasting purposes. Rather, it may be overfit (See Baker, 2001 for a discussion of problems of 

overfitting with highly nonlinear models). A common measure of prediction accuracy in such an 

approach would be the Mean Absolute Percent Error (Baker, 2001; Baker and Richards, 1999). In 

the original 2001 to 2005 models, I opted for a split-cross validation method. I split the sample of 

districts across all years into 90% and 10% portions and fit each model to the 90% sample. Then, 

I tested prediction accuracy of the regression model in the 10% hold-out sample.  In subsequent, 

related work, I have applied iterative sampling of 10% portions and predictive accuracy checks 

(see Baker, in review).  While I do not apply prediction accuracy checks to the follow-up models, 

I do compare the parameters and cost predictions of those models to the original models.  

 

[h2] Model Consistency Checks 



 

 16 

I apply additional tests to evaluate (a) the consistency across the original models and the 

Duncombe (2006) plaintiff intervenor model, and (b) across the updated models and previous 

models. I also compare the distribution of the model cost estimates to the distribution of current 

spending. To evaluate model consistency, I use an approach applied by Baker, Taylor and Vedlitz 

(2008) in a recent National Research Council report on methods for estimating education costs. In 

their report, Baker, Taylor and Vedlitz take district level per pupil cost estimates from several 

cost studies – including cost function studies – and estimate the sensitivity of per pupil cost 

estimates to a) a second order economies of scale term, b) the NCES Comparable Wage Index 

and c) US Census small area income and poverty estimates, district level poverty rates. This 

approach allowed the authors to make direct comparisons across the economies of scale, and 

poverty components of multiple studies.  

 

[h1] Context for the Study 

 The context for the present and original analysis is the state of Missouri, which lies just 

east of geographic center of the lower 48 states, with the Mississippi river as its eastern border, 

Arkansas to the south, Illinois to the east, Iowa to the north and Kansas to the West. Missouri 

demography ranges from poor, minority Mississippi delta regions (bootheel) to affluent suburbs 

surrounding St. Louis and Kansas City, to high poverty urban core and inner urban fringe 

districts, and vast expansive farm lands. Racially, the state is primarily black and white, with 

some communities of recently burgeoning Hispanic population.  

 Table 1 provides the descriptive statistics for the original and follow up data. Note that 

for the follow-up analyses, I include the 73 K-8 school districts that were excluded from the 

original analysis. This alters the descriptive statistics somewhat, reducing the average percent 

black statewide and altering other measures modestly. Statewide, there were, in the original 

analysis, 15 majority black school districts, with Wellston, Missouri being 100% black and other 
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St. Louis urban fringe districts being nearly as high. In the updated analysis, that number rises to 

16 majority black districts, but serving a smaller total number of students (117,298).  

Table 1 
Descriptive Characteristics of Missouri School Districts 

Variable Mean Std. Dev. Mean Std. Dev.
% Black 18.0% 26.5% 16.7% 24.9%
% Hispanic 2.8% 3.7% 3.6% 4.6%
% Native American 0.4% 0.7%
% Asian 1.5% 1.8% 1.8% 2.1%
% Free Lunch 34.6% 21.7%
% Free or Reduced Lunch 42.3% 23.2% 41.3% 19.2%
% LEP/ELL 2.2% 3.1%
% Home Language is English
% Disability 17.1% 5.0% 14.8% 2.7% [1]
% 5 to 17 in Poverty 14.2% 8.4% 15.8% 9.0%
Current Expend All $7,387 $1,470 $8,540 $1,961
Current Expend Large $7,616 $1,524 $8,793 $2,604
Coeff. Of Variation (Sale Effic.)
Total Districts in Analysis [2]
Total Students in Analysis
Scale Efficient Districts
Students in Scale Effic. Districts
% in Scale Effic. Districts
Majority Black Districts
Total Children Served

2001 to 2005 (Original CEE Data) 2006 to 2008 Update

117,298

633,904
72.4%

16

29.6%
522

874,999
102

20.0%
449

879,264
104

649,116
73.8%

15
142,039  

[1] updated disability data from 2006-07 NCES Common Core of Data. Original model data from Missouri DESE. 
[2] Updated analysis includes k-8 districts. 
  

