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Simple Linear Regression : Mortality Data

The data, taken from certain regions of Great Britain, Norway, and Sweden
contains the mean annual temperature (in degrees F) and mortality index for

neoplasms of the female breast.

rzsp;nse Mortality rate (M) 102.5 104.5 1004 959 870 950 88.6 89.2
predictor Temperature () 51.3 49.9 50.0 49.2 485 478 473 451
Mortality rate (M) 78.9 84.6 81.7 722 65.1 68.1 67.3 525
Temperature (7) 46.3 42.1 442 435 423 402 31.8 34.0

— e

Objective : Obtaining the relationship between mean annual temperature and

the mortality rate for a type of breast cancer in women.

Website of my LM course

http://www.stat.nthu.edu.tw/~swcheng/Teaching/stat5410/
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Figure: Scatter Plot of Temperature versus Mortality Rate, Breast Cancer Data.
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Fitting the Regression Line
not regarded as r.v., nomeasurement ervor

e Underlying Model : Y.V Y:V. : random Component
1
mode| X=[:} Xa] y=Bo+Bix+Ee, gNN(O,GZ).HY=XB+€
matrix N ——=— __~mean structure of y: syskematic
e Coefficients are estimated by minimizing component
(=) N
—=—S(Bo,B8:)=0 2
3o >Po.b (3= BoBi)) " = S(80.8)
=1

S-iﬁ S(Bo, B|) =0 i=

e Least Squares Estimates |3 O
il : ?xv?t‘
Estimated Coefficients : X

function of X5 onlz

- } irrelevant to B .o
. Y -D0i—y) NN 1 e
ol " 1 it - oo —
B=O0) XY ) ) . 2
Bo=7—B1x , VC"’(BO) = o’ %‘I’m)fﬂ—
1 1
X = NZM » Y= Nzyi' Cov(B)= &> (XX)"

= HRAE: 2 %, FETG: 7% <
E--»Explanatory Power of the Model —
@.: How well the model explain the data. ? “qoodness of fit" measure

e The total variation in y can be measured by corrected total sum of squares,,
CTSS =Yoo (yi¥-3)>

— variation in Yi's . . .
ﬂhls can be decomposed into two parts (Analysis of Variance (ANOVA)):

source of vanabion in 4;s) 4 _—»Bss
= CTSS  RegrSS+RSS, === sy(5 7E
~Gi+d t LB e minx
where MUz (5 ERES= %2
N RegesS
Sﬁ;ﬁg{ } XUS—®RegrSS = Regression sum of squares = Y 3i— )7)2,T§.2 >(xi-%"
4 ¢

E:mmofgc's"‘"iil_'—_[

T g% RSS
/
Svgl;ﬁ:{ : E¥S —» RSS = Residual sum of squares = Z( i — yi)z.f , ""=
2 ST x |#or 8
yi= Bo + P1x; is called the predicted value of yi at x;. € :vesiduals
o R’ = RS%SSS = 1— &% measures the proportion of variation in y explained

by the fitted model. <~ check the gragh tn LNp.2-2
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ANOVA Table for Simple Linear Regression
Ls decomposition of sum of squares (sources of variation in ‘e,t)
ANOVA Table for Simple Linear Regression

Degrees of Sum of Mean
RegrS$
Source Freedom Squares Squares
S . A = A _
vorstion: XiSfpregression Bre -2 ] Br -7
Source of , . : a 2 L i)
variokion - Eisresidual N-2 s YN i—39) =)
total (corrected) N—1 e.bl YN i=9)? (RS SJeRSS under ﬂ&
overal T —tesk CTSSheRSS under Ho -{R2
Ho: Y=Bo+E ANOVA Table for Breast Cancer Example MSRearSs
Ha: 4=Ro+BIX+E F- E‘—S—e&r“'
Degrees of ~ Sum of Mean RS
. ~F. dfRegrss
Source Freedom Squares  Squares dfpss
regression 2599.53 2599.53 1~ F% "
o4 IR
residual % 796 91 56.92 —
total (corrected) *»15 (16 0bs.) = 3396.44
ivalent to the overal| Lo null model =2 "
E-test in LNp.2-5 for |—>1-Statistic —-|altemative model =
Ssimple regression ,— Why interested in it ?

