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1. Introduction

During the past decade housing markets leenused by applied economists to investigate the
value households place on school quality. The evidence from these housing market studies
suggestshat school quality matteto householdand is capitalized into property valugsg.

Black 1999, Figlio and icas 2004, Ries arbmerville201Q Tra, Lukemeyerand Neil2013.

One current criticism of school quality studies in housing market is that they focus on estimating
a single coefficient for school quality capitalization (see e.g. Down and Zabel 200 Ng

Hoang and Yiger 2010) Of particular interesin public financds the extenthat the

capitalization of school quality varies over time or remains stspeciallyduringcyclical

housing markelbooms and busts

Housing prices fell dramatically throughout the United States as a resultdeftagngof the

housing bubble in 2006. By April 2009 nationwide housing proee dowrat least onghird

from their peak in July 2006, and stayed datheast ondourth below the peak through August
2010 (S&PLCaseShiller Home Price IndgxOne may argue thaibuseholds selelect into

areas with good schools as a hedge agthestisk offuture housing price drops during market
downturns §inai and Souleles 20LAnother possibility is that households may heavily select
into neighborhoods with good schools during housing market downturns to avoid the additional
expense of private schools. Most households expedatemining wealth when housing prices

fell as homeequity isthelargest portion of 5. household wealth. Thus it is possible ttirey

view high-quality public schoat as a viable alternative to private schools. All of these factors



point toward the possibility that the property value capitalizatisstbbol quality maye very

different during periods of housing booms compared to periods of housing market downturns.

Our main contributiorirom this researcls to show thathe capitalization of school quality into
property values isnore prevalentiuring periods of howsprice declinesompared to periods of
hous price increaseOur empirical analysis uses data friour counties in the greater
BaltimoreWashington metropolitan aré@tweerthe years 200through 2010. During this
period housing pces rose dramatically until tteecond quartesf 2006 and fell sharply
thereafter to reach a bottom around the year 2010. This trebdasvedn the S&P/CaseShiller
Home Price Indexnd presented in Figure! We use repeagales methods to contralr time-
invariant unobserved factors. We address potential bias frorvanyeng unobservables using
disaggregated housing price indices (Ries@owherville2010, Toweand Lawley2013)as well
as yeasspecific neighborhood fixed effectdsing the yeaP006 as the peak of the housing
market, ve find thatwhile the capitalization omiddle schoolquality into property valuesvas
positive and strongly significadiuring the housing downtu2007 through 2010}he
capitalization effect wasearly norexigent duringthe housing boom period (20¢hrough

2006).

2. The housing market crisisand school funding
There is little doubt of the tumult in the housing market nationally, regionally, and locally in the
recentyears a massive overinvestmentinthee&l9 00 6s f ol |l owed by an

retraction after 20Q6~igure 1 provides a clear indication of a shift in the trajectory of housing

1 http://www.spindices.com/indefamily/realestate/sgcaseshiller
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prices in the Washington DC metro area. The housing market in our study region of Maryland

was buffered from th&ull force of the housing decline due to the regional stability of the labor

market arising from the t a relatidegproximity to and dependency faderal jobs. However,

the region was not unscathé&igures 2, 3 and 4 show the price per square foatldffgoperties

by middle school district in 2004, 2006, and 20@3pectively. These figures clearly show the

regional boom in 2006 followed by a rather spatially heterogeneous bust in 2009 and thus are a
good illustration of both the change in vahefare andafterthe markepeakas well as the

spatial heterogeneity in the valuation declifileese figures show an across the board price
increase in the 604 to 0606 period foll owed by

this paper we explorghool quality as potential explanation for this dispersed decline.

This recession, led by the housing decline, was made exceptional by the large increases in
mortgage loan defaults and foreclosureatidhal foreclosure starts increased from 1.5 mmliio
2007 to2.8 million in 2009 In addition,the share of mortgage loans that were seriously
delinquenteached 5.2 percent by the third quarter of 2008, compared to thie209B%verage

of 1.7 percent and the previous high of 2.7 percent in 20G8/er, Pence, anSherlund 200p.

