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Formula Refreshers
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Formulas for Bo and 31

Our formulas for our beta coefficients are

B, = 2l ~X)(Yi—Y) _ Sxy
S (X — X)?2 Sxx
Bo=Y =X

Our formulas for the standard errors of our beta coefficients are

A 1 )_<2
SE(fo) = &ZYX (,, + zzl(x—x)2>

I 7 S
*E = J ST — X
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Helpful Properties and Formula Refresher

Var(Y) = E(Y?) = [E(Y)]? = E(Y?) = Var(Y)+ [E(Y)]?
Var(cY) = ¢ x Var(Y)

SE(cY) = |c| x SE(Y)

Cov(aX + b,cY 4+ d) = ac x Cov(X,Y)

Var(X +Y) = Var(X) + Var(Y) +2Cov(X, Y)

Var(X — Y) = Var(X) + Var(Y) —2Cov(X, Y)

Var(y) = T YY)
Covx, ) = S K= R = V)
Cov (X, Y) L (X X))
5D

ey = -
Y7 SD(X) Y) \/27_1 (X,- — )?)22?:1 (Yi - \7)2
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Calculating the Variances
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Deriving Var(j3;)

Before deriving the variance of 1, let’s do a little rearranging:
By = > (X = X)(Yi - )
1 — n —_2
2i1 ()Q ")<)
XL (XK= X) Y- YL (X = X)
= - L
2lic1 ()Q ")<)

_ §:£:1<)Q ")<) Yi
== -

Zi:l (Xf - X)
Xi=X)Yi+...+ (X —X) Y,

n 2
2i1 ()Q _’)<)

where ¥ 327, (X; — X) = 0 because

n

j{:()C —’j%):: ;i;)@ —»}i:j%:: % X Ei:)g-—»njkzz nX—nX=0

i=1 i=1

i=1
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Deriving Var(j3;)

Now we are ready to derive our variance for the slope:

X1 = X)Y1+ ..+ (X = X) Y,

Var(31) = Var S (X — X)?

Let's cut to our “whiteboard” to work through the math. ..
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Deriving Var(j3;)

Now we are ready to derive our variance for the intercept:

Var(Bo) = Var(Y — B1X)

Let's cut to our “whiteboard” to work through the math. ..
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Showing Cov(Y,5.X) =0

First we will note that £ (Y;Y}j) = E(Y:) E(Y}) Vi # j by independence

and that 227, (X — X) = 0.

Then we can note another representation of B
5, = Sl - X)(Yi— ¥)

S (X — X)?
_ Sl = X))Vl - Y B (X - X)
X (X = X)?
_ L X = X)Yi
=1 (Xi — X)?

Okay, we are ready to show (on the whiteboard):
Ly S (X-X) Y
’ 2
g =1 (X,- - X)

Cov(Y, /1 X) = Cov
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The Standard Error of the Mean
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Deriving SE(jiy|x,))
We can manipulate our predicted regression equation for this calculation:
fiyix, = Bo + P1Xo = (\_’ - 31)_() + B1Xo = Y + B1(Xo — X)

Then we can calculate the variance as
Var (/Ly‘xo) = Var (Y + B (Xo — ))

X
_Var( ) (XO— ) ( )+2(X0—>'<)Cov(\7,31)
)

~vor(7) + (-

UY|X

L (- X)

—\2
~2 £2
Tyvix | Tvix (XO *X)
= —+ )
n n—1 0%
A2 _ (Xi—)_<)2 V. 5\ &ff\x
because 6% = > i_; ~—— and Var (ﬁl) BN
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