How Much Do Public Schools Really Cost?
Estimating the Relationship Between House Prices and
School Quality

lan Davidoff

Kennedy School of Government
Harvard University
Ian_Davidoff@ksg06.harvard.edu

Andrew Leigh
Research School of Social Sciences
Australian National University
http://econrsss.anu.edu.au/~aleigh/
andrew.leigh@anu.edu.au

This Version: 6 August 2006
Abstract

This paper investigates the relationship between housing prices and the quality of
public schools in Australia. To disentangle the effects of schools and other
neighbourhood characteristics on the value of residential properties, we compare sale
prices of homes on either side of high school attendance boundaries in the Australian
Capital Territory. We find that a 5 percent increase in test scores (approximately one
standard deviation) is associated with a 3.5 percent increase in house prices. Our
result is in line with private school tuition costs, and accords with prior research from
Britain and the United States. Estimating the effect of school quality on house prices
provides a possible measure of the extent to which Australian parents value better

educational outcomes.
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l. INTRODUCTION

Parents deciding where to educate their child are frequently characterised as choosing
between an expensive private school and a free public school. Yet if admission into
the best public schools is limited, the quality of public schools may in fact be
capitalised into the prices of houses in the neighbourhood. Just as house prices are
higher when they are close to good parks, transport nodes and shops, might house

prices also be affected by the quality of nearby schools?

To test this theory, we estimate the relationship between school quality and house
prices in Australia. Three features of the Australia schooling system make it a useful
counterpoint to the United States, on which most of the prior studies have focused.
First, parents in Australian schools have limited access to test score information with
which to judge school performance, by contrast to the high-information regimes
prevailing in the US. Second, the school boundaries that we study are “soft”, meaning
that being on the wrong side of the boundary does not prevent a child from attending
school, but merely sends him or her to the bottom of the enrolment list. And third, the
presence of a large non-government school sector means that there are more
alternatives for parents who find themselves on the wrong side of the boundary. In
theory, all of these factors should act to weaken the elasticity of house prices with

respect to school quality.

This paper provides the first empirical estimates of the relationship between school
test scores and housing prices in Australia. Our approach exploits the sharp
discontinuity of school boundaries. By comparing houses that are very close to one
another but on opposite sides of a school attendance area boundary, we are able to
hold constant neighbourhood characteristics, and obtain precise estimates of the effect

of school quality on house prices.

To preview our results, we find that Australian parents do place a premium on public
schools with higher test scores. Specifically, we find that a 5 percent increase in high
school test scores (approximately one standard deviation) is associated with a 3.5

percent increase in house prices—or $12,985 at the median 2005 ACT house sale



price. These results are robust to a number of sensitivity checks and corrections for

potential omitted variable biases.

The remainder of this paper is organized as follows. Section II reviews the literature
on the relationship between school quality and housing prices. Section III provides
background on the school system in the ACT. Section IV describes the data. Section
V briefly outlines the chosen methodology. Section VI discusses the regression
results. Section VII presents robustness checks. Section VII concludes and elaborates

on the key policy implications of our findings.

1. PREVIOUS LITERATURE

In traditional hedonic pricing models, the sale price of a property is described as a
function of the internal characteristics of the house as well as its location (Kain and
Quigley, 1975; Li and Brown, 1980; Jud and Watts, 1981; Abelson 1997). In such
models, the price that is associated with each characteristic represents the marginal
purchasers’ valuation of that feature, with the parameter of interest being the proxy

that is being used to operationalise school performance (Rosen, 1974).

The first type of approach to estimating the effect of school quality on house prices is
to use all houses in an area, and include a rich set of neighbourhood controls.
Examples of this type of approach include Weimer and Wolkoff (2001) and Cheshire
and Sheppard (2002). A related approach is that of Downes and Zabel (2002), who
estimate the relationship between changes in school quality and changes in house
prices. The risk with such an approach is that the estimates may be biased in the

presence of unmeasured neighbourhood quality effects.

A second empirical strategy is to exploit school boundary discontinuities. Black
(1999) and Gibbons and Machin (2003) estimate a hedonic pricing function using data
only from houses which are close to school attendance zone boundaries, thereby

removing variation in neighbourhoods, taxes and school spending.' Gibbons and

" In the US context, local schools are typically funded from local property taxes. Estimates which do
not control for differences in school district taxes therefore capture the combined effect of differenced
in school quality and taxes. For an example of the later, see Bogart and Cromwell (1997)



Machin (2006) show results using this approach, as well as a related strategy which
involves assigning each property to ‘3-school clusters’, and exploiting differences

within clusters. 2

A third set of studies use variation induced by natural experiments. Kane, Staiger, and
Riegg (2005) exploit variation in school boundaries caused by a court-imposed
desegregation order in Mecklenburg County, North Carolina. Reback (2005) uses an
inter-district school choice program in Minnesota to estimate the capitalization effects
associated with the diminished importance of school district boundaries. > Rosenthal
(2003) uses the effect of random government inspections, which should only affect

property prices by raising school quality.

The fourth type of approach is that of Bayer, Ferreira and McMillan (2003), who
directly model the household sorting process, using an “optimal price instrument”,
which is based on the prices of houses more than 5 miles away. The intuition for this
is that the prices of houses beyond this distance should not enter directly into the
utility of homebuyers, but should nonetheless influence the equilibrium in the housing

market, thereby affecting prices.