As pointed out by Towe and Lawle2@13, the Bureau of.abor Statistics repagtithat the
unemployment rate in Marylandlas15th lowest irthe nationin 2009 and the yeaoveryear
increase in the unemployment ratas7th lowestamongst stateg\t the same timghe counties
in our study area all rank in the bottom thirchationalunemployment rateoutaccording to
Realty Trac (DHCD 2009Maryland ranks 12in the nation in foreclosuneteover the same
timeinterval In shortMaryland is at or near the lowest quartile in unemployment statistics

while beingnear the highest quintile in foreclosure activity.



Despite the downturn in valuation of remltatepropertesin Maryland the counties are

obligatedby law to match or increase school funding yeaeryear and face penalties for

failing to do so. This is called fAmaintenance
Montgomery and Prince George from our sample requested waivers from theradbesin
2010°Prince Georgeb6s requested relief from $23m
requested $94m in relief from a budget of $1.5 billion. The requests were denied by the state and

the counties were ordered to pay fines if they failed to commdd which the counties chose to

do. In order to meet these requirement many counties in the state including those in our sample
sought budget savings across the board to maintain school funding during this period. In short,

the legislation performed iteefined task of forcing the counties to maintain school budgets in
economic downturndt is in this unique combination of housing recessioratherwealthyand

high qualityschool districts with thick housing markets theke this region an ideal labtway

to explore the capitalization of school qualitya tumultuous housing market

3. Methodology

Following thestandarchedonicapproachthe price of a housing uriiin a neighborhoogduring
yeart is expressed as a ldmpear function otime-invarianthousing attributes (X
neighborhood characteristicsifZschool quality (§ measured at thelementary omiddle

school leveland an error terrqib):

ao QO 1T& i i z0éEi 060 oA

2 American Reinvestment and Recovery Act monies prevented such requests earlier.
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Where PostBubbleis adummy variable that equals to zero for the yeargl20@ugh 2006 and
equalsone for the years 2007 through 20The error terntontainsunobservedhousing
attributeg(l;), unobservedheighborhoodaharacteristics which vary over tinig and arandom

errorterm (uii), so that:

- o 6 .(19

Directregressiorestimation of the school quality coefficieritioa n d) is subject talassicbias
from arising from correlation ainobserved house attributes and neighborhood characteristics.
School qualityst, is very likely to be correlated . This is becauseogpd schools arkkely to
belocated inneighborhood with better amenitiethat may nobeobserved by the researcher.

We would also expecthat s is correlated tqui, sincegoodschoolswill tend to be more

prevalent in neighborhoods that haicersuite of amenitiesvell maintainedandhigh-quality

houses.

The literature suggestisree alternative approaches to addtleesomitted variables bias in

school quality capitalization estimaf€§he boundaryixed effectsapproach(Gill 1983;

Cushing 1984Black 1999),useddifferences in house prices across school boundaries to identify
the capitalization of school quality into housing valud®e identification of the school quality
capitalization effectising the boundary fixed effect approach holds as long as all other housing

and neighborhood characteristics are continuous acrogsldmbundaries. Alternativelgome

3 See NguyerHoang and Yinger (2011) for a comprehensive discussion of the appresete® address the
omitted variable bias in school quality capitalization estimates.
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studies (e.g. Downes and Zabel 2002, Gibbons and Machin 2003) use an instrumental variables
(IV) approach to address the omitted variables bias in school quality capitalization estimates.
Instruments are valid if theyecorrelated with school quality baite exogenous with respect to
the unobserved housing and neighborhood characteristics. If valid instruments can be found,
unbiased estimates of the school qualdapitalization effectan be obtained by twstage least
squares (2SLS). The third approachkes use of multipleales, i.e. repeasaleson individual
housesThis approach relies drousespecific fixed effects to control fdime-invariant
unobserved house and neighborth@baracteristics. The repestles methodologlyas few
applications in the school quality literatuFeglio and Lucas (209 employ this approach to
investigate theffect of elementary school later grades on house prices in FlBieaand
Somerville(2010 use the repeatales model toneasureschool quality capitalization effects

resulting from changes in school zones in Vancouver, British Columbia

This study applies the repesdlesmethodologyfollowing a similar approach a@ies and
Somerville(2010. Applying firstdifferences to both sides of equation (1) gives rise to the

repeatsales model:

| T—— ) P i P i ZDETL OO O WBdA QO

Equation R) can beestimated by OLS regressioQur identification of theschool quality

parametes (o1 a n d) cames from the changes in house prices within neighborhoods after

controlling for time-invariant factorsAlternatively,the parameters of equatia?) Canbe



estimated by a panel fixeeffect regressioniVe estimate equatio2) by panel fixedeffect

regression aarobustness check.