 One notable change in Missouri which has occurred since the original analysis is that the 

state has made progress toward the implementation of a new state school finance formula, in 

addition to restructuring performance measures. The previous school finance formula was a two-

tiered matching aid formula which maintained relatively high correlations between per pupil 

spending and measures of district level income. However, revenues in St. Louis and Kansas City 

were bolstered by court mandated local property tax increases which also led to increased 

matching aid. This was particularly true in Kansas City Missouri School District which was 

required to levy a 4.95% tax rate to support desegregation remedies, while the state minimum for 

other districts at the time was 1.25%. But, these same requirements did not apply to the state’s 

other majority black school districts in urban fringe and bootheel regions. The state is now in the 

process of phasing in a more typical foundation aid formula, with pupil weightings for poverty, 
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special education, limited English proficiency, and with a geographic cost adjustment and small 

size grant. The primary effect of this new funding formula has been to boost funding in poor 

outlying rural areas which previously had been unable to raise local property tax rates even to the 

formula minimum (2.75% at the time, now set at 3.43% under the foundation formula). 

Interestingly, in spite of this leveling up, the coefficient of variation for per pupil spending in 

scale efficient school districts appears to have increased somewhat for the more recent data. This 

may, however, be the effect of the cost adjustments adopted in the current formula.  

 A particularly relevant feature of public schooling in Missouri is the extent of racial 

isolation in Missouri public schools, specifically black student racial isolation. As noted 

previously, authors including Hanushek and Rivkin (2007) explain that black racial isolation 

creates negative effects on student outcomes on at least two levels – a peer group effect with 

majority of peer group is black, and teacher sorting.  

 Figure 1 shows the locations of high poverty (Census Poverty > 25%) districts and 

majority black schools in Missouri. Diagonal shading indicates high poverty districts, which are 

concentrated in the two major urban cores and spread throughout the predominantly white rural 

areas in southeast Missouri. Circles represent individual schools, with filled circles representing 

majority black schools. In the two major metropolitan areas, nearly all schools near the urban 

core, including those in immediately surrounding districts, are majority black. Those schools are 

surrounded by rings of majority white suburban schools. Other majority black schools occur in 

the bootheel and in Columbia and Jefferson City.   
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Figure 1 
Geographic Distribution of High Poverty Districts and Majority Black Schools 

Kansas City

St. Louis

Bootheel

 

Data source: District shape files from U.S. Census. District poverty rates based on U.S. Census Small Area Income and Poverty 
Estimates 2006. School level locations and black student enrollment from National Center for Education Statistics, Common Core of 
Data, Public School Universe Survey 2006.   
 
 Table 2 shows the numbers of majority black schools in Missouri over the past five years 

by county. In recent years, total numbers of majority black schools in Missouri continue to climb. 

While many are in Jackson County, which includes Kansas City but not exclusively, and in St. 

Louis City, a large number are also in the county surrounding St. Louis. A handful of majority 

black schools and districts are in outlying counties. More striking is the fact that of the 300 

majority black schools, more than half are over 90% black and these numbers have also grown in 

recent years. 
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Table 2 
Majority Black Schools by County  

2004 2005 2006 2007 2008
Majority Black Schools

Atchison 1 0 0 0 0
Boone 3 4 3 2 4
Cape Girardeau 0 0 0 1 1
Clay 0 0 0 1 1
Cole 0 1 1 2 1
Franklin 0 0 0 0 1
Jackson (Kansas City) 88 91 92 92 96
Mississippi 3 3 4 4 3
New Madrid 1 1 1 0 0
Pemiscot 4 5 3 5 6
Reynolds 1 1 1 1 0
St. Louis County 76 83 82 87 88
St. Louis City 103 98 96 98 99
Total 280 287 283 293 300

Greater than 90% Black 
Franklin 0 0 0 0 1
Jackson (Kansas City) 40 39 42 40 39
St. Louis County 51 50 52 53 57
St. Louis City 55 55 53 54 60
Total 146 144 147 147 157

Total Schools 2,610 2,605 2,622 2,629 2,653
Percent Majority Black 10.7% 11.0% 10.8% 11.1% 11.3%  

 Figure 2 shows disparities in the school level percent black student population for 

teachers in their first three years of teaching and holding only a bachelors degree within 

elementary schools in the St. Louis Core Based Statistical Area. The average percent black 

population in schools of inexperienced teachers with a bachelors’ degree only drops from near 

30% to just under 25% over time. The average percent black population in schools of more 

experienced teachers is lower, converging on 20% black over time.  
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Figure 2 
Black Student Concentration in Schools of Inexperienced Elementary Teachers 
(St. Louis Core Based Statistical Area) 
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Data Source: Missouri Department of Elementary and Secondary Education, Staffing Files 

 

 Figure 3 presents the average percent black enrollment in schools of elementary teachers 

and principals in the St. Louis Core Based Statistical Area by the college “competitiveness” 

ratings from Barron’s Profiles of American Colleges.4  The average percent black student 

population for teachers who attended the least competitive two categories of undergraduate 

colleges is highest, near and above majority black. Teachers who attended the most competitive 

colleges are also more likely to be working in schools with higher black concentrations, but these 

include only a handful of teachers in the data.  