How large are the existing estimates of the effect of school quality on house prices? In
Table I, we summarize the results from ten prior studies (4 from the United Kingdom
and 6 from the United States). For reasons of comparability, we translate all studies to
a common metric — the percentage effect on house prices of a one standard deviation
increase in school quality.* This simplification does not take account of the
nonlinearities identified by some studies (eg. Cheshire and Sheppard 2002; Bayer,
Ferreira and McMillan 2003), but does have the advantage of making the studies
directly comparable. Where a study identifies a particular estimate as being preferred,
we show that estimate; otherwise we show the range of estimates from the paper.

Overall, the United Kingdom estimates are very small for secondary schools (0.005

? The UK estimates discussed here (Cheshire and Sheppard 2002; Gibbons and Machin 2003, 2006) are
consistent with stated-preference studies. For example, one study recently found that parents from
across England, Wales and Scotland would spend £15,000 extra, on average, on a new home to get
their child into a better government school (BBC, 2006).

3 This severing is predicted in the general equilibrium models of authors such as Nechyba (2003), and
Epple and Romano (1998).

* Full details of how the estimates for all studies were derived are available on request from the authors.



and 0.05 percent), but primary school estimates are in the range of 2.1 and 10 percent,

with a median around 4 percent. The United States estimates range from 1 to 14

percent, centred around 5 percent.

Table I: Studies Estimating the Effect of School Quality on House Prices
Measured as the effect of a 1 standard deviation increase on house prices

Study Effect Sample School quality measure
Australia
. . Secondary schools
3%\82)0 ghailslitlljglﬁh 3.5 percent  in the Australian Median year 12 test score
y Capital Territory
United Kingdom
Sum of share of pupils passing the Key
Cheshire and 2.1 percent Primary schools in ~ Stage 2 standard assessment tests
Sheppard (2002) AP Reading, England administered at age 11 (average of Maths,
English and Science tests)
Cheshire and 0.05 Secondgry schools  Proportion of 15 year olds who pass 5 or
Sheppard (2002) percent in Reading, more General Certificate of Secondary
England Education subjects at grade C or better
Proportion of pupils reaching the target
Gibbons and Machin 3to 10 Primary schools in level of attainment in the Key S tage 2
(2003) percent England standard assessment tests admlqlstered at
age 11 (average of Maths, Reading and
English tests)
Proportion of pupils reaching the target
Gibbons and Machin Primary schools in level of attainment in the Key S tage 2
(2006) 4 percent Greater London standard assessment tests administered at
age 11 (average of Maths, Reading and
English tests)
Proportion of 15 year olds who pass 5 or
Rosenthal (2003) 23:2?1 ¢ isneg;ln(i:% schools more General Certificate of Secondary
p & Education subjects at grade C or better
United States
Bayer, Ferrcira and 2.4 percent San Francisco Bay f?‘[\éigiug:es;;lgevgiiiflslt Sgcfrrei;gersnzthé and
McMillan (2003) P Area, CA 0 glorg ’
Elementary schools 3-year average of math and reading scores
Black (1999) 2.5 percent . Y in the fourth grade Massachusetts
in Boston, MA .
Educational Assessment Program tests
Downes and Zabel Middle schools in *>verage district/school cighth grade
14 percent ) reading component of the Illinois Goals
(2002) Chicago, IL
Assessment Program tests
Kane, Staiger, and Elementary schools 7-year average of SChOO.l fixed effects, .
. 10 percent . . based on math and reading performance in
Reigg (2005) in North Carolina
grades 3-5
Elementary, middle
Reback (2005) 38t07.7 and secqndary Index'based on 7 district-level tests,
percent schools in covering grades 3 to 10
Minnesota
. Elementary schools
Weimer and 1.0t08.3 in Monroe 4th grade English Language Arts exam
Wolkoft, (2001) percent
County, NY




1. BACKGROUND

The Australian Capital Territory (ACT), home to the Australian national capital,
Canberra, is an ideal location to study the capitalization of school quality. Schools are
funded at the Territory level, and are broadly subject to the same curricula, class size
and administrative standards. This means all observations are subject to similar policy
standards at any point in time. Moreover, enrolments in public schools are assigned
on the basis of prospective students’ residential addresses, with school attendance
boundaries tending to be stable over time (DET, 2004). Of all Australian States and
Territories, the ACT also has the most socio-economically homogenous population,
meaning that the estimates of the relationship between school quality and houses
prices are less likely to pick up confounding unobserved neighbourhood

characteristics (ABS, 2001a).”

The ACT government education system is normally split up into five phases: pre-
school, primary school (grades K-6), high school (grades 7-10) and college (grades
11-12), followed by studies at university. Most private high schools include years 11
and 12. Since the term “college” is more commonly used in the economics of
education to denote part of a university, we refer to schools catering for years 11-12
as “high schools” throughout this paper, specifically referring to grade 7-10 high

schools where necessary.

