Boston Property Values:

Why Some Areas Cost More
By Dan Schult
This document is meant as an example of a Methods and Results Section to which students can
write an accompanying Discussion/Conclusion Section.

(Brief) Statenent of the Probl em

What makes property values go up and down? Wi ch factors
determ ne the property val ues of houses? Are there sone
concrete steps a town can take in order to raise property val ues
by mani pul ati ng these factors? These questions are | ongstandi ng
i ssues that local political |eaders have had to confront over

t he years.

Property val ues for houses depend on many factors. Mst of
these factors can be thought of in terns of factors that nmake a
| ocation desirable. More desirable areas have presumably higher
property values. But, other factors nay be used as sighals to
potential buyers about what an area is |ike. For exanple,
consider tax rates. Wile high tax rates, in isolation, nmake a
| ocati on undesirable, they signal to buyers that weal thy people
live in this location. The wealthy nei ghbors presumably attract
nmore weal thy buyers, potentially increasing property val ues.
Factors such as these dont directly affect the desirability of
the location, but may indirectly affect property val ues because
of what they say about the community.

This study is intended to explore which factors are nost
strongly related to property values. The results wll
presumably hel p us answer sone of the questions raised above.

(Brief) Background

Many previous studi es have | ooked at the issue of property

val ues.

[ A good background woul d then go on to describe what sonme of the
ot her studi es have done and perhaps say what was | acking from
those studies that will be inproved here.]

One of the difficulties with studying factors affecting property
values is the variation fromstate to state. To study nationa
data, we woul d probably need to control for which state the data
is from That could be an inportant factor affecting property
val ues that towns could not change and therefore would not be
inportant for this study. To alleviate this potential problem
we use data for census tracts within one area (the Boston area).



Met hods

We use data fromthe 1970 census on property val ues and many
other factors for each census tract in the Boston area. This
data is avail able through the StatLib! collection of databases
for educational purposes. Variabl es descri be geographi cal
informati on such as the distance to major interstates and

enpl oynent centers. They al so describe zoning information such
as the proportion of the lots with large lot size and the
proportion of |land set aside for industry and the average nunber
of roonms per dwelling. Economc variables are the poverty rate
of the tract, the property tax rate, the pupil to teacher ratio
in the school district (used as a neasure of nobney spent on
educati on) and, of course, the nedian property val ues of owner-
occupi ed hones. The conplete |list of variables and descriptions
are in table 1.

Vari abl e Descri ption

Crime Rate Per capita crinme rate by town

Big Lots Proportion of residential |ots over
25,000 sq. ft.

| ndustry Proportion of industry acres per town

Pol I ution Nitric oxides concentration

Roons per House Aver age nunber of roons per dwelling

Age of Tract

Proportion of owner-occupied units
built prior to 1940

Di stance to Wrk Wei ght ed di stance to five maj or Boston
enpl oynent centers
Access to Highways Index to accessibility to radial highways

Tax Rate

Ful | -val ue property tax rate

Educati on Val ue

Pupi | -teacher ratio by town

M nority Percent

1000( Bk-0.63)"2 where Bk is the
proportion of blacks by town

Poverty Rate

Percent of popul ati on under poverty |ine

Property Val ue

Medi an val ue of owner occupi ed hones

The data in this dataset had sone obvi ous def ects.
approxi mately 500 census tracts,

Table 1

O the
none had nedi an property val ues

listed above $50,000 and 15 tracts were listed as exactly

$50, 000. We assune that the top value entered into the database
was $50, 000 and these 15 tracts actually had val ues | arger than
that. To renove any problens caused by this artificial cutoff,
we exclude those 15 tracts of data and assunme that the

rel ati onshi ps between factors for excluded tracts are the sane
as those for the renaining data.

! http://lib.stat.cmu.edu/datasets /boston.hdm January 10, 2002.




The correlation coefficient between each variable and nedi an
property values was conputed. By |ooking at the absol ute val ue
of these coefficients, we identified the two variables with the
nmost correlation (positive or negative) to property val ues.
Regression lines were then obtained for these two variables -
poverty rate and average nunber of roonms per house.

The regression graphs allowed us to identify three potenti al
outlier points in the data for roons per house. The |argest and
two smal | est values did not fit the rest of the data. It is
quite possible that the data was typed incorrectly, or that
these three tracts are special in sonme respect and should be
treated differently. We did not renove them from our database,
however, because we have no evidence that they are faulty data
except that they dont seemto follow the trend of the other

dat a.

The residual plot for poverty rate shows a potential nonlinear
rel ati onshi p between property values and poverty rate. To
correct this, we can |look for the best parabola through the data
by using a nmultiple regression of property values on poverty
rate and poverty rate squared. This was done in Excel by
creating a new columm in the dataset and using a fornula to
square the poverty rate val ues.

Using the regression tool in Excel, we were able to performa
multiple regression including the quadratic poverty vari abl es
and the variable Roons per House . Miltiple regression allows
us to control for one variable while finding the correlation
wth the other variable. Thus the slope of resulting regression
represents how much property val ues increase as the poverty rate
i ncreases while holding the roons per house constant. This is a
useful way to control for potential confounding. |In this case,
plotting a regression line is not reasonabl e because it would be
a regression plane in a three dinensional picture. But residual
pl ot s agai nst each variable are still useful for identifying
outliers and other features of the dataset.



Resul ts

The correl ati on coefficient between each vari abl e and nedi an
property val ues appears in Table 2.

Vari abl e Nane r
Crine Rate -0.45
Proportion of housing lots over 25,6000 sq.ft. 0. 40
Proportion of industrial acres per town -0.60
Boundary of Charles R ver? (Yes/No) 0. 07
Pollution levels (nitric oxide concentration) -0.52
Aver age nunber of roons per dwelling 0. 69
Di stance to five major Boston enpl oynent centers -0.49
Access to radial highways (i ndex) 0. 37
Tax rate -0. 48
Pupi | -teacher ratio by town -0.52
Proportion of mnorities by town 0. 36
Poverty Rate -0.76
Table 2

The | argest correlation in absolute value was for poverty rate
(r=-0.76). The regression line of property val ues on poverty
rates has slope —0.84 and intercept 32.54. A scatter plot
appears in figure 1 with the residual plot in figure 2.

The second hi ghest correlation was for the average nunber of
roons per dwelling (r=0.69). The regression |ine had slope 8.27
and intercept —30.01. The scatter plot and residual plots for
this variable appear in figures 3 and 4. Notice that the

hi ghest and two | owest val ues for Roons per House are
potential outlier points.

The multiple regression for property val ues agai nst poverty
rate, poverty rate squared and roons per house yields three

sl opes and an intercept. The intercept is 12.89 while the slope
for roons per house is 3.67, the slope for poverty rate is
—1.59, and the slope for poverty rate squared is 0.0296. The
residual plots appear in figures 5, 6 and 7.
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