Linear Regression & Correlation — Prof. Richard B. Goldstein

Single Variable Y =a + Bx + € where e = N(0, o)

Fitted Regression Y =a+ bx where a and b are found by least squares
fit of n data points (X;, Vi)

Residuals e =y -V,
Sum of Squares SSE = Zn:(yi ~-9) =>(y,—a—-bx,)* is minimized
Sums S, =>.X*—nXx’ where X = 2
S,, =2 Xy —nxy
Syy = Zyz - nyz
. S
Parameter Estimates: b=est(3)=— a=y-bx
SXX
—¢) S.-bS
Sz :eSt(GZ)I SSE = Z(y' y') — Xy
n—2 n—2 n—2
Confidence Intervals: b—t“—LSE<B< b+t°‘—LSe
SXX SXX
a_taIZSe ZXIZ <a<a+ta/289 \/Z:XI2
ns,, ns,,
. . b-B, b-B, .
Hypothesis Testing: t= ¢ = o withn-2d.f.
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where ¢, =a +bx,

ClI for single response yq




Analysis-of-Variance: SST = SSR + SSE
Z(yi _7)2 ZZ(yi _y)z + Z(yi - yi )2

Source of Sumof Degreesof  Mean Computed f

variation  Squares freedom square
Regression  SSR 1 SSR SSR/s
Error SSE n-2 s? = SSE
n-2
Total SST n-1

Test for Linearity of Regression for Data with Repeated Observations
k

X; has repeated y values y;j fori=1,2, ..., kandj=1,2,...,n; n=>n,
i=1

let vy, —Zy,J and y _y, then

k,n k k0 lack of fit Pure
SSE = i =5'n.(v + _v F= n
;;(y” ) Z .-9) le = (y“ y,,) error error
Source of Sum of Degrees of Mean
. Computed f
variation Squares freedom square
Regression SSR 1 SSR SSR/s*
Error SSE n-2
— SSE —SSE(pure
Lack of fit | SSE - SSE (pure) k-2 | SoE - SSE(pure) ~SSE(pure)
k-2 s'(k-2)
Pure error SSE (pure) n-k s? = SSrIf(pllire)
Total SST n-1

Coefficient of determination R*=1-— =1- =
SST ~ Y(y,-yf sST

) .. S, S
Correlation Coefficient r = Est R’ =Db
()=R7 =D o =
Hypothesis Tests:
Ho:p=0 uses t=r f _rf with n — 2 d.f.
Ho: p=po#0 uses Z= “n_sln (1+r)(1—p0)
2 @-r)1+p,)



Multiple Variable y =B, +B.X, +B,X, +---+B.X, +&wheree=N(0,0)

Y. Xy Xy 0 Xy Bo €
1 x, X e X €
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_yn_ _1 Xln X2n an_ _Bk_ _Sn_
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Least Squares Normal Egs: (X'X)b=Xy=b=(XX)"Xy

!

SSE =(y—XB) (y - XB)
Let C=(X'X)" Cis a (k+1)x(k+1) matrix

Analysis-of-Variance:

SST = SSR + SSE
—\2 A — A

-y =20 -9 + Xy -9.)
Hypothesis Test of Hp: B =p2=... =Pk =0

Source of Sum of Degrees of Mean

. Computed f
variation Squares  freedom square
MSR
Regression  SSR Kk MSR =SiR F=VisE
Error SSE  n-—(k+1) s*=MSE= SSE
n—-k-1

Total SST n-1

s? is an unbiased estimate of °

If 1 is an n x 1 vector of all 1’s,then SST=yy-1y1ly
SSR=b'X'y-1y11ly
SSE=y'y-bX'y

where ty'11'y =
n



CI for mean response

Yo = LuisSYXoCXo <hy, <V, +1,,,5¢%Cx, withn-k-1df.

Cl for single responsey, ¥, —t_,,Sy1+X,Cx, <y, <Y, +1_,,541+X.CX,

Hypothesis Testof ~ Hy: Bj=Bjp  uses t=-

Bi > Bio

Coefficient of determination

-1
Adjusted coefficient of deter. ~ 1-————(1-R?)