The ACT is a relatively high-income community, whose population is very well
educated by national standards.’ This suggests that there is likely to be a high
premium placed on better school quality, as reflected by three qualitative aspects of
the Territory’s education system. First, Territory students of varied ages have a

reputation for being some of the nation’s highest achievers, recently outperforming

> In conducting this research, it was suggested that we might also analyse the relationship in the state of
Victoria. However, our preliminary investigations indicated several systematic factors that made this
impractical. To assist other researchers, we have detailed these in an appendix to this paper.

% As of May 2004, 30% of people in the ACT aged 15-64 had a level of educational attainment equal to
at least an bachelor's degree, significantly higher that the national average of 19%. The ACT median
weekly income for people aged over 15 was in the range $500-$599 well above the national average of
$300-$399 (ABS, 2005).



other jurisdictions in most national reading, writing and numeracy tests.” Second, the
ACT has the highest retention rate in Australia with 89 percent of the number of
students who were enrolled in year 7 in 1999 being enrolled full-time in year 12 in
2004—or approximately 9500 students (ABS, 2004). Third, compared with residents
of other states, ACT parents are more inclined to send their children to private
schools. In 2005, the share of students attending non-government schools was 33
percent nationally, and 41 percent in the ACT (higher than any other state or

territory).®

On one hand these factors might suggest that the marginal ACT parent is more
‘willing to pay’ for what they judge to be superior educational outcomes; yet on the
other, the high proportion of students being educated outside of the public education
system indicates that, for a significant minority of parents, the school their child
attends is not necessarily determined by their home address, implying that there might

be a limit on the capitalized price of school quality.’

At the same time, the amount of information about school quality which is publicly
available to parents in the ACT is typically far less than in other jurisdictions,
especially when compared with the US and UK, where most of the school-
capitalization literature is grounded.'® The ACT government’s long-standing policy to
prohibit the release of publication of school test score averages in reading and math
from grades K-10 was recently upheld by a Review of Government School Reporting.
The report argued that the provision of school test score may “provide an inaccurate
and misleading picture of school quality; lead to the construction of partial or full
league tables of school results; and undermine effective school improvement” (GSEC
2003, 17). The only comparative reporting which the review did sanction was the on-

going publication of overall median year 12 test score outcomes by school, currently

7 Results issued in 2005 for year 3, 5 and 7 students revealed ACT pupils topped the nation in four of
nine categories. They scored highest when year 5 reading results were compared, and equal highest for
year 3 numeracy and year 7 reading. (Bellamy, 2006).

¥ The percentage of students attending non-government schools is consistent across all year levels, with
the exception of years 7-10, where the rate is 7 percentage points higher (ABS 2005).

? Recent findings, for example, show that controlling for other relevant variables, on average, students
at private schools outperform students in public schools (Marks 2005).

' In the UK and the US, school league tables are typically available on-line. In many cases, the
databases can be searched by residential address. In the UK context, see
www.dfes.gov.uk/performancetables/. For the US, see for example www.doe.mass.edu/mcas/.



published by the ACT Board of Senior Secondary Studies, and reproduced in mid-
December in the ACT’s daily newspaper, the Canberra Times."'

In light of recent findings that the greater the amount of information about school
quality available to the public, the greater is the likely capitalization effect (Figlio and
Lucas 2004'%), the ACT’s restricted information regime is a further factor which

might limit the capitalization of higher test score results in the Territory.

V. DATA

The housing price data for this study come from allhomes.com.au, a rich interactive
database of properties sold in the ACT and surrounding areas over the last fifteen
years. The sample consists of individual family residences sold between 1 January
2003 and 1 September 2005. For reasons of data comparability, apartments and other
sub-divisions are excluded from the sample. Because the database only records
properties listed for sale on the open market, token sales (eg intra-family sales) which
may not reflect true market valuations have also been systematically excluded from

the sample.

The houses in the sample were drawn randomly from streets that are within 800
meters of school attendance boundaries. As indicated above, public school students in
the ACT complete years 11 and 12 in separate high schools. Given that the chosen
measure of school quality for this study is year 12 test scores, the attendance
boundaries which separate high school attendance zones thus function as the lines of
demarcation around which the housing data was gathered. Figure I presents an

example of an attendance boundary in the sample which separates two high schools.

" While the data are released annually to the Canberra Times, they are not posted on the website of the
ACT Department of Education and Training (given the volume of other material on that website, this
appears to be a deliberate omission). In most other Australian states and territories, similar bans on
reporting apply at the elementary school level. However, in some jurisdictions, information about year
12 results is more readily available. In Victoria, for example, each year, median results and percentage
of each school’s graduating class receiving Grade A, are published in the two major Melbourne
newspapers. More recently, the State Government launched a website, On Track, which reports on the
number of higher education offers extended to its graduating class (as a percentage); and the calibre of
the offering institutions (4 year college versus 2 year college ).

2 Figlio and Lucas (2004) find that arbitrary distinctions embedded in “school report cards” lead to
major housing price effects, even when taking into account the test scores or other variables used to
construct these report card grades.



The solid line represents a high school attendance boundary and the light grey shading

denotes the surrounding streets from which the property sales were randomly drawn.