The estimation of the school quality effect from equat®)mfay still suffer from an upward

bias if housing prices rose faster in areas withggality schools compared to areas with
relatively lowquality schools. Taddress thipotentialissue, the neighborhood price controls
(Ui - Ut-k) Nneed to be as disaggregated as posdiés (@ndSanerville 2010. We compute

repeat sales house pricelicesat the U.S. Census subdivision leusing the methodology of
Towe and Lawley2010).The study area comprisabout30 census subdivisionsompared to
nearly 20 middle schoolsHence we have a large number of repeat sales observations for each
neighborhood, which helgs obtain smoothed neighborheteVel houseprice indicesOf

course census subdivisions are quite large and there can be unobserwedytingefactors that
areheterogeneous within a census subdivision. We addressghéby includingyearspecific
fixed effects forl2-digit watershed zones obtained from the Maryland Department of Natural

resource$.Our study area comprises approximately 190 watershed zones.

4. Data

As the home statef the fourth largest Census metropolitan statistical mwréae United States,
Maryland provides a unique opportunity to study the capitalization effect of school quality into
housingprices Our study area comprises four contigs counties in Maryland that combine the
suburbs of Washington, DC and the suburbs of Baltimore. These counties include Prince

Georgebds County, Mo nt g o rared Baltim@® Countysge Figtt® 28@ r d

4 http://mddnr.chesapeakebay.net/wsprofiles/surf/prof/prof.html.
7
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context These counties constitutdbo f t he st ateods P apIflaadi on and
most populous counties in the state. In addition the state of Marylaraeh lessablishececord
ashavingsome of the begtublic schools in the country each year from 20083> We have

assembled a unique dataset which combines rspézd housing transact®rmousehold

characteristics, and school characteristics, including student perforrGamemary statistics are

provided in Table 1.

Housing sample

The housing data for this studgmes from county level tax and assessment data from each

county in the state of Marylandpdatecannuallyv i a Mar yl andds Depart ment
packaged in a data product called Maryland Property View (MPM¥)use the MPV data to

extract armslengthsale transactionsf residential properties, which ocdoetweer?004 and

2011. We restrict all samples to single family dwellings, condos, or townhowdems utilizing

repeat observationwe drop all homes that sold in subsequent or the saméflypajand all

observations above the'®&nd below the B percentile bthe distribution of all sales by county

and sale year pair. For example, if a home sold in 1999 and 2005 we compare the price change

for this home against all homes in the same cotlinatyysold in the same years and drop based on

the percentiles from this distribution.

5 http://www.washingtonpost.com/blogs/marylaschoolsinsider/post/marylandchoolsrankednumberone--
again/2012/01/11/g1QA7NEqgrP_blog.html

And
http://www.edweek.org/ew/articles/2013/01/10/a6£€32.html?tkn=RLRF%2B4mUV1fjxGZAPk70d%2FW1p2K
2SFHTAx9&cmp=clpedweek&intc=EWQC13EWH



Heterogeneity in thaeighborhoogrice decline across the region is extremely important in our
model.Both Bajari, Chu, and Parf2010 andFoote, Gerardiand Willen (2009 clearly
demonstrate this in analyzing default activiig. we mentioned earliave follow Towe and
Lawley (2013)andinclude an annual repeat salesise price index at the census tract level
where there is adequate sample to estitfetendex.and at the census subdivision level where

the sample is not adequdte

The MPV data is supplemented with household income and race variatdesed from the

Home Mortgage Bclosure Act database (HMDANd painstakingly crosferenced with

lender and tax and assessment data to assign a unique indoen®vaany homes in the

sample See Bishop and Timms, 2013Tra, Lukemeyeyand Neil(2013),andBayer, Ferreira,

and McMillan (2007)for similar implementationslhe addition of the HMDA data provides a
unique opportunity to analyze the heterogeneity of school quality capitalization, a question that
has not receivesignificantattention in the literaturd.he only exception arerosssectional

studiesby Tra, Lukemeyeyand Neil(2013) and Bayer, Ferreira, and McMiil (2007) who
estimateheterogeneougreference parameters fachool quality that vary with household

income and race.