 
                                                
4 Factors included in determining the category for each college included: median entrance exam scores for the 2001-
2002 freshman class (SAT or ACT); percentages of 2001–2002 freshman scoring in the top 15% of the SAT or ACT; 
percentage of 2001–2002 freshman who ranked in the upper fifth and upper two-fifths of their high school graduating 
classes; minimum class rank and grade point average required for admission (if any); and percentage of applicants to 
the 2001–2002 freshman class who were accepted. We assume relative stability over time to the highest categories of 
selectivity.   
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Figure 3 
Black student concentration in schools of Elementary Teachers and Principals by Undergraduate 
College Selectivity of Teachers and Principals (1999 to 2006) 
(St. Louis Core Based Statistical Area) 

0

10

20

30

40

50

60

Non
-C

om
pet

itiv
e

Less
 Com

pet
itiv

e

Com
pet

itiv
e

Very
 Com

pet
itiv

e

High
ly C

om
pet

itiv
e

Most
 Com

pet
itiv

e

Undergraduate Institution Barron's Rating

%
 B

la
ck

 E
nr

ol
lm

en
t Teachers 

Principals

 
Data Source: Missouri Department of Elementary and Secondary Education, Staffing Files 

 

 In short, as one might expect in Missouri, where there are many majority and many 

greater than 90% black schools surrounded by predominantly white schools, there exist persistent 

gaps in teacher experience and teacher undergraduate preparation. These gaps are consistent with 

the types of experience gaps noted for Texas schools by Hanushek and Rivkin (2007), one 

difference being that Missouri lacks the sizeable Hispanic population that exists in large urban 

Texas school districts.  
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[h1] Findings from Original Cost Models 

 In this section, I review the findings of the original models prepared for Committee for 

Educational Equality v. State and later revised and reported by Baker and Green (2009) in the 

Journal of Education Finance.  

 

[h2] Model Estimates & Validity Checks 

 Figure 3 shows the 2-stage least squares regression results of the alternative models 

reported by Baker and Green in the Journal of Education Finance (2009), based on the data and 

models used in CEE v. State of Missouri. The models include relatively weak instruments, having 

F-statistics under 5, where greater than 10 is desired. Further, two models fail the 

overidentification test, having Hansen J, p-values under .05. But the models are relatively 

consistent and robust to alternative specifications.  

 Table 3 shows that the model yielding the greatest predictive accuracy was the model 

including the direct effect for percent black population. This model had both the lowest mean 

absolute percent error of prediction on non-sample districts in the split cross validation, and the 

highest correlation between predicted and actual values. The direct effect for black population 

was used in CEE testimony.  
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Table 3 
2 Stage Least Squares Cost Functions for Missouri K-12 School Districts 2001 to 2005 

Coef. R.S.E P>z Coef. R.S.E P>z Coef. R.S.E P>z Coef. R.S.E P>z
Outcome - MAP Index (ln) 1.389 0.712 ** 2.036 0.746 * 2.024 0.766 * 1.621 0.683 *
Student Population

% Disability 0.424 0.098 * 0.435 0.107 * 0.438 0.110 * 0.455 0.116
% LEP/ELL 0.433 0.322 0.433 0.327 0.143 0.339
% Free/Reduced Lunch 0.125 0.100 0.227 0.103 * 0.262 0.108 * 0.315 0.121 *
% Black 0.521 0.103 * 0.614 0.108 *
% Hispanic 0.012 0.196
% Asian 4.136 1.506 *
% Native American 0.444 0.403
% Black x Poverty (Census) 0.788 0.153 *
% Free/Reduced x Density 0.001 0.000 *