Figure I: An Example of Two Contiguous High School Attendance Zones
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All school zones boundaries for the ACT are shown in Figure II. Attendance
boundaries are represented by the solid lines and high schools by dots."> The six
boundaries that are included in this analysis are denoted by either stars or triangles
(the difference is explained below). Figure II also reveals three additional pieces of
information that shape the data sample. First, it is clear that some boundaries are
divided by natural markers, such as large lakes or parklands. Because of concerns
about neighbourhood differences on opposite sides of such an attendance boundary,

boundaries which are formed in this way are excluded from the sample.

Second, not all boundaries are contiguous, meaning that there is not a designated
school zone on either side of the boundary. This is especially true of boundaries on

the outer perimeter of Figure II, which are at the urban fringe. Non-contiguous

boundaries are also excluded from the sample.

" Two dots in one attendance district reflect different campuses of the same school (Canberra High).



Third, in addition to separating the enrolment zones for grade 11-12 high schools, two
boundaries in the sample (marked with triangles) also divide enrolment zones for
grade 7-10 high schools.'* Since test score information is not available at the grade
7-10 level, we do not believe this is likely to substantially bias our estimates.
However, it is worth noting the likely direction of the any bias. If the quality of grade
7-10 schools is positively correlated with the quality of grade 11-12 high schools, this
will cause an upwards bias in our estimates, while if they are negatively correlated,

this will lead to attenuation bias. '

'* Owing to the smaller size and far greater number of elementary schools in the Territory, each high
school attendance zone also typically incorporates multiple elementary schools.

' In fact, given the absence of any information it is possible that parents use the test score information
from high schools to identify better middle schools. The assumption might be that better high school
results partly reflect more able student bodies, which in turn suggests that the calibre of the
children/parents in the neighbourhood where the school (and other schools) are located must be high.
Under this scenario, parents would effectively be assuming that that quality of the high and middle
schools on either side of the attendance boundary are positively correlated.

10



Figure I1: All High School Attendance Zones in the ACT
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Because of concerns about potential neighbourhood differences on opposite sides of

attendance boundaries, each house in the sample is also matched to postcode-level

neighbourhood characteristics from the 2001 quinquennial census. In general,

postcodes are not contiguous with attendance boundaries.

Our measure of school quality is each school’s median University Admissions Index

(UAI).'® The measure is derived from students’ ongoing assignments and exams

spanning through both years 11 and 12. The UAI ranks students on a nationally-

equivalent scale out of 100. The scale is designed to allow comparisons within an age

16 Ideally, we would use a value-added measure of school performance, but none is available.

11



cohort (eg. a UAI of 75 means that the student is at the 75th percentile of his or her
age cohort). Its main purpose is to allow universities to choose between applicants.
The Australian UAI carries more significance than final year exams in many other

countries, as it is the sole criterion for entrance into most university courses.

In addition to being a standardized measure which is comparable across schools,
evidence suggests that test scores—especially year 12 test scores—are a highly valued
indicator of school quality."” A recent survey of high school students in the ACT
found that “preparation for university entrance” was the primary reason why students
chose to enrol in a government high school (DET, 2006).'® Even if parents are not
considering test scores specifically when evaluating a high school but are instead
looking at characteristics that are correlated with test scores, test scores will still be an
appropriate measure. To reflect the information that parents had at their disposal, the
tests scores assigned to each sale are those publicly reported in mid-December of the

previous year.

The full sample includes 597 houses. These houses span six boundaries which capture
the school attendance zones associated with each of the eight public high schools in
the Territory. Table II presents summary statistics. The mean house price in our
sample is $364,843 with a standard deviation of $183,122. The average median UAI
in the ACT across all schools and all years is 74.5 with a standard deviation of 5.5. A
number of census block group variables are also presented to capture more detailed
neighbourhood characteristics. At the postcode level, 22 percent of the sample

population was born overseas, and median weekly household income is $506.

"7 While not all students received a UAI score, the resulting bias on school-level achievement is likely
to be small. The proportion of students not receiving a UAI at government schools is small
(approximately 5 percentage points) and the schools with higher median UAIs report higher
compliance rates. The bias is also difficult to sign. A low-drop out rate may mean that the school’s real
value-add is lower than a school with a high drop out rate. Alternatively, parents may prefer the lower
dropout rate in its own right.

'8 40 percent of students selected this option. Other possible answers included: “preparation for life and
work, not just university” (6 percent); and “choice of vocational sources” (25 percent).

12



Table I1: Summary Statistics

Mean SD

House price ($)* 364,843 183,122
In (house price) 12.7 0.4
In (lot size) (m?) 857.3 249
Bedrooms 3.5 0.7
Bathrooms 1.2 0.5
Parking spaces 1.8 0.7
Distance from boundary 220.9 149.1
School characteristics:

No of students per school 755.5 203.3

Yr 12 test score (0-100) 74.5 5.5
Neighbourhood characteristics: d

Median household income ($1000s) 509.6 73.1

In (median household income) 6.4 0.08

Fraction born overseas 22.2 2.5
N 597

a. Source: allhomes.com.au

b. Test scores are year 12 test scores measured at school level. Source: Canberra Times
(various)

c. Measured at the census block (postcode) level. Source: ABS 2001b

d. There are 8 government high schools in ACT, all represented in the data. Source:
DET 2005.

