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6.3 — OLS in multiple regression
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» 5till wanl o minimize the sum of squared residuals (Lhe sum of
“vertical distances™):
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» Takg erivalives, set them equal 10 zero, solve
® The new formula is too difficult to show (unless we use
mairices, which we won’1)
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The resulting estimated model:

(6.2)
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can't be interpreted as a line! (1t’s ak-dimensional hyperplane}.

We can still try to visualize things if we have only 2 X variables,
however:
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G.3.2 Interpretation

Let's look at a population model with two X variables:
Yi  So+ BiXu + By 4. (6.3

o Yis still the dependent variable

RA "htllﬁ\jﬂf"f )
o Apand Xoare Lhe ﬁdu:}i‘ﬁxﬁ\ut- viwinbles [Lhe regressors)

« i still denotes an observation number
-
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« /iy is the population intercept . i
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A1 is the effect of X7 on ¥V holding all else constant {Xs) (1

e is Lhe ellect of X5 on Y..hu]diug all else constaut [ Xy ]i

« ¢ is the rearession error term (containing all the omitted factors that
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6.4: A2 — No perfect multicollinearity

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

e —

There is no perfect multicollinearity. This means:
S Yk el e e L

« No two variables {or combinations ol variables) are exacily
lincarly related
——
» No lwo variables are perlectly correlaled
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For example, exacl linear relationships between Xs are:

« Xi=Xa

« Xy =100X,

s X =14+X2-3X3

If you know X1, you know Xa in [irst two examples).
Tncluding both variables would be redundant,
OLS can’t handle it. (Like dividing by zero).

Some common examples ol where the assumption ol “no perlect multi-
collinearity™ is violatcd in practice are when the same variable is measure in
ditferent units (such as square feet and square metres, or dollars and cents).

and in the @iy vl Tap]]

The Living. Area variable measures the sise of
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the house in square feet, Suppose that there was another variable in the

data set that measured house size in square metres (1 square foot = 0.0920
sepiare melrel. We can creale this variable in T nsing:

Size <- 0.0825 = Li

atwl 1o include it in our O

summary {lm{Price - Fireplaces +iliwingemidrea + House.Sizell)

Coafficients: (1 nct dofined becanse of singunlaritiege)

Eztimate Std. Error t value Prix|t|)
(Tntercapt) 14.730144 5.007663 Z.942 0.00331 ex*
Firsplacas 8.952440 3.380656 2.644  0.00827 #=*
Living . Araa 0.109313 0.003041 35.961 < 2a-16 #¢=
CHnuee.Size o LEY XA WA

Bignif. cedes: O ‘sex' 0.001 'sa' 0.01 ‘s' Q.06 . 0.1 ' ' 1
Residual standard srror: 68980 on 1720 degreesz of fresedon
Multiple R-squared: 0,56085, Adjustad R-squared: 0.6088
F-gtatistic: §95.89 on 2 and 1725 DF, p-value: < 2.2e-16



G.1.1  The dummy variable Lrap

The dumny variable trap oceurs when one too many dumiy variables are
included in the cquation, For example, suppose that we have a dumy
variable fTamale that eqnals T the worker 3= fnale. Suppose that we also
hs
lincar combination between the twe

& a variable mala f]

foegnals 1 the worker s male. There is an exac
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ariables:

OLS won't work for:

wage = Ay | .'511 B2 x fEwidle 1 ¢
——

Much easier to fall into the trap for “categorical
variables™

Alberia — 1 il Localion — AB; 0 otherwise
British Coluwmbia = 1 il Localion = BC: 0 otherwise

Muariloba = 1 1l Localion = MB: 0 oltherwise

Yukon — 1 il Location — YT 0 otherwise
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& We would create 13 dummy variables using “location™, but
only include 12 of them in our equation

e ‘|'he group that is left out becomes the “base group™

* We could also drop the intercept (but this isn’t usually donc)

Final note:

Non-linear translormations are ok! We will do this in chapter 8.
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6.4.2 Imperfect multicollinearitv
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6.4.2 Imperfect multicollinearity

Imperfect multicollinearity is when two (or more) variables are
almnst perfeetly related (highly correlated).

Example
Pretend we know the pop. model:
s —;2){| + }Yz-i-e

and that the correlation between X and X5 is .99,

summary (lm(Y - ¥1))

Cosificients:

Estimate Std. Errer T valua Pri>|t]|)
{Intercept] -4 . 4165 3.8054 -1.134 0.2683
i1 0.4698 8.676 2.13e-11 =xx

The estimated standard error iz smalll o that the statistic is large, and
we are sure that X is staristical ignificant. However, the estimated 4 is
" s = g g - . : = -
twice as_big ps it should be. This i3 beeause of emitted variable bias.

i e

summary (lm (Y - X1 + ¥2))

Cosfficisnts:

Estimate 5td. Errer t valua Pri{>ltl}
{Intercept} -4.676 3,956 -1.182
X1 1,96 4.07h 0.481
Xz 2.12a 4. 066 0.523 ¢

Nowe, the estimaled 2= are closer Lo Their troe value of 20 bot bhoth appear

Lo be stalistically insignificant! (Note the larpe standard errors and small
t-stat 3]
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The problem:

* Because X and X, are correlated, dillicult 1o attribute changes
n X, to changes in ¥ (same for X3)

* X and X are almost always changing logether in a similar way

e ceferis paribus assumption is not feasible

* fijis the effect of X7 on ¥, holding X2 constant

How imperfect multicollinearity affects estimation

» large standard crrors, wide confidence intervals

e adding and dropping variables results in large swings of the
estimmated values

= overall - makes us unsure dhOLl‘t our results

. pmb]em 1% dlllu,ull lb c].ddl’c
o can’t drop varia bles (OVB)

» if you don’t need to intcrpret the affected variables, it's not a
problem
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