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

2. Covariance (“. and 5,)

a. Population Covariance
The population covariance 1s defined, using probability, as
Cov(x, ¥) =0y =E_rn.‘-*f = J'.I;.;:II-J-’ - Ly ]T=E[JL}JJ - Uyt . This can be used to describe the
relanonship between X and V . If the covanance 1s positive we can say that X and } tend to move
together, while if it 15 negative we can say that they tend to move in opposite directions. In order to use
this formula we must realize that El :'g.-'j =53 ,E{ JL}'P{K, }’H . 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 related by the following joimnt probability table:

X
400 600 800
400 I 12 15 .IEH_
y 600 [ .10 05 08
800 & .16 07 03¢

We begin by taking the upper left hand probability, .12, which is the probabality that both X and » are
400, and multiplying 1t by 400 twice. Then we take the next probability in the same row, .15, winch is the
probability that X 15 600 and ' 15 400, and multiply it by both 600 and 400. If we continue in this way
we get

0 .12(400M400) +.15(600M400) -+ 18(800)(400)0

[ - 1
Elxy) =3 ¥ xyPlxy) =7+.10(400600) +05l600)N600) +08l800M600);

5+.16(400)(s00) +.07(600K800) +.09ls00K=200)E

119200 +36000 +576007
=%+24ﬂﬂu +18000 +3E.amo% =335600.

1+51200 +33600 +57600E

We can now use the following tableau to compute the means and vanances of X and Y .



060 w0 Bl Ryl el
w L 5oW 5 1m0

poa0 g0 05 0§ 23 138 g8l
M Lo 07 0% 3 %6 204800
W B 7 5 05 3N
o B 16+ W= 5
CPx] 60800+ 97200+ 224000= 382000




To summarize _Z'P':x} =1 (a check), e, =Elx) =Z' xPlx] =584
Elx?) =} x?pP(x) =382000, 3 P(y) =1, w, =E(y) =23 yPly) =574 and
Ely?) = ¥ »2p(y) =355800

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

& =Colxy) =Elxy)- p,pe, =335600- (5940574 =-5356

b. The Sample Covariance
The sample covaniance is much easier to compute, the formula being

=

_E:[x-f]':}'- ) _ D xy- nxy
o n-1 2 n-1 -

For example, assume that we have data on income ( X ) and savings ( ¥ )1n thousands) for 5 families.
= = z

Farmilw * ¥ X Y Xy
1 19 00 361 000 0.00
2 12 4 09 15376 081 1116
3 64 04 40096 016 256
4 0 12 4900 144 840
3 0 03 _4000 006 _210
Sum M7 28 20633 250 2427
Then x =34_"? =094 and ¥y =2;_E =0.30.
. o
2 _ =2 e 2
2 _ 2 x"-m®  296.33- sl6.04) iz avs,
rn-1 4
2 =2 e 2
5:_3 =£}J Ly =E-JD— 5':']-55] =D-233‘D E.'I:I.IjEiII.CE
n-1 4
2422 - 56.94K0.56)

=1.197_

2 xy =2422 5
. 5-1

The positive sign of 5, , the sample covanance, indicates that X and } tend to move together.