V. ESTIMATION STRATEGY

To estimate the relationship between school quality and housing prices, we exploit
boundary discontinuities. In essence, our strategy is similar to that of Black (1999), in
that we compare the prices of houses that are close to, but on opposite sides of, a
school attendance boundary. By comparing a random sample of houses on opposite
sides of a school attendance boundary, such an approach controls for unobserved
neighbourhood characteristics that may be correlated with both school quality and

house prices.

To isolate the effect of school quality on housing prices, we also control for a vector
of other characteristics of the house, such as lot size and the number of bedrooms. A
vector of quarter*year dummies are also added to control for the recent surge in
housing prices in the ACT over the period under study. Including these additional

variables, our main estimating equation is:

13



In (House Price);jp = at+ BTesty + AXijpe + 0Zijp, + Db+ 71 + &ijie (2)

where In(House Price);ji; is the log price of house i in attendance zone j adjacent to
boundary b at time t. Test; is the median year 12 test score of the government high
school in that attendance zone, Xy 1s a vector of house-specific characteristics, and
Z;j, are a vector of neighbourhood characteristics. @y, and vy, are boundary and time

fixed effects, respectively.

VI. MAIN RESULTS

Table III presents the primary results of the paper. Although the sample consists of
detailed information about the lot size, number of bedrooms, and other characteristics
of properties, individual record units in the database do not uniformly include
information on all of the listed property characteristics. In column (1), we control only
for quarter*year dummies, boundary fixed effects and lot size, and find that a one
percentage point increase in test scores is associated with a 0.7 percent increase in
housing values.” In Columns (2) to (4), we add a cubic in lot size, and other house
characteristics: the number of bedrooms, bathrooms and parking spaces for each
property. The coefficients on these controls accord with expectations — sale prices are
higher for houses on larger lots, as well as for houses with more bedrooms and

bathrooms.?’

These additional controls have little impact on the magnitude or statistical
significance of the test score coefficient. In each of the specifications shown in Table
II1, the coefficient on test scores is positive and statistically significant at the 1 percent

level, indicating that school quality has a significant impact on house prices.

' The sample size is smaller than that for the full data set as some record units omit month of sale

20 When the relationship between test scores and housing prices is estimated, without boundary fixed
effects, it is found that a one percentage point increase in test scores is associated with a 1.5 percent
increase in housing values (t=4.4). This result is consistent with earlier literature relating house prices
to test scores, which similarly finds that if one does not properly control for neighborhood
characteristics, one will overestimate the capitalization of higher test scores into property prices (Black,
1999: 590, Kane, Staiger and Riegg, 2005: 16).

14



Table I11: Main Results
Dependent Variable is Log(House Price)

1) () (3) “)
Test Score (UAI) 0.007*** 0.008*** 0.007*** 0.007***
(0.002) (0.002) (0.002) (0.002)
Log Lot size 0.296%** 2.984 0.161 1.545
(0.055) (3.133) (3.084) (4.616)
Log Lot size sqd -0.575 -0.109 -0.34
(0.508) (0.501) (0.756)
Log Lot size cbd 0.036 0.011 0.023
(0.027) (0.027) (0.041)
Bedrooms (3) 0.184%* 0.079* 0.064
(0.071) (0.047) (0.059)
Bedrooms (4) 0.355%** 0.214%** 0.201**%*
(0.076) (0.046) (0.057)
Bedrooms (5) 0.499%*** 0.356%** 0.332%**
(0.094) (0.079) (0.098)
Bedrooms (6) 0.487%** 0.303%** 0.276%**
(0.099) (0.071) (0.078)
Bedrooms (7) 0.372%** -0.181 -0.226**
(0.098) (0.113) (0.100)
Bathrooms (2) 0.073%** 0.072%*%*
(0.025) (0.025)
Bathrooms (3) 0.197%** 0.200%**
(0.049) (0.049)
Bathrooms (4) 0.558*** 0.587%**
(0.103) (0.090)
Park Spaces (1) -0.023
(0.070)
Park Spaces (2) -0.005
(0.069)
Boundary FE Yes Yes Yes Yes
Quarter*Year FE Yes Yes Yes Yes
Observations 580 303 277 254
R-squared 0.53 0.83 0.86 0.86

Notes: Robust standard errors in parentheses. * significant at 10%; ** significant at 5%; *** significant at 1%

VII. ROBUSTNESS CHECKS

To test the robustness of the results presented in Table III, a number of sensitivity
checks were performed. One issue of concern is the implied width of the attendance

boundaries used in the sample. The key assumption of our estimation strategy is that

15



unobserved neighbourhood quality is the same on the opposite sides of each
attendance boundary. While looking at homes within a narrow band along attendance
boundaries ensures that these neighbourhood qualities are most similar, using a wider
band allows the use of more data, which provides for more precise estimates. To test
whether houses on opposite sides of the boundaries in the sample are in fact similar in
all respects other than in the high school to which they are assigned, we restrict our
sample to houses that are closer to the attendance boundaries. The results are
presented in Table IV.?' Column (1) restricts the sample to parcels within 500 meters
of the boundary, while column (2) restricts it even further, to parcels within 200
meters of a given boundary. The results indicate that even for narrowly defined
samples, a one point increase in test scores is associated with 0.05 percent increase in

22
house prices.

