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Most  rea l  es ta te  agents  w i l l  te l l  you  tha t  houses  se l l  fo r  h igher  p r ices

in areas that have good schools. Economists appear to have confirmed this

common wisdom in their analyses of property values (see, for example, Jud and

Watts, 1981, or l , lalden, 1990). However, economists studying property values

(and possibly.$any-home.buyers) have- meas ured ..school .qual i ty as a function of

the achievenents of a school 's graduates rather than as a function of the

va lue  added to  those graduates  by  the  schoo l  .  Th is  de f in i t ion  is  a t  odds  w i th

the  l i te ra tu re  on  schoo l  qua l i t y  neasurement ,  wh ich  has  genera l l y  conc luded

that the prefemed measure of school qual i ty is the school 's marginal effect

on  s tudents  (see,  fo r  example  Hanushek and Tay lo r ,  1990) .

I f  ' spec . i f i ca t ion  er ro r  in  the  es t imates  o f  schoo l  qua l  i t y  cap i ta l i za t ion

is  s ign i f i can t ,  then po l  i cy  recommendat ions  tha t  a re  based on  the  prev ious

es t imates  cou ld  be  mis lead ing .  For  example ,  i f  p rev ious  es t imates  overs ta te

the  ex ten t  to  wh ich  schoo l  qua l i t y  d i f fe rences  are  cap i ta l i zed  in to  p roper ty

values, then analysts trying to judge voter support for a school bond elect ion

cou ld  subs tan t ia l l y  over -es t ina te  suppor t  among homeowners .  In  th js  paper ,

the author demonstrates that the specif icat ion emor can be substantial and

tha t  p rev ious  es t imates  o f  schoo l  qua l  i t y  cap i ta l  i za t ion  cou ld  eas i l y  re f lec t

dif ferences in student and Darent characterist ics rather than dif ferences in

school effects.

The ]'lodel

To answer  ques t ions  about  the  degree to  wh ich  rn isspec i f i ca t ion  has

marred  es t imates  o f  the  cap i ta l  i zed  va lue  o f  schoo l  qua l  i t y ,  one must  f i r s t

cons t ruc t  measures  o f  the  marg ina l  impact  o f  schoo l  s .  Fo l low ing  the

nethodo logy  ou t l ined  in  Hanushek and Tay lo r  (1990) ,  the  au thor  mode ls  s tudent



ach ievement  in  per iod  T  as  a  func t ion  o f  the  s tudent 's  comple te  h is to ry  o f

schoo l  (S)  and fami ly  (F)  charac ter is t i cs

T-1 T-1 T-1
Air = dr + yrsrr + prsit  * Eo. + |  yrsit  + !  gtFrt

where AiT is the achievement of student i  in period T, S,. represents

characterist ics of the schoo' l  attended by student i  in period t,  and F,.

represents  fami ly  charac ter is t j cs  in  per iod  t .

Because equat ion  I  i s  recurs ive ,  one can ex t rac t  the  to ta l  marg ina l

inpact of the current school by est ' imating

Ait = dr * lAir_, * FrFi, * *  € i r .

T
* E tr. ' ( l )

(2)E q*"r*
k=1

where the sik are d ummy variables that

school k and equal zero otherwjse. In

margina1 effect of (or value added by)

Ar,n =,d, * lAi,r-,  + FrFi, t

equa l  one i f  the  i  th

th i  s  fo rmula t ion ,  qk

schoo l  k ,  and

student attends

represents the

(3)

represents the level of student achjevement that could be expected regardless

of the school attended,

In t roduc ing  these neasures  o f  the

expected achjevement of students into a

decomposes the  cap i ta l i za t jon  o f  s tudent

f i rs t  i s  the  par t  o f  s tudent  ach ievement

is  sub jec t  to  man ipu la t ion  by  them;  the

val ue added by school s and the

hedonic model of property values

achievement into tv'ro Darts, The

that can be attr ibuted to schools and

second is the Dart of student



achjevement that can be attr ibuted to the characterist ics of the student body

and is not direct ly affected by changes in school pol icy. To the extent that

these two components of student achievement are capital ized dif ferently,

analyses using the capital ized value of student achievement to proxy for the

cap j ta l i zed .ya l .ue-o f  schoo ls  w j l l  be  mjs lead j .nq .

The Data

Focus ing  on  a  s ing le  schoo l  taxa t ion  d is t r i c t  avo ids  compl ica t ions  tha t

migh t  a r ise  f rom d i f fe rences  in  tax  ra tes  and tax  bases  among ju r isd ic t ions .

