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Abstract

This paper provides new evidence on the effect of schooltaoet®n projects on
home prices, academic achievement, and public schoollem@l. Taking advantage
of the staggered implementation of a comprehensive schmwtaiction project in
a poor urban district, we find that, by six years after budatcupancy,$10,000 of
per-student investment in school construction raisedimgagicores for elementary
and middle school students by 0.027 standard deviations. aFtudent receiving
the average treatment intensity this corresponds to a @aPtlard deviation increase.
School construction also raised home prices and publicadamollment in zoned
neighborhoods.
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1 Motivation

1.1 Motivation and summary

Investment in school infrastructure is one of the principkeys in which federal, state,
and local governments develop physical capital in U.S. camities. In 2008, public ex-
penditures on school construction, land, and building eitipn totaled more than $58
billion. Of this amount, between $20 and $40 billion was gpamthe construction of
approximately 2,000 new school buildinghis represents not just a large share of total
education-related expenditures— roughly ten percent-abbatge share of overall infras-
tructure expenditure: in 2004, public investment in schiofsthstructure was $75.9 billion,
nearly as much as the $99.7 billion public investment inailirfs of transportation infras-
tructure, including roads, mass transit, and aviafion.

In this paper, we present new evidence on the causal effecthafol infrastructure invest-

ment on student test scores, neighborhood-specific putiicad enrollment, and housing

prices. We take advantage of a unique natural experimenhiohaa poor, urban school

district embarked upon a comprehensive 15-year, $1.4biichool construction program
(believed to be the largest per-capita construction pragrathe nation over the period)

to produce estimates that are unbiased by the endogeneaithobl construction to school

characteristics. Our empirical strategy uses the factdhatipancy dates varied widely
across schools, with the first school completed in 1998 amdbidt slated to be completed
in 2014. Specifically, we use a difference-in-differencemparison of test scores, home
prices, and public school attendance in neighborhoodsftereit construction schedules.
To the best of our knowledge, this is the first paper to eshlile link between school

construction and changes in test scores and enrolimetrpsit

We find strong evidence that the school construction progeahto sustained gains in
reading scores for elementary and middle school studergads in reading scores are flat
in the years leading up to construction, but turn upwardfiénytear of construction and
continue to increase for at least the next six years. By tkih giear following the year
of construction, student scores rise by 0.027 standardatiens for each $10,000 of per-
student construction expenditure. For a student receiia@verage level of construction

1Estimates on expenditures vary across sources. See reportfeNCEF - National Clearinghouse for
Educational Facilities and Public Education Finances 2008
2Source:CBO - Congressional Budget Office 2008.
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expenditure, this corresponds to a total score gain of @&tidard deviations. These gains
are large, but not implausibly so; roughly speaking, theyadrsimilar magnitude to those
experienced by students who enroll in high-performing thaschools. There is weak
evidence of a corresponding increase in math scores.

Housing prices and neighborhood public school enrolimisetispond positively to school
construction. Elementary and middle school constructised home values by 1.3 percent
per $10,000 of per-student expenditure, and the numbehaioszone residents attending
public school by up to 4.4 percent per $10,000. As with thereded reading score ef-
fects, the timing of these changes coincides with the oaqoupaf completed buildings.
Taken together, our student outcome, home price, and arentlresults suggest that fam-
ilies, and in particular families with children, place a higalue on school infrastructure
investment. If families only valued infrastructure insoéa it improved education produc-
tion, this would imply that raising school value added by stdndard deviations would
raise neighborhood home prices by 4.7 percent, and ennallofeneighborhood residents
in public schools by 16.2 percent. Since school constroaiso changes neighborhood
amenities in other ways, these values should be interpestagbper bounds on the true
elasticities.

Our findings beg the question why school construction raises test scores. Possible path-
ways include the direct effects of new facilities on pedageffects on student and teacher
motivation during school hours, and effects on studentd’@arents’ motivation to investin
academic production at home. Though our empirical work dee¢sllow us to distinguish
between these channels, a survey of district principaleates that student and teacher
motivation were at least as important as direct pedagogftedts for improving academic
outcomes.

1.2 Contributions to the literature

We build upon and link two distinct strands of literature.€eTfirst deals directly with the
effects of school infrastructure investment. There are ¢ewpelling estimates of how
infrastructure expenditures affect student performanicea review of literature on the

SLottery-based evaluations of the effects of attending ggHforming KIPP charter schools suggest ef-
fects of between 0.12 standard deviations per year of eneait for reading and 0.35 standard deviations for
math (Angrist et al. 2011). Between 6th and 8th grade, stiscemrolled in Harlem Children’s Zone (HCZ)
schools experience reading score gains of one quartertbaha standard deviation and math score gains of
0.8 standard deviations relative to HCZ non-participabtshbie and Fryer 2010).
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education production function, Hanushek (1997) reporés i 91 correlational studies
that examine the relationship between facility quality atutlent performance, only nine
percent found a statistically significant positive relaship, while five percent found a
statistically significant negative relationsHipSince facility quality is closely associated
with other observable and unobservable inputs into edutadroduction, the absence of
consistent findings is difficult to interpret. Duflo (2001)essa difference-in-differences
approach to obtain plausibly causal estimates of the sffeict large Indonesian school
construction program on educational attainment and lalavket outcomes. Because her
paper focuses on the construction of schools where nonexistée before, there is little
reason to think results would apply in the US, where the maallenges are those of
renovation and rebuilding.

Cellini, Ferreira and Rothstein (2010), henceforth CFRyjate estimates that are both
plausibly causal and relevant to US policy. CFR employ agggjon discontinuity around
the outcomes of school district-level votes on the bonddssised to finance school con-
struction projects to estimate the effects of school corsiin spending in California on
home prices and test scores. They find that a dollar of experedin school facilities raises
home prices by roughly $1.50, leading to an average home pricease of between 7 and
10 percent by six years after bond passage. They do not fiodgséffects for student test
scores. CFR’s research design has two important limitatiirst, CFR use district-level
third and fourth grade test scores to measure score efféicise district-level expenditures
are a noisy measure of the expenditures we would expect t@iraputcomes for third and
fourth graders (e.g., expenditures on elementary scheapposed to high schools), it is
likely that their estimates of test score effects are biake@nward towards zero. Second,
the cost of identification via regression discontinuityhiattestimates cannot necessarily be
extrapolated to districts that are not on the electoral masfjbond passage. If electoral
outcomes are a function of residents’ beliefs about the fiisreé school construction, ef-
fects in marginal districts will likely differ systematilbafrom effects for districts in which
bonds pass or fail by a comfortable amount. In sum, CFR shawigoingly that the
residents of electorally marginal districts value schamistruction, but questions remain
about test score effects generally, and about home pricéeahdcore effects for different
types of infra-marginal districts. Of particular interese poor urban districts, because
these districts are frequent targets of policy intervergiaimed at improving school qual-

423 percent reported statistically insignificant positigationships, 19 percent reported statistically sig-
nificant negative relationships, and 44 percent reportiedioeships of indeterminate sign.
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ity and also tend to have the low-quality existing faciktfeWe establish for the first time
a relationship between school construction and test scaresdo so in the context of a
poor urban district with baseline facility quality similr that in other urban districts in
the state.

The second strand of literature examines the way housingeatsaprice the quality of
local schools. Black (1999) uses discontinuities in thegwiof homes on the borders be-
tween school districts to estimate the price effects oked#hces between school-average
test scores. Bayer et al. (2007) nests this identificatiategyy within a model of housing
demand and makes the observation that much of the obseneedgap is attributable to
endogenous socioeconomic segregation along districtdaries, not to test scorgsr se.
One implication of the finding that school quality has an peledent effect on the housing
market is that changes in school quality should set off a tyo@rocess of residential sort-
ing and changes in home prices. This is how the socioeconstratification along zone
boundary lines reported in Bayer et al. comes into existeBoé because both Black and
Bayer et al. estimate static models of housing demand, teyat observe this process as
it unfolds. We use panel data on home prices, public schaollerent, and test scores to
document dynamic changes in education production, honcegrand residency patterns
in response to the school construction intervention. Osulte indicate that changes in
home prices, school enroliment among neighborhood residand education production
all begin at the time of occupancy. Housing markets do noeapo ‘price in’ construc-
tion projects in advance of building occupancy. School troicsion dramatically raises
school attendance rates among school zone residents ualehtst who move to neighbor-
hoods following school construction have observable atarstics associated with higher
test score performance. Our findings on sorting into schooég are consistent with the
socioeconomic stratification observed in Bayer et al.

We also add to this literature by examining price responsehanges in education pro-
duction as opposed to aggregate school scores. One liomtatiBlack and Bayer et al.
is that both papers use average scores within school atteed@nes as their measure of

SFilardo (2006) found that rates of investment in new infiastire were twice as high in rich urban
districts as in poor urban districts between 1995 to 2004déhce of differential investment can be seen in
the heterogeneity of infrastructure quality across scioé percent of schools in which 75 or more percent
of students are eligible for free lunch use portable bugdias classrooms, in contrast with 27 percent of
schools in which less than 35 percent of students are freehlaligible (Source: NCES Digest of Education
Statistics : Table 101.) If the marginal returns to invesitie infrastructure are decreasing in the quality of
existing infrastructure, then poor districts will benefggroportionately from school construction.



school quality. Zone-level averages represent a mix of #usal effect of zoned schools
(i.e., education production) on scores for students liurt@pe neighborhood and the under-
lying observable and unobservable test score determinétite students attending school
within the zone. Parents trying to optimize over educatiocodpction will be interested
in the causal portion of the average but not the portion thaied to selection. We use
the school construction natural experiment to identifynges in education production at
the school zone level, and link these changes to increasesme prices. Because school
construction may make neighborhoods more desirable i othgs, our estimates should
be interpreted only as upper bounds on the true elastiatiasme prices with respect to
education production.We believe they nevertheless datestn important first attempt at
pricing educational production.

