
395

JOURNAL OF REAL ESTATE RESEARCH

Which Measures of
School Quality Does the
Housing Market Value?

David M. Brasington*

Abstract. This study explores which measures of public school quality the housing market
values. Both a traditional hedonic house price estimation and a hedonic corrected for
spatial autocorrelation are used. Proficiency tests, expenditure per pupil and the pupil /
teacher ratio are consistently capitalized into housing prices. Teacher salary and student
attendance rates are also valued, but these results are sensitive to the estimation technique
employed. Value-added measures, the graduation rate, teacher experience levels and
teacher education levels are not consistently positively related to housing prices, so
researchers should probably avoid using them as public education quality measures.

Introduction

Economists have long been interested in the contribution of school quality to constant-
quality house price. After all, over 80% of Americans will be homeowners during
some point in their lifetime (Simmons Market Research, 1994). Many studies have
confirmed the magnitude of public school quality’s contribution to house prices. An
important question to ask when estimating the capitalization of school quality into
house price is: Which is the most appropriate measure of school quality? Although
housing economists have generally settled on proficiency test scores to measure school
quality, there is almost no empirical evidence comparing proficiency tests to other
potential school quality measures. In addition, the increasing popularity of a new
school quality measure, called the value-added approach, makes re-examination of the
appropriate school quality measure a worthy topic to investigate.

Using housing transactions from the major metropolitan areas of the state of Ohio, a
variety of school quality measures is included in a hedonic analysis to determine
which ones are capitalized into housing market values. The housing market most
consistently rewards high proficiency test passage rates, expenditures per pupil and a
low pupil / teacher ratio. It is probably not a coincidence that these three measures are
widely publicized and readily available to homebuyers. Average teacher salary and
the student attendance rate are also consistently valued by the housing market;
however, this consistency depends on whether a traditional least squares estimation
or a spatial autocorrelation model is estimated. Value-added school quality measures
are not very highly esteemed by the housing market, and teacher education levels not
at all. Finally, teacher experience levels and student graduation rates are unreliable
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proxies for school quality in hedonic regressions because their signs swing somewhat
dramatically depending on whether the traditional least squares estimation or the
mixed regressive spatially autoregressive estimation technique is used.

Literature Review
Public school quality is one of the most important determinants of house price (Haurin
and Brasington, 1996; and Goodman and Thibodeau, 1998); even today, though, many
researchers include no such measure to help explain house price (Jud and Seaks, 1994;
Benjamin and Sirmans, 1996; and Des Rosiers and Theriault, 1996). The researchers
who do account for public school quality capitalization use many different measures.
Perhaps the first to include school quality was Oates (1969), who used school
expenditures. Other researchers have also used expenditure per pupil with varying
degrees of success (Edel and Sclar, 1974; Gustely, 1976; Sonstelie and Portney, 1980;
and Bradbury, Case and Mayer, 1995). Linneman (1980) uses a dummy variable for
whether community residents believe school quality is bad, while Grether and
Mieszkowksi (1974) and Harrison and Rubinfeld (1978) and use the pupil / teacher
ratio. Rosen and Fullerton (1977) criticize the use of expenditures to measure school
outcomes. Instead, they suggest that proficiency test scores, an outcome of the
schooling process, may better reflect school quality than expenditures, an input to
education. Most of the subsequent research has followed Rosen and Fullerton’s advice
(Jud and Watts, 1981; Jud, 1985; Walden, 1990; Haurin and Brasington, 1996;
Brasington, 1999; and Goodman and Thibodeau, 1998). However, the switch to
proficiency tests was not based on any empirical analysis comparing proficiency test
scores to previously popular school quality measures.

In the intervening period, a new technique for measuring school quality has emerged
and gained popularity in the education production function literature. Called the value-
added approach, it measures school quality not by student outcomes at the end of a
process, but by the change in outcomes over a period of time. For instance, a school
district takes children with a given set of parents, neighborhood qualities, and innate
intelligence and work ethic, and attempts to add to their knowledge. Value added is
the improvement in academic achievement the district manages to give the students
over and above their starting values. In this way, a poor inner-city school district may
have low proficiency test passage rates, but it may have actually taught its students a
great deal more than a wealthy suburban school district has taught its pupils.
Researchers who have seen merit in the value-added approach include Summers and
Wolfe (1977), Aitkin and Longford (1986), Boardman and Murnane (1979) and
Hanushek and Taylor (1990). For a detailed review of the education production
function literature and the value-added approach, see Marquis (1996).