[^ l i th  few except ions ,  p roper t ies  w j th in  the  ju r isd ic t ion  o f  the  Da l las

Independent  Schoo l  D is t r i c t  (D ISD)  are  a lso  in  the  c i ty  and county  o f  Da l las .

Because these ju r isd ic t ions  tax  un i fo rmly  v l i th jn  the j r  boundar ies ,  the

proper t ies  face  the  same c i ty ,  county  and schoo l  d js t r i c t  tax  ra tes .

There fore ,  d i f fe rences  in  p roper ty  va lues  w i th in  the  sample  s tud ied  do  no t

represent  cap i ta i i zed  d i f fe rences  in  tax  ra tes ,

DISD provided data on student body characterjst jcs and student

ach jevement  scores  fo r  87  pr imary  schoo ls  in  i t s  ju r i sd ic t ion  fo r  the  years

1985,  1986,  and 1987.  The s tudent  body  charac ter is t i cs  used in  the  ana lys is

were the percentage of students who were N0NIIHITE and the best-avai lable proxy

for  soc io -economic  s ta tus  ( the  percentage o f  s tudents  rece iv ing  f ree  or

reduced-price lunches, P_LUNCH). The student achievement data used in the

analysis were average scores for fourth-grade students on the Iowa Test of

Bas jc  Sk i l l s  ( ITBS)  in  mathemat ics  and read ing  in  1986 and 1987 and the

previous year's average scores for the same cohort (third-grade scores in 1985

and 1985, respectively). The variables P0STTEST and PRETEST represent the

average combined mathematics and reading scores in the fourth and third



grades ,  respec t i  ve ly ,

Data  on  310 Da l las  s ing le - fami ly  homes tha t  so ld  in  Ju ly  1987 came f rom

the SREA l larket Data Center's annual publ icat ion of residential property

t ransac t ions .  The hous ing  da ta  used in  th is  ana lys is  inc lude the  sa le  p r ice

of the property- in thousands..(SALEPR), the. number. of batirooms (NUI.IBATHS), the

year  jn  wh ich  the  home was bu i l t  (YRBUILT) ,  the  number  o f  square  fee t  in  the

structure (SQFEET), and dummy variables that take on the value of one i f  the

house has  a  f i rep lace  or  a  sw imming poo l  (F IREPLACE and P001,  respec t ive ly ) .

From the SREA data on addresses, the author also constructed variables on

d is tance to  the  cent ra l  bus iness  d is t r i c t  (D ISTANCE)  and a  dummy var iab le  fo r

+lhether or not the property is located south of downtown Dallas (S0UTH_DAL).

Tab le  I  repor ts  summary  s ta t j s t i cs  fo r  the  var jab les  used in  th is  ana lys is .

The Estinati on

To provide a frame of reference, the author est imates the relat ionship

between housing characterjst ics, average student test scores in 1987 and the

va lue  o f  p roper t ies  so ld  in  Ju ly  o f  tha t  year  us ing  l inear ,  log- l inear ,  and

log-1og spec i f i ca t . ions  (see Tab le  2 ) .  Not  surpr is ing ly ,  the  es t ina t ions

ind ica te  tha t  p roper ty  va lues  in  Da l las  a re  an  inc reas ing  func t ion  o f  the  s ize

of a home and the number of bathrooms and a decreasing function of the

d is tance f rom the  cent ra l  bus iness  d is t r i c t .  Houses  w i th  sw imming poo ls  a re

rough ly  20  percent  more  expens jve  than houses  w i thout  sw imming poo ls ,  and

homes in  southern  Da l las  a re  ce ter is  par ibus  subs tan t ia l l y  less  expens ive  than

hones in  the  nor thern  par ts  o f  the  c i ty .  The es t imat ion  a lso  ind ica tes  tha t

s tudent  ach ievement  d i f fe rences  are  s ign i f i can t ly  cap i ta l  i zed  in to  p roper ty

va lues .  Eva lua ted  a t  the  mean,  a  l -oercent  inc rease in  s tudent  ach ievement  in



the fourth grade increases property va1 ues by between 1.0 and 1.4 percent,

depending on the functional form.

However ,  i t  i s  no t  c lear  i f  the  re la t ionsh ip  be tween s tudent  ach ievement

and property values found in the benchmark regressions represents capital ized

school qu.al i tJL --Answering.this.question-.r€quires.estimates of value added and

average expected achievement for each primary school in DISD. However,

p r ivacy  concerns  make s tudent -spec i f i c  da ta  unava i lab le  and fo rce  equat ion  2

to be estimated in residual form.

