MATHEMATICS 201-510-LW
Business Statistics

Martin Huard

Fall 2008

XXVI — Inferences for Regression
SOLUTIONS

1. Some students claim they can tell the cost of a textbook just by looking at its thickness. To
test this claim they picked four hardbound books of the same height and width at random.
The cost and thickness for each book was:

x (Thickness incm) | 1.3 3.5 2.6 4.1
y (Cost in $) | 72 88 65 105

a) Find the equation of the least-squares line.

2
SSX=Zx2—(zx) =37.51- “452 4.4475

S, =3 xy- Z Zy ~1001.1- @_5235

2
SS,=> " (Zy) =28178- 3340 =953

:Z_:—5_2875 g b 330 g,
n 4 n 4
SS,
Slope : b=—= 52.35 =11.77
SS 44475

y-intercept : a =y —bx =82.5—(11.77)(2.875) = 48.66
Thus the least-squares line is given by y =48.66+11.77x .



Math 510 XXVI — Inferences for Regression - Solutions

b) Find a 95% confidence interval for the y-intercept & of the regression line.
Step 1 Assumptions: y, ~ N(a + ﬁxl.,aj)
Step2 a) Test statistic: t with df =n—-2=4-2=2
b) Level of confidence: 1 —a =0.95 or & =0.05

Step3  Point estimate' a =48.66
Step4  a) ¢ =4.303

( 20025
2

SSXJ’ 52.35%
SSX 953 - 4.4475

b) S, = =12.977

72
c) E=t l — =4.303-12.977 —+2875
(dr 2 n

a-— E<a<a+E
48.66—-81.08 < ¢ <48.66—-81.08

-3242<a <129.74
Step 5 The 95% confidence interval for the regression coefficient o is -32.42
to 129.74.
c) Find a 95% confidence interval for the slope S of the regression line.
Step 1 Assumptions: y, ~ N(a + ﬁxl.,aj)
Step2 a) Test statistic: t with df =n—-2=4-2=2
b) Level of confidence: 1—a =0.95 or a =0.05
Step3  Point estimate: b= 11.77
Step4  a) fara) = Yo00s) = 4.303

ss, 5L fos3_ g

b) S, =4— 4475~ 12,977
n—2 2
s 12.977
©) E=t , —e =4303—————=2648
) (@5) [SS. J4.4475
d) b—-E<p<b+E

11.77-26.48 < B <11.77+26.48

-14.71< f <38.25
Step 5 The 95% confidence interval for the regression coefficient # is-14.71
to 38.25.
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d) Determine if the y-intercept & of the regression line is less than 100 at the 5% level of
significance. Try with both approaches, the classical and the p-value.

Fall 2008

Classical approach
Step 1 Assumptions: y, ~ N (a + ,Bxl.,af)
Step2  H,: a=100
H,: a<100
Step3 a) Test statistic: # with df =2
b) Left-tailed test with o = 0.05
C) Harima) = Lo00s) = -2.920
Step 4 So) _ 5235
a) S, = = 933~ s =12.977
2
by r= a—-a nSS)c_2 48.66—100 4-4.4475 Ny
S, \SS, +nx 12977 1[4.4475+4(2.875)
Step 5 a) tisnot in the critical region

b) Fail to reject H,.
.. There is not sufficient evidence at the 5% level of significance to
conclude that the y-intercept @ of the regression line is less than 100.

p-value approach

Step 1
Step 2

Step 3

Step 4

Step 5

Assumptions: y, ~ N (a + ,Bxi,of)
H, :a=100
H, . a<100

a) Test statistic: t with df =2
b) Left-tailed test with o = 0.05

SS (SS )

a) S, = =12.977

b) t:a—a "_2 48.66 -100 4-4.4475 __om
S, \SS, +nx 12.977 | 4.4475+4(2.875)

c) 0.054 < p-value <0.057

a) p-value >0.054 > o =0.05

b) Fail to reject H,.