Enrollment/Size
Enrollment under 100
Enroll 100 to 150 -0.060 0.058 -0.056 0.081 -0.040 0.086 -0.023 0.077
Enroll 151 to 250 -0.227 0.060 * -0.259 0.082 * -0.246 0.086 * -0.205 0.075 *
Enroll 251 to 500 -0.336 0.057 * -0.368 0.079 * -0.355 0.084 * -0.307 0.074 *
Enroll 501 to 1000 -0.403 0.059 * -0.443 0.080 * -0.432 0.086 * -0.376 0.075 *
Enroll 1001 to  1500 -0.455 0.064 * -0.500 0.084 * -0.487 0.090 * -0.426 0.078 *
enroll 1501 to 2500 -0.452 0.063 * -0.493 0.084 * -0.482 0.089 * -0.423 0.078 *
Enroll 2501 to 5000 -0.515 0.069 * -0.555 0.090 * -0.535 0.095 * -0.466 0.084 *
Enroll over 5000 -0.494 0.075 * -0.518 0.099 * -0.480 0.103 * -0.400 0.093 *

Fiscal Capacity/Public Monitoring
State Aid per Pupil (ln) 0.165 0.031 * 0.140 0.037 * 0.122 0.038 * 0.134 0.042 *
Aggregate Income per Pupil (ln) 0.149 0.034 * 0.182 0.036 * 0.221 0.035 * 0.219 0.041 *
Resident Tax Ratio -0.091 0.015 * -0.077 0.017 * -0.074 0.017 * -0.090 0.018 *
% Residents over 65 -0.231 0.402 -0.456 0.446 -0.570 0.455 -0.951 0.475 *

NCES Comparable Wage Index 0.238 0.070 * 0.253 0.078 * 0.276 0.081 * 0.299 0.087 *
Year=2002 0.033 0.005 * 0.038 0.005 * 0.037 0.005 * 0.034 0.005 *
Year=2003 0.050 0.006 * 0.053 0.007 * 0.052 0.007 * 0.048 0.008 *
Year=2004 0.032 0.012 * 0.029 0.013 * 0.025 0.014 ** 0.025 0.014 **
Year=2005 0.064 0.015 * 0.062 0.017 * 0.058 0.018 * 0.059 0.018 *
Constant -1.413 3.970 -4.998 4.107 -5.281 4.258 -3.279 3.904

Partial F (Excl. Inst.) 4.390 4.590 4.640 5.340
Hansen J (p-value) 0.025 0.042 0.062 0.187

Centered R-Square 0.504 0.493 0.397 0.434
Predictive Validity (10% split-cross)

Prediction Accuracy (MAPE) 8.12% 9.18% 9.90%
Correlation with Actual 0.772 0.723 0.693

Poor Black Only Poverty x Density
DV =  Log of Current Expend per ADA 

All Race/ Ethnicity Reduced Model

 
*p<.05, **p<.10 

[h2] Reliability Checks 

 District level cost predictions for the model including black population direct effect were 

correlated with Duncombe’s (2006) model including a black poverty measure. District level cost 

predictions were highly consistent across models, with a correlation of .768 across all districts, 

not weighted for enrollment, .838 for larger districts (>2,000 students) also not weighted for 

enrollment, and a correlation of .902 for all districts weighted for enrollment. Further, when both 

sets of district level cost predictions were correlated with an index derived from current spending 

levels across Missouri school districts, those correlations were much lower, only .393 between the 

Baker black direct effect model and current spending and .311 between the Duncombe model and 

current spending. What the two models showed was that cost predictions across the models were 
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very similar, but that both sets of cost predictions differ significantly from current spending 

variation.  

 Table 4 arrives at the same conclusion by different method. In Table 4, I regress the cost 

estimates and current spending as a function of a standard set of cost factors. Table 4 shows that 

both the Baker and Duncombe cost per pupil predictions are highly sensitive to poverty rates 

across districts, with parameter estimates ranging from .80 to near 1.0. Both also show relatively 

strong economies of scale effect and responsiveness to regional variation in competitive wages. 

By contrast, current spending in Missouri during the period was not, on average, positively 

responsive to poverty, was much less responsive to small district size and less responsive to wage 

variation. Further, these major cost factors explained little of the variance in current spending.  