The paper proceeds as follows.daction 2 we describe the school district and the school
construction program. Isection 3we present a theoretical model that we use to guide and
interpret our empirical specifications. $eection 4 we describe the student and home price
data we use to conduct our analysis. Sections 6 through 8mdrear empirical findings on
the home price, residency, and test score effects of scbostriction. Section 9 discusses
the impact of school construction on student behavior, aggtiibes the results of our
survey of school principals. Section 10 concludes.

2 The natural experiment

2.1 The school district

Our project focuses on the public school system in New Ha@ennecticut, which we will
refer to as NHPS or the District. New Haven is one of the lardesdricts in Connecticut
and is similar to many urban school districts in the Uniteat&t. The students mostly come
from poor families and overwhelmingly belong to minorityogps that have traditionally
lagged in educational outcomes such as graduation ratasstratores. The District has an
enrollment of approximately 22,000 students, of whom mbent80 percent are eligible
for free lunch and approximately 90 percent are either btadHispanic. One out of four
students speaks a language other than English at home. Elgiolsdropout rates are
triple the state average and test scores are substantialgr than those in the rest of the
stateTable 1summarizes the demographics of the students in the dightctontrasts them
to state averages in 2009.



In Connecticut, poor urban districts typically have infrasture of lower quality than other
districts. Early in the school construction program, NHRfilities were roughly compa-
rable to those of other in-state urban districts. In 200blipischools in New Haven and
Hartford, another urban district in Connecticut, were oerage well over 50 years old, and
in both cities more than half of schools reported problerfegted to basic service systems
such as heating, air conditioning, plumbing, and lighticgnpared to less than one third
of schools in Connecticut as a whdle.

Table 1. Student Demographics and Academics in New Haven and Coautect

as a whole
NHPS Connecticut
Hispanic 34.5% 16.5%
Black 51.3% 13.8%
White 12.0% 65.0%
Free Lunch 80.5% 32.9%

English Language Learns 11.9% 5.3%
English Not Spoken at Home 25.5% 13.1%

At Goal or Proficient (CMT) 43.0% 69.0%

Source: Connecticut Department of Education.
CMT : Connecticut Mastery Test is a standardized test scivango all children in
grades 3to 8.

2.2 The school construction project

In contrast to many urban districts, NHPS has had the paliaad financial backing to
enact an ambitious infrastructure investment program.mpoirtant contributor to the suc-
cessful execution of this project was the availability ofldeal and state financing: the
District paid for only 23 percent of the total cost of builgsacompleted by 2010. The
School Construction Project (SCP) had a dramatic affectiomgoy- and secondary-school
infrastructure across the city. The first SCP school was ¢eteg in 1998, and the last is

5The Connecticut Department of Education collects inforamadn school infrastructure by surveying the
school principles. Table A-1 shows the frequency with whichncipals rated service items such as heating,
plumbing and air conditioning as either fair or poor in NewvkElia, Hartford, and Connecticut as a whole in
2001 and 2009.



scheduled to be completed by 2014. Projected total spemsiBiy4 billion, with $1.1 bil-
lion spent on projects that had been completed by 2010. OtHaadd buildings’ 12 had
been rebuilt completely by 2010, and 18 had been renovatedadéiitional seven were
under construction or under design. The remaining five ingkl all of which house inter-
district magnet or small K-1 schools, will not be rebuilt enovated. School renovations
were generally substantial: mean expenditure on renogateabls was $33 million, com-
pared to a mean expenditure of $38 million on the rebuilt eth¢all dollar values refer
to 2005 dollars). The project served students at all edoratievels: of nine high schools
in the district, five had been rebuilt or renovated and ocadiply 2010, with an additional
high school in the construction stage. Similarly, of 33 itetamentary or middle schools,
25 had been rebuilt or renovated and occupied by 2010, with wo an additional six in
the planning or construction phase. The top two panelkabfe A -2describe the scope
of the SCP.

Though the changes made to schools varied depending on tititioa of the existing
school, SCP administrators did target a number of areagrfpravement at all schools.
One priority was heating and air conditioning. Prior to tli&PSmany schools did not have
air conditioning, and some had inadequate heating. A sea@sdclassroom technology.
Classrooms in new and renovated schools were designedlitatache use of computers,
and science and media facilities for school-wide use wese ahproved. A third was
community access. SCP administrators designed gyms, nplaiyds, and meeting spaces
to allow for use by community members as well as students. uktifiowas to decrease
energy and maintenance costs. A fifth and slightly more absgoal of the SCP was to
make schools more ‘livable’ through subtler changes ingtesthe design of new school
buildings often allowed for more natural light than in the blildings, and a portion of the
budget for each school was allocated to public artwork. Fooee detailed description of
several of the school construction projects, see the Supsital Appendix.

School expansion was not among the primary goals of the $G&ct, the SCP took place
in a time of declining overall demand for classroom spacéneDistrict: our data show
that District enrollment has been in decline since at Idas2002-2003 school year, before
which only four projects were completed. Nor did the SCP geethange the allocation
of students across the district. There were no changes ookzhne boundaries over the

"This count omits charter schools and transitional schomisat-risk youth, and counts each address
separately for schools with multiple addresses.



period. One consequence of the neutrality of the SCP withexego enrollment was that
new and renovated buildings typically did not offer much emolassroom space than the
facilities they replaced. Among the sixteen projects folichhve were able to recover
pre- and post-completion classroom square footage, theamekange was less than seven
percent. Classroom space fell by 6.5 percent in the Distbetst-performing school.

The SCP had a pronounced effect on the quality of the scheaoloerment in the District.
One way to see this is to track changes in the quality of @Ristchools and compare them
to changes at the state level and in other urban districtdwdzs 2001 and 2009, the
percentage of schools reporting failures in basic senlikesir conditioning and lighting
fell from 32 to 18 percent at the state level, and from 54 to &@ent in Hartford, another
poor district in Connecticut. The percentage of NHPS schogporting such failures fell
from 53 to 14 percent. The SCP pushed the quality of NHPSstrirature from far below
the state average to somewhat abo¥e it.

2.3 Selection of schools in the SCP

Our goal is to identify the effects of school constructioncmmmunity and student out-
comes using a difference-in-differences approach. Itesetore of critical importance for
the internal validity of our analysis that school constimttnot be aresult of student or
community choices. For instance, if schools were chosemédioovation based on pro-
jected performance on state tests, our estimates of thetefié construction would likely
be biased. Our results would be similarly compromised if3# only placed schools in
neighborhoods where crime was already dropping.

Fortunately, discussions with SCP administrators and ecapinvestigation indicate that
the process by which schools were chosen was largely exagegnaommunity-specific
factors. First, it is important to note that the comprehensiature of the SCP rendered
the question ofwhich schools should be renovated irrelevant; instead, the kegtopn
adminstrators faced was how to choose the order of constru@CP administrators have
stated to the authors that, with the exception of the firstdetwools, the determinants of
construction order were primarily logistical and desigmdies, not community or student
characteristics or demands. This claim is consistent withtwe observe in the data. As
shown inFigure ], there is no discernible geographic pattern to the ordemichvschools

8SeeTable A -1



were constructed. Nor do schools built or renovated in thly @hases of the SCP differ
from schools constructed in the project’s later phasesrimgeof student demographics.
Table 2compares students in schools constructed prior to 200@&ftheoximate midpoint
of the project in terms of completed buildings) to studentschools constructed after 2006.
There are no statistically or economically significanteliénces between the characteristics
of students in schools constructed in the first half of thgqutoand the secontin short,
the timing of school construction does not appear to hava badogenous to student and
community characteristics.

A related question is whether school construction projeeciscided with other school- or
community-level interventions. If a separate communitytee were built next to every
newly constructed school, it would not be possible to sdpate effects of one from the
effects of the other using our methodology. It is difficulctanclusively verify the absence
of additional interventions, but district officials weretrawvare of any such policies.

Table 2: Characteristics of Treated and Untreated Schools in 2006

Untreated Treated p-value

Count (total) 21 18

Male 0.51 0.50 0.622
Black 0.53 0.54 0.886
Hispanic 0.32 0.32 0.949
English Language Learners (ELL) 0.14 0.100 0.38
Special Education 0.08 0.08 0.506
Free Lunch 0.80 0.78 0.623

Note: Comparison of student body characteristics of toeated untreated schools at
the project midpoint in terms of occupied buildings (2008he p-value is from the
t-test of equality across the two groups. The joint tessfalreject the null hypothesis
of no relationship between the two groups at conventionalse

SInformative cross-group comparisons of test scores aréeasible because we do not have test score
data prior to 2004, and many schools in the treated categuatyahieady been treated by then. Comparisons
of 2004 or 2006 scores would reflect the effects of treatmdwetier or not initial assignment was balanced.



