yin | | ' e . ~ ¥ _. . ¢ & sl 1 | W 'Omp‘,ﬂ
sr(12i11) shows that the total sum of squares can be partitioned into 1Wo © y

Equanme sum of squares due to regression and the sum of Squrares due to error. Henw,b@
ne'"ts,’ jues of any two of these sum of squares are known, the third sum of s(|uarcs can
e ied easily. For instance, in the Armand’s Pizza Parlors example, we alread)’ s V:;

— 1530 and SST = 15,730; therefore, solving for SSR in equation (1211 ), W& i
f squares due to regression is

— SSR = SST — SSE = 15,730 — 1530 = 14,200

Now let us see how the three sums of squares, SST, SSR, and SSE, can be used 1O pI‘O(;
neasure of the goodness of fit for the estimated regression equation. The estimate

sression €quation would provide a perfect fit if every value of the dependent variable )};
55 pened to lie on the estimated regression line. In this case, ¥y =y would be zero for eac
g;servation, resulting in SSE = 0. Because SST = SSR + SSE, we see that fqr a p?flftegrt
[t SSR must equal SST, aqd. the ratio (SSR/SST) must equal one. Poorer fits will rﬁfalls e
jarger values for SSE. -Solv‘mg for SSE in equation (12.11), we see that SSE = SST—— . anc.i
Hence, the largest value for SSE (and hence the poorest fit) occurs when SSR =
gSE = SST. ‘
The ratio SSR/57T, which will take values between zero and one, 18 used 1o evzilu‘at.e
the goodness of {1t tor rhe estimated regression equation. This ratio 1s called the coefficient
of determination 2nd is denoted by s

yide a

COEFFICIENT (F DETERMINATION

Lﬁ"’lmm {oarm, 1)

SSR
S
o SST

For the Armand’s Pizza Parlors example, the value of the coetficient of determination 1s
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SSR can be thought of
as the explained portion
of SST, and SSE can be
thought of as the

unexplained portion of SST.

To measure how much the \ values on the estimated
nm of 1
another sum of squares is computed. This sum o f squares, call

regression, is denoted SSR.

SUM OF SQUARES DUE TO REGRESSION
SSR = 2(¥y; — ¥)

5

o n'.-"f‘ -

From the preceding discussion, we should expect that SST SSR
Indeed, the relationship among these three sums of squar
important results in statistics.

P
S 4 o

RELATIONSHIP AMONG SST. SSR, AND SSE _,
SST = SSR + SSE |
where

SST = total sum of squares
SSR = sum of squares due to
SSE = sum of squares due to

A
SCE -,
s -~

'

| regression line deviate from Y,
=d the sum of squares due to

@ Cengage Learming
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12.3 Coefticient of Determination

, COMPUTATION OF THE TOTAL SUM OF SQUARES FOR ARM AND'S

'H7LAPARLORS
o 3 Stu(!ent y. = Quarterly
Restaurant Popuiatign Sales Deviation
' b ($1,0005) IR
| g 58 ~72
: g 105 —25
3 8 38 —42
4 8 118 ~12
) 12 117 -13
: 16 ' 137 7
L 20 157 27
8 20 ; 169 39 v
< 22 , 149 19 -
0 26 ’ 202 72 3

d value of quarterly sales for rest

c“ \
y, = 60 + 5(2) _ 70. Thus, the error In using ¥, to predict y, for restaurant 1 18y, — y:
58 — 70 = —12. 30 squared error, (—12)° = 144 .« shown in the last column of Table 12.3.

After computing and squaring the residuals for each restaurant in the sample, we Sulll
them to obtain SSE — 1530. Thus, SSE = 1530 measures the error in using the estimated

_ 60 + 5x to predict sales

‘ .

ion. we find that the predicte

lation. Without know

of the size of the student popu
use the sample me | arterly sales at any gl
showed that for the sales data ence, the mean value of quarte
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Coefficient of Determinatlon