Very little has been done in the housing market literature to test the validity of the
value-added approach. Sonstelie and Portney (1980) have examined the relationship
between property values and changes in test scores, but test score changes are
generally considered a poor proxy for the marginal effect of schools. Hayes and Taylor
(1996) is similar to the current analysis in that they use a hedonic analysis to examine
which school quality measures are and are not valued by the housing market. Their
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measures of school quality are expenditures per pupil, the average level of sixth-grade
achievement on the math portion of a standardized test, the value-added of the school,
and, to capture peer group effects, the expected achievement of the sixth-grade student
body on the math proficiency test. They find expenditures per pupil and peer group
effects are insignificant, while the value added and level of proficiency in math are
capitalized into the Northern Dallas submarket, but not into the less prosperous
Southern Dallas submarket.

This study differs from Hayes and Taylor (1996) in many important ways. First, Hayes
and Taylor use only four school performance measures, while this study uses thirty-
seven. Second, this study’s sample is significantly larger and contains more MSAs,
more housing transactions, more housing submarkets, more neighborhood
characteristics and more structural housing characteristics. Third, whereas Hayes and
Taylor use census-tract neighborhood data and school outcomes, this study uses school
district-level neighborhood data and school district outcomes. Fourth, this study uses
not only a traditional hedonic regression but also a model that accounts for spatial
autocorrelation. Fifth, this study uses a different value-added measure of public school
quality.

Measure of Value-added
The measure used here does not completely fit the letter of the value-added approach.
The value-added approach is best measured at the individual student level (Marquis,
1996); Hayes and Taylor (1996) use a school-level measure, and this study uses school
district-level data. In addition, the value-added approach ideally measures the same
students’ improvement over time on the same test. While Hayes and Taylor use only
one cohort of sixth-grade scores, and while Sonstelie and Portney (1980) use a change
in test scores, this study measures value-added differently. It starts with the percentage
of fourth-grade students in each school district who pass various sections of the 1996
Ohio fourth-grade proficiency test. This is the earliest proficiency test given by the
state of Ohio. Ideally, kindergarten proficiency tests would be the baseline measure,
but even in fourth grade, it is likely that parent characteristics are the underlying
factors behind student performance. With fourth-grade achievement, there is a baseline
measure to examine how the school district enhances the academic performance of
the students it is given. The baseline measure is calculated according to the following
formula:

d 5 p 2 m . (1)ij4 ij4 j4

In Equation (1), i is a school district subscript, j is a test section subscript, the 4
subscript denotes the fourth-grade test, p is the percentage of fourth-graders who pass
each section of the test and m is the statewide average for the percentage of students
who pass the test section. Therefore, d is the difference between the school district
in question and the statewide average. This number could be positive or negative. If
it is positive, it is because the district starts with students who have above-average
socioeconomic backgrounds. If it is negative, it is because the district is endowed
with students who have unfavorable socioeconomic circumstances.
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To see how each district performs with the students it is given, it is necessary to have
a final outcome measure. There are two such available measures. The state of Ohio
administers ninth and twelfth-grade proficiency tests. Ordinarily the twelfth-grade test
would be the preferred measure for what the school system does for students; however,
there are not yet consequences for students who fail this test. On the other hand, the
ninth-grade test must be passed in order for each student to receive a full high school
diploma. Students who cannot pass all sections of the ninth-grade proficiency test but
still successfully complete their coursework receive a certificate of attendance instead
of a high school diploma. Therefore, two measures of final school system output are
constructed as follows:

d 5 p 2 m , (2)ij9 ij9 j 9

d 5 p 2 m , (3)ij12 ij 12 j 12

where the subscripts 9 and 12 denote the grade level of the proficiency test. The
interpretation for d is how the district’s final output compares to that of the mean
school district. The next step is to calculate the trend in relative performance:

VALUE ADDED 9 5 d 2 d . (4)ij 9 ij 4

VALUE ADDED 12 5 d 2 d . (5)ij 12 ij 4

Therefore, the value-added measures employed in this article assess the gain or fall
in relative standing among the school districts from grade four outcomes to grade
nine or twelve outcomes. For example, if a district has dij 4 of 212.0 for the science
section of the proficiency test, it means the district passes 12% less students than the
average district. However, if this same district has dij 9 of 23.0 for science, it has
improved from fourth grade to ninth grade relative to other school districts, and its
VALUE ADDED 9 is negative 3.0 minus negative 12.0, which equals positive 9.0. On
the other hand, a district that starts with strong socio-demographics may have a dij 4

of 23.0 for the science section. If its dij 9 is 10.0, which is still above the average, its
VALUE ADDED 9 is 213.0. It has taken students with high potential and pulled them
back toward the average.