.. There is not sufficient evidence at the 5% level of significance to
conclude that the y-intercept @ of the regression line is less than 100.
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e) Determine if the slope S of the regression line is positive at 5% level of significance.
Try with both approaches, the classical and the p-value.
Classical approach
Step 1 Assumptions: y, ~ N (a + ,Bxi,of)
Step2  H,: =0
H,: >0
Step3 a) Test statistic: # with df =2

b) Right-tailed test with o = 0.05

) gy = o005 = 2920

Step 4 SS, - X)’)Z 953 _ 5235
a) S, = > L4 12 977

b) t——ﬁ‘/ 1177 0\/4447 5=1091

Step5 a) tis not in the crltlcal region
b) Fail to reject H,,.
.. There is not sufficient evidence at the 5% level of significance to
conclude that the slope £ of the regression line is positive.

p-value approach
Step 1 Assumptions: y, ~ N (oc + ,Bx,.,af)
Step2  H,: =0
H,: >0
Step3 a) Test statistic: ¢ with df =2
b) Right-tailed test with o = 0.05

Step 4 SS, - (SS ) 953 5235
a) S, = - i 24‘4475 =12.977

b) t——ﬁ‘/ 1177 0\/4447 5=1091

c) 0. 092 < p-value <0.099
Step 5 a) p-value >0.092 > a = 0.05
b) Fail to reject H,.
.. There is not sufficient evidence at the 5% level of significance to
conclude that the slope £ of the regression line is positive.
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f) If abook has a thickness of 2.2 cm, find a 95% confidence interval for the predicted

cost.
Step 1

Step 2

Step 3
Step 4

Step 5

Fall 2008

Assumptions: y, ~ N(a + ,Bx,.,af)

a) Test statistic: # with df =2
b) Level of confidence: 1—a =0.95 or a =0.05
Point estimate: y=48.66+11.77-2.2 =74.55

a) ¢ =4.303

( 20025

52.35%
b) S, ,/ SS 953~ 44475:12.977

) E=t 1+1+ x_f
O T

1 (2.2-2.875)
=4.303-12.977 14—+~ L

2t aagrs 0
c) y—E<y<y+E
74.55-64.93 < y < 74.55+64.93
9.62 < y <139.48

The 95% confidence interval for predicted cost of a book with a thickness of
2.2 cmis $9.62 to $139.48
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2. Do reading and TV viewing compete for leisure time? To find out, a communication
specialist interviewed a sample of children regarding the number of books they had read
during the last year and the number of hours they had spent watching TV on a daily basis.

Daily Hours of TV | Yearly Number of Books
Viewing Read

AN W= O =W
— O W Wk WU—NDIO

a) Find the equation of the least-squares line.

Fall 2008

2
S8, =Y x —@=97—2—52:34.5
' n 10

10
2
SS, =1 (Zy) =114-"-=464
)_cz—x:2=2.5 y:zyzﬁ_z.e
n 10 n 10
Slope : b= ’”':_—29=—O.841
SS. 345

y-intercept : a =y —bx =2.6—(—0.841)(2.5)=4.701
Thus the least-squares line is given by y =4.701-0.841x.
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b) Find a 99% confidence interval for the y-intercept & of the regression line.
Step 1 Assumptions: y, ~ N(a + ﬁxl.,aj)
Step 2 a) Test statistic: # with df =8

b) Level of confidence: 1—a =0.99 or o =0.01
Step3  Point estimate: a = 4.701

Step4  a) ) = Lsoos) =3.355

SS _(SSx}-)z (290
b) S =4 ——2 = 4047 35 1 659
n—2 8
1 X 1 25°
¢) E=t s, |—+——=3.355-1.659,|—+ =2.952
(@5 A'n " SS, 10 34.5

d) a-E<a<a+FE
4.701-2.952 < <4.701+2.952

1.749 < < 7.653
Step 5 The 95% confidence interval for the regression coefficient o is 1.749 to
7.653.