Table IV: Robustness Checks
Dependent Variable is Log(House Price)

(1) 2 (3) “4) (5)
Restrict Distance to Control for Neighbourhood Use Mean
Boundary Demographics UAI
<500m <200m Migrant Migrant Average
Share Share & UAI from
Income previous
years
Test score (UAI) 0.005** 0.005* 0.006*** 0.004** 0.011***
(0.002) (0.003) (0.002) (0.002) (0.003)
In (lot size) Yes Yes Yes Yes Yes
Other characteristics No No No No No
Quarter year dummies Yes Yes Yes Yes Yes
Observations 556 344 580 580 580
R-squared 0.56 0.24 0.53 0.54 0.54

Notes: Robust standard errors in parentheses. * significant at 10%; ** significant at 5%; *** significant
at 1%. Migrant Share is the share of people in that house’s postcode who were born overseas by
postcode. Income is the log median weekly income in the postcode. Mean UAI uses the average UAI
for previous years (2002 for 2003, 2002-03 for 2004, and 2002-04 for 2005).

Another issue of potential concern is that better schools may be located in better

neighbourhoods. This may be especially true where a given boundary also represents

I We do not include controls for number of bedrooms, bathrooms and parking spaces in the robustness
checks, since these data are missing for a significant number of houses, and this would unduly restrict
the sample size.

2 As a further check of sample selection, we weighted the boundaries evenly, to account for
differences in the number of house sales around each boundary in the sample period. With such
weighting, the coefficient on test scores increased to 0.09. However, in reality boundaries with more
sales are conceivably longer boundaries, or those in more densely populated areas, and should therefore
not be weighted evenly.
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a division between suburbs of different names, as happens along a number of
boundaries in the sample. To the extent that neighbourhoods at or around the
boundary edges go from bad to good, it is possible that capitalization observed at or
around school attendance boundaries may be picking up not just differences in school
quality, but also differences in neighbours. As a check to see whether this might be
the case, we control for the percentage of the population in the postcode born overseas
(since people may be willing to pay more for homogeneity or heterogeneity), and the
log of the mean household income in the postcode (since people may be willing to
pay more for richer neighbours). Columns (3) and (4) show the results from these
specifications. Including percentage born overseas, the test score coefficient falls from
0.007 to 0.006, while adding an income control causes it to fall from to 0.004. Note
that while the latter is a non-trivial decrease, including income may be regarded as
“overcontrolling” (if school quality is a normal good, those who consume more of it
will be richer). In any case, our estimate remains statistically significant at the 1
percent level, indicating that the capitalization estimate is not merely picking up

differences in non-school neighbourhood characteristics.

Thus far, we have been using the previous year’s test score as our measure of school
quality. If underlying school quality changes little from year to year, then
measurement error in the school quality variable may lead to attenuation bias (see
Gibbons and Machin 2003 for a discussion of this issue). In such a case, a better
metric may be the average test score over a number of years. In column (5), we
therefore replace the annual test score coefficient with the average test score of the
previous years’ results. 2 We find that this increases our estimate of the relationship
between school quality and house prices (the test score coefficient is 0.011). Whether
this estimate should be preferred over our primary specification depends on whether
underlying school quality (for which the annual test score is a noisy proxy) changes
over a three-year period. If underlying school quality does not change at all over this
interval, then the estimate of 0.011 should be preferred. However, we adopt a more
cautious stance, and use 0.007 as our primary estimate, on the basis that true school

quality may vary from year to year.

3 Because test score data only began being published in 2002, the average test score assigned to 2003
house prices is the 2002 score.
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Does the willingness to pay for school quality vary across housing types? To test this,
we interact the test score measure with the numbers of bedrooms in the house. Houses
with more bedrooms are more likely to be owned by families with children who either
have or will attend high school than those with few bedrooms; while houses with
three or more bedrooms are also more likely to be the homes of families with multiple
children. This suggests that the school quality premium may be higher for larger
houses.?* Because only a portion of the record units in the sample report on bedroom
numbers, we subsequently predict the bedroom number for the full sample of houses,
by regressing the lot-size of each property with a full set of reported characteristics on
bedrooms (we do this on a boundary-by-boundary basis to account for the difference

in subdivisions across different suburbs).

The results are presented in Table V. The first column reports on the samples where
actual number of bedrooms is known, which accounts for only about half of the full
sample. The coefficient on test scores interacted with houses with 3 or less bedrooms
is higher than for the full sample (0.09), while that for houses with 4 of more
bedrooms is lower but not statistically significant. To address the problem that the
number of bedrooms is not known for many houses in the sample, the second column
uses the full sample, but this time using the log of the lot size to predict the number of
bedrooms (which is then rounded to the nearest integer). We then interact the test
score coefficient with variables denoting whether the predicted number of bedrooms
in a house is three or fewer, or four or more. The coefficient on test scores interacted
with three or less bedrooms is similar to that for the full predicted sample (0.05)
while, as expected, the coefficient on the interaction of test score and four or more
bedrooms is higher (0.09). However, an F-test cannot reject the hypothesis that the

effect of school quality on house prices does not vary by house size.