Table 4 
Sensitivity of Cost Predictions and Current Spending to Standard Cost Factors 

DV = Log of Cost per Pupil Coef. Std. Err. Coef. Std. Err. Coef. Std. Err.
Census Poverty 0.992 0.076 * 0.802 0.065 * 0.103 0.092
NCES ECWI 05 0.559 0.061 * 0.477 0.052 * 0.241 0.075 *
Enrollment (ln) -0.594 0.066 * -0.495 0.057 * -0.440 0.081 *
Enrollment (ln) Squared 0.037 0.004 * 0.032 0.004 * 0.029 0.005 *
Constant 10.225 0.253 * 10.106 0.218 * 10.099 0.309 *
R-squared 0.427 0.391 0.097

Baker Cost Per Pupil Duncombe Cost Per Pupil
Current Spending 

Per Pupil

 
*p<.05, **p<.10 
 

[h2] Model Updates  

 Table 5 provides the updated model estimates. Recall that these model estimates are from 

a period during which the State of Missouri began implementing a new state school finance 

formula, significantly leveling up base funding levels and during a period where the state had 

arguably significantly lowered the performance bar. For the updated models, instrument selection 

was far more successful. Models including the black direct effect, and poor black interaction with 

direct effect included display marginally higher centered r-squared values. The interaction term is 

non-significant. However, the urban poverty, poverty density and black direct effects are 
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significant, revealing higher per pupil costs for Missouri’s poor urban, predominantly black 

school districts.  

Table 5 
Updated 2 Stage Least Squares (2SLS) Cost Functions for Missouri School Districts (2006 to 
2008) 

Coef. R.S.E P>z Coef. R.S.E P>z Coef. R.S.E P>z Coef. R.S.E P>z Coef. R.S.E P>z
Outcome - MAP Index (z-score) 0.055 0.023 * 0.079 0.023 * 0.078 0.023 * 0.054 0.023 * 0.085 0.026 *
Student Population

% Poverty (SAIPE 2006) 0.367 0.110 * 0.212 0.091 * 0.236 0.090 * 0.329 0.105 * 0.308 0.102 *
% Disability 0.654 0.163 * 0.548 0.158 * 0.535 0.155 * 0.671 0.162 * 0.650 0.160 *
% Black 0.484 0.080 * 0.591 0.162 *
% Black x Poverty (Census) -0.423 0.514
% Poverty by Urban 0.899 0.274 *
% Poverty by Pop Density 0.001 0.000 *

Enrollment/Size
Enrollment under 100 0.175 0.045 * 0.258 0.043 * 0.259 0.043 * 0.193 0.044 * 0.222 0.046 *
Enrollment 100 to 299 0.068 0.030 * 0.131 0.028 * 0.132 0.028 * 0.079 0.029 * 0.105 0.029 *
Enrollment 300 to 599 0.019 0.023 0.076 0.022 * 0.077 0.022 * 0.026 0.023 0.057 0.023 *
Enrollment 600 to 999 0.005 0.023 0.053 0.020 * 0.055 0.021 * 0.011 0.023 0.039 0.022 **
Enrollment 1000 to 1499 -0.023 0.021 0.019 0.019 0.022 0.019 -0.014 0.021 0.009 0.020
Enrollment 1500 to 1999 -0.029 0.028 0.015 0.027 0.017 0.026 -0.020 0.028 -0.005 0.028

K-8 District 0.240 0.023 * 0.230 0.024 * 0.230 0.023 * 0.236 0.022 * 0.235 0.024 *
Fiscal Capacity/Public Monitoring

Fiscal Capacity
Assessed Value per Pupil (ln) 0.361 0.024 * 0.322 0.022 * 0.322 0.021 * 0.344 0.022 * 0.330 0.023 *
Median Housing Unit Value (ln) -0.091 0.032 * -0.079 0.031 * -0.079 0.030 * -0.087 0.032 * -0.091 0.032 *

Public Monitoring
State Aid per Pupil (ln) 0.357 0.039 * 0.335 0.034 * 0.337 0.033 * 0.339 0.038 * 0.350 0.037 *
District Market Share -0.183 0.113 -0.192 0.095 * -0.188 0.092 * -0.220 0.135 -0.161 0.114

NCES Comparable Wage Index 0.387 0.074 * 0.210 0.062 * 0.212 0.061 * 0.354 0.074 * 0.271 0.069 *
Year=2007 0.010 0.007 0.009 0.006 0.009 0.006 0.012 0.006 ** 0.008 0.007
Year=2008 0.001 0.013 0.000 0.012 0.000 0.012 0.006 0.012 -0.004 0.013
Constant 2.503 0.545 * 3.144 0.497 * 3.120 0.493 * 2.826 0.531 * 2.996 0.523 *

Partial F (Excl. Inst.) 17.360 14.960 14.740 17.900 13.740
Hansen J (p-value) 0.810 0.318 0.336 0.679 0.664
Centered R-squared 0.743 0.768 0.770 0.750 0.738

DV =  Log of Current Expend per Pupil 
Poverty x Density

No Race, Urban 
or Density Black Population

Poor Black 
Interaction Urban x Poverty

 
*p<.05, **p<.10 
 

 Predicted costs from the updated models remain highly consistent with predicted costs 

from the CEE models prepared by both Baker (2005) and Duncombe (2006). Weighted for 

enrollment, cost predictions from the updated % Black direct effect model has a correlation 

coefficient of .96 with the original Baker model, and .89 with the original Duncombe model. The 

updated Poverty Density interaction model yields a correlation coefficient of .84 with the original 

Baker model and .85 with the original Duncombe model.  