Figure 1. School completion by date and location.
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It is also important to ask why district officials chose to gug such an ambitious infras-
tructure project. In particular, one might imagine thatdistrict embarked upon the project
to compensate for particularly decrepit pre-SCP facditid this were the case, it would
compromise the generalizability of our results to distriatith better baseline levels of
infrastructure. As we have discussed above, this is notdle:cschool buildings in the
district were not in observably worse condition than scholdings in similar cities. That
said, we caution against applying our findings to schoolsaalthier districts with average
or above-average levels of existing infrastructure.
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3 Economic Framework

3.1 A conceptual model

To provide context for our empirical work, we present a siengpleoretical framework of
neighborhood choice and school performance in a dynanmiogeWe use the framework
to explore the relationship between home prices, neigldmatichoice, and school per-
formance in a way that clarifies the assumptions necessapnfuased estimation of the
causal effects of school construction on home prices andéteses using variation in the
timing of construction projects.

Let a measure of families reside in the district. Families differentiated in terms of
preferences for local ameniti@sand resources;. School quality is one important local
amenity. Each period, an exogenously selected propoftiohindividuals leave the dis-
trict, and a demographically equivalent proportion ergetthat the distribution of; andw;
within the district remains constant over time. This asstiompsimplifies discussion and
will not affect our conclusions so long as school constarctioes not have a large effect
on cross-district migration.

All district residents must choose a horhe= H in which to live. Each home is located
within a school zone € Z, and the supply of homes within each zone is fixed. District
residents who lived in the district in the previous periodynchoose either to remain in
their current home, or to pay a fixed c@sto relocate within the district. If they choose to
relocate within the district in period their indirect utility can be written as

T
U(f;,w;) = max BEYE (umz, Xas X P 05, 007)
t

zeZ heH — Qit) -C (l)
Here, s, is the quality of the school for zong y, are the local amenities{” are the
characteristics of homk, andp”, is the price of purchasing honiein zone: at timet.
0 < B < 1is adiscount factor. The expectation is taken over an inédion set given by
Q;; which can include beliefs regarding the timing of specifieea construction projects.

New district arrivals face the same problem but do not payikeel relocation cost.

This model captures in a general way the dynamic considesthat underly the interrela-
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tionships between migration, school enroliment, and skipaality. Models of this type are
not analytically tractable, and present substantial cdatfmnal challenges as well (Meghir
and Rivkin (2010), Kennan and Walker (2011)). These chglsrare beyond the scope of
this paper. Instead, we employ the model as a conceptuat doiicbredicting the effects
of school construction, and assessing the biases that nmsgyiareduced-form estimates
of these effects.

We focus in particular on three intuitive implications oigimodel:

i. School construction projects that raise neighborhoodratiesy . or school quality
k. Will tend to raise home prices in that neighborhood. Excesmsahd for that
location, given the original prices, will come from exigifamilies who want to
readjust and also newly arrived families who will choose theation with a higher
probability.

ii. If families with school age children value school quglihore than families without
children, raisings. will tend to raise the share of families with children in nieig
borhoodz. Further, if families with some values éf andw; value school quality
or amenities more than others, school construction willhgeathe distribution of
preferences and resources across neighborhoods.

ii. In the short run, the size of price and demographic resgs to school construction
will rise with the size of associated changes in school andréiy quality, decline
with fixed costC, and rise with migration rate. The larger the positive impact
of school construction and the easier it is for residentetpond, the larger price
changes and demographic consequences will be.

The first two points indicate that we can interpret increasegighborhood-specific prop-
erty values and populations of families with children aglence that school construction
had an impact on school effects and/or amenities. The seaoddhird points indicate

that selection of students into schools and neighborhodtbenan important challenge to

deal with in the estimation procedure, and provide somegimsnto when selection prob-

lems will be more or less severe. The next section describeprocedure for estimating

reduced-form effects of school construction on home pricesidential choice, and test
scores.
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3.1.1 Empirical Model for Home Prices

Home prices are a function of neighborhood amenitigsschool qualityx., and specific
home characteristicX”. This function may vary over time as the characteristicseidin-
borhoods and neighborhood residents change. It also dementhe school construction
timeline: families will price in school construction as anmation about the project enters
their information sef),,.

To estimate this function, we assume linearity, so that

p}zlt = Xthﬁ + o+ o, + Yz t+ gt,{é}(sz) + Ez(t)h (2)

We approximate the variation in prices that is unrelatedctwosl construction using a
set of time-varying property-level components/(3), neighborhood effects\), district-
wide time effectsd;), and neighborhood level time trends{). School construction enters
the price equation through a functign; (S-) that maps per-capita investment in school
constructionS, to prices, and.(¢)" is an i.i.d noise component.

We choose the form of; (,; to balance our preference for simplicity with the need to
reflect the fact that school construction projects will bigul in gradually. Lef{/} =
{ls2, L2, b0}, Wherely, is the date the project in neighborhoedvas announced (the
‘filing date’), /... is the date construction began in neighborhegand/,. is the occupancy
date for the project in neighborhoad Then

Gy (S2) = S X (0p1[t > Ly.] 4 0:1[t > Leo] 4 01t > £,.]) . 3

Home prices jump discontinuously as the project enters sashphase. The idea is that
home prices reflect the expected future value of the schabktaeighborhood, and there-
fore change as uncertainty regarding the project is redoli#fects are scaled by the per
capita dollar value of the project, computed by dividingita@ost by total occupancy.

Substituting equatioBquation dnto equatiorEquation deads to a difference-in-differences
style specification with three phases of treatment. Thatésestimate the effect of school
construction on home prices by comparing changes in honeegrn neighborhoods in
which projects were announced, constructed, or occupisiitoltaneous changes in home

13



prices in neighborhoods where those events did not occuranrroed at different times. For
this model to yield unbiased estimates of constructioncésfen) treatment dummies must
not be correlated with changes in the unobservable prierm@iants of transacted homes,
and b) treatments cannot coincide with other discontiesiiti neighborhood-specific trends.
Assumption a) will be violated if families with the resouscand tastes to select into neigh-
borhoods with new schools prefer homes that are unobsgruadrle expensive than other
families. Fortunately, we can use assessor estimates obaamved’ home quality to ad-
dress this issue directly. We discuss this in more detaihengection 5. As mentioned
above, discussions with district officials do not indicdtattassumption b) is a major con-
cern.

3.2 Academic Achievement
Let the academic outcomes of childt the school for zone in gradeg be given by

T = ke 1 + Xif + €. (4)

wherex, is the school’s value added to the student’s test scirgre observed student
demographics, and, is an i.i.d. shock. The! are unobserved factors that determine test
scores, such as parental investments or student efforeriargl, the;! will be correlated
with family resourcesy; and preference; we posit a specific relationship below.

The school value added can be interpreted as a function of a variety of inputs, sstha
guality of teachers and administrators, the school culamd school infrastructure. Given
that families choose their neighborhood throdgiuation 1 the assignment of students to
schools is not orthogonal to unobservable student chaistits /. This means that it is
not possible to directly estimakejuation 4and recovek., even when conditioning oX;.
This is a classic problem of selection.

As with housing prices, we allow school construction prtgeo shift school quality.
through a step function which varies with time relative tawgancy of the new school
building. We restrict the effects of school constructiol&ohomogeneous across individ-
uals at each time relative to treatment. That is,

K, =K, (0) =R, + 0,8, (5)
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wherel denotes time relative to occupancy (in this case measurackidemic years), and
0; is the effect on school value added at time relative to treathfor each dollar or per-

capita neighborhood-specific expendituie We interprety; as the cumulative effect of
current and lagged school construction treatments; i.e.davnot attempt to distinguish
between the effects of having a new school this year on tlasg/score from the effects of
having a new school last year on this year’s score.

We also allow the construction project to affect the unobseistudent and family contri-
bution to test scores by changing the effort parents andeatagut into schoolwork. This
is expressed through the unobserved component of studgrederes)!. We modelr!
as a function of all current and prior investments that arttecoatingent on construction,
71(6;, w;), plus a component that changes with the time relative to oy of the new
school building and per capita school building expendgure

= (¢ Z Pgs [L(6s,w;)] + 615, =72 (8;, i) + 615, (6)

The p,, are discount factors that capture the effects of yeaputs on gradg outcomes.
Like the 3, thed] are restricted to be the the same for all students and amiiated as
the cumulative impact of construction to date.

Substitutingequation SandEquation @Gnto Equation 4wve obtain the following expression
for student test scores:

Tig. =F. +0°D(€)S. + 7 (0, w;) + 8" D(0)S. + XiB + €. (7)
=F. + 77 (0;,w;) + AD(()S, + X;8 + €;, (8)

D(¥) is a row vector of indicator variables which signal time tiefa to occupancy of
the new school building fof € {luin, ..., bmas}. 6/ = [6] ,...8] 1, 6 is defined
analogously, and\ = §° + 6/ is a vector of the added family, student and school effects
of the school construction project. Separately identifyih andé® would require data on
student and school investment that cannot be obtained atigga Our goal is therefore to

estimate), the total effect of school construction on academic acr®nt.

15



3.2.1 Post-randomization readjustment and effect identitiation

Bias in OLS estimates oA in Equation 7stems from correlation betwedn(¢) and,
or 777. We will control directly for neighborhood effects in eachaur empirical spec-
ifications, and in some specifications control for neighbordhtrends as well. Coupled
with the fact that school construction was not systemayiessociated with other school
policy changes, this mitigates our concern about biasrayiirough correlation witfx. .
Further, because the initial assignment of school construprojects is unrelated to stu-
dent characteristicd)(¢) is orthogonal to all student-specific investments and lonat
choices undertaken prior to knowledge of school constuctit follows that if families
do not make location choices in response to school conginy@LS estimates of school
construction effects will return unbiased estimateg\of The extent to which OLS esti-
mates are in fact biased depends on both the level of reatgustwhich in turn depends
on within-district relocation cost§' and district arrival rate)) and on the relationship be-
tween neighborhood choice determinafttsw;) and test score determinamt§6;, w;). If
families readjust, but do so in a way that is independentsifdeore inputs, OLS estimates
will not be biased.

