6 — Multiple Regression

More than one “X> variable.
Yi=0B0+ 31X+ X0+ -+ X + € (6.1)
Why?

¢ Might be interested in more than one marginal effect
o Omitted Variable Bias (OVB)

An omitted X> variable that is correlated with X, and that also
determines Y, will make estimation of the true effect of X; on

Y impossible. _ D
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6.1 and 6.2 — House prices and OVB
I (
Should I build a fireplace? | Yi, aye p[;ﬁ;@‘ o hovse. Bux (et
-(.15‘( [t'l VF/ Ce {( ;J--
The following empirical example uses data on house prices, in the

New York arca in 2002-2003 (the data arc from Richard Dc Vecaux
of Williams College).

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

houses <-

read.csv("hitip: //rigodwin.con/data/houseprice. csv")

head {(houses})

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



Price Lol.Size Waterlront Age Land.Value | New.Construct
132500 0.09 0] 42 50000 0
181115 0.92 0 0 22300 0
109000 0.19 0 133 7300 0
155000 0.41 0 13 18700 0
86060 0.11 0 0 15000 1
120000 0.68 0 31 14000 0
Central.Air | Fuel. Type Heat.Type Sewer.Type | Living.Area| Pct.College

0 8 4 2 906 35

0 2 3 2 1953 51

0 2 3 3 1944 51

0 2 2 2 1944 51

1 2 2 3 840} 51

0 2 2 2 1152 22

Bedrooms | Fireplaces = Bathrooms Rooms

2 | 1.0 3

3 0 2.5 i)

4 1 1.0 8

3 1 1.0 5

2 0 1.0 3

4 1 1.0 8

We are interested in the effect of the variable Fireplaces on Price.

Is Fireplaces a dummy variable?

summary (houzeilireplaces) wmmskﬂs

Mir., lst Qu. Median Mean 2rd Qu. Max.

2.0000 0.000C 1.,00C0 0.&£01% 1.0000 (14,0000

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

houseSPrice = houseSPrice / 1000

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

plot {(mousesTlreplaces, houseiPrice)
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Let’s see the average Price conditional on different number of Fireplaces:

mean{rouseSPrice[housesClireplaces == (0])
[1] 1T74.6533

mean{nouse$Price house$Fireplaces == 1])
EEl 2350629

mean {zouseSPrice [house$Fireplaces == 2])
[1] 318.6214

mean{zouse$Price [house$Fireplaces == 3])
L1] 360s5

mearn (mousesSPrice [housefFireplaces == 4]}
[1] F00

Correlation?

cor (house$lrice, houseSFireplaces)

[1] 0.3767862




1t appears that the more Fireplaces, the higher the Price.

Let’s try estimating the population model:

Price; = By + By Fireplaces; + ¢;

summary (lm{Price ~ Fireplacés, data = house))
- m—— J—— \
Cogfficients: (? P ‘er‘(
kstimate Std., Krrer t walue Pri(=[t]) ':D QJ
(Intercept) 171.824 3.234 5313 wRle-1k wEH

Fircplaces C%G.SQQ? 3.947 M("ﬁlro

el EE 0103 vl BT G A T L T L 10

Signif. codef:

Fasidual
Multinle

andard errgr: 21.21 or 1726 degrees cof fresdom
Ad-nusted R-squared: 00,1415
Tl 126 DI, p-va_ue: < 2.2a-16

F-statisghc: Z8H.6 an

G\olo\inﬁ a Lfo\o\o.ce = T?rfce Opﬁé? IK on avg.

u‘owiw\k[w w ?}(?\7\““’5 ek\7l‘w$
[LH. 0\\ \Pﬁu\w“‘ " Price

Questions;
e What is the marginal effect of Fireplaces on Price? HG Zk
s How much docs it cost Lo install a fireplace? won® 20 K
¢ Should | install a fireplace in my home? "LE:’ BeaeFt > Copt (63 >26)
& What the 7 is going on here? F\ou‘fl 5 wrcﬂ\y-” s 1Lrvs+ 67K
» What do you think the main determinant of Price should be?