 Table 6 re-runs the analysis presented in Table 4, comparing the sensitivity of the black 

direct effect model, the best race neutral alternative (poverty x density interaction) and current 

spending. Both sets of cost predictions are similar in their sensitivity to the major cost factors 
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tested. Interestingly, both are less sensitive to poverty variation than were previous models. 

Responsiveness of cost estimates to economies of scale is also somewhat reduced. 

Responsiveness to wage variation remains comparable. Some of these differences may occur 

because of the inclusion of the additional 73 K-8 school districts, but both funding formula and 

outcome measurement change may also play a role.  

 A notable change is that from 2006 to 2008, distributions of current actual spending per 

pupil are positively associated with poverty, but with an elasticity less than half the magnitude of 

the estimated additional costs. Further, more than double the amount of variance in current 

spending is explained by the cost factors. It would appear that Missouri has made significant 

progress in recent years toward improving the cost sensitivity of the distribution of spending 

across districts.      

Table 6 
Sensitivity of Cost Predictions and Current Spending to Standard Cost Factors 

DV = Log of Cost per Pupil Coef. Std. Err. Coef. Std. Err. Coef. Std. Err.
Census Poverty 0.503 0.052 * 0.485 0.042 * 0.223 0.089 *
NCES ECWI 05 0.478 0.042 * 0.473 0.034 * 0.510 0.072 *
Enrollment (ln) -0.386 0.046 * -0.352 0.037 * -0.629 0.078 *
Enrollment (ln) Squared 0.025 0.003 * 0.022 0.002 * 0.041 0.005 *
Constant 9.868 0.174 * 9.748 0.140 * 10.738 0.298 *
R-squared 0.377 0.464 0.239

Black Share Poverty x Density Current Spending

 
*p<.05, **p<.10 
  

[h2] Sensitivity Simulations on the Race-Sensitive and Race-Neutral Alternatives 

 Despite the apparent similarities between the race neutral, poverty density interaction 

model and the black direct effect model shown in Table 6, there are substantive differences in the 

cost predictions produced by these models for predominantly black school districts. Table 7 

shows the state mean (unweighted) centered cost index values for majority black enrollment 

school districts in Missouri. Table 7 includes index values for the cost model including the black 

direct effect, the race-neutral cost model using a poverty interaction with population density. 

Table 7 also includes the implicit index of current spending across Missouri school districts. 

Notably, the two major urban centers of St. Louis City and Kansas City Missouri School District 



 

 28 

spend much more than current state averages. But, other high poverty, high density, high minority 

concentration districts do not.  

 Results of alternative models differ for specific districts. Wellston, the state’s 100% black 

urban fringe district is estimated to need 64% more than average funding under the black direct 

effect model. Neglecting to consider either race or density reduces Wellston’s index by over 50%. 

Currently (2008), Wellston spends 56.5% above state average. Compared against either the 

baseline model or the poverty density model, Wellston’s current margin of additional funding 

should be sufficient to support average performance. But, against the model including race, 

Wellston’s current spending falls short. The opposite is true for St. Louis City, where the poverty 

density interaction model produces the highest estimates and where current indexed spending in 

St. Louis City falls between the estimates provided by the black direct effect model and the 

poverty density interaction model. Again, models including the poverty measure only, miss 

entirely the much higher per pupil costs in St. Louis. Kansas City’s current indexed spending 

exceeds both cost estimates, since Kansas City has lower poverty than St. Louis and outlying 

rural districts, Kansas City has lower percent black population than other majority black districts 

and Kansas City is less population dense than St. Louis and some St. Louis surrounding districts. 

Yet, Kansas City spends more currently.5  

 Table 7 suggests that the greatest degrees of misalignment between current policies and 

need occur for some St. Louis inner urban fringe districts such as Jennings, Riverview Gardens 

and University City and for very poor, high minority concentration outlying rural districts such as 

Hayti, Carruthersville and Charleston.  