e To test the null hypothesis Hy : B; = 0 against the alternative hypothesis

Hy : B # 0 under the full model, use the test statistic |cen be changed
to other constant

ty = A ‘ Q for testun
:Pds:o‘;e& Mf@eaﬂ& E;: EL : Ho: 63 a 9

A

BRGNS 3 e s
G4 (XX 0,
(XX) 33 .conﬁ'dent
o The higher the value of |¢;|, the more significant is the coefficient.— }'_'D "ege‘-‘t'o
—— — o: Bd=

. . VT y—dSess
e For 2-sided alternatives, p-value = Prob (ltd £ > |tobs ), df = degrees of

freedom for the ¢-statistic, #,,5 = observed value of the z-statistic. If p-value
is very small, then either we have observed something which rarely
under| happens, or Hy is not true. In practice, if p-value is less then o = 0.05 or
Ho 0.01, Hy is rejected at level o.
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dualt
'(:ests*—'f—{l Confidence Interval: collection of
plausible 8%

100(1 — a) % confidence interval for B; is given by

Bjtiy ogexsd ()=

t___critical value
where IN-2,¢ is the upper o/2 point of the ¢ distribution with N — 2 degrees of
freedom. | 2 2-5ided T d$grss

If the confidence interval for 3 ; does not contain 0, then Hj is rejected.

LE=0

Test Ho: Bj=B§ VS, HA=63‘#B}

Acceptance 63‘-6;‘
m;gt“ [tal= s.d.(85) ls tdfkss 3 Z
N ¢ . 3 €Sﬁmate
B3 —txsd.(B;)< 6} <6t th.d.(éj) <— t (critical volue)
% S.d.(estimate)

p. 2-8

Predicted Values and Residuals _j
A I\
4=Y4+¢€ |

V; = [30 + le,- is the predicted value of y; at x;.

A : : used in
r; = y; —¥; 1s the corresponding residual. RSS
tor denoted by ’6\ 3-’= n-p
o Standardized residuals are defined as

[ Studentized

Plots of residuals are extremely useful to judge the “goodness” of fitted

model, > under@® &@, € contnins more information =
under® than error distribution. ik cov(L)=(1-H)s*
é— Normal probability plot (will be explained in Unit 3). hat: matrix ¥

Hii : leverage

Ti
S.d.(l’i)f

Residuals versus predicted values.

Residuals versus covariate x. @ If model correct ,
under® &3 £: carry information about BEXE €
= Cerror dist. , ervor variance)
< ‘f(X:i;Xm) + i g: carry information about XF4E £
— g%é /6\ [@overﬁﬂ:ingz E>T
t O lack of 5it: £ — &
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[ ]
Analysis of Breast Cancer Data
The regression equation is E_test
M=—-21.79 + 2.36 T —
S'-d-(Bo)
Predictor A Coef SE Coef T @t P
Constant  Bo+-21.79 L—w15.67 ~1.39  0.186 <+ Nullmodel=7?
T B,+2.3577 5:0.3489 6.76 0.000 alternative mode|=?
S. '(Bl‘ Ho'.e|‘=0 1 4
S = 7.54466 R-Sqg 76.5% R-Sg(adj) = 74.9%
Analysis of Variance <overall F-test (0n|yﬁr.§¢‘mple
regression)
Source DF SS MS F B
Regression 1 2599.5 2599.5:@-»45.67 <« 0.000 ,
Residual Error 14 796.9 82 56.9 '
Total ) 3396.4 — !
Unusual Observations LNP'Z.E
Obs T M Fit SE Fit Residual St Resid
15 31.8 67.30 53.18 4.85 14.12 2.44RX
L check Wp.2-2

R denotes an observation with a large standardized residual.

X denotes an observation whose X value gives it large leverage.
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