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For a set of n observations of avariable X: Xq, Xo, X3, X4y «evvvevevvernnnn. Xne

- E X ) X° = nx
Themean X =~ andthevariance s’ = 27
n n

Properties of X: Xx = n;, Ya=na, Xax = aXx where ais a constant.
Now, suppose the original data needed some sort of moderation and we don’t want to go through the lengthy cal culation of

the new mean and variance. We are going to find ways of simply writing down the new mean and variance based on the old
mean and variance.

Code: y=x+ a (all the observations have a constant added to them).

yzzy: Z(X+a) = ZX"‘Z& = ZX+E:)_(+a

n n n n
The new mean is simply the old mean with the constant a added.
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The new variance 55 = Zy ny Z(x+a) nx+a)’ since y X +a
n
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_ D x2+2anx+na’ -nx -2anx-na _ ke Sx thevariance of X.
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The new variance is exactly the same as the old variance. The spread has not changed!
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If everyone moves along the seesaw by the same amount, the mean will change but the variance
won’t.

Code: v =mx + ¢ (alinear transformation of all the observations).

9;23/: 2 (mx+c) _ D mx+dic | my X . nc o_ mX +c
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The new mean undergoes exactly the same transformation.
> (mx+c)? =n(mx +c)?
n
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The new variance Si = M =
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The new variance is the variance of X multiplied by m*. The ¢ again, has no effect on the spread.

The new standard deviation can be found by multiplying the old SD by m. Sy =m Sx .

Code: y= X-a (a linear transformation if it is written y = E X - a
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of all the observations).
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It can be proved that the new mean is obtained from the old mean using the same transformation. 'y =

standard deviation is only affected by b. Sy =1 S, . Thevariances are related by Sf, = iz Sf.
b b



Coding with a bivariate distribution

For n observations of two variables X: Xj, Xp, X3, Xgy ... Xn@nd Y: V1, Y2, Va3, Y4 ----- Yn
D xy—nxy

> X - nx:

Often with two variables, the values of X are in arithmetic progression and sometimes the values of y.

We can work out the correlation coefficient and the regression coefficient b =

X 200 210 220 230 240

y 80 92 104 110 120

If we code these valuesusing X = X~ P and Y = Y ™Y and use p=200, =10, u=100 and v=2, we can simplify the values
g Y
in the table and rewrite them in terms of the coded val ues:

N
w
N

X (subtract200 and divide by 10) 0 1

Y (subtract 100 and divide by 2) -10 -4 2 5 10

There are other reasons for coding but this time we can see that the figures become more manageable.
We can calculate the coded regression coefficient and then decode it to get the original coefficient.
If the original regression lineis y = a+ bx and the coded lineis Y = A + BX

ZXY—nY? ZH y-u _n;—p y-u z><y Ux-py+pu _ xy ux- py+pu
B= = Vv Q Vv i
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2 _ x-p |2 x-p 1 x> =2px+p® _ x°-2px+p
2. X*-nX > (e -nt2) Gl

g IXY ~ NUX = NPy + npu - nxy+nux+npy npu _ o IXy—NXy _ a,

v X —2npx+ np” -nx +2npx np® vV 52 -nx v

B=9p and 50, to decode we use b= Y B = YS!D B and note that it is independent of p and u.
v q xstep

SXY -nXY

The coded correlation coefficientisr = — — =
\/(zx2 -nX)(EY?-nY")
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7\/(2 X —2px+p }2—2p}+ p? )(z y2—2ux+u2 -n }2—2L1@+u2)

TXy — NUX = NPY + NPU — NXY + NUX + NPy — npu

\/(Zx — 2npx + np> -nx’ +2npx - np?)(Zy? - 2nuy + nu? —ny +2nuy - nu?)

2Xy — nxy

which isthe formulafor the correlation coefficient of the original values.
\/(Zx - nx )(Zy —ny )

Any coding of the form X=X"P and Y= Y™Y orindeed a linear coding X =mx +c and Y =ny +k
q \"
produces no effect on the correlation coefficient.
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