¢) Find a 99% confidence interval for the slope S of the regression line.
Step 1 Assumptions: y, ~ N (a + ﬂxl.,aj)
Step2 a) Test statistic: # with df =8

b) Level of confidence: 1—a =0.99 or o =0.01
Step 3 Point estimate: b =-0.841
Step4  a) t(df’,%) = ti50005) = 3-355

(SSxy)z (29
SS, - l46.4 -
b) § =4 ——2 = 151,659
n—2 8
s 1.659
¢) E=t , —==3355—=2=0.948
(%) [SS. V345
d) b—-E<pP<b+E

—0.841-0.948 < # <—0.841+0.948

—-1.788 < #<0.107
Step 5 The 95% confidence interval for the regression coefficient £ is-1.788
to 0.107.
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d) Determine if the y-intercept o of the regression line is positive at the 1% level of
significance. Try with both approaches, the classical and the p-value.
Classical approach

Step 1 Assumptions: y, ~ N (oc + ,Bx,.,af)
Step2  H,:a=0

H,: a>0
Step3 a) Test statistic: # with df =8

b) Right- tailed test with oo = 0.01 001

=2.896 ,
0 289

(
34
Step 4 46.4 — 7
a) S, = ,/ SS 1/ 6. =1.659
b) . S, _4701 0 10-34.5 =534
Se SSX +nx? 1659 34.5+10(2.5)

Step 5 a) tis in the critical region
b) Reject H,,.
.. There is sufficient evidence at the 1% level of significance to conclude
that the y-intercept « of the regression line is positive.

&) 8001

p-value approach
Step 1 Assumptions: y, ~ N (a + ,Bxi,of)
Step2  H,:a=0
H,: a>0
Step 3 a) Test statistic: ¢ with df =8
b) Right-tailed test with oo = 0.01

(SS )

Step 4 sS, - 46.4— 2
a) S, = 6. =1.659

b) t— S, 4701 0 10-34.5 2:5.34
SS, +nx’ 1.659 434.5+10(2.5)

C) p-Value <0.002
Step5 a) p-value <0.002 < a=10.01
b) Reject H,,.
.. There is sufficient evidence at the 1% level of significance to conclude
that the y-intercept « of the regression line is positive.
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Determine if the slope [ of the regression line is negative at 1% level of significance.

Try with both approaches, the classical and the p-value.
Classical approach

Step 1 Assumptions: y, ~ N (a + ,Bxi,of)
Step2  H,: =0

H,: <0
Step 3 a) Test statistic: # with df =8

b) Left-tailed test with o = 0.01

c) Y aa) = Ls.099) = —2.896
0.01
Step 4 46.4— 2 '
a) S, = 321,659 2896 0 "
-2.98
b) z:l’;—ﬁ‘/ssx :%\/34. =298

Step 5 a) tis in the critical region
b) Reject H,.
.. There is sufficient evidence at the 5% level of significance to conclude
that the slope £ of the regression line is negative.

p-value approach
Step 1 Assumptions: y, ~ N (oc + ,Bx,.,af)
Step2  H,: =0
H,: p<0
Step3 a) Test statistic: ¢ with df =8
b) Left-tailed test with o = 0.01

(SS )

Step 4 SS, — 46.4- 20
a) S, = 2»‘ i =1.659

b) z_—ﬁ,/ S _018:519 084170 75 503

c) 0.009 <p -value <0.010
Step S  a) p-value < a=0.01
b) Reject H,.
.. There is sufficient evidence at the 5% level of significance to conclude
that the slope f of the regression line is negative.
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f) If a child watches 2 hours of television per day, a 99% confidence interval for the
predicted yearly number of books read.

Step 1
Step 2

Step 3
Step 4

Step 5

Fall 2008

Assumptions: y, ~ N(a + ,Bx,.,af)

a) Test statistic: # with df =8
b) Level of confidence: 1—a =0.99 or o =0.01
Point estimate: y=4.701-0.841-2=3.020

a) 1 =3.355

( 80005

b) S = SS ,/464 =1.659

C) E—t( o5 \/l+n+—SSx

1 (2-23)
=3.355-1.659, |1 + —+-——— =5.858
10 34.5
d) y—E<y<y+E

3.020-5.858 < ¥ <3.020+5.858

-2.838<y <8878

The 99% confidence interval for predicted yearly number of books read is 0
to 8.878 books.
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3. Eight people applying for a job as a graphic designer were given two tests, one measuring the
applicant's logical reasoning ability (on a scale of 1 to 20), the other measuring the
applicant's creativity (on a scale of 1 to 30). Here are the results