POSTESTk=d+IPRETEST"+pr1  +  p* ,  (4 )

where P0STTESTk is the average, combined test score for fourth graders in

school k, PRETESTk is the average, combined test score for the same cohort in

the third grade, F is a vector of student body characterjst ics (N0NWHITE and

P_LUNCH), and

lt1 = epSl + e". (5)

Unfor tunate ly ,  es t jmat ing  schoo l  e f fec ts  as  equat ion  res idua ls

in t roduces  ser ious  prob lems fo r  the  second s tage o f  the  ana lys is .  Because the

va lue-added res idua ls  measure  schoo l  e f fec ts  w ' i th  subs tan t ia l  e r ro r ,

hypothes is  tes ts  based on  the  es t jmated  covar iance mat r ix  o f  the  hedon ic

equat ion  wou ld  be  b iased (Murphy  and Tope l  ,  l9e5) .  The au thor  dea ls  w i th

these prob lems by  us ing  add j t iona l  in fo rmat ion  in  the  da ta  se t  to  enhance the

es t imat ion  o f  the  s tage one equat ions ,  and by  app ly ing  the  er ro r  cor rec t jon

techniques suggested by Murphy and Topel to the second stage hypothesis

tes t ing .

For tunate ly ,  the  da ta  se t  con ta ins  su f f j c ien t  add i t iona l  in fo rmat ion  to



est imate  equat ion  (4 )  fo r  1986 as  we l l  as  1987.  Because the  res idua ls  a re  a

functjon of school effects, and one would expect school effects to be highly

correlated over t ine, the two years of data permit one to estimate a system of

two equati  ons,

POST|ESTk,8T = ds., i Lj?RETESTk,B6 * PFli * V*,",
POSTTESTk,8E = oeo + LJ?RETESTk,B5 * pF'ft-; + Fr,ee ,

(6 )

us ing  seeming ly  unre la ted  regress ion  (SUR)  techn iques . r  Because the  sys tem

of two equations incorporates more information than would an estimation of the

f i rs t  equat ion  a1one,  th is  approach shou ld  reduce the  por t ion  o f  the  g .s  tha t

represents  measurement  e f fo r .  Tab le  3  repor ts  the  resu l ts  o f  th is  f i r s t -s tage

es t imat ion  fo r  bo th  a  l inear  and a  logan i thmic  spec i f i ca t ion .

In  the  second s tage o f  the  es t imat ion ,  the  au thor  subs t i tu tes  the

pred ic ted  va lues  and res idua ls  f rom the  f i rs t -s tage equat ions  fo r  1987 fo r  the

observed student achievenent jn the benchmark hedonic equations and uses the

techniques suggested by Murphy and Topel to comect the standard errors for

hypothes is  tes t ing .  The au thor  uses  the  f i rs t -s tage es t imates  f rom the  l inear

spec i f i ca t ion  fo r  the  l inear  and 1og- l inear  spec i f i ca t ions  o f  the  hedon ic

mode i ,  and the  f i rs t -s tage es t imates  f rom the  logar i thmic  spec i f i ca t ion  fo r

the  1og-1og spec i f i ca t ion  o f  the  hedon ic  mode l  .  Us ing  a  logar i thmic

spec i f i ca t ion  in  the  f i rs t  s tage to  der ive  logar i thmic  es t imates  o f  va lue

added and predicted achievement rather than transforming the estimates from

'  For  s jmp l ic i t y ,  the  au thor  res t r i c t  the  coef f j c ien ts  on  X and the  p
vec tor  to  be  the  same across  each pa i r  o f  equat ions .  F- tes ts  o f  the  leg i t imacy
of  th is  res t r j c t ion  do  no t  re jec t  the  hypothes is  tha t  these coef f i c ien ts  a re
the same for 1986 and 1987. F-tests do reject the hypothesis that the
intercept terms are also equal .



the  l inear  f i rs t -s tage spec i f i ca t ion  grea t ly  s imp l i f ies  ex t rac t ion  o f  the

appropriate vari  ance - covari ance natr ix for the l i lurphy-Topel correction and

does not appear to inf luence the results. The Pearson correlat ions between

the values for VALUE ADDED and PREDICTED ACHIEVEMENT from the logarithmic

spec i f i ca t ion*and. log  tEns format ions  fo r  Lhe same var iab les  f rom the  l inear

spec i f i ca t i  on  are  .9823 and .9919,  respec t ive ly .

