STAT 2509
Assignment #3
SOLUTION

A study was conducted involving the relationship between the selling price (in thousands
of dollars) of a house (y) and two independent variables, the number of rooms (x;) and
the number of square feet (x;). The following data were collected on 22 properties sold in
a particular residential area;

House Selling price (y) Rooms (x,) Sq. Ft (x;)

1 25.75 5 986
2 37.95 5 998
3 46.45 7 1690
4 46.55 8 1829
5 47.95 6 1186
B 40 g5 6 1734 X2 should be
7 52.45 7 1684 | divided by 100
8 54.05 7 1846 as recommended
9 54.85 7 1690

10 52.05 7 1810

11 54 .39 7 1784

12 53.45 6 1690 |



13 59.51 7 1590
14 60.10 8 1855
15 63.85 8 2212
16 62.05 10 2784
17 69.45 7 2190 |
18 82.30 8 2259
19 81.85 7 1919
20 70.05 7 1685
21 112.45 10 2654
22 127.05 10 2756 |

Consider the model y = B, + fB,x, + p,x, +&.

(a) State the MLR model and all assumptions which are necessary for the statistical inference.
Model: y=0,+ fx + f,x,+&, n=22

Assumptions: Regardless of values of x; and x5, errors (¢;'s) are

1) independent
ii) identically distributed
i) ¢ ~ N(0,0%), i=1,---,22



(b) Use matrices to compute the estimates of the population parameters g,, f,, f, and
hence obtain the fitted least squares prediction line.

-.399633 .171636 -.045613 || 10430.20

Xy XY= {
.068159 -.045613 .014167 JL 27197.60

-16.97606
= { 4.33604]

1.683782 -.399633 .068159]{ 1354-50]

2.55110

. the least squares fitted regression line is given by:

A,

Y = —16.97606 4 4.33604x; + 2.551102-

(c) Setup the ANOVA table and hence test for the significance of the model. Use « = 0.05.



- ’ [ 2
ZJ’”] [ZJ’%—\] (1364.5)°
TSS:}""Y..[M—: 3o ) _ 95497.48- -

= 10 867.47 (Allow truncation errors)

] 2
“ [ y[-] 1364.5)?
SSR=p"(X"Y)-~ 2 =| -16.97606 4.33604 2.55110 {1364-5] ((364.5)"

n 10430.2] 99
27197.6
=§815.739 =
SSE =T85S — SSR = 4 051,73
SS5R 6815.739
MSR= - " u~2—= 3 407.869 Allow truncation
| errors
MSEe SSE _ 4051.73 ~ 213.2489
n—{k+1) 19
P=R s om0rt
- MSE _



Source d.f. §8 MSs . F
Regression 2 6815739 | 3407.869 |  15.98071
Eror 19 405173 | 213.2489 |
Total 21 10 867.47 | o N

H,:p=p=0 a =0.05

H, : at least one of the f§'s # 0

test-statistics: F = on |

est-statistics: f =———=
MSE

R.R: we I"E‘jﬂ'ﬂt H if F> F alkn—(k+)) — FII‘J.I'JS{E,I*]'} = 3.92

Since F = 15.98(>/3.52, we refect’ //, and conclude that at 5% level of significance

there is an evidence to say say that a linear relationship between the selling price of a
house, The number of rooms and the number of square feet exists.

(d) Test whetherx, term (i.e. whether the number of rooms) contributes to the given model.
Use t-test with a = 0.05.

Hu :‘ﬁ] =0
H,: 8 #0

a = 0.05 = /2 = 0.025



-

test-statistics: ¢ = ..q,_.x._._f e 4.336021

Jo MSE  \J(0.171636536)(213.2489)

R.R: wereject Hif f{-_tg‘u;n_(kq} = _fnﬂmg;lg = — 2.093
or 2> 1p(kany = lomsie = 2.093

Since t= D.?17é}.ﬂ93, we do notrejéct H, and conclude that at 5% level of significance

that there is not enough evidence to say that the X; term (i.e. the number of rooms)
contributes to the model.

(e) Find the values of the coefficient of determination, , and the adjusted # and interpret their
meanings in this problem.