Reason Creativity
(scale 1 to 20) (scale 1 to 30)
13 18
13 20
18 31
14 25
9 23
9 21
5 5
10 21

a) Find the equation of the least-squares line.
: (Zx)z 91
88, =Y x* 2= =1145 B 109.875

91-164

ss, ny—z Zy_2033

167.5

SS, =1 (Zy) 3746—%=384

22_29_—11,375 y:zy:ﬁzzoj
n
SS
Slope : b=—>= 167:5 =1.524
SS. 109.875

y-intercept : a =y —bx =20.5—(1.524)(11.375) =3.159
Thus the least-squares line is given by y =3.159+1.524x.
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b) Find a 90% confidence interval for the y-intercept & of the regression line.
Step 1 Assumptions: y, ~ N(a + ﬁxl.,aj)
Step2 a) Test statistic: # with df =6

b) Level of confidence: 1—a =0.90 or a =0.10
Step3  Point estimate: a = 3.159

Step4  a) f 4f,%):t(6,005):1'943

(s5,) .
b) S, =y =,/384_ B _ 4 631
n—2 6

—2 2

¢) E=t 5. L i oa3.a631, 24137 _1p079
@5\ n  SS. 8 109.875

d) a—E<a<a+E

3.159-10.270 < a <3.159+10.270

-7.111<a <13.429
Step 5 The 90% confidence interval for the regression coefficient  is-7.111
to 13.429.

¢) Find a 90% confidence interval for the slope S of the regression line.
Step 1 Assumptions: y, ~ N (a + ﬂxl.,aj)
Step2 a) Test statistic: # with df =6

b) Level of confidence: 1—a =0.90 or « =0.10
Step 3 Point estimate: b = 1.524
Step4  a) t(df’,%) = 1005 = 1943

ss, -l g4 s

b) S, = 10875 = 4.631
n—2 6
s 4.631
c) E= t(df’%) \/SE—SX = 1.943m =0.858
d) b—E<p<b+E
1.524-0.858 < £ <1.524+0.858
0.666 < 3 <2.383
Step 5 The 90% confidence interval for the regression coefficient £ is 0.666 to

2.383.
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d) Determine if the y-intercept @ of the regression line is different than 5 at the 10% level
of significance. Try with both approaches, the classical and the p-value.
Classical approach

Fall 2008

Step 1
Step 2

Step 3

Step 4

Step 5

Assumptions: y, ~ N(a + ,Bx,.,af)
H :a=5

H,: a#5

a) Test statistic: t with df =6

b) Two- tailed test with oo = 0.10

) = ooy = 1943

SS

; 11.943
a) S SS 384 — 110697.%3575 =4.631 -04_‘35

by 1= S _3159 5 8-109.875 035
Se SSX+nx 4.631 1109.875+8(11.375)

a) tis not in the critical region

b) Fail to reject H,,.

.. There is insufficient evidence at the 10% level of significance to conclude
that the y-intercept o of the regression line is different than 5.

p-value approach

Step 1
Step 2

Step 3

Step 4

Step 5

Assumptions: y, ~ N (a + ,Bxi,of)
H, :a=5

H, :a#5

a) Test statistic: f with df =6

b) Two-tailed test with o = 0.10

2

(ss,,) 2
2 S - SS),— SS, 384_6110697.%;575 —4.631

n—
by 7= a-a nSSX_2 _3.159-5 8-109.875 _— 035
S, \SS, +nx 4.631 \109.875+8(11.375)

c) 2-0.352 < p-value <2-0.387

0.704 < p-value <0.774

a) p-value>0.704 > o =0.10

b) Fail to reject H,.

.. There is insufficient evidence at the 10% level of significance to conclude
that the y-intercept o of the regression line is different than 5.
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e) Determine if the slope [ of the regression line is different than zero at the 10% level of
significance. Try with both approaches, the classical and the p-value.