An important question is, then, which does the housing market value: levels of
proficiency test passage or the value added of the school system? There are twelve
value-added measures and eighteen traditional proficiency passage rate variables.
These include measures from all sections of the test individually (writing, reading,
math, citizenship and science) and composite calculations using grades four, nine and
twelve proficiency test passage rates.

It is equally important to assess the relative merit of previous school quality measures
that have been employed in the hedonic house price literature. Therefore, expenditure
per pupil, the pupil / teacher ratio, average teacher salary, teacher education levels,
teacher experience levels, student attendance rates, and the graduation rate are also
employed. Variables are defined and sources and hedonic variables’ means are
provided in Exhibit 1.
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Exhibit 1

Definitions, Sources and Means of Variables

Variable Name Definition Mean Std. Dev.

LOG HOUSE PRICE House transaction price for 1991 sales,
deflated by MSA and logged (1)

11.2 0.51

AIR CONDITIONING Air conditioning dummy (1) 0.45 0.50

FIREPLACE Fireplace dummy (1) 0.47 0.50

LOT SIZE Size of lot in hundreds of thousands of
square feet (1)

0.12 0.20

AGE Age of house in hundreds of years (1) 0.34 0.22

ROOMS Total number of rooms in house (1) 6.31 1.31

GARAGE Garage dummy (1) 0.90 0.30

FULL BATHROOMS Number of full bathrooms (1) 1.40 0.54

PART BATHROOMS Number of partial bathrooms (1) 0.44 0.52

DECK Deck dummy (1) 0.15 0.35

POOL Pool dummy (1) 0.02 0.14

Q2, Q3, Q4 Quarter of sale dummy (1) 0.29 0.46

TAX RATE Property tax rate in mills; property tax
collections from school taxes on all
real Class 1 (residential) properties,
divided by total real Class 1 property
valuation (2)

35.5 6.55

MEDIAN INCOME Median community income, deflated
by MSA, in hundreds of thousands of
dollars (3)

0.39 0.13

DISTANCE Distance of centroid of school district
from MSA’s CBD in miles

12.3 5.77

PERCENT MINORITY Percentage of school district residents
who are not white (3)

0.09 0.12

CRIME Serious crimes including murder,
forcible rape, robbery, aggravated
assault, motor vehicle theft, and arson,
per 100,000 residents (4)

0.69 0.81

EXPENDITURE PER PUPIL Expenditure per pupil in thousands of
MSA-deflated dollars (2)

4.87 0.86

TEACHER MASTERS
PLUS

Percentage of teachers with a master’s
degree or more (2)

49.1 9.48

TEACHER SALARY Deflated average teacher salary in tens
of thousands of dollars (2)

3.70 0.28

STUDENT/TEACHER
RATIO

Number of enrolled pupils per
classroom teacher (2)

18.4 1.8

AVERAGE TEACHER
EXPERIENCE

Average number of years of teaching
experience (2)

15.4 1.91

GRADUATION RATE One minus the attrition rate for the
current school year (2)

96.9 2.2

ATTENDANCE RATE School district’s attendance rate (2) 94.6 1.4
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Exhibit 1 (continued)

Definitions, Sources and Means of Variables

Variable Name Definition Mean Std. Dev.

VALUE ADDED (SECTION)
9 and 12

Change in relative ranking among
school districts of passage rate of
students from the section of the test in
fourth grade to the section of the test
in ninth and twelfth grade; it is a
measure of how well a school district
does with the students it is endowed
with (2)

— —

VALUE ADDED ALL 9 and
12

Summation of the value added to
writing, reading, math, citizenship, and
science sections of the ninth and
twelfth grade tests; it is a composite
measure of how well a school district
does with the students it is endowed
with (2)

— —

(SECTION) 4, 9 and 12 Percentage of students passing the
section of the fourth, ninth or twelfth
grade proficiency test; a traditional
proficiency test measure of public
school quality (2)

— —

ALL 4, 9 and 12 Mean of passage rates of all five
proficiency test sections (2)

— —

Sources: (1) Amerestate 1991 housing transaction tape; (2) Ohio Department of Education, Division
of Education Management Information Services; (3) School District Data Book (MESA Group, 1994),
(4) Office of Criminal Justice Services of the State of Ohio. Means of proficiency and value-added
school quality measures are shown in Exhibit 4. 27,440 observations except for TAX RATE and
PERCENT MINORITY, which have 22,489 observations because these variables were omitted from
Cincinnati.