The l4urphy-Topel error coruection involves using the vari  ance -covari ance

matrix of the f irst-stage estination to inf late the standard errors that are

used in  hypothes is  tes t ing  in  the  second s tage.  Parameter  es t imates  are

unaf fec ted  by  the  coruec t ion .  Spec i f i ca l l y ,  one tes ts  hypotheses  us ing  the

var' i  ance-covari ance matri  x

A  A  , T A
E . o r r " " . " o  -  E . n c o r r e c r e d i  ( z t  z l - ' z l  F .  i / ' ( e )  F J  z ( z t  z J - 1  ,  ( 7 )

where  Z  is  the  mat r ix  o f  second-s tage regressors ,  F-  i s  a  mat r ix  o f  f i r s t -

stage regressors that is weighted by the square of the dif ference between the

coeff icients on the generated regressors (VALUE-ADDED and PREDICTED

ACHIEVEHENT) from the second stage, and t(6) js the variance-covariance matrix

from the f irst-stage regress' ion. In these examples, the error correction is

sna l l  and has  no  impact  on  the  imp l ica t ions  o f  the  hypothes is  tes ts .

The es t jmat ions  repor ted  in  Tab le  4  c lear ly  ind ica te  tha t  the  va lue

added by schools and the predicted achievements of students can be capital ized

d i f fe ren t ly  and there fore  tha t  spec i f i ca t jon  is  impor tan t .  In  th is  example ,

which is robust to a nunber of common functional forms, property values are a

function of the expected achievement of students and not of the marginal

e f fec ts  o f  schoo l  s .



Goncl us i ons

Prev ious  s tud ies  o f  the  cap i ta l  i zed  va lue  o f  schoo l  qua l  i t y  have been

misspec i f ied .  Es t imates  us ing  in fo rmat jon  on  four th -graders  jn  the  Da l las

Independent  Schoo l  D is t r i c t  suggest  tha t  the  misspec i f i ca t ion  is  impor tan t .

In part i  cuJ.ar ' . .  - i  n-t.e.rpret i  ng the.relat ionship be-tween student achievement and

property values as evidence that school qual i ty dif ferences are capital ized

may be very wrong. Although dif ferences in student achievement in the fourth

grade appear to have been capital ized into property values, the estimation

ind ica tes  tha t  the  va lue  added by  Da l las  schoo ls  in  the  four th  g rade is  ro t

re f lec ted  in  loca l  p roper ty  va lues .

Evidence that est imates of capital ized school qual i ty nay be wrong can

have ser ious  imp l ica t ions  fo r  educat iona l  po1 icy .  For  example ,  ins t j tu t ing  a

po l  i cy  o f  schoo l  cho ice  (wh ich  wou ld  imp ly  tha t  res idence in  the  ne ighborhood

is  no  longer  a  requ i rement  fo r  a t tend ing  a  par t i cu la r  schoo l )  wou ld  reduce

property va1 ues by the amount of the capital ized school qual i ty unless

t ranspor ta t ion  cos ts  were  subs tan t ia l  .  There fore ,  the  degree o f  oppos i t ion  to

such a  re fo rm wou ld  depend on  the  degree o f  schoo l  qua l i t y  cap i ta l  i za t ion .

Us ing  misspec i f ied  es t imates  o f  schoo l  qua l  i t y  cap i ta l  i za t jon  cou ld  cause

ana lys ts  to  e r r  subs tan t ia l l y  when es t ina t jng  vo ter  suppor t  fo r  schoo l  cho ice

or  var ious  o ther  re fo rm proposa ls .
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TABLE 1
Summary Statist ics

Vari abl e

SALEPR

YRBU I LT

SQFEET

NU14BATHS

FIREPLACE

POOL

DI STANCE

SOUTH DAL

P0STTESTsT

PRETESTs6

NoNt.lH ITEsT

P_LUNCH87

P0STTESTs6

PRETEST85

N0Nt.lH ITEs6

P_LUNCH86

Mean

156 .  12

57  .70

1997 .87

2 .08

0 .  65

u . l b

2.46

0 .  25

Std. Devi at i  on

148.62

16 .  73

10 t3 .79

0 .94

0 .48

u . 5 /

0 .83

0 .43

46  .91

40 .90

77 .33

59 .18

49.22

4t  .45

75 .84

57 .97

4.26

4 .27

21 .51

21 .06

3 .81

J . Y U

2 l .45

z L . t a

10



INTERCEPT

YRBU I LT

SQFEET

NUMBATHS

POOL

F I REPLAC E

DISTANCE

SOUTH_DAL

POSTTEST

R-SQUARED

*,S ign i f i can t ly

Standard emors

TABLE 2
Benchmark Reqressions

L i  near

-172.28*
(s8 .18)