We consider three reduced-form estimator&geach of which is unbiased under different
assumptions about the readjustment process and the euciuse. The estimators and the
assumptions required to yield unbiasedness are as follows:

i. OLS Estimator:
ﬂgz = ng—FTt—FAD(g)SZ —FXZB—FGZZ (9)
7.4 andr, are grade-school and academic year fixed effects, respictie must
assumeD(¢) is orthogonal taj! for all ¢. This assumption holds if school construc-

tion projects are assigned randomly and families eitherataenadjust their school
choices or readjust in a way that is uncorrelated with sceterchinantg;?.

ii. Student Fixed Effect Estimator:

Tigo =Tog+ 1+ 7+ AD(()S, + €5, (20)
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7; are individual-specific fixed effects. Her&,(¢) may be correlated witly? for
any ¢, but we restrict;! = 7, for all g. In this case the fixed effects estimator
will recover estimates of\, as the individual level heterogeneity in unobservable
characteristics; will be captured inr;. This assumption will hold ip,s = 0 for all

s greater than the lowegtfor which we have valid test score observations. Even if
these assumptions fail, value added estimation will improm OLS estimation to
the extent that conditioning on past scores weakens theorethip between school
construction treatment and unobservable score deterisinan

Value Added Estimator:

Egz = Tzg + 7+ 7Tiri,g—l,z + AD(K)SZ + Xzﬁ + €. (11)

This estimator is identical to OLS but controls for laggest tcores. Even iD(¢)

is correlated withy?, value added estimation yields unbiased estimates thetefi¢
current-year school construction under two assumptidresfifst assumption is that
the effects of all test score inputs—including lagged sthoostruction treatments—
decay geometrically year to year. The second is that cordeampous investments
are orthogonal td)(¢). The geometric decay assumption in particular is strict and
likely to be invalid (Todd and Wolpin (2007), Rothstein ()L Even so, value
added estimation offers advantages over OLS estimatidmairittcontrols directly for
individual-specific heterogeneity in scores. Value addgaration also addresses a
weakness of FE estimation by allowing for (heavily paramegel) individual effects
that vary over time.

None of these estimators is perfect. OLS estimates willjfike biased if locational choices

respond to school construction plans once they are revebired effect and value added
estimators allow for a flexible readjustment process, bgtire strong assumptions on
the form of7;!. Below, we present evidence that families do change logakiohoices

in response to construction. We therefore focus our aratysithe fixed effect and value-
added estimators rather than the OLS specification. If tastsmators yield similar results,
and the timing of observed effects closely follows the tighiri the school construction, we
will interpret our findings as strong evidence of an effecsatfiool construction on student

Scores.
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4 Data

4.1 Home sales data

Our home sales data is a complete record of all residentigigoty sales that took place
in the school district between January 1st, 1995 and Jarisy 2010. We obtained
this data from administrative records maintained by thec®ffif the City Clerk. The
data include sale prices as well as a variety of property amdehcharacteristics. These
characteristics include property address and acreages Bqmare footage, the number of
bedrooms, bathrooms, and total rooms, and the ‘style’ optbeerty (e.g., ‘Georgian, or
‘multi-family’). The data also include a subjective evaioa of each home made by the
town tax assessor. These evaluations are categorical agd flom ‘poor’ to ‘excellent.
The assessor’s evaluations have substantial explanabargrpeven after conditioning on
observable home characteristics, and therefore can bepiated as a measure of what
would in most cases be deemed ‘unobservable’ home quality.

We match homes to their zoned schools using the distridieacassignment guidelines.
We focus our analysis on construction of elementary and lmiddhools because Dis-
trict high schools are generally not bound by neighborhamdes and enroll students from
across the district.

Table 3summarizes the home sales data. Between the beginning 8at@Rlanuary 2010,
there were 14,266 residential properties sold in the distfihe pace of sales was relatively
slow between 1995 and 1999, during which time 2,817 homes w@d, and picked up
thereafter to a rate of over 5,000 homes per five year peri@weé/e able to match nearly
all of the sales records to elementary-middle-high schqaéets. Non-matches were due to
incomplete address records in the sales data or omissimmstfre school assignment list.
The average price of a home sold in the district rose from &P0between 1995 and 1999
to $164,345 between 2000 and 2004 to $245,909 between 2@0304/0. This occurred
even though characteristics of the transacted homes didh@sotge very much: square
footage, acreage, and number of rooms all remained relatteastant between 1995 and
2010. About 40 percent of homes sold in each period were dé&yéhe assessor to be
high quality, a constructed binary designation that inekigood to excellent ratings.
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Table 3: Fifteen Years of District Home Sales

1995-2010 1995-1999 2000-2004 2005-2010

Number of Homes Sold 14266 2817 5784 5665
Matched to schools 14081 2772 5718 5591
Price (mean) 188,000 120,000 164,000 246,000
Price (median) 156,000 101,000 140,000 213,000
Square feet 1956 2026 1948 1929
Acreage 0.12 0.14 0.12 0.11
Bedrooms 3.64 3.60 3.62 3.67
Bathrooms 1.88 1.87 1.89 1.89
Rooms 7.98 7.92 7.98 8.01
High quality 0.39 0.45 0.38 0.37

Note: Data describe the population of home sales in New Haventhe 1995-2010 period. Sales
are counted as matched to schools if we can locate the adulidbe map of school zones and
assign it elementary, middle, and high schools. Pricesra2805 dollars and rounded to nearest
1000. High quality is equal to one if the it is described asodb'above average,’ or ‘excellent’
in assessor’s records.

4.2 Student residency data

To examine the impact of the SCP on residential choices, wedata on the addresses
of enrolled students for the academic years 2002-2003 ¢ir@0D09-2013° As with
the home sales data, we map student addresses to neightieiypwaoned elementary-,
middle-, and high-school triplets. The idea is that pubtibaol enroliment levels reflect
the outcomes of the location choice process for familiek ahtildren.

Table 4presents the means and standard deviations of neighbesgte@sdbservations of
school enroliment levels and flows. Over the period in qoestaverage enrollment in a
district neighborhood was 740, and trended downward fronaxamage of 794 students
per neighborhood in 2004 to an average 693 students perbwigbod in 2010. The
lower rows ofTable 4decompose this change into cross-district and withirddishflows
and outflows. Inflows count the number of enrolled studenisdiin a neighborhood
in a given year who were not enrolled in the district in thevpyas year, or who were
enrolled but lived in a different neighborhood. Outflows ebthe number of students who

10we refer to academic years using the spring year from thist foiward.
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lived in a given neighborhood and were enrolled in a disgattool last year, but this year
either were not enrolled or remained enrolled but moved tdfardnt neighborhood. On
average, 215 students are new to a neighborhood each yelar 288 students leave. This
is consistent with the observed pattern of decreasing lemeat over time. Note that both
inflow and outflow counts capture a wide variety of student emgnts. Inflows include
district residents entering public school for the first tjsgeidents arriving from out of town
in time for fifth grade, and students whose families move sgtown at any point during
a students’ time in the district. Outflows include student®wlrop out, graduate, switch
neighborhoods within the district, or leave the districtirety.

We further decompose inflows (outflows) by students’ stgriaint (destination). Specif-
ically, we define intra-district inflows and outflows as thasevhich a student switches
neighborhoods within the district but remains enrolleddhaol. Interdistrict inflows then
consist of students who are new to district enrollment, gzmterdistrict outflows consist
of students who leave the district. Intradistrict inflowslautflows must be equal in any
given yeart! so changes in total district enrollment are determined bgrdlistrict flows.
On average, about 89 students— 12 percent of the averagkmemblevel- arrive and
leave neighborhoods each year through intradistrict flows. see inTable 4that on av-
erage a neighborhood gains 126 enrollees through inteadisiflows in a given year, but
loses 140 enrollees through interdistrict outflows. Theral@icture painted by data on
neighborhood-level enrollment and flows is one of a schagitidi that is shrinking in size
and in substantial residential flux, as students enter althe district and move within
it.

pifferences in standard deviations are expected and refledtct that intra-neighborhood inflows and
outflows can have different distributions even if they hdnheagame mean.
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Table 4: Mean and Standard Deviation of School enroliment by neigndomd

Total 2004 2007 2010

Enrollment 740 794 712 693
386 413 374 379
Inflows 215 233 209 200

113 118 113 107
Inflows: inter. 126 138 114 122
66 69 60 68

Inflows: intra. 89 95 96 78
52 54 58 44
Outflows 229 230 262 199

121 128 130 99
Outflows: inter. 140 135 166 122
75 72 84 63
Outflows: intra. 89 95 96 78
53 62 55 41

N 200 25 25 25

Note: Student enrollment in district public schools by digrhood-year. Within each row, the
upper number is the variable mean and the lower number istdnel@rd deviation. Inflows rep-
resent students new to a neighborhood between current pelapravious year. See text for a
description of the distinction between inter- and intratdct in- and out-flows.

