Problem Set 2.

1. Show that if r is the correlation coefficient between n
pairs of variables (X}, Y;), then the squared correlation

between the n pairs (aX;+ b, cY; +d), where a, b, c and

d are constants, is also r2.

Answer:

Define

Xz/ = aX; + b,

Y/ = cYj+d. (1)
Averaging over all the observations gives

~-/

X = aX +0b,

-/

Y = cY +d.

Subtracting the above expressions from equation (1) gives
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Next, the correlation coefficient between X! and Y is

given by
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2. From a sample of 200 observations the following quan-

tities were calculated:

1134, Y =20.72, ¥ X% =12.16
84.96, S XY = 22.13.

> X
> Y2

Estimate both regression equations: the regression of Y
on X, and the regressions of X on Y.



In order to estimate the slope coefficients:

Ly Dy
5YX_Z$2, BXY_Zyz
we use the following expressions
Syr = YYX - NYX =
Y X Y X
EYX—NZ ZN — EYX—ZNZ ,
Yr? = L X2 - N(X)? =
X 2 X 2
ZXz_N(ZNz) _ ZXz_(ZN) |
Syt = NYP-N(Y)? =
Y)? Y)?2
Sy _N(ZNz) _ yy2_ (ZN) |
We obtain
20.72 x 11.34
Syr = 2213 — 230 — 20.05,
11.34)2
Y2 = 12.16 — (11.34)7 11.52,
20.72)2
Y y? = 84.96 — ( )" _g0s1.



It follows that

and

ay X
axXy

Y
X

20.95
- = _ 182,
PFrx 11.52
20.95
— 72 _ .25,
Bxy 82.81

— By xX = 0.10 — 1.82 x 0.06 = —0.01,
— BxyY = 0.06 — 0.25 x 0.10 = 0.035.



3. Prove that 72 (the correlation coefficient squared) in
the regression of X on Y can be expressed as

2
o= Bywﬁazy7

where the 3's are the LS slopes in the respective regres-

sions.
Answer:
We have:
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4. Show that if r is the correlation coefficient between
n pairs of variables (X;,Y;), then the squared correla-
tion coefficient maybe interpreted as the proportion of Y
variation attributable to the linear regression on X.

Answer:

We have to prove that

Yyt =Y+ Pyt
We start from the bivariate regression:

Y = a+8X +e=

Y = o+ BX.
Subtracting the second equation from the first gives
y = PBrt+e=e=y— Bz
~2 _ 2 2,2
= e =y 4+ Bz — 208yx =
Y&t = Ty +pira-28Tay. (2



Next, recall that

B = =2 S =By e’ =Yay =
S a2

= B2y z®=BY xy.

Thus substituting the above expression into equation (2),

yields

Yet = Syt Y ey — 28 ay =
Yyt — Y xy =
Sy = BYay+ Y e

Using

Xy > xy _ (Zay)® _
B = > 22 iﬁzxy—z ><Z S 22

(Cxy)? Yy _ (Say)
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we obtain
Yyt =Y+ Ty’
or

TSS = RSS + ESS.

Rearranging the above expression gives

2
21 262’
2. Y
or
RSS
=1 —



5. Consider the numerical example 1.4.5 in Johnston and
Dinardo:

a) Obtain the regression coefficients a and 3.

b) Calculate the explained and residual sum of squares as
well as the correlation coefficient between Y and X (7).

c) Obtain the estimated standard errors of the regression
coefficients.

Answer:

5. a)

70
g = =W _10_ 5
S a2 40

a = Y—-BX=8-175x4=1.

b)

2 2
70 4900
2 (Lyr)” — T 0.99
S x2S y?2 40 x 124 4960




Moreover,

ESS = T22y2:123,
RSS = Sy —r’Y 4?2 =124 —123 = 1.