School quality
The Maryland School AssessméMSA) test assesses student performance in mathematics,

reading, and sciende grades 3 through.8The testwas developed by the Maryland Department

6 We set the cutoff at 150 repeated sales to construct the index at the tract level. Approximately 30% of the sample
has index values at the tract level.
" http://mdk2.org/assessments/k_8.



of Education to comply with the requirementstoé federal No Child Left Behind AGNCLB).
TheMSA tests areadministerecannually to students. The MSA test data is available starting in
2003. For each school, tMSA data provides the percentage of students performing at each
achievement level (basic, proficient, and advandét) focus on the math ameading

assessment tests sirtbe sciencéest is not administered at all grade levels. destruct
aggregateneasurs of student performance for elementary schools (grades 3 through 5) and
middle schools (grades 6 throughi@pur study area. For elemtary schools, thaggregate

student performance measure is computed as the average proportion of students performing at
eithera proficient or advanced levéh math and reading in grades 3, 4, and 5. For middle
schools, theggregatestudent performamcmeasure is computed as the average proportion of
students performing &ithera proficient or advanced leyéh math and reading in grades 6, 7,

and 8.Figures 6 and 7 show tlawerage from 2004 to 201t the aggregate student performance
measures for elementary and middle schools, respectively. The overall elementary school quality
is remarkably high throughout much of the study deseving less spatial differentiation for
homebuyers to select fronkigure 6 demonstrates the lack of heterogeneity in elementary scores
within each county and across the region. In contfigsire 7 shows thahiddle school quality

variesbothwithin each county and across the study area.

Our identification of schodjuality capitalization relies on repeat sales. However, small changes
in student performance are likelyriwean little tohouseholdif the school is already perceived

as good or bad. Hendle school quality variable onstructed aa categorical dummyariable
which takes the value of 1 if the proportion of students performing at either the proficient or

advanced level is above 90 percent, and zero otherfhseimplies thatve are estimatinghe
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capitalization effect of havinglagh-achievingschod in the neighborhood. The repeat sales
strategythereforeidentifiesthe housing price effect of a school going froot very goodo very

good.

Watershed zones

In addition to the housing and schooling datacametrol for unobserved neighborhood factors
usingthe watershedonegHUC 12 designationypbtained from the Maryland Department of
NaturalResourcesWe use this spati@haracterization of neighborhoolblecause it is truly
exogenous to our spatial geoging of interestyet groups similar regiorend their house®
allow nonparametric designations of heterogeneous price effecdisaggregattscale. Of
course, other options exist such as zip code or census tract. These designations are problematic in
this type of analysis because all too often the same nateraltieams) and mamade (.e.
roads) barriers that define their boanésalsodefine the bouratriesof the school districtin all
models we include not only watershed fixed effects but watersheald&year fixed effects
allowing for extremely flexible modeling of the time and space unobseriadites Our study
area compriseapproximately 190 watershed zon8se fgure 8for the watershed boundaries

and scale.

5. Results

Elementary school quality

Columns (1) trough (3) of Table 2 show the elementary school capitalization results. Column (1)
shows the estimatédsr the standard hedonic model (Equationvh)le columrs (2) and (3) show

the repeastales modetstimategEquation 2) Therepeatsalesestimategor the capitalization of

11



elementary schools are not significaflhe coss sectional estimates are positand significant

but cannot be relied on due to the fact that thay suffer fromanupward bias (see Section 2).
The elementary school results amnsistentvith the exiting empirical evidence on the
capitalization of elementary school quakthich shows effects thatreeither very small
(NguyenHoang and Yiger 2010) or not significant at all (eRies and Somerville 2010The

failure to find positive and significant capitalization effects for elementary schalde
explainedby the fact thathe overall elementary school quality is remarkably high throughout
much of the study area. Figure 6 demonstrates the lack of heterogeneity in elementary scores

within each county and across the region.

