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The population model: k > [o\,nll'fj

6.3 — OLS in multiple regression
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Y; = Bo + 51Xy imdsmsmgikg + (6.1)

How to estimate the fs?
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» Take (& + 7) denvatives, set them equal to vero, solve
» The new formula is o dilficult to show (unless we use

matrices, which we won’t) grad cconametrics dw?
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The resulting estimated model:

|

Vi = by + by X1 4 baXos F -+ 4 beXi (6.2)

can’t be interpreted as a line! (It's a k-dimensional hyperplane).

‘We can still try to visualize things if we have only 2 X variables,

however:




USING A

6.3.2 Interpretation

Let'’s look at a population model with two X variables:

Yi=68 1 81X | fXnl g (6.3)

¥ = still the dependent variable

oxglanabol
o Xyand XNoauwe Lhe ) varinhles (ihe regressors)

o ¢ oabill denotes an observalion_nmmber
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s is the effect of X3 on ¥ lholding all else constant (X1)

constant (Xg)

¢ is the regression error term (containing all the omitted factors that

cffeet 17) 7(3‘ \l\n\‘) Cowe 04'\' b &
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6.4: A2 — No perfect multicollinearity

Now that we have multiple X variables in our model, we need o
make an additional assumption in order for QLS to work:

There is no perfect multicollinearity. 'T'his means:

= No two variables (or combinations of variables) are exactly
linearly related
* No two variables arc perfectly correlated

For example, exact linear relationships between X are:

o Xi=Xs

.- 72 ) 2X3 1

If you know Xi, you know A in first two examples).
Including both variables would be redundant.

OLS can’t handle it. (Like dividing by zero).

Some conion examples ol wlere Lhe assumplion of “wo perlect multi-
collinearity” is violated in practice are when the same variable is measnre in
differens units (siuch as square foot and square metves, or dollars aned cents).
and in the dwmary vaviadle g

The Living. Area variable measures the sive of

the house in sguare leel, Suppose that there was another variable o the
lali el Lhal measured Donse =izge i soguare melres (1 square Toon = 0.0920
square metre), We can create this variable in R ousing:

House .Bize <- (0.08929 * Living.Area

and now let’s inchide it in our OLS estimation: e

summary (lm(Price ~ Fireplaces + Living.Area +\H‘c_1usc.5i’z§))

Coefficients: (1 not defined because of esingularities)
Estimate Std. Error t valus Pri(>|t]}
(Intercept) 14.7301486 5.007562 2,042 0.00331 ==*
Fireplaces 8,952440 2.3B86560 2,644 D0.00B2T =%
Living.Area 0.109313 0.0023041 35.951 < 2e-16 ##%
Housa .8ize A Ha Mua Ha

Signif. codes: 0 ‘*#x’ 0.001 ‘**? 0.01 ‘+? 0.06 ‘.7 0.1 ° 7 1

Regidual =standard errcr: 68980 on 1725 degreas oI Ireedod
Hultiple R-squared: O0.BDDE, Adjusted R-zquared: 0,5088
F-atatistic: 895.9% on 2 and 1725 DF, p-value: < 2.28-186



6.4.1 The dummy variable trap

The dumuny variable tap oceurs when one Lo many dumny variables ave
included in the equation, For example, suppose thal we have a dumimy
variable female that couals 1 it the worker is female. Suppose that we also
have a variable male that equals [ if the worker is male. There is an exact

linear combination between the two variables:

o 1
7 Ve
Tewmale = 1 — male
AV : o

OLS won't work for;

wage = fn + A X wmale + F2 x female + €

Much easier to fall into the trap for “categorical

variables™

Alberta — 1 if Location — é_fj 0 otherwise
British.Columbia = 1 it Location — BC 0 otherwise

Manitoba = 1 it Location

Yukon = 1 il Localion

= We would create 13 dummy variables using “location”, but

W‘E-B 0 otherwise

——

YT 0 otherwise
-—

only include 12 of them n our equation
# The group that is left out becomes the “base group™

= We could also drop the intercept (but this isn’t usually done)

T'inal notc:

Non-lingar transformations are ok! We will do this in chapter ¥,

X, =¥ ok

My aarbed ! L collinearity

22 “AB e aF

[% JWM* vav.a

| “mBY

[NO\?)@ — %,

L‘ £ 20 Mberlo

L;nse}i""\’ 9 oN:

\r’i\‘j“l: U::{llﬂ

' /@LN\DQILM ﬁq N\M;L,Lq Lt

-L@ Mankiba

Moz 2 if bece

bles :
l Jew = HA B‘}

A

"M

W



NO P*"Cf o4 WU} [ eollinearity

fion bl waiiabl

6.4.2 Imperfect multicollinearity

Imperfect multicollinearity is when two (or more) variables are
almosi perfectly related (highly correlated).

Example
Pretend we know the pop. model:
= :_;"-_-Yl 1 ?:Yg i

and that the corrclation between Xy and X i5 0.99,

summary (1lm (¥ - X1))

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

(Intercept) -4.4165 3.8954 -1.13% 0,263
%1 4.0762 0.4605  §.676 (L 13a-10) s4
The estimated standard crror s small, so that the f-statistic is large, and

we are sure that X is statistically significant. lowever, the estimated 3 is
as it should ke, "I'his is becanse of omitted variable bias.

twice as big



summary (1m(Y - X1 + [¥2D)

Coefficiente:
Estimate Std. Error t value Pr(>|cli)

{Intercept} -4.676 5,985 —1,182 0,243
X1 1.958 4.075 0.4B1 0.633
X2 2.128 4. 066 0.623 0,603

Now, Lhe estimaled @8 are closer Lo Uheir wwue value ol 2, bul boll appear
Lo b shaabistically insignilicant! (Note the lacge standard errors and simall
f-statistics. |

The problem:
» Because Xy and X5 are correlated, difficult to attribute changes
in X to changes in ¥ (same for X3)
o X and X> arc almost always changing together in a similar way
® ceteris paribus assumption is not feasible
S is the cffeet of Xi on ¥, holding X5 constant

How imperfect multicollinearity affects estimation

» large standard errors, wide conlidence intervalg

» adding and dropping variables results in large swings of the
estimated values

» overall — makes us unsure aboul our results .

o probleit is difficult o addressy wcrewse A (cwd do i vl

e can’t d[pp..:‘fg_t:iﬂb.lés- {OVB)

it you don’t noed to interpret the affected variables, it’s not a
problem
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