 

                                                
5 Notably, however, this spending margin is not a function of recent school finance reforms and instead a 
function of court imposed higher local property tax rates (see Baker and Green, 2007). At equitable tax 
rate, Kansas City’s spending would fall below estimated need. 
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Table 7 
Sensitivity of Cost Predictions to Racial Composition for Race-Sensitive and Race Neutral 
Models 

District
Census 
Poverty % Black

Population 
per Sq.Mile

Baseline 
Cost Index

Black 
Direct 

Effect Cost 
Index

Poverty x 
Density 

Cost Index

Implicit 
Index 

(Current 
Spending)

Wellston 41.3% 100.0% 1,482 1.099 1.640 1.436 1.565
Normandy 25.8% 98.8% 2,473 1.016 1.460 1.307 1.295
Jennings 28.7% 98.7% 3,043 1.054 1.501 1.525 1.182
Riverview Gardens 22.2% 96.7% 2,739 1.018 1.453 1.293 0.909
University City 19.9% 85.6% 4,151 1.008 1.369 1.430 1.271
St. Louis City 34.6% 81.4% 3,584 1.068 1.388 1.853 1.572
Hickman Mills 19.3% 79.2% 1,060 0.996 1.318 1.036 1.245
Ferguson-Florissant 16.5% 77.2% 1,885 1.003 1.312 1.099 1.062
Hayti 50.5% 71.8% 70 1.040 1.374 1.033 1.032
Hazelwood 11.3% 66.9% 1,033 0.982 1.233 0.979 1.015
Center 19.0% 64.7% 1,646 0.998 1.231 1.097 1.419
Kansas City 27.7% 62.1% 2,058 1.006 1.214 1.253 1.600
Grandview 16.9% 58.8% 540 0.977 1.177 0.961 1.381
Charleston 41.1% 55.7% 21 0.960 1.187 0.943 0.904
Caruthersville 42.6% 53.4% 424 0.971 1.184 1.040 0.982  
 

[h1] Conclusions and Policy Implications 

 Findings herein re-affirm the earlier findings of Baker (2005) and Baker and Green 

(2009) regarding the sensitivity of education costs in Missouri to the racial composition of school 

districts. As in Baker and Green (2009) which used Missouri data from 2001 to 2005, updated 

models (2006 to 2008) suggest that majority black school districts may require additional 

financial support to achieve equal educational opportunity, when compared with estimates from 

models lacking race variables. However, the race-neutral alternative model, which included an 

interaction between poverty and population density provided some additional useful insights and 

higher cost estimates for St. Louis City in particular. Both approaches identify additional costs 

overlooked in models that include neither. But, conflicting evidence from the models makes it 

difficult to choose which better approximates the true underlying cost structure of Missouri public 

schools or which better predicts district specific costs. A model including the combined cost 

effects was not estimated.   

 While cost functions may not necessarily produce definitive dollar predictions for each 

individual district in a state to achieve specific educational outcomes, they can provide guidance 
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on how state aid might be better targeted to achieve greater equality of educational opportunity 

across varied settings. That is, cost functions may guide in reshaping or bending state school 

finance formulas. Cost functions may aid in identifying factors that influence costs, alternative 

proxy measures for cost factors and the relative sensitivity of education costs to alternative 

measures (See also Killeen and Baker, 2008).  For example, prior and current cost function 

models for Missouri districts indicate that the state has yet to systematically drive resources 

where needed to higher minority concentration school districts, specifically those in the bootheel 

region and poor inner urban fringe districts surrounding St. Louis.  

 Allowing districts such as Riverview Gardens, Hazelwood and Caruthersville to languish 

with below state average funding when they clearly have greater than average needs is simply 

unfair and should be considered unconstitutional. It is morally repugnant to assert that legislators 

should not be compelled by courts or their own conscience to address this inequity because the 

education cost function does not produce estimates of “pure cost,” eradicating from those 

estimates 100% of the inefficiencies which we do not even know exist. Common sense tells us 

these districts and their children have greater needs and thus need more resources to achieve 

equal opportunity. The cost function provides us a reasonable empirical estimate of how much 

more. 