Classical approach
Step 1 Assumptions: y, ~ N (a + ,Bxi,of)
Step2  H,: =0
H,: p#0
Step 3 a) Test statistic: ¢ with df =6
b) Two-tailed test with o = 0.10
C) t(df’%) = 15,005 = 1.943
Step 4 a) S = _ /384 — 110697,85725 — 4.631 oo 19}%’3 t
‘ 6
b-p 1.524-0
b) t:Te SS. =m\/109.875 =3.45
Step5 a) tisin the critical region

b) Reject H,.
.. There is sufficient evidence at the 10% level of significance to conclude
that the slope  of the regression line is different than zero.

p-value approach

Step 1
Step 2

Step 3

Step 4

Step 5

Fall 2008

Assumptions: y, ~ N (a + ,Bxi,of)
H, :p=0

H,: p#0

a) Test statistic: f with df =6

b) Two-tailed test with o = 0.10

(55, ) >
a) S, = i 3845 _ 4 631
n—2 6
b) z:b;_ﬂﬂ/ssx %\/109.875=3.45

c) 2-0.006 < p-value <2-0.007
0.012 < p-value <0.014

a) p-value <0.014 <o =0.01

b) Reject H,,.

.. There is sufficient evidence at the 5% level of significance to conclude
that the slope f of the regression line is different than zero.
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f) If a person scores 12 on reason, find a 90% confidence interval for the predicted score
in creativity.

Step 1 Assumptions: y, ~ N (a + ,Bxi,of)
Step2 a) Test statistic: # with df =6

b) Level of confidence: 1—a =0.90 or « =0.10
Step 3 Point estimate: y=3.159+1.524-12=21.453

Step4  a) t(df’,%) =1(00s) =1.943

L»)z 167.52
’ S5 :\/m :4631
n—2 6

(x-%)

1
c) E= t(df,;)se\/1+;+ S

b) S, =

X

1 (12-11.375)’
=1.943-4.631 1+~ +~———" =9.559
8 109.875
d) y-E<y<y+E

21.453-9.559 <y <21.453+9.559

11.894 <y <31.012

Step 5  The 90% confidence interval for predicted for the predicted score on
creativity for a score of 12 on reason is 11.89 to 30.

4. A company wants to explore the relationship between its annual advertising spending x (in $)
and its annual sales y (in 1000$). A random sample of 28 weeks was taken, and the
following results were calculated.

S§,=3.819 8§, =6434 SS =1565 Xx=1.440 y =57.69
a) Find the equation of the least-squares line.

SS
Slope : b=—= _156.5 40.98
SS_ 3.819
y-intercept : @ = —b¥ = 57.69—(40.98)(1.440) = —1.321

Thus the least-squares line is given by y =-1.321+40.98x.

Fall 2008 Martin Huard 15



Math 510 XXVI — Inferences for Regression - Solutions

b) Find a 95% confidence interval for the y-intercept & of the regression line.
Step 1 Assumptions: y, ~ N(a + ﬁxl.,aj)
Step 2 a) Test statistic: # with df =23

b) Level of confidence: 1 —a =0.95 or & =0.05
Step3  Point estimate: a =-1.321

Step4  a) o) = ls0009 =2.069

(s5,) s
b) S, =y =,/6434_13§g'159 =0.950
n—2 23
—2 2
o) E=t s, l+x—=2.069-0.950,/i+1'440 =1.500
(@5)°\\n ~ SS. 25 3.819

d) a—-E<a<a+FE
-1.321-1.500 < ¢ < —1.321+1.500

—2.821<a <0.179
Step 5 The 95% confidence interval for the regression coefficient o is -2.281
to 0.179.

¢) Find a 95% confidence interval for the slope S of the regression line.
Step 1 Assumptions: y, ~ N (a + ﬂxl.,aj)
Step2 a) Test statistic: r with df =23

b) Level of confidence: 1 —a =0.95 or & =0.05
Step 3 Point estimate: b = 40.98
Step4  a) ) = ls0005) = 2:069