4.3 Test score data

To assess the effect of the SCP on academic outcomes, weudseatsiicrodata for the
academic years 2004 through 2010. Key variables includkestuace, English Language
Learner (ELL) status, special education status, free araedHprice lunch status, and stu-
dent scores on state-mandated assessment tests (the arirMastery Test, or CMT),
which we standardize using state-level means and stan@aidtibns within grade-year
cells. Table 5shows summary statistics for the students in our data. We Hata on
152,151 student-years over the seven-year window, refgpatdistrict size of about 22,000
students. Black students make up roughly half of all stusleartd Hispanic students ac-
count for another 35 percent. Because the proportion ofiéneeh students is so high, all
district students receive free lunch at school. Each ybardtstrict sends home a survey
requesting income data so that they can renew district-fese lunch eligibility, and our
data reflects the results of this survey. Generally abouteB0egmt of students report being
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free or reduced price eligibfé.Mean reading and math scores in the district were approx-
imately two thirds of a student-level standard deviatiolowestate means throughout the

period.

Table 5: School district demographic profile

Total Matched In-district matched FE sample VA sample

N 152151 136883 123275 38191 20584
Black 0.52 0.52 0.53 0.51 0.51
Hisp. 0.35 0.35 0.36 0.38 0.39
ELL 0.11 0.12 0.13 0.12 0.11
Spec. Ed. 0.11 0.1 0.1 0.07 0.06
F/Rlunch  0.74 0.76 0.77 0.85 0.92
Reading -0.66 -0.65 -0.69 -0.65 -0.63
Math -0.63 -0.62 -0.66 -0.59 -0.57
PK-2 0.31 0.26 0.27 0 0
Gr. 3-8 0.41 0.45 0.46 1 1
Gr. 9-12 0.27 0.29 0.27 0 0

Note: Characteristics of student population observed tradiata. Unit of observation is the student-year.
‘Total’ column includes all students in district. ‘MatcHemblumn includes student-years with matched ad-
dresses. ‘In-district matched’ includes student yeark miatched addresses for in-district students only (i.e.,
not students from neighboring towns). ‘FE sample’ columaatibes student-year obs. with current-year
scores for students who are never enrolled in transiticctabdals, and have test scores less than three stan-
dard deviations above or below district mean. ‘VA sampldtom introduces lag-score requirement.Reading
scores and math scores standardized using state-levesrapdrstandard deviations.

When conducting our analysis of test scores, we restricstudent sample in a number
of ways. Since treatments take place at the neighborhoad, ke eliminate enroliment
records that cannot be matched to addresses. As shown ird¢brdscolumn offable 5
matched students tend to be older than the student body asla it are otherwise de-
mographically indistinguishable. We also eliminate ofithistrict students who enroll in
district schools, because these students cannot be matchezighborhood-level treat-

121n 2005, the district school lunch survey estimated thay 86l percent of students were eligible, a sharp
break with both earlier and later datapoints. District @i attribute this to poor survey design in that year,
combined with the limited incentives parents have to fill the forms. We experimented with dropping the
free lunch dummy from our analysis. This generally incredsath the magnitude and sign of our results, so
to be conservative we chose to include the variable degpitedonsistency across time.
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mentst® The third column ofTable 5describes these students, who again resemble the
broader student population.

To construct our analysis sample from the sample of inidisstudents with matched ad-
dresses, we make several further sample trims. We elimgtatients who attend ‘transi-
tional’ schools— schools specifically for struggling stotde- in any of our data years. We
eliminate these students because transitional schoolsoateed to specific school zones,
and because we are interested in the effects of school aatistr on students in stan-
dard academic program$.We also drop student-year observations with test scores mor
than three standard deviations above or below the mean. déleof this cut is to limit
the impact of score outliers on our analysis, but in praatigeresults are not sensitive to
changing or eliminating the threshold.

In our main analysis sample, used for fixed effect estimatvea include all remaining
student-year observations with valid scores. This requarg eliminates students in non-
tested grades: the CMT was administered in grades threeghreight between 2006 and
2010, and in grades four, six, and eight prior to 2006. Stted@rother grades are dropped.
This sample is described in the fourth columnTaible 5 In our value added analysis,
we include only students with nonmissing current- and pyearr scores. This sample is
described in the fifth column ofable 5 The prior-year score requirement eliminates all
students in academic years 2004 and 2005, third and foustbegs in 2006, and third
graders between 2007 through 2010. Though requiring theepoe of baseline scores
reduces our sample size from 38,191 to 20,584, studente ivetlne added sample do not
differ substantially from students in the fixed effects séarip terms of their observable
characteristics.

5 Effects on home prices

Table 6reports our estimates of three versions of equation 2. Wartrepsults for elemen-

tary school and middle school construction only, since lsigiool assignment is generally
not neighborhood based. The first column includes yeartsffeeasonal effects, observ-
able home covariates, neighborhood intercepts and slapelshigh school construction
treatment variables as controls. We find that sale priceshys0.29 percent per $10,000

13These students enroll in District schools through regisohbol choice programs.
M ncluding these students does not affect our findings.
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of per-capita construction expenditure upon filing, 0.1&pet upon the beginning of con-
struction, and a further 0.85 percent upon occupancy. Thlegichanges at filing and
construction start are not significantly different from @ebut we reject the hypothesis
that the change at occupancy is zero at the five percent [Elielestimated total effect of
construction—the sum of the score gains at each projecephad.27 percent per $10,000
in per capita expenditure, and is significantly differewinfirzero at the five percent level.
Multiplying the total effect by the average level of per dagxpenditure across all houses
in the regression sample (roughly 8.1) shows that the aeeeffgct of elementary and
middle school construction was to raise home prices by &dbteD.2 percent.

In column I, we add controls for assessor-measured ‘unrgbbies’ to the regression. This
causes our estimated effects to rise slightly: prices asmeby 0.95 percent per $10,000
in per-capita expenditure upon occupancy, and by 1.38 pencdotal. The estimated av-
erage effect of construction on home prices rises to 11.d¢epér In column 1ll, we add
a interaction term between dollars of per-student expargita post-occupancy dummy,
and years post occupancy. This allows the post-occupafest ¢b deteriorate or increase
over time. The estimated effect, labeléd is small and statistically insignificant. It ap-
pears that school construction has a significant and lafgetedn home prices, and that
our results are not driven by neighborhood-specific tremds/ahanges in the unobserv-
able characteristics of homes sold, and that post-occypeffects do not decay as time
passes.

To put the size of these effects into perspective, it is Ugeficonstruct a back-of-the-

envelope estimate of the total effect of elementary and laiddhool construction on tax

revenues and compare it to the total cost of the project. Mssior the purposes of this

exercise that the average effect of school constructiomenalue of all district real estate

(residential and non-residential) is the same as its aeegfigct on the price of transacted
homes. Assume further that there are no spillover effeottyat school construction in one
neighborhood does not affect the prices of homes in othghberhoods. Then the change
in annual tax revenues resulting from construction of eleisngy and middle schools can

be written

01 = Real estate valug Tax ratex Average effect
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Table 6: Elementary and middle school construction and home prices

oy 0.0029 0.0033 0.00322
(0.0027) (0.0027) (0.0024)
e 0.0013 0.0011 0.0010
(0.0021) (0.0021) (0.0025)
0o 0.0085** 0.0095** 0.0095**
(0.0038) (0.0037) (0.0035)
55 -0.0010
(0.0033)
Opre 0.0042 0.0044 0.0042
(0.0040) (0.0040) (0.0040)
Otot 0.0127* 0.0138** 0.0137**
(0.0058) (0.0057) (0.0059)
Average Effect 0.102 0.111 0.110
Year effects Yes Yes Yes
Season effects Yes Yes Yes
House Covariates Yes Yes Yes
High School const. Yes Yes Yes
Neighborhood Fixed Effects Yes Yes Yes
Neighborhood Slope Yes Yes Yes
Quality No Yes Yes
Neighborhood Clustering Yes Yes Yes
N 13559 13551 13551

*: Significant at the 10% level. **: Significant at the 5% levétr*: Significant at the 1%
level. Results from a regression of log home sale price irb2{ifllars on time relative to fil-
ing, occupancy, construction of neighborhood elementadyraiddle schools (per $10,000
in per-capita expenditure), and the indicated covariatgss., andd, refer to effects ob-
served upon project announcement, construction startpacupancy, respectively? is a
slope parameter that allows to change with years post-occupandy,. = d; + d., and
diot = 05 + 0. + 0,. Average effects are equal 8@, multiplied by average per-capita ex-
penditure weighted by home sales. HS construction tredtuagiables are included but not
reported. Standard errors are clustered at the neighbdtaeel.

The most recent assessed value of the stock of real estatevinHdven is $5.2 billion
(in 2005 dollars), and the property tax rate is 0.0439. Coinbi these values with the
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estimated average effect from column Il (11.1 percent)aidis that,,,. is equal to roughly
$25 million. If, as reported in column Ill, effect sizes dotrminish significantly over
time, and if city government can borrow and lend at a five percate of interest, then the
costs of delaying investment in school construction areedugh: a ten year postponement
of the stream of $25 million payments has a present value afo$218 million. This
represents more than a fifth of the $1.07 billion of total expigires on elementary and
middle school construction. The key point here is not thet ¥alue represents a precise
estimate of the cost of postponing investment, but rathedr ttre value District residents
place on school construction investment is large enoughthi@aDistrict can expect to
mechanically recoup at least some portion of its costs tjitdnicreased tax revenue.

Before moving on, it is worth noting that these results dorntg out forward-looking be-
havior on the part of home-buyers. Roughly a third of thel teffact of school construction
accrues prior to building occupancy, though these prestsftare not statistically significant
by themselves. And even if pre-occupancy price effectsrafadt zero, this is consistent
with a model in which home-buyers are forward-looking bugical about the prospects
for project completion.

