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Lecture 17
Properties of OLS Estimators (Cont:)
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The Multiple Coefficient of Determination #* and the Multiple Coefficient of

Correlation It £ 2 = £EY ¢
' . . . R . T9¢
In this section, we will study how to measure the proportion of the variation in Y explained

Ttk variables X5 and Xy jointly. This is the same concept of r* that we have learned before.

The quantity that gives this information is known as the the multiple coefficient of de-
termination and is denoted by 72

To derive B2, we firstly write down the following equation: \(A‘
=M

- 1o
= Yit+i
(Eq.10)
where ‘:ﬁ’, is the estimated value of Y; from the fitted regression line and is an estimator of

true BV N, Xgi). — _
Eq 10 (Y" 7 =Xy — X, - ¥
. X 3
7 may be written as (
wo= Faxa; + Fara + 1i; (PEVEATEON
= it Fo’)

‘:'K \ (Eq.11)

Squaring 7 on both sides and sumiming over the sample values, we obtain
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The threc-or-more-variable analogne of v is the coefficient of wmltiple corvelation, denoted
by R, and it is a measure of the degree of association between Y and all the explanatory
variables jointly. Although r can be positive or negative, R is always taken to be positive.
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7.3 £’ and the Adjusted R*
It should be noted thatfie {2 is & nondecreasing funetion of the number of explanatory
variables. Thus, when the number of regressors inereases, B2 almost invariably increases

and never decreases, In other words, an additional X variable will not decrease F*!

To explain this fact, let we write down the definition of K* again:
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Therefore, in comparing two regression models with the same dependent variable but
_differing number of X variables, one should be very wary of choosing the model with
the highest £

In light of comparing two R terms, we have to take into account the number of X variables
present in the model. To achieve this goal . we can mn-.ldﬁ tl -\Irn/!mmr' cocfficient of
determination, which is as follows:
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k= the number ol parameters in the model including the intercept term.
n= the number of observations in the sample data.

The above equation is known as the adjusted R?, denoted by B2 . The term adjusted
means adjusted for the df associated with the sums of squares enfering into 4. EQ(/(.;)
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We can also get the equation which shows the relationship hc-l‘.\'wll
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Besiles K* and A2 as goodness of fit measures, other eriteria are often used to judge the

adequacy of a regression model, Two of these are Akaike’s Information criterion and
Amemiya's Prediction criteria, which are used to select between competing models, We
will|discuss these criteria in greater detail later.
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Lecture 18

CHAPTER 8: Multiple Regression Analysis: The Problem of In-
ference

oo | R= | = 1-R*) (=1
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In this chapter, we will extend the ideas of interval estimation and hypothesis testing devel- _
oped there to models involving three or more variables.
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In this chapter. we will extend the ideas of interval estimation and hy pothesis testing devel- _
oped there to models involving three or more variables. so /2 2 < /Z 2

/

We have already known that il our objective is to do interval estimation and hypothesis % K
testing, we need to assume that the w; follow the normal distribution with zero mean and
constant variance o*

Yi =51+ 8o Xoi + B X + 1z
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With the normality assumption and the CLRM assumptions, we know that:
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[2] The estimators . 3, and 45 are normally distributed with means equal to troe 3,3, /
and 4y and variances are following: {V\Ak = 3 U?E WT—

[1] The OLS estimations of partial regression coefficients are best linear unbiased estimators @
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follows the y* distribution with n-3 df. We can also show that, if we

Ayrd
Mareover 3"

replace the TAE @2 by its unbiased estimator o2 in the computation of the standard errors,
we then get

=0
P = 1 _ 1
se(dp)
fhy =
= x—“z
sel i)

follows the © distribution witlf n-3 df.

Example Consider the following 1'(\;.5[’{*351'[(\111: [09 ('9-,\ ]@y? ) = f?l + /)71 | 0? (So\/(’_ S’) < /215 (€72 ’*/”q QO«-I-LL
i) fa)
o /P z - > - Py
loglsalary) = 4324 0.280 log(sales) + 0.0174 ROE 4+ 0.00024 ROS
se = (0.32) (0.035) (0.0041) (0.00054)
(Er.15)

=203 R = 0283

where

salary =salary of CEO
sales=annual firm sales
ROE=return on equity in percent
ROS =return on firm’s stock

interpreter the partial regression coefficients
P =028 =y VE FUASTICTT op  CEOSALARY WRT. SALES
RV QN AVERAGE
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Questions What about the statistical significance of the observed resnlts?

For the coefficient of log{sales) of 0.280, Is this coefficient statistically significant different
from zero?

For the coeflicient of ROE of 00,0174, Is this cocflicient statistically significant ditferent from
zero?

For the coefficient of ROS of 0.00024, Is this coefficient statistically significant different from
zero’

Are these three coefficients statistically significant?

To answer these questions, we have to learn the kinds of hypothesis testing,

8.1 Hypothesis Testing About Individual Regression Coefficients

We can use the t-test to test a hypothesis abont any individual partial regression coefficient.

8.1.1 Two-tail test:
Let us postulate that

Hy: sa—0 ( SRES 00ES NoT AFFECT CEO SAARY)
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reg lsalary lsales roe ros 4_[ n -
Source 8= df @ Numbe = 209
=3 F¢ 3, 205) 26.93 D
Model 18.8613439 R€" 3()6 287114463 Frob > F = 0.0000
FEesidual 47 .86081053 L233467411 R-sgquared = 0.2827
I &dj R-squared = 0.2722
Total EE.TEE}\EHE 208 .320779631 Eoot MSE = .48318
[2
l=zalary A Coef. Std. Err. t B>t [95% Conf. Intervall]
KN
l=ales . 2803149 .03532 000 2106778 . 349952
ros ~0174168 L0040923 0.000 0093484 . 0254852
ros 002417 .0005418 0.45 0.656 -.0008266 L0013099
_cons 4.311712 .3154329 3.67 0.000 3.689804 4.933621
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