L‘)z 156.5%
: X 6434_ 3.819 — 0950
n—2 \ 23

b) S, =
s 0.950
©) E=t . —=-==2069 =1.005
) (%) [SS. J3.819
d) b—-E<pP<b+E

40.98-1.01< £ <40.98+1.01

39.97< B <41.99
Step 5 The 95% confidence interval for the regression coefficient £ is 39.97 to
41.99.
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d) Determine if the y-intercept o of the regression line is different than 0 at the 5% level
of significance. Try with both approaches, the classical and the p-value.
Classical approach

Step 1 Assumptions: y, ~ N (oc + ,Bx,.,af)
Step2  H,:a=0

H,: a#0
Step 3 a) Test statistic: ¢ with df =23

b) Two-tailed test with o = 0.05

©) i) = {n00ns) = 2:069
(s5,)° :
Step 4 a) Se _ SSy R — 6434 — 135_3159 =0.950
n—2 23
by 124=@ | nSS._-1321 253819 _ o
S, \'SS,+nx’ 0950 \3.819+25(1.440)

Step5 a) tis not in the critical region
b) Fail to reject H,.
.. There is insufficient evidence at the 5% level of significance to conclude
that the y-intercept o of the regression line is different than 0.

p-value approach
Step 1 Assumptions: y, ~ N (a + ,Bxi,of)
Step2  H,:a=0
H, :a#0
Step 3 a) Test statistic: # with df =23
b) Two-tailed test with o = 0.05

2

Step 4 SS, - 156. 52
2) S = SS 6434 —

by 1= _-1.32] 253819 _ o,
SS,+nx’  0.950 4/3.819+25(1.440)°
¢) 2-0.035< p-value <2-0.043

0.070 < p-value <0.086

Step 5 a) p-value >0.070 > o= 0.05
b) Fail to reject H,.
.. There is insufficient evidence at the 5% level of significance to conclude
that the y-intercept o of the regression line is different than 0.
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e) Determine if the slope £ of the regression line is greater than 40 at the 5% level of
significance. Try with both approaches, the classical and the p-value.

Classical approach
Step 1 Assumptions: y, ~ N (a + ,Bxi,of)
Step2  H,: =40
H,: p>40
Step3 a) Test statistic: # with df =23
b) Right-tailed test with oo = 0.10
c) Ui ) = Y005 =1.714
(s5,)° :
MPE s - SSJ’ B LAC A R 0.05
‘ -2 23 N ET P
b) t_—ﬁ ,—x 40.98-40 3319 = 2.02 202
Step5 a) tisin the critical region

b) Reject H,.
.. There is sufficient evidence at the 5% level of significance to conclude
that the slope £ of the regression line is greater than 40.

p-value approach

Step 1
Step 2

Step 3

Step 4

Step 5

Fall 2008

Assumptions: y, ~ N(a + ,Bx,.,af)
H, : p=40

H,: p>40

a) Test statistic: ¢ with df =23

b) Right-tailed test with oo = 0.10

(Ssxy)z z

SS, - 6434 — 1363

a) S, = S 0. =0.950
-2 23

b) z_—ﬁ‘/ g - 2098 40\/381 =2.02

c) 0.023< p-Value <0.029

a) p-value <0.029 < a.=0.05

b) Reject H,.

.. There is sufficient evidence at the 5% level of significance to conclude
that the slope f of the regression line is greater than 40.
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f) If the amount spent on advertising is $2000, find a 95% confidence interval for the
predicted sales.

Step 1
Step 2

Step 3
Step 4

Step 5

Fall 2008

Assumptions: y, ~ N (a + ,Bxi,of)
a) Test statistic: ¢ with df =23

b) Level of confidence: 1 —a =0.95 or & =0.05
Point estimate: y =—1.321+40.98-2 =80.639

a) t(d/‘,%) = f(23’0'025) = 2069

755"/")2 156.5%
: S, — 6434 - 3.819 =0.950
n—2 \ 23

b) S, =
—\2
1 (x-%)
E= I+—
c) f c_tf,g)se\/ +n+ 55,
1 (2-1.44)
=2.069-0.9504/14+ —+-———=2.081
25 3.819
d) y-E<y<y+E

80.639-2.081< y <80.639+2.081

78.558 <y <82.720

The 95% confidence interval for predicted for the predicted sales if $2000 is
spent on advertising is $78 558 to $82 720.
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