MLR Models: Estimation & Inference

Comparison of SLR and MLR Estimation & Inference
... What's New?... Not Much!
SLR & MLR Standard Errors: Not so different after all!

... An Example

b
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SLR MLR
Those (S/M)LE. SLE_1: Linear Model MLE._1: Linear Model
Assomptions T =f+BX+U T=f+BX +BZ+.+U,
SLE2: Random sampling MLE2?: Random sampling
sLE3: Sampling varnation in the | MLE3: No perfect collinearity
independent variable
SLR 4: Zero Conditional Mean MLE 4: Zero Conditional Mean
EU|X=x)=0 forany x EU|xz..)=0foranyx. z, ...
If these hold: LUE: OL51saLUE LUE: OLS 1s an LUEs

.. But OLS 15 not alone!

... But OLS 15 not alone!
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SLR

MLR

Add one more

SLR.5: Homoskedastic errors

MLE_5: Homoskedastic errors

assumption (conditional on x) (conditional on the x's_ z's, ._)
1fall > conditions Var(B, | x's) o Var(B, | x.z...) " ur
hold: e T 2| KT ) = ==z Vi,
> (x—X) > (x—X)
__o -— % wr
(n—1)S_ (n=15,
Variance Inflation 1 ; 1
VIF, =——; R =1———
Factors (VIF) ©1-R . VIE,
52 =22 _ e 61 =R _asE
n—2 n—(k+1)

MSE unbiased estimator of &

MSE unbiased estimator of &

Gauss-Markov Thm.

SLE.1-SLE.5 —BLUE

MLE I-MLE.5 —+BLUE
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SLR

MLR

SRF (Sample Regression
Function)

5= A+ A

=0, +Bx+ Bzt

PEF (Population

Fegression Function)

EQ|X=x)=f+6x

EY |xz,  )=8B+8x+05z+._

2. Inference

Add one last Assumption: | SLR.6: U, ~N(0.¢*) and | MLR.6: U, ~ N(0.¢") and
Distribution of I indept. of X indept. of the RHS variables
Degrees of Freedom n-2 n-k-1

Distribution of Estimator:

B, ~ N(3.var(B,)). where
&

var(B,) = —[-‘-E D5,

B, ~ N(fB,.var(B,)), where

var(B.)=—2 __VIF,
) EF - 1:] SE )
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SLR MLR
Standard Deviation of B, a a

sd(B,) = ——— sd(B)=———.] VIF.

&) S -1 ") Sn-1Y¥ 77
Standard Error of B, (est. RMSE RMSE
et ey = se(B,) = ———VTF

of sd(B,)) 5 n—1 S_n—
Distribution of Estimator: B -4 . B —p
t statistic se(B,) s se(B.) nok-l

YOU KNOW HOW STUDTES
ALUWAYS SAY ONE OUT
OF TEN PEOPLE HAVE A
PARTICULAR PROBLEM?

I™M ALWAYS THAT
GUY. STATISTICALLY
SPEAKING, I KEEP NINE
PEOPLE SAFE JUST BY
EXISTING.

THAT'S AND. ..
NOT HOW  EVERYONE
STATIS— ELSE IN THE

TICS WORK. DEPARTMENT
) KNOWS THAT?

|-=24-[5  ©2015 Scott Adams, Inc. /Dist. by Universal Lickick
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SLR/MLR Compare: Estimation & Inference V

SLR MLR
Confidence Intervals (C 1s [31 + EE[:EIJ] : [Er +c g;g[:Br:]] :
confidence level) Flz_,|<c)=C At . |<c)=C
Null Hypothesis: H,-5=0 H,: 5 =0
t stat (under Ho) B, B,
isar = ~ Iy Sy = ——— "y}
se( b)) se(B,)

p value (for given data set
and OLS estimates)

p=P1,,|>tstat; )

p=Hlt ,[>5 MF_E;.:]

Hypothesis Test (for
given. ) :

Eeject Ho 1f
p<a

Ic-_‘::-ccrrif

[

Eeject Hp 1f

;!.‘c-_‘::-c orif p<a




SLR & MLR Standard Errors: Not so different after all!

e At first glance the SLR and MLR standard error formulas appear to differ slightly, with a
1/VIFX adjustment included in the MLR formula:

. SLR- se, = RMSE ~_ RMSE
X \/Z(Xi ~x)?  S,w/n-1
* MLR- se; = RMSE «/VIFX _ _RMSE IF,
X \/Z(xi ~X)? S vn-1
: , : : RMSE
e But in fact, as you'll see below, both expressions can be rewritten as: se. = , Where

A JSSR,

SSR, is the SSR from the collinearity regression in which the RHS variable x has been
regressed on the other RHS variables.



MLR Standard Errors: An Example

Full Model Collinearity Regressions
(1) (2) sy (4} e Wk1: selz\R}MiSE:\/ﬂ: 02530
rLotgross, wkl wk2 wh3 ] SSRl 471 875 '
wkl 0.540%#*= 0.281%%* ~0.115%%*
(0.0253) (0.00234) (0.00336) o wk2: se — RMSE B 17.38 _ 07609
n 2 - — ——1
w2 0.745%%* Z.361%%* 0.792%%* JSSR,  4/52,173
(0.0761) (0.0212) (0.00603)
-“1]{3 4_"]"'.8-.&-!-:: _1I1|"=E-.|:-.|r-.|r :_E,':.'Eir-k-.l.- ° Wk3 Se _ RMSE — 1738 _ 07984
(0.0758) (0.0334) (0.00664) . 3 liSSRs /747 388 '
_cons —0.B0L** 0.110 0.0B17% 0.2 T***
(0.227) (0.102) (0.0340) (0.0323)
N 7730 7730 7730 7730
R-3g 0.921 0.886 J.959 0.908
rss (55R) 2,333,804 471,875 52,173 47,388
rmae 17.38 7.815 2.598 Z2.476

A Box Office
* p<0.05, ** p<0.01, *#% p<0.001 by IMDbPro
/|
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