Middle school quality

Columns (4) trough (6) of Té 2 show theniddle school capitalization result€olumn (4)
shows the estimates for the standard hedonic model (Equatidrilé)columns (5) and (6) show
the repeastales model estimates (Equation)eresults show a strong positive capitalization
of middle school qualityThe estimates are also quite robust across the three specifications. Most
importantly,all three specifications suggebkat the capitalization of middle school quality is
substantially different in periods of housing market boom companedstdubble market
periods. We do not find a significant capitalization effect of middle school quality during the
market boom periadOn the other handye find a positive and strongly significant capitalization
effect for highachieving schools during the pdsibble period of rapid housing price
depreciation. The estimated coefficients sugtiestt during thgost housindpubble yees, the
effect of a neighborhood schaemtering the category of higgchieving(i.e. over 90 percent

students are proficient) isGato 11percenage poinincrease in house prices about $2,000to
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$50,000 at the median house price for improving arBasse findings also suggest that pooled
estimates of school quality capitalization across serial time periods may have little meaning,

especially when the sample time frame incudes periods of housing market booms and busts.

Heterogeneity of schoguality capitalization

Given the middle school quality capitalization results, one may wonder about the amount of
heterogeneity in the capitalization estimates among households. For instance, the heterogeneity
of the capitalization effect with respect totsehold income tells us which households are
payingthe premiums for the highchieving schools in postubble @riods. To answer this
guestionwe split the sample into four income quartiles based on the household income reported
in the HMDA datasee figue 9 for this distributionGiven the robustnesd the crosssectional
capitalization estimates for middle school quality, and the large losses of observations in the

repeatsales models, we estimate the income quartile regressions by-sectisn.

Theresults in Table 3 are quigtriking. As in Table2, there is no capitalization effect for middle
school quality during the housing boom periDdring the posbubble period wénd that

middle income households ates group that isssentially payinghe premium for high

achieving schoolsThe sales transactions of lamcome households do not show a price

premium for highachieving schools. This is probably because those households are priced out

the neighborhoods where those good schools are liaddg tocated.

The fact the sales transactions for households in the top income groopretbect a school

guality premium may seem odd at first sighinpirical results from TraLukemeyeyand Nell

13



(2013) suggest that households with higher incomeldehave a highewillingness to pay

(WTP) for school quality, which is in accordance with the hypothesis that school quality is a
normal public goodHowever our resultis intuitively plausible sincenany of thehighest

income househofhrenot geographically constrained by housing location andlalesto send

their children toone of the manprivate schoolsiccessible throughout the regfon.

81n our four county region there are 293 private schools covering in varying degteeed(cation.
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Table 1: Summary statistics

Housing Data Schools Data
Variable mean sd Variable mean sd

Inprice 12.65 | (0.60) I\P/I?(;?ilné ;iﬁgg‘lﬂ rato 15.62 (4.01)
sqftstrc1000 1.72 1 (0.91) grtﬁggrnt{gn,\i\l/lénonty 0.52 (0.3)
built30s40s 0.07 | (0.26) Average Score Grade 6, 7,/ 0.64 (0.18)
Lilt50s 015 (0.35) Lnéj(;gztor for Aver MS scorg 0.07 (0.26)

0.11 (0.31) Parent Teacher Ratio 15.60 (3.02)
built60s Elementary Sch
built70s 011 | (031) | | gorcentade Minority 51.34 | (32.17)
built80s 0.20 | (0.40) Average Score Grade 3,4, 0.77 (0.15)
bLilt90s 0.14 | (0.34) Lng(;(gztor for Aver ES score 0.29 (0.45)
built2000s 0.17 (0.38)
builtmiss 0.03 (0.17)
grade==below average 0.28 | (0.45)
grade ==not ranked 0.17 | (0.37)
priceindexSD 2.09 (0.36)
story==1 story 0.21 | (0.41)
story==3 story or more 0.03 | (0.16)
story==not ranked 0.17 | (0.38)
story==split foyer 0.04 | (0.19)
dwelling==condo 0.05 | (0.22)
classitcation 012 | (032
dwelling ==split foyer 0.08 | (0.28)
dwelling ==townhouse ctr| 0.18 | (0.39)
dwelling ==townhouse en¢ 0.12 | (0.32)
saleyear==2005 0.20 | (0.40)
saleyear==2006 0.17 | (0.38)
saleyear==2007 0.14 (0.34)
saleyear==2008 0.09 | (0.28)
saleyear==2009 0.08 (0.27)
saleyear==2010 0.08 | (0.27)
saleyear==2011 0.05 (0.21)

Number of Observation: 274,908
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Table 2: The effect of schoolquality 7 regression results

