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K. Two Random Variables.
1. Regression (Summary).

2. Covariance (“. and 5,)

a. Population Covariance
The populafion covariance 1s defined, using probability, as
Cov(x,y) =0y =E_|'L:r: - P-';{’III' Y- uy ]T=E [JL}JJ ~ My lby  This
can be used to describe the relabonship between X and ¥ _

If the covariance 15 positive we can say that X and JV tend to
move together, while if it 1s negative we can say that they
tend to move in opposite direcions. In order to use this

formula we must realize that Elxy) =X XlaPlx, v))

This means that we must add together the product of X and V
together with their joint probability, for each possible pair of
values of X' and & . For example, assume that X and V' are

A
400 600 800
related by the following joint probability table: 400 H 12 13 18
y 600 g .10 05 .08
800 § 16 07 o+

We begin by takang the upper left hand probability, .12, wiuch

1s the probability that beth A and ' are 400, and multoplying

1t by 400 twice. Then we take the next probability in the same

row, .13, which is the probability that X 15 600 and ¥ 15 400,

and mulaiply it by both 600 and 400. If we continue in this way we get

Ef ,\;}':' =E .ZI :-;'P{ :-'u;j.f}
12(400M400) +15(600)M400) +18(800)400)0

0
=%+ -10(400)(600) +05(600X600) +_na|:ann]{ﬁnn}g
g+.16(400)(200) +.07(600)200) +09(200)200)F

019200 +36000 +57600C0

—1+24000 +18000 +38400: =335600.
§+51200 +33600 -+57600E
We can now use the following tableau to compute the means

and varances of X and ¥ .
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o B 16+ W= 5
CPx] 60800+ 97200+ 224000= 382000




To summarize _* Plx) =1 (a check),
sy =Elx) =3 xPlx) =584 Elx?) = ¥ x?pl(x} =382000

EP[_}J} =1, pey =E[}*:' =2 }#P'I_v] =574 and
Ely?) =3 »2ply) =358500

‘We will need the vanances below. To complete what we have
done, wrlte

o =Covlxy) =Elxy) - g, =335600- (594)(574) =- 5356

b. The Sample Covariance
The sample covariance 1s much easier to compute, the formula
Deing

E:[x— x:":_}r— _}r:'] =£x}'— nx ¥ _

5 —
= n- 1 n-1

For example, assume that we have data on Income { X ) and
cavings ( ¥ )in thousands) for 5 families.
ity x ¥ x* y: Xy
19 00 361 000 000
124 095 15376 081 1116
64 04 4086 016 256
0 12 45900 144 840
0 03 _4500 009 _210
Sum M7 28 XW633 250 2422

> x=347, My=28 3 x =29633 ¥ y =250,

and 3 o =24.22

L s L e

34.7 28

Then ¥ =—— =694 and ¥y =—— =0.56.
o F
Fxl e = .

2 o _ 29633 slg.04) LTI

n-1 4

. _ =2 _ Z
5;’; =£.}J W _2.50- 5(0.56) =0.2330 and since

n-1 4

_ 2422 - 5(6.94X0.56)

D o =2422, 5 = =1.197.

The positive sign of 5.4, the sample covanance, indicates
that X and » tend to move together.