6 Effects on school enrollment

At least two distinct stories are consistent with our findthgt school construction in-
creases home prices. The first is that school infrastructueeselling point for home-

owners regardless of whether they have children they interahroll in a neighborhood

school. For example, homeowners may value local amenikieswimming pools or play-

ing fields. The second is that price increases are driven éylésire of homeowners to
enroll their children in the rebuilt schools. These stoaes not mutually exclusive, but
have different implications for the effects of infrastnuie investment on schooling de-
mand and community demographics. In this section, we exathmrelationship between
schooling demand and the residency patterns for distuckestts, and find support for the
second story, though we cannot rule out the first using thee atatand.

Figure 2and the first column ofable B -3display estimated enrollment elasticities com-
puted using a regression of log public school enroliment égimborhood on per capita
infrastructure investment, year fixed effects, and neightod fixed effects. The coeffi-
cients on treatment dummies for years more than five yeasstprbuilding occupancy are
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restricted to be zero, and coefficients on treatment dumeotigesponding to six or more
years after treatment are restricted to be the same. In threyfars prior to occupancy,
the effects of school construction on neighborhood enretindiffer significantly from en-
roliment levels six or more years pre-occupancy, but effests are small. Beginning in
the year of occupancy, the enrollment effects begin to asé, continue to do so for the
next five years. The trend flattens out six or more years postfancy. By this point,
$10,000 of per capita school construction expenditureesameighborhood enroliment by
4.4 percent. Note that because these findings reflect chamgétere students live, they
cannot be a mechanical result of changes in school capacity.

Figure 2: The effects of school construction on neighborhood resiglen
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Note: The figure shows the effect of $10,000 per capita scbmutruction treatment on log neighborhood
enroliment by year relative to occupancy. The estimatesohtained fromEquation 2 SeeTable B -3
Shaded area represent 95% confidence intervals.

To raise neighborhood enrollment, school constructiontraitiser increase neighborhood
inflows or reduce neighborhood outflow$able B -3reports estimated effects obtained
using an identical specification with the logs of these twardities as the dependent vari-
ables. Effects on inflows follow a similar pattern to thoseawerall enrollment: no dis-
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cernible trend pre-occupancy, and then a steady post-anocypncrease. By the sixth
year post occupancy, $10,000 of per capita expendituresaisighborhood inflows by 6.7
percent. This estimate differs significantly from zero a five percent level. For out-
flows, the effect of school construction is delayed. Effeats approximately zero until
three years after occupancy, when they begin to rise. Sixaremears post occupancy,
$10,000 of per capita expenditure raises outflows by 5.0gpéers reported in columns
four through seven ofable B -3 inflows and outflows reflect a balance of inter- and intra-
district movers. Changes in enrollment are thus the regydbst-occupancy increases in
student ‘churn’; inflow effects are larger and begin eatlwan outflow effects.

Who are the new arrivals to neighborhoods with rebuilt st$bdo answer this question
we construct indices of observable test score determitgntsgressing reading and math
scores on race dummies, a sex dummy, and free lunch statuoamulting predicted test
score values for each student. We do not include ELL and apedication status in the
indices because these outcomes may be endogenous to edwpaiity. Table 7reports
results from a regression of math and reading score indices most-occupancy dummy
multiplied by per-student building expenditures (in $1M@er-student units), controlling
for year and neighborhood/grade fixed effects. The coeffima the expenditure-scaled
post-occupancy dummy is labelégd;, and differs significantly from zero in both the math
and reading specifications. In the Supplemental Appendishyv that these increases
are due to growth in index values beginning at least one yesir@ccupancy. Covariate-
specific regressions (available upon request) show thaetbffects are driven largely by
changes in the free lunch status of neighborhood studect®obconstruction brings many
new students into neighborhoods, and the choice to moverislated with demographics
that predict high test scores.
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Table 7: Selection on indices of observable test score determinants

Reading Math

Opost 0.00184**  .00138*
SE 0.00084 0.00071
N 50,145 50,145
Year FE Yes Yes
School/grade FE  Yes Yes

**: significant at 5% level. *; Significant at the 10% level. féts from a regression of a
linear index of test score observables on year FEs, neiglolod/grade FEs, and dollars of
per-student investment interacted with a post-occupanoyy. The linear index includes
race dummies, sex dummies, and free lunch status. Weightdedermined by a regression
of test scores on these variables. Standard errors cldsietee neighborhood-year level.

The finding that neighborhood-specific school enrollmergite to rise at the time of
school occupancy is consistent with the finding of rising kgrices at that juncture. In the
context of our conceptual model, it suggests that migrataes are high enough or fixed
costs low enough that readjustment in response to schostromtion is feasible; families
willing to pay for school infrastructure move in, while fams not willing to pay move
out. Demographically advantaged families with school-elgi&ren with appear to value
the change in neighborhood amenities associated with schostruction more than other
types of households. One possible reason for this is thatiésnwith children benefit
directly from any test score gains associated with constnucand families from high-
scoring demographic groups either place an especially Vadie on these gains or can
more easily pay the costs associated with moving. The nekibseassesses the size of the
test score gains caused by school construction.

7 Effects on test scores

Table 8presents results from estimates of equations 9 (OLS), 18dfeffects), and 11
(value added) for reading and math scores. For each sulbgtthe first column presents
the OLS specification, the second the value added speaifigcand the third column the
fixed effect specification. We restrict effects to be zeroertban five years prior to building
occupancy, and to be equal six or more years post-occup&®ic$. estimates of reading
score effects are generally insignificant but trend upwapdint estimates are less than
0.0043 for all years pre-occupancy, but are equal to at (@605 four or more years post-
occupancy. The theoretically preferable value added aed #ffects measures show dis-
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tinct trend breaks beginning in the year of building occugyavalue added and fixed effect
estimates rise in parallel for at least the first six yeamrdftilding occupanci? By six or
more years post-occupancy, $10,000 of per-student infictstre investment raises reading
scores by 0.0265 standard deviations in the fixed effectifsgaon and 0.0236 standard
deviations in the value added specification. In both the fedéett and value added spec-
ifications, coefficients become significant at the ten perlexel in the year of occupancy
and are significant at the five percent level four or more ypass-occupancif

We interpret the trend break in estimated effects at the dfbeilding occupancy as strong
evidence that school construction caused reading scoresetm affected neighborhoods.
That we observe this pattern even when controlling for irtligl-specific heterogeneity in
multiple ways indicates that the estimated effects are @pjately viewed as the causal
impact of school construction on the individual educatisaduction function (whether
through motivational or direct pedagogical channels), aoa consequence of selection
into treated neighborhoods. Arguing against this integtien requires a story in which
selection into treated neighborhoods is correlated witietvarying individual-specific ef-
fects conditional on prior year scores.

Estimates of math score effects do not paint as clear a picllrere is some evidence of a
positive effect on math scores in the year of occupancy, #sthe value added and fixed
effect estimates differ significantly from zero at the tercpgat level. In addition, estimates
from the value added specification begin to slope upwarcethigars after construction,
reaching a level of 0.0172 six or more years post-occupartug. effect is relatively close
to the estimate in the reading specification, but does nfgrdifgnificantly from zero at the
ten percent level. OLS and fixed effect estimates show n@digae trend. Our estimates
are noisy, so we cannot reject large effect sizes. Howewgarpared to the strong evidence
we find for reading score effects, evidence of math scoretsfie very weak.

15Note, however, that value added and fixed effect estimatesatrstrictly comparable. The value added
estimates imply dynamic effects of lagged treatments oreatiscores, while fixed effect estimates do not.

180ut of the thirty pre-occupancy effects we estimate (fiveffacients in each of six specifications), four
are significant at the ten percent level. This is consistétiit what we would expect given a true effect of
zero in these years.



Figure 3: Effect of school construction on score levels

Value Added Estimates @k - Reading
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Note: Estimates of effects of per-capita school constonctpending on student score levels by year relative
to treatment, as described in equation 5. Shaded areas sB6wercent confidence interval, allowing for
clustered errors at the neighborhood-year level. Squadisate significance at the 10% level. Controls
include student characteristics, year effects, and setpaale fixed effects. Estimates reported in TaBles
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Table 8: Effect of school construction on test scores

Reading Math
t —to oLS VA FE oLs VA FE
-5 0.002 -0.0009 0.002 0.0026  0.0007  0.0038**
0.0016 0.0032 0.0018 0.0019 0.0031 0.0019
-4 0.0038** 0.0014 0.0023 0.0006 -0.0009 0.0015
0.0017 0.0032 0.0023 0.002 0.0036  0.0022
-3 0.0031 0.0034 0.0051* 0.0017 0.0021 0.0037
0.002 0.0034 0.0028 0.0024 0.004 0.0026
-2 0.0013 0.0004 0.0036 0.0004 0.0003 0.0029
0.0019 0.0037 0.0032 0.0025 0.0042 0.0029
-1 0.0043* 0.0019 0.0054 0.0031 0.0012 0.0033
0.0024 0.0038 0.0037 0.0027 0.0043 0.0034
0 0.0062* 0.0100* 0.0094** 0.0056 0.0103* 0.0068*
0.0033 0.0055 0.0047 0.0039 0.0055 0.0041
1 0.0046 0.0102* 0.0106* -0.0007 0.0024 -0.0006
0.0037 0.0059 0.0056 0.0046 0.0065 0.0049
2 0.0064 0.0126* 0.0128* -0.0018 0.0055 -0.0032
0.0045 0.0065 0.0067 0.005 0.0072 0.0056
3 0.0044 0.0158* 0.0161** 0.0013 0.0114 -0.0001
0.0054 0.0083 0.0079 0.0064 0.0085 0.0064
4 0.0095 0.0204** 0.0200* 0.0038 0.0147 0.0021
0.006 0.009 0.0093 0.0072 0.0099 0.0078
5 0.0136** 0.0213** 0.0224** 0.0075 0.012 0.001
0.0065 0.0099 0.0109 0.0077 0.011 0.009
6+ 0.0123 0.0236** 0.0265** 0.0061 0.0172 0.0029
0.0076 0.0113 0.012 0.009 0.0128 0.0104
Student Cov. Yes Yes No Yes Yes No
Student FEs No No Yes No No Yes
Year FEs Yes Yes Yes Yes Yes Yes
Nbd./Grade FEs Yes Yes Yes Yes Yes Yes
Sch./Grade FEs  Yes Yes Yes Yes Yes Yes
Lag scores No Yes No No Yes No
N 38617 20584 38191 38694 21022 38991