** A recent study on school choice in Australia shows that over the range of one-to-four children, as
family size increases there is a direct switch between high-priced other independent schools and more
moderately priced Catholic schools, suggesting that family size does predict financial decisions related
to school choice. (Le and Miller: 2003: 65)
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Table V: Does the Effect of School Quality Differ By House Size?
Dependent Variable is Log(House Price)

(1) (2)
Using Actual Predicting
Numbers of Numbers of
Bedrooms Bedrooms from
Lot Size
Test score®(3 or less bedrooms dummy) 0.009** 0.005*
(0.003) (0.003)
Test score*(4 or more bedrooms dummy) 0.005 0.009**
(0.003) (0.003)
F-test. HO: Effect does not differ by number of 0.87 1.14
bedrooms
(P-value) (0.353) (0.286)
In (lot size) Yes Yes
Other characteristics Bedroom fixed  Predicted
effects bedroom fixed
effects
Quarter year dummies Yes Yes
R-squared 303 580
Observations 0.82 0.55

Notes: Robust standard errors in parentheses. * significant at 10%; ** significant at 5%; *** significant
at 1%. Number of predicted bedrooms are rounded to the nearest integer.

VIII. MAGNITUDE OF RESULTS AND A
CoMPARISON WITH PRIVATE SCHOOL TUITION

Our preferred estimate of the impact of school quality on house prices (column 1 of
from Table III), suggests that a 1 percentage point increase in test scores raises
property values by 0.7 percent. It shows that a 5 percent increase in year 12 test scores
(approximately one school-level standard deviation) leads to an increase in marginal
resident’s willingness to pay of 3.5 percent—or $12,985 at the median 2005 house
value of $371,000.% All else being equal, parents would need to pay approximately

2.5 percent more to move from a bottom quartile school zone to a top quartile school

» Our median house price is from ABS (2006, Table 7), covering the first nine months of 2005. Note
that those dwellings transacted in 2005 may not be a random sample of all houses in the ACT (Prasad
and Richards 2006). However, we were unable to find a series that was adjusted to take this into
account.
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zone—or approximately $9,275 at 2005 house prices.26 These findings are similar to

those found in past UK and US studies.

As noted above, parents in the ACT do not have to send their child to a government
high school—and, in fact, many choose not to. We can therefore compare our
estimates of the cost of public schools (via house prices) with the tuition cost of non-
government schools. We first look at private tuition fees as an upper bound on
parents’ willingness to incur additional capital costs, on the margin, when purchasing
a property. Year 12 tuition fees at non-government schools in the ACT in 2005
averaged $4777.”7 Assuming that there is a superior private school option at this
price, a parent in the ACT should therefore not be willing to pay more than
approximately $4777 on the margin in additional annual mortgage payments for a
house in a neighbourhood with a better quality public high school. With a 20-year
mortgage and interest rate of 5 percent an additional $4777 per annum could service a
home loan that is $58,000 greater in total value. However, our results suggest that
parents would only need to pay an additional $12,985 to live in a high quality school

zone.28

In the context of the ACT, such a comparison is complicated by two factors however.
First, the comparison assumes that the tuition fee savings are realizable for the full
length of the home loan. In fact, these savings are only likely to be realized as long as
the child is in high school—which in the ACT is only two years.”* Second, with only
two exceptions (Marist College and St. Francis Xavier College), all non-government
schools in the ACT which charge average tuition fees (ie $4777) produce test score
results which are no better than that of the average public schools. As discussed
immediately below, parents would typically need to pay higher fees to access superior

private schools, and thus $4777 may not be an accurate capital cost benchmark.

26 Note that while Black’s estimate of the capitalization rate per standard deviation is 2.5%, she finds
that a move from a school in the 25™ percentile of her sample to one in the 7" percentile would result in
a house price increase of 2.9 percent.

*7 The estimate of average private school tuition fees is based on data from the Good Schools Guide
NSW and ACT 2005, supplemented where necessary by telephone calls to school administrators.

¥ Kane, Steiger and Riegg reach a relatively similar conclusion. Specifically, they find that an upper
limit to a family’s willingness to pay for a good school of U$120,000 in additional mortgage value,
compared with only $14,000 difference in house prices between schools at the 25™ and 75" percentiles.
%9 Although enrolment in some private middle schools, which include years 11 and 12, require that the
child be enrolled from year 7 onwards. In this situation, the implied savings from not sending a child to
a private school would span 6 years.
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In light of these complications, Figure III presents an additional means of
benchmarking these capitalization estimates against private school choices. The figure
relates year 12 tuition fees at all non-government schools in the ACT in 2005 to
median test scores from the same year. Among high schools in the non-government
sector, each $1000 in tuition is associated with test scores that are approximately 2
UAI points higher. Taking account of the intercept, our results suggest that the
marginal parent would need to pay approximately $7000 in annual tuition fees to send
their child to a private school producing results that are approximately 5 percentage
points higher than those recorded at the average public high school.*® Based on two
years of tuition, our capitalization estimates suggest that a family with one child
would therefore save approximately $1000 in potential housing equity, if instead of
sending their child to the superior private school they chose to purchase a property in

a school zone with a public school of equal quality.

Figure I11: Tuition and Median Test Scores in Non-Government Schools
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Median UAI = 65.6 + 0.002 * Tuition (t=2.93)
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Note: Test scores are 2005 year 12 test scores measured at the high school level; Tuition is for 2005,
from Good Schools Guide (2005) and schools.

