6 — Multiple Regression

More than one “X° variable.

Yi = o -’fl-:' +@X2 + -+ BeXki + € (6.1)

Why?
¢ Might be interested in more than one marginal effect
» Omitted Variable Bias (OVB

An omitted A7 variable that is correlated with X, and that also

determines Y, will make estimation of the t ffect of X
etermines Y, wi 12286-}6“5“&11&1?:? of the true effect of X on

Y impossible. e y
(1; f % Y : He
N DXa @
Y X,

i
@ Corre‘ﬂJf'“‘“
XQ (st

y Xo & | hidde”
(omitted)| ™™

)/



6.1 and 6.2 — House prices and OVB
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The following cmpirical cxample uses dala on house prices, in the

New York area in 2002-2003 (the data are from Richard De Veaux
of Williams College).

Let's try to determine the value of a fireplace. First, load the data
and take a look at it.

he

("mrtp: /S rtgodw n, cor/detashousepy o, osv™)

head{houses)

The “head™ command prints out the first 6 observations from each
variable. You should see something like:

Price Lot Size Waterfront Age Land. Value New.Construct
132500 .09 0 42 30000 0
181115 0.92 0 0 22300 0
109000 0.19 0 133 7300 0
155000 0.41 ] 13 18700 0
86060 011 0 0 15000 |
120000 0.68 0 31 14000 0

_Central Air,| Fuel.Type,| Heat.lvype | Sewer.lype Living.Area Pct.College |
0 3 4 2 906 35
0 2 3 2 1933 51
0 2 3 3 1944 51
0 2 2 s 1944 51
1 2 2 3 840 51
0 2 2 2 1152 22
Bedrooms | Fireplaces | Bathrooms Rooms
2 1 16 5




L 2 2 ' 3 840 51
0 2 2 2 1152 22
Bedrooms | Fireplaces | Bathrooms Rooms
2 1 1.0 5
3 0 2.5 6
4 l 1.0 8§
3 1 1.0 5
2 0 1.0 3
4 1 1.0 §

Price

We are interested in the ctfcet of the variable Fireplaces on Price.
Is Fireplaces a dummy variable?
Mans ein

sumnEry (houselF replaces)
Min. _st Qu. FMooian Mean 3ro Qu. Max.

0.C000  09.6000 1.000C ©.601% 1.50c0 (BUOEED

Before we proceed, let’s instead measure Price in thousands of dollars:

houzeSFrice = Fousas2rice / 1000

Now, let’s sce the relationship between Fireplaces and Price.

plel (housesFR
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Let’s see the average Price conditional on dilferent number ol Fireplaces:

rice[houseisireplanes == ()]

me e T s
[LyF235. 62
mean (hGUSELPrice
[ 38,8211

me'a-r._(h.m.;se&tﬁrice (houszeisireplaces == 30)

(LY 360.5

pice[housedFireplaces == 17)
Ny —

iFiraplaces == 27)

[t appears that the more Fireplaces, the higher the Price.

Iet’s try cstimating the population model: A L
ow much @n=v€ o ouLsSe

7 Sells when E‘:ep[q:eg 1

Price; = B, ireplaces,-_ + €

EJW(_1T{P}"1C:E . Firaplages, data =« housel)
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Price

Questions:
o
& What is the marginal ctfect of Fireplaces on Price? GF KK

* How much docs it cost to install a fireplace? # 20 [

o Should T install a fireplace in my home? bkl => YE S
« What the ? is going on here? medtl is wiong £67K)

» Whal do you think the main delermmant ol Price should be?
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The above plot was generated using the code:

plot (house$Sliving.A-ea, houseiPrice)

[s there a positive relationship between Living. Area und Price?

Now, cstimate the model:

Price; = fiy + fiLiving. Area; + &

TaTimate

- wzlun Pr{» |}
{In_ercep_ ) 13.1393 4
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* What is the marginal effect? th 511- P / C(
¢ Note the 2 between the two regressions. lLH la S0
» What might be a problem with determining these two marginal c{fects
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» 1 the varnable Living.drea is excluded [rom the ofginal regression, then it
goes into the error term, #g €
o If Living Area and Fireplaces arc positively corrclated, then more fireplaces
arc just indicating a bigger housc! oh @SS umfyl{av\ is
& That is, the crror term is corrclated with the X variable, g AL i
violated! The OLS estimator for f; in the fﬁ?@grcss‘.inn will be hiased.

(wo{](ms;ﬂﬂ’l'

How cun we take care of this problem? Include both variables in the model!

Price; = fiy + pyFireplaces; + fuliving. Area; + ¢;

mary (lm(Fr

foiente:
E mats 57
(In_ercep ] LiJ30146
8.962440
0. 13
BUGTiiiE,,. Codoss Wy Weder o Rl ks g ipe] SMRELE B R0 dlna]y w R i
Cos

standard

F=stal sl

+ Notice how the estimated marginal effects have changed. G? K - @
o Notice that Fireplaces is now a lot less significant,
# This is an cxample of omitted variable bias (OVR).
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Several results have changed with the addition of the Living . Area variable:

o Theestimated value of an additional fiveplace has dropped from $66,6949
to $8.962.
¥ " . — f—— -
¢ The B- has increased from 00142 to 0.5095.
o The estimared mtercept has changed by a lot (but this is unimportant).

o There is a new estimated 3 by — 0,11, This means that, it is estimated
that an addirional square-foot of house size increases price by $110.

Omitted Variable Bias

» Omitted variable bias (OVB) occurs when one or more of the
variables in the random error term € are related to one or more of
(the X variables
C)‘}uM‘?\-l"" ‘ . . . . =
AW6: X and € arc independent. OVB is a violation of this
assumnption, resulting in bias and inconsistency of OLS

A
+ Suppose that X and Z both cause ¥ / \(% & >(

» Suppose X and Z are correlated 'Y J
Lot z8
 What happens when X changes? Y changes "‘Eu\w

+ What is the problem with attributing changes in X to changes in ¥?
dond Inow Wnow muck DY

{5 coning hewm

Solution: include the omitted variable if possible