The correlation between VALUE ADDED SCIENCE 9 and SCIENCE 9 is 0.41;
however, the correlation between VALUE ADDED SCIENCE 9 and SCIENCE 4 is
20.23. This pattern of correlations is consistent across test sections. To the extent that
the fourth grade measures demographic endowment, it seems that schools with
favorable socio-demographic characteristics have lower value added. For the purposes
of this study, it is gratifying to note that the value-added and traditional measures
seem to be distinct assessments of school system performance. Therefore, the housing
market may reveal a difference in valuation for each type of school quality measure.

Data
The primary source of data for the hedonic regression is a tape of housing purchases
that occurred during 1991 in the six largest metropolitan areas of Ohio (Amerestate,
1991). The dataset consists of 27,440 houses in 128 communities, and the mean
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deflated house value is $76,115. The School District Data Book (MESA Group, 1994),
the Ohio Department of Education, and the Office of Criminal Justice Services of
Ohio provide the remainder of the explanatory variables used.

Estimation Techniques
A series of Chow tests suggests that each of the major metropolitan areas in Ohio
represents a distinct housing submarket; therefore, a separate hedonic regression is
run for each MSA. In addition, Haurin and Brasington (1996) suggest that central
cities represent a distinct housing market; however, central cities are excluded from
the analysis because there are not enough of them to run a separate hedonic.

Two forms of hedonic estimations will be attempted. The first is a version of the
traditional least squares hedonic estimation. The second technique will correct for
spatial autocorrelation and use a maximum likelihood estimation. The results of both
statistical techniques are shown for the following reasons. First, using a traditional
hedonic estimation will allow the results to be more directly compared with results
from other traditional hedonic studies. Second, having a side-by-side comparison of
the traditional hedonic technique and a spatial autocorrelation estimation will allow
readers to see to what degree the estimation results differ by using the newer, more
sophisticated regression technique.

The traditional regression technique of Haurin and Brasington (1996) is presented
first. In notation form, the following equation will be estimated:

ln v 5 bX 1 dJ 1 « . (6)ij ij j ij

In this equation, v stands for house value, the subscript i refers to house i, the subscript
j refers to school district j, X represents structural house and land characteristics, d
represents the percentage deviations of an average house price in district j from that
of a constant-quality house in the reference district and J is a dummy variable for
each jurisdiction. The second step of the estimation takes the premium of each district,
d, and explains it as a function of community-level variables:

d 5 gZ 1 m . (7)j j j

In Equation (7), Z is a vector of community-level variables. Equation (7) is a test of
the capitalization of community-level variables into house price. The community-level
variables are the same for all MSAs except Cincinnati, in which the tax rate and racial
composition are omitted.

There is a problem with regressing Equations (6) and (7) as they appear: the dependent
variable in the second equation is a parameter estimate from the first-stage regression.
Each estimate has a standard error and the estimates are also correlated. Therefore, a
GLS technique must be used to estimate the second equation. Following Haurin and
Brasington (1996), substitute Equation (7) into Equation (6) to create Equation (8):
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ln v 5 bX 1 dZ 1 « 1 m . (8)ij ij j ij j

Assuming the errors in Equations (6) and (7) are uncorrelated, the variance of the
error in Equation (8) is t2 1 s2, where t2 is the variance of mj and s2 is the variance
of «ij. These variances are estimated in auxiliary regressions of Equations (6) and (7)
where the dependent variable of Equation (7) is the vector of estimated values of the
coefficient of Jj in Equation (6). Finally, using these estimated variances, Equation (8)
can be estimated. In the absence of spatial effects, the parameter estimates will be
consistent and asymptotically efficient. Results will be discussed in the next section.

The second regression technique is now described. As before, the traditional hedonic
approach is the following:

ln v 5 bX 1 « . (9)i i i

In this equation, v stands for house value, the subscript i refers to house i, X represents
structural house and land characteristics as well as community-level variables, and e
is the error term.