For the Armand S pizza Parlors

the linear rela

eloped the estimated regressigp .
i
0

we dev |
tionship between the size of the studep

.- How well does the estimated e

example,

y =60 + Sxto approximate '
: v sgtion NOW : e
tion x and quarterly sales y. 2 q%lcxuwc: <how that the coefficient of dEtel‘minaé:SS‘On
equation [it the UstALin S Seuu:‘nf:nt for’the estimated regression equation. 1 Prg,
e g'()()dnt;: difference betweel the Obsef}\’e(.l value of the depe
For the ith observatl.on, 1ae of the dependent variable, y;, 1s called the ith res‘“dem
The ith residual l‘eP{esents the erl%osl‘ uaré:q of'tilese esiduals or errors is the quantity :ﬁlon’
che residualis y, — Je 8 000 qhod This quantity, also known as the sum of hat jq
minimized by the least squarcs method. GUare,
due to error, is denoted by SSE.
SUM OF SQUARES DUE TO ERROR
B A N2
SSE'= 2y 2 (12.8) |
¢ 3 a mcastl f e eTror 1N using the estimated regression €quation 0
SeGILt 1 .« of 1 Czpe udent variable in the sample.
3 & .. 2l yistions required to compute the sum of squares qye .
S Tand L. oariars cxample. For 1nstance, for restaurant 1 the valyeg .
el - et Jariables are X; = 2 and y, = 58. Using the estimateq
jAapLt L. ~“ALCULATION OF SSE FOR ARMAND’S PIZZA PARLORS
x; = Student  y; = Quarterly Predicted Squared
Restaurant Popuiation Sales Sales Error Error
: (10005) $61,000s)  §;=60+5x, y—3F O3
1 2 58 70 ) P .
2 6 105 90 '
3 8 38 100
4 8 118 100
5 12 117 120
6 16 137 140
/ 20 157 160
: 20 169
9 22 149

10 26

202
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The simple linear regression :
must have 8, # 0. The purpose O
We will use the sample data to 1€

« + €. If xand y are linearly re

% e + ﬂ
\, — 1 | 1 e D
mOdelliS 1 tesf ios to see whether we cail conclude atp
the s about the parameter f§

H;: B = 0

Balh = 0 s

at §, # 0 and that a statistically sig

e r,ﬁ. ’ .t-; , -~ Y \;cxei“. t}'};z i‘%-"’("" \&“] ﬁb {:\S‘ }-]()Wever, lf HO Cann0t be.reJeCted, we WI
i iont ~ il s+ conchude that a significant relationship exists.
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s fap e o der Wit e happen if we used & diffCTONC TR
. | .‘ | sy oteady P rE ERENTLL, PDOSE that Armand’s Pizza Parlors
recurcs of . diffeerra smnpie ©f 14 restaurants. A regression analysis of
wehi resuiz 10 o estmated reoression eqaation similar to our previous es
10 equation § = 60 + 5S¢ ffowever, it is doubtful that we would obtain exas

equation (with an intercept of exactly 60 and a slope of exactly 5). Ind

i
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least squares estimators, are sample statistics with their own sampling di

b 4

properties of the sampling distribution of b, follow.
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12.5 Testing for Significance

ESTIMATED STANDAR D Dy
T DEVIATION OF b, |
1y {,1«" |
1 ¢ A e - 18) |
O ‘ (7 of ‘ 7‘\\“‘-\: .
das the .\.:,‘,‘.‘.;: . E(x‘ £ :f)z (‘2
For Armand's Pizza Parlors, ¢ — | , .
Table 12.2, we have >825. Hence, using 2(x; — ¥)* = 568 as shown in
.
Oy =7 ‘7\“ 5 5803
568
he fo. as the estimatf;d stan.dar.d deviation of B
7 The 1 test for a significant relatlonship 1s based on the fact that the test statistic
Oy — 181
Sp,
d% we follows a t distribution with n — 2 degrees of freedom. If the null hypothesis is true, then
Let us conduct this test of significance for Armand’s Pizza Parlors at the a = .01 level
of significance. The test statistic is
b )
= — = = 8.62
318- Sbl 5803
ive 8
of sl “1e 1 distribution table (Table 2 of Appendix D) shows that with. g2 10~ 2 :he
e U;, Zmu«' Ex- ~orees of freedom, = 3.355 provides an area of .005 in the upper tail. Thus, the arlea chan
; 7 compuls - \,1 tail of the ¢ distribution corresponding to the test statistic t = 8.62 must b; ess e
¥ ” 05 Because this test 1s a two-tailed test, we double this value to conclude. tl}atg ehp.v\:/ i
; ~ vriated with # = 8.62 must be less than 2(.005) = .01. Excel or Minitab sho h
: o 00. Because the p-value is less than @ = .01, we reject H, and conclude that
; p u'.alue = l.t zero This evidence is sufficient to conclude that a significant relation-
= 7, 1S not equai to . ey ales. A summary of the t test for
’ Lhip exists between student popula

onifl In S ' ion follows.
.ionificance in simple linear regress

’ ESSION
 TEST FOR SIGNIFICANCE IN SIMPLE LINEAR REGRE

TEST STATISTIC

o (12.19)