 Arguing that it is unreasonable to estimate “costs” of educational outcomes based on 

practices as they currently exist, on the untested assumption that a better and more efficient 

system exists somewhere out there, is unhelpful at best and destructive at worst. If one believes 

that a “better way” exists – a more efficient and productive use of educational resources – then 

one should try implementing that “better way” in a number of school districts across a state. Once 

this new approach takes hold in select settings across a state and produces its expected efficiency 

gains, updated cost function models on the state system should pick up these changes or at least 

identify schools implementing such highly efficient approaches as significant outliers which may 

then inform future policies.  
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 For example, Hanushek frequently argues that a major source of inefficiency in public 

schooling is the single salary schedule which drives school spending, but lacks strong relationship 

to teaching quality (see Hanushek, 2007). I do not refute this point and find many of Hanushek’s 

arguments in this regard compelling. But the single salary schedule does exist and pretending that 

it does not, that it could simply disappear and that which replaces it would necessarily be more 

efficient, is far more speculative than even the most outrageous extrapolations from regression 

models of current data on current practices.  

  Much of the efficiency straw man argument is negated when one refocuses the school 

finance argument on equal opportunity of outcomes – equity – rather than on some absolute 

measure of educational adequacy. Indeed it is statistically more problematic to estimate precisely 

how much money, in total, is required to achieve the state’s desired outcomes, especially under 

the constraint of a hypothetical perfect efficiency assumption (pure definition of cost) and in a 

system where no-one school district is perfectly efficient. It is potentially even more problematic 

to attempt to attach this evasive pure cost estimate to the ambiguous “adequacy” requirements of 

state constitutions.  

 The role of efficiency in equity analysis is relative, not absolute. It is patently unfair to 

argue that the state legislative obligation toward poor urban, high minority concentration districts 

is merely to fund those districts at the minimum, pure cost (0% inefficiency) level required to 

achieve constitutionally adequate outcomes while at the same time accepting that other districts in 

the state are afforded the opportunity to achieve or exceed the same outcomes at only average 

efficiency – many far worse than average efficiency and many better than average. An equitable 

school finance system holds the poor urban district and/or other high need districts to the same 

efficiency standard, not a hypothetical, elusive and higher standard.  

 In this regard, the New Jersey Supreme Court in Abbott v. Burke (Abbott IV, 1997) got it 

right. The New Jersey Supreme Court pegged the parity standard for funding poor urban districts 

to the local demand for spending in affluent districts, acknowledging that those districts 
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successfully met or exceeded constitutionally adequate outcomes and did so with relatively high 

spending. The court chastised the legislature for having adopted a funding formula that attempted 

to explicitly subtract inefficient spending from affluent districts when setting the parity target for 

poor urban districts.6  

Returning to the central issue herein - the relationship between black student 

concentration and costs - one might take the findings of Hanushek and Rivkin (2007) to argue 

that black student concentration creates inefficiencies - not costs - in the education system. That 

is, black student concentration creates unnecessary increased expenditure toward achieving any 

given student outcome, because of peer group effects coupled with the uneven distribution of 

teaching quality. One can then reconcile this work by Hanushek and Rivkin (2007) with the 

argument by Costrell, Hanushek and Loeb (2008) that higher levels of funding in predominantly 

black Missouri districts, where outcomes remain low, are an example of the type of inefficiencies 

that may not be effectively sorted out in the cost function model.  

However, this is merely to cast the black concentration variable as an inefficiency factor 

rather than a cost factor. There is little evidence that this inefficiency occurs because districts 

serving black students in Missouri systematically engage in greater levels of administrative or 

other fiscal managerial inefficiency, outside of anecdotal and often factually incorrect attacks on 

Kansas City Missouri School District (see Baker and Green, 2007). The most thorough solution to 

removing these inefficiencies - if they are inefficiencies rather than costs - is to radically racially 

integrate Missouri school districts (as Hanushek, 2001 would appear to suggest). I accept this 

solution as equally if not more valid than spending more on predominantly black districts. 

However, I argue that in the name of equity policymakers must either tackle the larger issue of 

                                                
6 “The State contends that it would be inappropriate to require funding determinations to be based on those 
[highly successful] districts because, despite their educational success, they have "notable inefficiencies" in 
their spending practices and, for that reason, the amount that they spend on education cannot serve as the 
measure of the amount necessary to achieve a constitutionally adequate education. Neither CEIFA itself, 
the record in this case, empirical evidence, common experience, nor intuition supports the State's position 
that inefficiencies explain why successful districts' spending levels exceed what the State asserts is the 
amount needed to provide a thorough and efficient education.” (III) 
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highly racially segregated schools and the inefficiencies they create, or treat those inefficiencies 

as uncontrollable costs, and address them as such in state school finance policies.  
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