However, LeSage (1997) explains why using ordinary least squares (OLS) to estimate
housing transaction prices from multiple neighboring locations may produce biased
and inconsistent parameter estimates. The problem essentially is that each house price
influences other nearby house prices, but ordinary regression techniques do not
account for this interplay. This problem is called spatial autocorrelation, and the
literature suggests that in addition to being biased and inconsistent, OLS estimates
may also be inefficient, lead to incorrect inference, and misstate R2 (Anselin, 1988).

In the presence of spatial autocorrelation, OLS is inappropriate. An instrumental
variables technique may be used, but most attempts to adjust for spatial autocorrelation
have been based on maximum likelihood (Anselin and Hudak, 1992). One solution is
to set up a spatial autoregressive model (LeSage, 1997) of the following form:

ln v 5 rW*ln v 1 bX 1 « , (10)i i i i

where r is a spatial autoregressive parameter and W is the spatial weight matrix that
tells how much influence neighboring observations have on the observation in
question.1 Griffith (1988) provides actual SAS programming code with which to
perform a spatial autoregressive estimation of the form in Equation (10).
Unfortunately, even the smallest regression exceeded the mainframe computer’s
capacity by at least a factor of six. Instead, a mixed regressive spatially autoregressive
model with common factor specification (Pace and Barry, 1997a; and Anselin, 1988)
of the following form is used:

ln v 5 rW*ln v 1 bX 1 WX 1 « . (11)i i i i i

Equation (11) has the following concentrated log-likelihood function:
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L(r) 5 loguI 2 rWu 2 (n /2)*log(SSE(r)), (12)

where I is the identity matrix, n is the number of observations and SSE(r) is the sum
of squared errors associated with a given value of r. In this format, the scarcity of
the spatial weight matrix W may be exploited (Pace, 1997; and Pace and Barry, 1997a,
b) so that a personal computer can handle the large data set estimations with
computational ease.2 This procedure has been demonstrated to greatly improve cross-
sectional regression estimates that are spatial in nature (Pace and Barry, 1997c, d;
Pace, 1998a, b; and Pace, Barry, Clapp and Rodriguez, 1998).

Results
This study examines thirty-seven school quality measures for six metropolitan areas,
requiring 222 regressions. This exercise is performed for a traditional least squares
technique and is repeated for a spatial autocorrelation estimation technique. The
extraordinary number of regressions prevents a full disclosure of results.3 An example
of each type of regression will be shown, and the remainder of the results will be
summarized.

The traditional hedonic estimation results are discussed first. Exhibit 2 presents results
from a typical regression that uses the percentage of fourth-grade students in each
district who pass the reading portion of the 1996 proficiency test to measure school
quality.

The signs and significance of the structural house characteristics and community
characteristics are generally as expected and do not vary much when different
educational outcome measures are used. However, the choice of public school quality
measure matters. Exhibit 2 shows that fourth-grade reading scores are positively
related to house value in three regressions and negatively related to house value in
two regressions. The sixth regression has a positive coefficient, but a low t-ratio means
there is insufficient precision in the estimate to indicate a positive association.

Estimation results using the mixed regressive spatially autoregressive technique are
now discussed. Exhibit 3 shows how fourth-grade reading scores and house prices are
related when correcting for spatial effects.

Again, the housing characteristics have the expected relationship with price, although
the parameter estimates are somewhat different in magnitude than those in the
traditional hedonic. This is particularly true for the community-level characteristics,
which only have on average 128 4 6 < 23 values that they can take. Fourth-grade
reading scores are positively related to house price in four of the six regressions and
negatively related in the other two regressions. This is similar to the results achieved
using non-spatial least squares. The parameter estimates are generally much larger in
the maximum likelihood spatial model than in the traditional estimation, though,
suggesting that school quality may be an even more important determinant of house
price than studies based on least squares suggest. Further research is required before
this claim can be substantiated, however.
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Exhibit 2