Elementaryschool Middle school
Panel Panel Panel Panel
Cross first- fixed- Cross first- fixed-
section difference effect section difference effect
@ ) 3 4 () (6)
Top school 0.028251 *** -0.0263 -0.0220 ** 0.006616 -0.0095 0.0029
(0.0036) (0.0101) (0.0098) (0.0057) (0.0194) (0.0185)
Postbubble*top school 0.017948 *** 0.0128 0.0139 0.061383 *** 0.1135 *** 0.0945 *x*
(0.0042) (0.0186) (0.0183) (0.0074) (0.0362) (0.0344)
Pupitteacheratio 0.001559 *** -0.0020 -0.0016 0.001275 *** 0.0001 0.0002
(0.0004) (0.0015) (0.0014) (0.0003) (0.0005) (0.0005)
Proportion minorities -0.258804 ** -0.0545 -0.0973 -0.192478 ** 0.0760 0.1224
(0.0049) (0.0943) (0.0911) (0.0048) (0.1086) (0.1069)
Repeatsale pice index 0.147221 *** 0.2215 *** 0.3371 *** 0.131011 *** 0.2070 *** 0.3185 ***
(0.0069) (0.0407) (0.0270) (0.0067) (0.0403) (0.0269)
House attributes Yes X X Yes X X
House fixedeffect (FE) No Yes Yes No Yes Yes
County FE Yes X X Yes X X
Neighborhood FE Yes X X Yes X X
Salemonth FE Yes Yes Yes Yes Yes Yes
Saleyear FE Yes Yes Yes Yes Yes Yes
Saleyearcounty FE Yes Yes Yes Yes Yes Yes
Saleyea’rneighborhgcéd Yes Yes Yes Yes Yes Yes
Drop flips and outliers No Yes Yes No Yes Yes
R-sqr 0.8142 0.8517 0.8554 0.806 0.8523 0.8577
Obs. 218238 4221 8559 234615 4640 9293
Groups 4338 4653

Notes: *Significant at the 10% level. ** Significant at the 5% level. *** Significant at the 1% level. Standard errors are chistieeed
house level.

18



Table 3: Crosssection regressions byouseholdincome quartilesi middle schools

1stquartile 2" quartile 34 quartile 4" quartile

< $64k $65ki $89k $90ki $128k > $129k
Top school 0.0389 -0.0324 -0.0043 -0.0062

(0.0534) (0.0297) (0.0152) (0.0089)
Postbubble*top school 0.0657 0.1626 *** 0.0893 *** 0.0093

(0.0702) (0.0430) (0.0214) (0.0125)
Pupitteacher ratio 0.0020 *** 0.0011 *** 0.0017 *** 0.0028 **=*

(0.0005) (0.0004) (0.0007) (0.0010)
Proportion minorities -0.0636 *** -0.0619 *** -0.1781 *** -0.3004 ***

(0.0105) (0.0109) (0.0125) (0.0169)
Repeatsaleprice index 0.1371 *** 0.0741 *** 0.0393 *** 0.0297 *

(0.0187) (0.0158) (0.0168) (0.0163)
Observations 0.7887 0.7996 0.8275 0.8721
R-squared 17478 16930 16092 16545

Notes: * Significant at the 10% level. ** Significant at the 5% level. *** Significant at the 1% level.
Standard errors are clustered at the house level.
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Figure 1: Cas&hiller HousePrice Index for WashingteBC Metropolitan Area
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Figure 2: StudyArea
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Figure 3: Price per Foundation Square Fo2004 Sale®y Middle School District
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Figure 4 Price per Foundation Square Fod&006Saleshy Middle School District
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Figure 5 Priceper Foundation Square FGoR009Salesby Middle School District
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Figure 6 Proportion of Students Proficient in Math & Reading Gradefm
20042011 by School District

Legend

All Years Average ES Score
I 0000000 - 0.100000
7 0.100001 - 0.200000
£ 0.200001 - 0.300000
0.300001 - 0.400000
0.400001 - 0.500000
0.500001 - 0.600000
.~ 0.600001 - 0.700000 g
I 0.700001 - 0.800000
I 0.800001 - 0.900000
I 0900001 - 1.000000

25




Figure 7 Proportion of Students Proficient in Math & Reading Gradefdm
20042011 by School District
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Figure 8 Map of Watershed designations
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