S{Z,E = 59. Cakj@
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The above plot was generated using the code:

plot{housesLiving.Area, houseSPrice)
Is there a positive relationship between Living Area and Price? \( f S

Now, estimate the model:

Price; = fy + By Living. Area; + €;



sumrary (Im{PPrige ~ Living,Arez))

Coefficients:

Estimate Std. Error t wva_ue Pri(>|t|)
{(Irlerceply 13.430384 4.,992353 292 AR O0FLT we
Living.hrez »0.113123 J.C0ze82 42.173 <« Z2e-1g =#**

Bigrii®. modesmy 0 Yewstop GO eewE G 0l YT QofE Y PR L Y R L

Residual standard ervor: &%.1 on 1728 degrees of

-

Multip_e E-zvuarad: D.hdik, Zdjusted Z-sguaren: O0.0H072
S-zlel’lslic: 177% on 1 and 1726 2F, p-valuc: < 2.2c0-16

5

. Q
e What is the marginal effect? ?\'*(e T “0 Por

e Note the R? between the two regressions. \L\:J,, w S\.
» What might be a problem with determining these two marginal effects

separately? Lfvﬁqglpft“ x— F;{Q’\JL-LQS 74 (oﬂellﬂ'\'(

cor (Living.Area, Fireplaces)

[1] 0.4737878

o If the variable Living. Area is excluded from the original regression, then it
goes into the error term, @ E:
* [ g Ared/and Fireplaces are positively correlated, then more fireplaces

are just indicating a bigger house! e —7 1
nowA ({'om UM

o
¢ That is, the error term is correlated with the *X” variable, andjé
violated! The OLS cstimator for 8 in the first regression will be biased.

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

Price; = By + BiFireplaces; + B, Living. Area; + ¢;

S
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Pocee = ot fuFie + falivin + €

sumrary (Ir{Prige ~ -<dirgplaces [+ living&@Ff8s, dats = house)d

Coefficients:
Estimate Std. Error t walue Pr(>|t])

(InLercepl) . I3 5.C075632 2942 A QE331 w
Sireplaces 3.38%6006 2,60414 [ 0.00827 ~*
Living.hreag 0.003042 35,8951 <« 2a-1g =+**

3igni<, oodes: 0 Y=** 9,C01 =%/ 0,01 “*7 0,05 *.f 0.1 Y 1

Eesidual slandard error: 68.898 on 1725 degrees ol [reoedom
Multiple R-souared: G.50%F, ndjusted R-squarec: 0.5089
i OF,  p-wvalue: < 2.72s-16

¢ Notice how the estimated marginal effects have changed. 41 kc;’ [?.1[?" «cf5

» Notice that Fireplaces is now a lot less significant.

¢ This is an example of omitted variable bias (OVB).
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(Omitted Variablé Bia
] Price —1W1988 Fireplaces, R*=0.142

393 (B8 oo

Reice =14.733

%) Fireplaces + 011 ¢
(5.01)

(0.003)
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several results have changed with the addition of the Living. Area variable:

o The estimated value of an additional fireplace has dropped from 366,699
to $8,062.

o The R? has increased from 0.142 to 0.5095.
¢ The estimated intercept has changed by a lot (but this is unimportant).

« There is a new estimated #: b2 = 0.11. This means that, it is estimated
that an additional square-foot of house size increases price by $110.
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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; .
vmP o

1
. %&aﬁa € are independent. OVB is a violation of this
assumption, resulting in pias and inconsistency of OLS\

/e Suppose that X and Z both cause ¥ \( — X
e Suppose X and Z are correlated A 2{

e
e What happens when X ‘change‘:s? b‘f‘\m YD N by o iedited B3 «\‘\(,
e What is the problem with attributing changes in X to changes in ¥?

Solution@de the omitted variable im
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