*: significant at the 10 percent level. **; significant at theefipercent level. Column ‘FE’ displays estimates
of effects of per-capita school construction expendityrgdmar relative to treatment obtained using equation
10 with reading/math z-scores as the dependent variableeirE analysis sample. Column ‘VA' displays
estimates of score gains obtained using equation 11 in than&ysis sample. Controls include observable
student covariates, year FEs, neighborhood/grade/sétisland lag scores (as indicated). Standard errors
allow for clustering at the neighborhood-year level.
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How large are the results presented here relative to theteftd other test score determi-
nants? The average student lived in a neighborhood thaitveec876,800 of per-capita
school construction expenditute.Multiplying this value by the estimated reading score
effect six or more years post-occupancy in the fixed effedieddspecification, we esti-
mate that on average school construction raised readimgsbyg 0.21 standard deviations.
These effects are large, but not implausibly so. Lottergebleevaluations of the effects of
attending high-performing KIPP charter schools find scaiagof 0.12 standard devia-
tions for reading and 0.35 standard deviations for math par gf enrollment (Angrist et
al. (2010)). Between 6th and 8th grade, students enrolleicitem Children’s Zone (HCZ)
schools experience reading score gains of one quarter tthodeof a standard deviation
and math score gains of 0.8 standard deviations relativelé khbn-participants (Dobbie
and Roland G. Fryer (2009)).

It is also useful to relate these results to changes in homegpand school enroliment
by computing the implied elasticities of home prices andstknrollment with respect to
changes in test scores. If school construction only alteosde prices through its effects on
student test scores, we could reasonably compute theog\asfihome prices with respect
to school quality by dividing the percentage change in honeep post-construction by
the per-capita change in test scores post-constructiooo@te, school construction may
affect home prices through other channels, like neighbmaifa®sthetics or access to public
facilities. We conduct the exercise in spite of this limidatand interpret our results as
upper bounds on the true elasticities. We further assuntdahg-term test score effects
are immediately capitalized into home prices.

From Table § we know that the estimated effect of $10,000 of per studepéemditure

on home prices was 1.3 percent. Frdable B -3 we know that the estimated effect on
neighborhood enrollment counts six or more years postymaacy was 4.4 percent. The
estimated effect of school construction on reading scaxes snore years post-occupancy
in the fixed effects specification was 0.027 standard d@nati These values imply that
a 0.1 standard deviation increase in a school’s effect asimgascores would raise home
prices by 4.7 percent and public school enroliment amorgjgtivorhood children by 16.2
percent. These elasticities should not be compared dirextthose presented in Black
(1999) or Bayer et al. (2007), because both the numeratodandminator differ in criti-

This number is smaller than the home-sale weighted avepquenditure of $81,000. Relative to home
sales, students were disproportionately concentratamhirinvestment neighborhoods.
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cal ways. In the denominator, we use student-level stan@atdscore standard deviations
while Bayer et al. and Black use percent changes in schochgeescores. In the numera-
tor, we use changes in the causal effect of schools on test pcoduction, while they use
school average scores which incorporate both school caffeats and student selection
into schools.

8 Possible Mechanisms

8.1 How do school construction projects help students?

Having documented the test score gains that accompany tistrgotion of new school
buildings, it is natural to ask why this might occur. Thus fae have remained agnostic
about whether school construction affects test scoresigiirthe direct pedagogical effect
of improved facilities or through improved motivation faudents and teachers. In prac-
tice, it may be difficult to distinguish between the two pa#lyw. If a student’s access to
a computer within the classroom encourages him to read neilirseeovhen at home and
this improves his reading score, it is unclear whether tobatie the gain to the specific
feature of the facilities or to the change in investmentl,Stome pathways can be clearly
categorized, and if one or the other plays a dominant roleoitld/be valuable to know
this.

A related question with important implications for policgikers iswhich building features
are associated with score gains. Even if the pedagogicadtef a given feature could
not be distinguished form the motivational effects, futcwastruction programs might like
to design buildings with features that have large totalat#fe Unfortunately, we do not
have consistent data on the characteristics of the newlgtnacted buildings, and there-
fore cannot examine the heterogeneity of constructiorceffacross building features in a
guantitative way.

In lieu of a quantitative analysis, we address the motivatiersus pedagogy issue and
the specific building features question using a survey dfidigrincipals. We surveyed
principals at 22 district schools about their experienadsiie, during, and after school con-
struction. We chose to interview school principals rathantteachers or students because
we believe principals’ experiences are likely to be the meptesentative of school cli-
mate as a whole. Of the 22 principals we surveyed, ten wer#fice@t the time of school
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construction; we restrict our discussion to the responkttese ten individuals.

Our questionnaire asked principals to rate the contribubibthe SCP to student, parent,
and teacher motivation, and the timing of any observed absing/e also asked about the
improvements they observed in different facility attriésitlike libraries, classrooms, and
ventilation, and about how much they believed each impr@rértype contributed to aca-
demic performance. We then asked principals to weigh tfaivelimportance of indirect
motivational effects and direct ‘new facilities’ effectsimproving students’ scores. Copies
of the survey are available upon request.

Principals agreed that the school construction projestethimotivation at home and at
school. All of the surveyed principals reported moderatarge effects of school construc-
tion on parent involvement, and nine of the ten reportecelaffects on student motivation.
All principals reported moderate or large effects on teachetivation. When asked to
compare the importance of motivational effects to the ingoore of direct infrastructure
effects for raising test scores, nine out of ten princip&lseved that the motivational ef-
fects of the SCP were at least as important as the directeféemproved infrastructure
on pedagogy. Though principals likely faced the same diffiesiwe do when trying to
separate motivational from pedagogical effects, the ygriredicate that, at minimum, ob-
served school construction effects are not entirely duereztipedagogical changes. This
is consistent with the emphasis placed on community, styded teacher involvement in
the construction process, and with a growing economicaitee on the importance of in-
trinsic motivation in determining student outcomes (seg, €leckman et al. (2006)).

When asked to identify specific building features that wenpartant to student success,
principals pointed to library improvements and heating,canditioning and ventilation.
Particularly interesting in this part of the survey were theponses principals gave to
an open-ended question in which they were asked to idemiportant pathways through
which school construction affected student outcomes ot been identified elsewhere
on the survey. Several responses focused on ‘student arftetgaride,’” while others iden-
tified important but subtle building features, such as asyea| which allowed teachers to
observe student activities in hallways while standing ie@tial courtyard location. An im-
plication is that some of the infrastructure features tleé¢dnine student achievement may
be a) relatively inexpensive, but b) difficult to measureategorize. This presents both an
opportunity and a challenge to designers of future infeestire improvements.
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9 Discussion

This paper describes the effects of a comprehensive schostreiction program in a poor
urban district on student and community outcomes. We fintgtiaool construction had
substantial positive effects on home prices in affectedm®rhoods, and led to increases
in the population of families with children attending pub$ichools. These effects coin-
cided with increases in student reading scores on the ofdbpse typically observed in
students who win lotteries to attend high-performing adrasthools. Given the pressing
need for large-scale investment in school infrastructithe national level, and in poor,
urban areas in particular, our findings are important foessisig the costs and benefits of
potential infrastructure policies.

The evidence presented here also links prior work on the homee effects of school
construction to a broader literature on the way that housiagkets capture school quality.
We document for the first time the way that dynamic changeshioal quality (and other
amenities associated with school construction) impactéhprites and patterns of public
school enroliment, and in doing so help explain how the s$atratification along school
boundaries described in Bayer et al. (2007) could arise trex due to local changes
in education policy. We innovate further with respect to tleeising market literature by
focusing on the price effects of changes in the causal effiesthools on student scores,
not on school average scores that mix differences in ecucg@iioduction with student
selection. This distinction is important if we wish to segtarthe value families place on
school quality and the value they place on attending schbatsstudents with high levels
of observable and unobservable test score determinantatdnd.

Our work has number of important limitations. We cannot datee whether school con-

struction affects test scores through specific changestbuht environment that enhance
pedagogy, or through more generalized changes in studaent) and teacher motivation
that accompany the project. A survey of school principatggssts that both physical and
motivational changes play an important role. A corollarghat we cannot identify spe-

cific building features that are particularly important forproved educational outcomes,
though more expensive projects are associated with lafiget® Our attempts to compute
the elasticities of home prices with respect to changeshinaosalue added are hampered
by the fact that we cannot determine the extent to which houyens value other ameni-

ties associated with school construction. We therefoerjiméet the estimated elasticities as
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upper bounds on the true effects of test scores on prices.