The relationship between school quality and housing prices presented above is thus

plausible when benchmarked against two estimates of the costs associated with

30 Specifically, the tuition would be equal to (5+74.5-65.6)/0.002 = $6950.
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private school tuition: one based on implied additional capital costs; the other based

on direct equity savings.

IX. CONCLUSION AND IMPLICATIONS

This paper poses a critical question which has not yet been asked in the Australian
public finance literature: how much do parents value better public schools? By
comparing sale prices of houses on opposite sides of school attendance boundaries of
adjacent public high schools in the ACT between 2003 and 2005, it is found that
much like their British and American counterparts, Australian parents do place a
premium on better public school education. Specifically, the marginal parent is
willing to pay approximately 4 percent more for a house associated with a school
whose median year 12 test score is 5 percentage points higher than average. At the
median 2005 sale price of $371,000, this amounts to a $12,985 increase in parents’
willingness to pay for superior public school outcomes. These results are robust to a
number of sensitivity checks, and are plausible when benchmarked against private

school fees.

There are two caveats to interpreting these results. First, parents’ estimation of school
quality may be determined by more than test scores, and may also be affected by
factors such as discipline standards or sporting facilities. To the extent that these are
positively (negatively) correlated with test scores, our results should be regarded as an
overestimate (underestimate) of the impact of broadly defined school quality on house
prices. Second, differences in scores between schools could be the result of policy-
driven variables, such as principals or teachers; or they could be driven by variables
that are less amenable to change, such as parents or peers. By relating house values to
raw test score results this reduced-form exercise may capture either types of effects;
but nevertheless still helps decision makers evaluate policies aimed at improving test

SCore perfonnances .

Our findings provide Australian policymakers with the means by which to assess the
net benefit of various policies designed to improve the performance of public schools.

The costs associated with a proposal aimed at raising the test score standards at public
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schools can now be usefully pitted against the social benefit evaluation of the
intended policy outcome. With such rational social accounting practices, education

policy makers should be better placed to maximize social welfare.

The results carry other key policy implications. Since houses in better school zones
are more expensive high-quality public education is not costless. The price of buying
into a good school zone may prevent poor families from accessing the public schools
of their choice. Given that education can transform the social and economic
opportunities of the underprivileged, such social exclusion may perpetuate cycles of
disadvantage if left unaddressed. To the extent that the achievement gap between
schools is driven by inherent school quality more than it is by peers, our findings
suggest that in order to equalize education opportunities, government funding should

be directed towards schools with less talented teachers and substandard facilities.

Our results also imply that the wealth effects of raising school quality may be large.
At the median house price, we find that a 5 percentage point rise in ACT test scores
led to a $12,985 increase in house prices. In the 2001 census, there were 102,676
houses and townhouses in the ACT.>' Under certain assumptions, a 5 percentage
point across-the-board rise in test scores would therefore lead to a $1.3 billion

increase in wealth in the ACT.*?

! We include in this calculation separate houses, semi-detached houses, row or terrace houses, and
townhouses; but not flats, units, apartments or other dwellings.

32 In particular, this calculation assumes that our sample of properties is representative of the ACT, that
the willingness-to-pay of the marginal resident in our sample does not differ from that of the average
ACT resident, that school quality in neighbouring states is held constant, that interstate migration is not
constrained, and that the median price of houses transacted in 2005 is a reasonable proxy for the mean
price of all houses.

23



APPENDIX

ADDITIONAL RESEARCH

In order to further explore the relationship between school quality and housing prices
in Australia, the final issue raised in the conclusion—°‘does more information about
school quality lead to higher capitalization rates’—was briefly explored. Information
about year 12 results is far more readily available in the state of Victoria. The
available information is also broken down in much greater detail. During the 1990s
the Kennett government allowed the year 12 results of each individual school (public
and private) to be released for the first time. Each year median results and percentage
of each school’s graduating class receiving grades equivalent to an A, are published in
the two major Melbourne newspapers, with schools listed alphabetically. These lists
have become de facto league tables, despite the government’s ban on newspapers
ranking the results in table format from best to worst. More recently, in 2002, the
incumbent Bracks Government launched a website, On Track, which reports on each
schools completion rates; the number of higher education offers extended to its
graduating class (as a percentage); and the caliber of the offering institutions (4 year

college versus 2 year college etc).

In light of this relatively expansive information regime, an initial attempt was made to
estimate that capitalization of school quality in Victoria. However, this proved
unworkable. Unlike the ACT, a parent in Victoria is entitled to send their child to any
school of their choosing. In only a few circumstances is attendance at high school
determined by residential address, typically where demand for a high school exceeds
its capacity. Moreover, where such ‘enrolment ceilings’ are in place, clearly-defined
attendance boundaries are often not used. To give school administrators greater
discretion, school district bodies sanction the allocation of places on a ‘straight line
basis’, whereby the school to which a student is applying must be the nearest one to
their home, based on a straight-line measurement. In two instances, contiguous
clearly-defined attendance boundaries are used; however even in these cases
institutional arrangements are problematic. Attendance boundaries are either not made

available to the public and/or they are officially subject to change without notice
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