Traditional Hedonic House Price Regression Example

Variable Cleveland Columbus Akron Cincinnati Dayton Toledo

Intercept 10.2*
0.09

9.80*
0.13

9.76*
0.64

10.3*
0.16

10.6*
0.15

7.83*
0.41

AIR CONDITIONING 0.06*
0.01

0.05*
0.01

0.09*
0.02

0.11*
0.01

0.09*
0.01

0.07*
0.02

FIREPLACE 0.11*
0.01

0.10*
0.01

0.15*
0.02

0.15*
0.01

0.11*
0.01

0.12*
0.02

LOT SIZE 15.3*
1.13

21.3*
2.07

2.43
2.69

17.4*
1.54

14.8*
1.61

17.1*
2.84

LOT SIZE SQUARED 2183*
20.00

2241*
41.7

28.93
52.3

2192*
30.9

2155*
35.8

2193*
62.9

AGE 20.62*
0.06

20.51*
0.07

20.83*
0.12

20.39*
0.07

20.79*
0.06

21.07*
0.11

AGE SQUARED 0.13*
0.05

0.31*
0.08

0.12
0.11

20.12*
0.06

0.45*
0.06

0.60*
0.10

ROOMS 0.08*
0.02

0.07*
0.03

0.25*
0.05

0.04
0.03

0.20*
0.02

0.17*
0.04

ROOMS SQUARED ,20.01
,0.01

,0.01
,0.01

20.01*
,0.01

,0.01
,0.01

20.01*
,0.01

20.01*
,0.01

GARAGE 0.12*
0.01

0.05*
0.01

0.22*
0.02

0.15*
0.01

0.19*
0.01

0.18*
0.03

FULL BATHROOMS 0.12*
0.01

0.15*
0.01

0.15*
0.02

0.12*
0.01

0.13*
0.01

0.19*
0.02

PART BATHROOMS 0.11*
0.01

0.08*
0.01

0.11*
0.02

0.03*
0.01

0.11*
0.01

0.12*
0.02

DECK 0.06*
0.01

0.03*
0.01

0.03
0.03

0.04*
0.01

0.06*
0.01

0.03
0.02

POOL 0.06*
0.03

0.09*
0.04

0.11
0.09

0.04
0.02

0.09*
0.03

0.08*
0.03

Q2 0.06*
0.01

0.05*
0.01

0.05*
0.02

0.05*
0.01

0.05*
0.01

0.02
0.02

Q3 0.07*
0.01

0.04*
0.01

0.04*
0.02

0.06*
0.01

0.06*
0.01

0.03*
0.02

Q4 0.09*
0.01

0.04*
0.01

0.07*
0.02

0.08*
0.01

0.06*
0.01

0.06*
0.02

TAX RATE ,20.01
,0.01

,20.01*
,0.01

20.01*
,0.01

—
—

,0.01*
,0.01

0.01*
,0.01

MEDIAN INCOME 0.71*
0.05

0.80*
0.06

0.43*
0.23

0.67*
0.06

0.81*
0.04

0.19*
0.08

READING 4 ,0.01*
,0.01

0.01*
,0.01

,0.01
0.01

,20.01*
,0.01

20.01*
,0.01

0.02*
,0.01

DISTANCE 20.02*
,0.01

20.03*
,0.01

20.01*
,0.01

20.01*
,0.01

20.02*
,0.01

,20.01
0.01

PERCENT MINORITY 20.40*
0.04

20.53*
0.25

24.57*
0.91

—
—

21.19*
0.09

0.92*
0.54

CRIME 20.01*
,0.01

20.03*
0.01

20.13*
0.03

20.03*
0.01

20.05*
0.01

0.01
0.02

Number of
observations

9951 4016 1971 4951 4734 1817

R 2 0.64 0.67 0.60 0.72 0.72 0.75

Parameter estimates are shown with standard errors below. Dependent variable is LOG HOUSE
PRICE. School quality measure is READING 4.
* Significant at .1.
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The mixed regressive spatially autoregressive model yields significantly larger R2

values compared to least squares, although it is unclear whether this is an artifact of
the maximum likelihood procedure or whether it is due to the spatial effects. For
instance, the optimal spatial lag coefficients for Akron and Toledo are only 0.48 and
0.49. This indicates fairly mild spatial autocorrelation. R2 showed the most
improvement for Akron and Toledo. On the other hand, Cincinnati, Cleveland,
Columbus and Dayton have optimal spatial lag coefficients ranging from 0.62 to 0.66,
suggesting a non-trivial amount of spatial autocorrelation.

The lagged variables in Exhibit 3 essentially indicate how far off estimates would be
if the spatial lag were not included. For example, consider MEDIAN INCOME for
Cincinnati in Exhibit 3. It has a coefficient of 0.571. LAG MEDIAN INCOME has a
coefficient of 20.776. Because Cincinnati’s optimal spatial lag is fairly large,
MEDIAN INCOME is fairly highly spatially correlated. That is, it is fairly highly
correlated with the spatial LAG MEDIAN INCOME. If only income were included
without its spatial lag in the regression, because of the high correlation the coefficient
of MEDIAN INCOME might have been negative (0.571 2 0.776 , 0).