We conclude with a broader discussion of the relationshipvéen school construction
and other policy interventions aimed at helping studenfsoior urban districts. The basic
challenge in these districts is to help students from lovs $&ckgrounds succeed in school
despite limits on local resources. Many current policies 89 help students who have
the wherewithal to seek out educational opportunity leaweltied schools or districts for
privately-run alternatives. In at least some instancegaltp a subset of high-achieving
charter schools— students who win admissions lotteridizeckarge score gains. What
is unclear is the extent to which these policies are scalasti@ightforward models of
economic behavior suggest that students who do not opt iighedchieving charters would
benefit less from attendance than those who do. Furtheg thay be negative spillovers
from from choice-based policies if the students who exercisoice no longer positively
influence those who do not, though empirical evidence suggleat these effects are not
large (Altonji et al. (2010)).

School construction differs from choice-based policiesaise students do not have to opt
in. With this in mind, the observed score gains may be everenmopressive, because they
are not limited to students who express an interest in impgptheir academic outcomes.
The sticker price of school construction projects is muahbr than the price of choice-
based reforms in almost every case. But, given the pooratatéastructure in poor urban
districts, some school construction costs are fixed in tmses¢hat they must surely be
undertaken at some point in the relatively near future. Atimum, the results we present
here indicate that when this construction occurs, it shetdd/ed not as an unfortunate
necessity but as key part of the broader school reform toolki
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Appendix

Appendix A Descriptive Statistics

Table A-1: State of Service Systems in Connecticut Schools: Prirgipatvey

Less than good 2001 2009
Hartford 0.54 0.30
New Haven 0.53 0.14

Connecticut Average 0.32 0.18

Note: Percentages of school systems deemed ‘less thanigaadiey of public school principals. Cat-
egories include : Internal Communications , Interior Liggt Technology Infrastructure, Exterior Lighting,
Air Conditioning, Roadways and Walks,Heating, Plumbirayatories
(Scale: 4 = excellent, 3 = good, 2 = fair, 1 = poor, 0 = missing.)

Table A-2: School construction project summary

Number of schools Elem/MS HS
Total schools 33 9
Planned 31 6
Constructed 27 6
Occupied 25 5

Expenditures (millions of 2005 dollars)

Mean 34.07 50.09
Median 37.60 48.35
75th percentile 40.60 64.07
25th percentile 29.79 35.16

Duration (in years)
Filing to occupancy 6.08 6.93
Construction to occupancy 1.74 2.64

Source: NHPS. Counts exclude transitional schools andt@agh school
address as a separate school.
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Appendix B Results - Residential Choices
Table B -3: School enroliment by neighborhood
t—1T, Enrolled Inflows Outflows Newdist. Newnbd. Leave dist. Leabd.
-5 0.0058 0.0071 0.0011 0.0088 0.0106 -0.0021 0.0095
0.0037 0.0064 0.0059 0.0078 0.0122 0.0077 0.0103
-4 0.0075** 0.0087 0.0056 0.0025 0.0115 0.0051 0.0083
0.0035 0.0061 0.0056 0.0074 0.0116 0.0073 0.0098
-3 0.0081** 0.0101 0.0108* 0.0081 0.0119 0.0047 0.0188*
0.0036 0.0062 0.0057 0.0075 0.0117 0.0074 0.0099
-2 0.0099** 0.0078 0.0068 0.0104 0.0113 -0.0018 0.0198*
0.0036 0.0065 0.0059 0.0079 0.0123 0.0077 0.0104
-1 0.0097** 0.006 0.0035 0.0047 -0.0051 -0.0041 0.0086
0.0039 0.0066 0.0061 0.0081 0.0126 0.008 0.0107
0 0.0172** 0.0181** 0.0089 0.0179* 0.0174 0.0017 0.0226*
0.0046 0.0078 0.0072 0.0096 0.0149 0.0094 0.0126
1 0.0228** 0.0210** 0.0043 0.0121  0.0339* 0.0058 0.003
0.0059 0.0102 0.0094 0.0125 0.0195 0.0123 0.0165
2 0.0295** (0.0332** 0.0064 0.0285** 0.024 0.0053 0.0064
0.0065 0.0113 0.0104 0.0138 0.0215 0.0136 0.0182
3 0.0344** 0.0357** 0.0253** 0.0384** 0.0385 0.018 0.0425*
0.0072 0.0126 0.0116 0.0154 0.024 0.0152 0.0203
4 0.0404** 0.0494**  0.0272* 0.0514**  0.0518* 0.0263 0.0304
0.009 0.0157 0.0144 0.0191 0.0298 0.0188 0.0251
5 0.0460** 0.0558** 0.0326** 0.0459** 0.0776** 0.0315 0.26
0.0098 0.0171 0.0157 0.0209 0.0325 0.0205 0.0275
6 0.0441** 0.0671** 0.0497** 0.0565** 0.0855**  0.0494* @602*
0.0112 0.0197 0.0181 0.0241 0.0375 0.0237 0.0317
N 200 175 175 175 175 175 175
N 200 175 175 175 175 175 175
Nbd. FEs Yes Yes Yes Yes Yes Yes Yes
Year FEs Yes Yes Yes Yes Yes Yes Yes

Note: **: significant at 5% level. *: significant at 10% levetffects of per-capita construction
expenditures by year relative to treatment on neighborHeeel log enroliment flows. Observa-
tions are at the neighborhood year level. See section 6 failee explanation and definitions
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Supplemental Appendix - For Online Publication

Appendix A Description of school construction projects.

This supplemental appendix describes two representath@o$ construction projects. An
official description of the SCP as a whole and photographsasfynof the new buildings
are available online d@tt t p: / / nhps. net / School Constructi on. The text quoted
here comes from a District-provided summary of SCP statads Eray 2010.

The Fair Haven School at 164 Grand Avenue in New Haven was letetpin 2004. The
changes at this school illustrate the SCP’s focus on impgpthe school environment and
community access as well as adding basic amenities likeamebair conditioning.

The District describes the improvements as follows.

‘When built in the late 1920s, this school provided an amsttiiral anchor to the
neighborhood... its disrepair was extensive by the endeo€émtury.

‘[C]lassrooms were enlarged, updated to current techiyostgndards, and, heating
and air conditioning were installed.’

‘The interior of the school has been completely reorderetitha library, cafeteria,
and gymnasium repalced with those accessible to the stidadtthe community.
[A]n addition was required to build a regulation size gymoas’

‘The light wells introduced natural light throughout thestbry structure through
the skylights and the stairwells, and terminated in the paed@signed and greatly
expanded library and cafeteria spaces at their bases. Baoh though located at
the center of the building, receives natural light from twella:’

The Mauro-Sheridan School at 191 Fountain Street in New klaxges completed in 2009.
The changes at this school illustrate the ways in which the Bdproved students’ access
to technology. The District describes the changes as fsllow

‘The 1954 addition has been demolished and a new additidn.blihe 1922 build-
ing has been renovated and features such diverse technofi@gygs as robotics,
high tech graphic arts studies, instrumental and eleatretudies, as well as ad-
vanced computer studies.’
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e ‘The auditorium has been renovated as a flat-floor, multipsegmusic space... The
conversion of the balcony to a video lab allows for the rec@@f performances.’

e ‘[A] diverse technology curriculum includes: the NASA paetship (applied tech-
nology laboratory featuring mechanical design and robats)ideo production lab
that supports literacy skills; a distance learning lab faeiactive global learning;
computer labs; science labs; electronic music laborapaed the integration of
technology throughout the building to enhance instruction

Appendix B Student selection

In this appendix we examine the relationship between seleato neighborhoods af-

fected by school construction and the observable detentsnat student test scores. |If
students moving into new neighborhoods are better studleatsthe students there prior
to occupancy, we might attribute changes in mean schooés@mross time to school con-
struction when in fact they are a product of the changingestugopulation. We address
this question by looking at how the characteristics of nearhood populations relate to
time relative to occupancy.

To do this, we create an index of observable and predetedwharacteristics weighted
by the role each plays in determining test scores, and dacuinosy this index varies with
time relative to treatment. We construct the index usingdigeession

Tig. = 3,3 + e€ige, (Appendix B.1)
wherez;, is a vector consisting of dummies for race, sex, and freelstatus. We exclude
other observable characteristics like special educatansand ELL status because these
are learning outcomes that could be endogenous to schostraotion. x;gB thus forms

an index of observable score determinants. We assessiselect the observables by
estimating the equation

B =+ %+ 7+ 0 D) + eizy. (Appendix B.2)

The v, are year fixed effects, thg, are grade effects, and the are neighborhood fixed
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effects. We do not correct our standard errors for samplimgr én 3,18 but do allow
arbitrary correlation in error terms within neighborhogehr cells. We graph our results in
Figure B -1 We find that levels of observed selection on the reading aaith mdices are
close to zero and insignificant until one year post-occupahrcthat year, values of both
of the indices jump substantially, and the estimated caeffidn the reading specification
becomes statistically significant at the ten percent leVéle reading and math selection
indices both remain at high levels for several years, thasggimates become noisy. As we
discuss in the main text, aggregating the year-specifictsfiato pre-and post-occupancy
groups yields a finding of statistically significant postopancy selection in both reading
and math.

Bntuitively, correcting for sampling error could only rectithe statistical significance of evidence for
selection. In practice we find that such corrections hatle Effect because the are tightly estimated.



Figure B -1: Predicted Test Scores by Year Relative to Occupancy
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Note: Estimates of effects of per-capita school constoacspending on indices of observable score deter-
minants by year relative to treatment, as described in @nsm€1 and C2. Shaded areas show a 90 percent
confidence interval, allowing for clustered errors at thighleorhood-year level.
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