-1 .06*
(  0 .41)

0 .  07*
(0 .  01 )

49 .  I6*
(  10 .  05 )

30 .  24*
(1s .14)

I4 .83
( r2 .37 )
-26 .94*
(7.ss)

-14 .24
{ r2 .76)

4.26*
(1 .30)

. 6665

Log-L inear

2 .90*
(0 .26)

0 .001
(0  .002)

0 .0003*
(0  .00004)

0 .22*
(0  .05 )

0 .17*
(0 .07)

0 .14*
(0 .06)

-0 .20*
(o.03)

-0 .30*
(0 .06)

0  .02*
(0 .01)

.7504

Log-Log

-6 .  25*
(  r .20)

-0 .  03
(0 .  0e)

0. 98*
(0.  0e)

0,27*
(0 .  l0 )

0 .20*
(0 .07)

0 .02
(0 .06 )
-0 .37*
(0 .07)

-0 .25*
(0 .06 )

1 .00*
(0 .2e)

.7577

di fferent from zero

are  in  paren theses .

a t  the  5-percent  leve l

I1



INTERCEPT 1987

INTERCEPT 1986

NONl.lHITE

P-LUNCH

PRETEST

SYSTEM R-SQUARED
OBSERVAT IONS

TABLE 3
F i  rs t  -S tage Regress ions

L i  near

5 J .  Y J
(3 .10)

37 .93
(3 .12)

-0 .04
(  0 .01)

-0 .06
(  0 .0r  )

0.  42
(0 .06)

.5580
87

Logari thmi c

2 .93
(0 .24)

2 .97
(0 .  24 )

-0 .05
(0 .02  )

-0 .05
(0 .01)

0 .38
(0.0s)

.  5491
87

Al1  regressors  a re  s ign i f i can t ly  d i f fe ren t  f rom zero  a t  the  5-percent  1eve1 ,

Standard emors are in oarentheses.

. t L



TABLE 4
Second-Stage Regressions

POOL

INTERCEPT

YRBU I LT

SQFEET

NUMBATHS

F IREPLACE

DISTANCE

SOUTH DAL

VALUE ADDED

PREDICTED ACHIEVEMENT

R-SQUARE

L i near

-387.91*
( (8e .43) )
(80 . l2 )

-0 .96*
(  (0 .  40 )  )
(0 .40)

0 .  07*
(  (0 .  01 )  )
(0 .  01  )

41.92*
( (10 .01) )
(  r0.  01)

39.  07*
( (15 .00) )
( I4 .  ee)

- 8  . 85
( (1?.2?) )
( t2 .20)

-32.57*
( (7 .64) )
(7 .s7)

- 7  ? E

( (12.74) )
(12.61)

-2 .79
( (? .24)  )
(2 .24)

9 .10*
( ( l .ee) )
(1 .7e)

.6820

Log-L inear

2 .49 t
(  (o  .38)  )
(0  .37  )

0 .001
(  (o.oo2) )
(0 .002)

0 .0003*
(  (0 .0004)  )
(0  .00004)

0 .20*
(  (0 .0s)  )
(0.0s)

0.19*
(  (0 .07)  )
(0 .07  )

0 .15*
( (0 .06) )
(  o .  06 )

-0 .21*
( (0 .04) )
(  0 .04)

-0 .29*
( (0 .06) )
(0 .06)

0 .01
( (o.o l ) )
(  o  .01)

0.03*
( (o.01))
(  0 .  01 )

.75?.4

Log- Log

-7 .57*
( (1.4e))
(1 .47)

-0.02
(  (0 .  0e)  )
(0 .0e )

0 .  97*
(  (0.  oe) )
(0. 0e)

0.?4*
(  (0 .  l o )  )
(0 .  l 0 )

0.27t
(  (0 .07)  )
(0 .07)

0  .04
(  (0 .06)  )
(0 .06)

-0  .39*
( (0 .07) )
(0 .07  )

-0  .23*
(  (o  .06 )  )
(0  .06 )

0  .40
(  (0.4e)  )
(0.4e)

I  .35*
( (0 .38) )
(0 .3 i  )

.7596

*  S ign i f i can t ly  d i f fe ren t  f rom zero  a t  the  5-percent  leve l  .

Corrected standard errors are in doubie oarentheses.
Or ig ina l  s tandard  emors  are  in  paren theses .
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