Exhibit 4 portrays a complete summary listing of the regression results for each school
outcome variable using both the traditional least squares technique and the mixed
regressive spatially autoregressive technique.

There are multiple ways to summarize how the housing market values each type of
educational measure in Exhibit 4. Finding the ratio of positive to negative relationships
with constant-quality house price is one reasonable way.

Using the traditional least squares hedonic method, the value-added measures have a
positive to negative ratio of 1.23. This means that slightly more than half the time
the housing market looks favorably on high value added in a school district. In
contrast, the positive-to-negative ratio for the traditional proficiency test measures is
5.23. This suggests that the housing market resoundingly values high levels of student
achievement, while it does not place as high a value on the ability of a school system
to improve the academic achievement of the students it is given.

The additional measures of school quality using least squares reveal mixed success.
Expenditure per pupil has been a popular proxy for school quality in the hedonic
literature. The results suggest that expenditure per pupil is highly valued in the housing
market. Controlling for community income levels, the tax rate, and racial composition,
the higher is expenditure per pupil, the higher is house value in all six regressions.
Average teacher salary, which has a 0.55 correlation with expenditure per pupil, also
works well as a proxy for school quality. On the other hand, high teacher education
levels and student graduation rates are not valued by the housing market. Average
teacher experience and the attendance rate fall somewhere in the middle: while they
are not significantly negatively related to constant-quality house value in any
regression, they are only positively significantly related to house value in two of the
six MSAs.
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Exhibit 4

Summary of Hedonic Education Measures

Education Measure Mean Std. Dev.

Spatial

1 2 0

Traditional

1 2 0

VALUE ADDED WRITING 9 212.8 13.1 2 0 4 2 2 2
VALUE ADDED WRITING 12 0.7 9.6 3 2 1 2 1 3
VALUE ADDED READING 9 219.7 12.5 2 3 1 3 2 1
VALUE ADDED READING 12 0.6 5.4 2 1 3 3 2 1
VALUE ADDED MATH 9 216.2 9.7 3 1 2 3 1 2
VALUE ADDED MATH 12 1.2 8.4 2 2 2 1 3 2
VALUE ADDED CITIZENSHIP 9 224.6 9.3 3 2 1 3 1 2
VALUE ADDED CITIZENSHIP 12 0.4 7.9 4 1 1 2 2 2
VALUE ADDED SCIENCE 9 2.4 8.3 2 2 2 2 2 2
VALUE ADDED SCIENCE 12 1.1 8.6 2 2 2 1 2 3
VALUE ADDED ALL 9 271.0 36.8 2 1 3 3 2 1
VALUE ADDED ALL 12 3.9 32.5 2 1 3 2 2 2
WRITING 12 72.7 11.2 3 2 1 3 0 3
WRITING 9 41.3 15.1 2 1 3 2 1 3
WRITING 4 84.7 7.8 3 2 1 4 0 2
READING 12 83.8 7.0 4 1 1 5 1 0
READING 9 43.7 13.4 4 1 1 3 1 2
READING 4 88.2 7.5 4 2 0 3 1 2
MATH 12 67.5 12.7 3 1 2 3 2 1
MATH 9 23.9 10.2 4 0 2 5 0 1
MATH 4 80.3 11.3 6 0 0 5 1 0
CITIZENSHIP 12 73.3 11.0 4 0 2 5 1 0
CITIZENSHIP 9 19.3 8.3 4 1 1 3 0 3
CITIZENSHIP 4 90.8 7.2 2 2 2 4 1 1
SCIENCE 12 60.0 12.4 3 1 2 4 1 1
SCIENCE 9 58.5 14.8 5 0 1 3 0 3
SCIENCE 4 68.1 13.9 2 2 2 4 1 1
ALL 4 82.4 9.2 3 2 1 5 1 0
ALL 9 37.3 9.8 4 0 2 3 0 3
ALL 12 71.5 10.2 3 1 2 4 1 1
EXPENDITURE PER PUPIL 4.9 0.9 3 2 1 6 0 0
STUDENT/TEACHER RATIO 18.4 1.8 2 4 0 0 4 2
TEACHER SALARY 3.7 0.3 3 3 0 4 0 2
TEACHER MASTERS PLUS 49.1 9.5 1 1 4 0 2 4
AVERAGE TEACHER EXPERIENCE 15.4 1.9 1 3 2 2 0 4
ATTENDANCE RATE 94.6 1.4 5 0 1 2 0 4
GRADUATION RATE 96.9 2.2 5 0 1 1 2 3