=28 e2r160 = 62.72%
rss B

i.e. approximately 62.72% of the total variation in the data is explained by the regression
line (and 37.28% is due to error).



i 1'_‘."'-' . e 2 4 g g
2 SSEn-(k+1l)  MSE 2132489 | . 0076 —0.587924

ro.o=1-— =
“ 7SS/n—1 TSS/n—1 10 867.47/21
= 58.79%
Since both *and r’, are quite low (i.e. around 60%) and since the X; term does not
contribute to the model, we can conclude that the model is not good.

(fy  Run SAS to verify your above results and also use the SAS output to answer part (d) using
partial F-test with o = 0.05.

H,:p =0 _a=0.05

H,:p,#0
o full model: y=p,+pBx +px, +&
o reduced model: y=p,+p0,x,+¢€

SSR,=6 816.77693 (d.f.=2) SSR, = 6707.23479 (d.f. =1)
SSE; = 4 050.68890 (d.f. = 19) SSE, = 4160.23105 (d.f. = 20)



test-statistics :

- [SSR, - t?SHr].*"IEEIMRI - dfm,:] _ (6816.77693-6707.23479)/(2 - 1)

F _ L=
part SSE, Jdf 4050.68890/19
~109.542 /1 _ )
213.1942
or equivalently,
. [SSE, — SSE, Vldfse, —dfsss, | ~ (4160.23105-4050.68890)/(20-19)
drop SSE, | df.ﬁr?f 4050.68890/19

_109.5422/1
231947 L1

R: we reject HIf Fm s F:f'h!f_'l = Fn.ns[l,m — 4.38

Since F,.. = 0.5143% 4.38, we do notTéject A, and conclude that at 5% level of

significance there is not enough evidence to say that the X, term (i.e. the number of
rooms) contributes to the model.



Thae SAS System

11:25 Saturday, February 14, 2015

The REG Procedure

Model: MODELA

Dependent Variable: Price

Number of Observations Read
Number of Observations Used

Source DF
Model P
Error 19
Corrected Total 21
Root M3E
Dependent Mean
Coefft Var

Analysis of Variance

sSum of

ﬁ"‘i{ Squares

("4050,68890 )

T

] EBE::'}

LT ——

14.60117
62.02273
23.54164

22
22

Mean

Equare

(/_ 816. ??EB;_,) (;ua 38847 )

13 1911@)

R-Square
Adj R-5q

HSE

B e i e W

F Value Pr>F

(15 .99 ) <.0001

T Tdoat

"""%



Parametar Estimates

Parameter Standard
Variable OF Estimate Error T Value Pr > |t
Intercept 1 -16.97606 18.94658 -0.80 0.3815
ROOMS 1 4.33604 6.04912 {f@uﬁg—_ﬁ 0.48292
SgFt 1 2.55110 0.01738 1.47 4 p 0.1585
totoyt
e Fullmodel: V=/,+0x +px,+&

Mame, student #



The SAS System 11:25 Saturday, February 14, 2015

The REG Procedurs
Model: MODELZ
Dependent Variable: Price

Number of Observations Read a2
Number of Observations Used 20

Analysis of Variance

sum of ean
Source DF Squaresfmﬂjﬁrh Square F Value Pr = F
Model 1 (6707.23479.}  6707.23479 32.24 <0001
Error 20  (4160.23105)  208.01155
Corrected Total 21 TSy 10867
Root MSE 14.42261 R-Square 0.6172
Dependent Mean 62.02273 Adj R-Sqg 0.5980

Coeff Var 23.25374



Parameter Estimates

Farameter Standard
Variable OF Estimate Error t Value Pr = |t]
Intercept 1 -6.87999 12.51767 ~.55 0.5887
SqFt 1 0.03703 0.00852 5.68 <., 0001
3.703

due to scale change of X2

Reduced model: V= ﬁt} + fPx, +¢&

Related SAS Program should be attached somewhere
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2. Consider the following model:

yv= B+ Bix, + fox, + fyxy + X, + fox,x, + &

L, ifdrug B I, ifdrug C

where X, = . Xy = .
(0, otherwise 0,  otherwise

x, = In(dose) y = potency of drug

Run SAS to test whether the 3 lines are parallel, i.e. test whether the slopes of these 3 lines are
the same. Use o = 0.05.