Summary of results of mixed regressive spatial autoregressive estimation and traditional least
squares hedonic regressions using each of the variables in column 1 to measure public school
quality. Positive (1) means the education measure was positive and statistically significant,
negative (-) means it was negative and statistically significant, and zero (0) means it was statistically
insignificant that many times out of the six MSA regressions. Statistical significance is based on
the t-ratio for the traditional least squares hedonic and the likelihood ratio for the spatial
autocorrelation model. Number of observations is 27,440.
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Turning to the spatial autocorrelation model, a slightly different summary of results
emerges. The ratio of positive to negative education measures for the value-added
measures is 1.61, slightly higher than with the traditional hedonic. This means that
house price has a positive relationship with value-added school quality measures
almost twice as often as it has a negative relationship with them. The ratio of positives
to negatives for proficiency test level education measures is 3.31, which is lower than
5.23 but still indicates that a positive relationship with house price is more than three
times as common as a negative relationship.

The spatial autocorrelation results differ somewhat from the traditional hedonic
estimation for the other measures of school quality. Expenditures per pupil are still
valued in the spatially corrected model, but not as consistently as for the traditional
approach. Teacher salary, which the traditional approach valued highly, is no longer
consistently positively related to house price. On the other hand, student attendance
rates are even more consistently valued. A higher student-to-teacher ratio is still
penalized in the housing market, and teacher education levels are still not related to
constant-quality house price, but average teacher experience levels have gone from
weakly positive to fairly strongly negative. The most striking change is that, contrary
to the results of the traditional method, the spatial regression overwhelmingly values
student graduation rates.

Conclusion
Numerous measures of public school quality have been examined to determine which
are highly valued by the housing market. This study has used a more extensive sample
than previous studies, and it has constructed a wider variety of appropriate measures
of public school quality than prior studies. The focus has been to compare the current
academic standard, proficiency test scores, to other school quality measures.

The results suggest that the housing market values proficiency test passage rates but
not value added by a school district. Therefore, it may be that parents do not choose
schooling based on which school districts are best able to improve students’ academic
achievement; instead, they appear to choose school systems based on peer group
effects, valuing they type of children who attend the school district. This is consistent
with the Tiebout (1956) hypothesis that households sort based on preferences, and
that preferences are driven by socio-demographic characteristics. Therefore, while the
value-added approach may be a legitimate measure of improvement in students’
academic achievement, it is probably not useful for measuring school quality in
housing market studies.

The results also suggest that expenditure per pupil, which used to be the most popular
measure of school quality in a house price hedonic, seems to be valued by the housing
market after all. It is therefore an appropriate substitute for proficiency test scores in
hedonic regressions. Another useful proxy for school quality seems to be the pupil /
teacher ratio. High values of this variable are fairly consistently penalized in the
housing market. Additionally, average teacher salary, which is a major component of
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school expenditures, is also valued by the housing market, but the results are more
consistent using a spatially corrected model than a traditional hedonic model. The
same is true for student attendance rates.

On the other hand, teacher education levels are not highly valued by the housing
market and therefore are inappropriate proxies for school quality in house price
hedonics. Teacher experience levels and student graduation rates show a schizophrenic
behavior: their relationship with constant-quality house price greatly hinges on the
estimation technique.

This study could be extended in many ways. The most important way would be to
construct a superior measure of value added by a school system. This would involve
a micro dataset that follows a true cohort of students over time, instead of measuring
the change in relative standing of the school district on various test sections from the
fourth-grade test to the ninth or twelfth-grade tests.

This study examines which of the many ways to measure school quality works best
in housing studies. The following measures of school quality are most consistently
positively related to house prices: proficiency tests, expenditure per pupil and the
student-to-teacher ratio. Average teacher salary and student attendance rates are also
fairly consistent measures of public school quality, but they are sensitive to changes
in statistical technique. Value added is not very highly valued, and the graduation
rate, teacher experience levels and teacher education levels seem to be bad ways to
measure school quality in housing studies.

Notes
1 See LeSage (1997) for an excellent intuitive discussion of the spatial weight matrix.
2 Many thanks to Kelley Pace (1998c) for providing Spacestatpack.
3 The full set of results is available from the author upon request.
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