¢ full model: y= By + Bix, 4 Broxy + Byxy + Bxxy + fixixs t e

if drug A: y = [, + fx, + S,(0)+ F,(0) + f,x, (0)+ fsx,(0)+&
or y=/p,+px +¢&

ifdrug B: y=/0,+fx + 6,1+ £,(0)+ B.x, (1) + fsx,(0)+&
or y=(f,+/0,)+(f + )%, +&

13



ifdrug C: y= g, + Bx +5,(0)+ B,(1)+ B, x,(0)+ fox (1) +&
or y=(f,+p,)+(f, +fs)x +e&

to test whether the 3 drug lines are parallel is the same as to test whether their slopes are
the same, i.e. whether 4, and f.=0

Hu:ﬁ-:zﬁs‘—"ﬂ a = 0.05
H, : at least one of the 's # U

e reduced modei: v=/,+f0x +/5,x, +fx,+¢

SSR; = 55.29350 (d.f. = 5)
SSE,= 0.68900 (d.f. = 6)

SSR, = 48.84417 (d.f.= 3)
SSE, =7.13833 (d.f.=8)

14



test-statistics :

P o [SSE, —SSE, /[df s, - f{{g.gﬂ._] ~ (7.13833-0.68900)/(8 - 6)
drop SSEI }/df S, - 0. 689[}{}:{3

| 3.224665
0114833 208126

or equivalently,

P [SSR, ~SSR, |/|df ssx, Y ssn, | (55 29350-48.84417)/(5-3)
e SSE, f'{df SSE, ) 0.68900/6 B

3224665
0114833 ~208120

15



R.R: wereject Hif F, > F,oq = Foospe = 5.14

Since Fyop, = 28.0812€ >5.14, we rejéct H  and conclude that at 5% level of significance

there is an evidence to say that the slopes of the 3 drug lines are not parallel (i.e. they
differ).

SAS Output

The REG Procedure
Model: MODEL1
Dependent Variable: potency

Mumber of Qhservations Read 12
HMumber of Observations Used 12

Analysis of Variance

Sum of - Mean _
source DOF Squahes C:";i Square F value Pr > F
Modal 5 kﬁb 2935{}; 11.05870 96 .30 <. 0001
Error 6 (0. aagﬂﬂ L7 0.114B3
o

Corrected Total 11 55. 98250 w'"";,’;

Root MSE 0.33887 R-Sguare 0.9877

Dependent Mean 3.97500 Adj R-Sg 0.89774

Coeff Var 8.525056 16



Variable

Intercept
X1

X2

K3
interacti?
interacti3

Full model:

Parameter Estimates

Parameter Standard

DOF Estimate Error
1 7.30722 0.21029
i 3.30377 0.21864
1 -2.15481 0.29740
i -4 ., 34865 0.28740
1 -1.50040 0.308920
i -2 .27946 0.30920

y=p,+px + px, + fx;+ B x, + Boxx, +€

1t Value

34.75
15.11
-7.25
-14 .62
-4.85
-7.37

Pr > |t

o0 A © A A

L0001
0001
L0004
00
L0028
L0003
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The REG Procedure
Model: MODELZ
Dependent Variable: potency

Number of Qbservations Read 12
Mumber of Observations Used 12

Source OF
Model 2
Error B
Corrected Total 11
Root MSE
Dependent Mean
Coeff Var

Analysis of Varliance

sum of
Sguares
( 48.84417
( 7.13833

it

0.94461
3.97500
23.76382

e g R L T

N Mean
e M, Square
' 16.28139
:%ﬁhf_ 0.89229

N el
L &
EE e '}h ;

R-&quare
Adj R-5q

F Value

18.25

0.8725
0.8247

Pr > F

0.0006

18



Variable

Intercept
X1
X2
X3

Reduced modei:

DF

— ekl L

Parameter Estimates

Farameter
Estimate

6.58840
2.04382
-1.30000
-3. 05000

Standard
Error

0.51308
0.35187
0.66794
0.66794

t Value

12.84

.81
-1.95
-4.57

Y= ﬁu + ﬁ;xl + ﬂzx;! +ﬁ3xa +&

Pr > |t

<. 0001
0.0004
0.08¥5
0.0018

Related SAS program should be attached somewhere
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