Chapter 12 - Analysis of Variance

Note: Graphs are not to scale and are
intended to convey a general idea.
Answers may vary due to rounding.

EXERCISE SET 12-1

1.
The analysis of variance using the F-test can
be used to compare 3 or more means.

2.

a. Comparing two means at a time ignores
all other means.

b. The probability of type I error is
larger than oz when multiple t-tests are
used.

c. The more sample means, the more t-tests
are needed.

3.

The populations from which the samples
were obtained must be normally distributed.
The samples must be independent of each
other. The variances of the populations must
be equal, and the samples should be random.

4.

The between-group variance estimates the
population variance using the means. The
within-group variance estimates the
population variance using all the data values.

5.

Ho: pi=po=.. = iy

H;: At least one mean is different from the
others.

1

7.

Ho: pi=po=13
H;: At least one mean is different from the
others. (claim)

C.V.=355  «a=0.05
dfN.=2 d.f.D.=18
X, = 107.857 s; = 9.957
X, = 136.143 sy = 22.623
X; = 138.857 s3 = 17.715

Xom = 2 = 127.619

§2 = > oni(Xi—Xam)?
B — k-1
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7. continued
2

Sg =
7(107.857—127.619)+7(136.143—127.619)2+7(138.857—127.619)2
3-1

s% =2063.2

2 _ Xmi—Ds?
Sw = Ta-n

2 _ 6(9.957)%46(22.623)*+6(17.715)?
Sw = 6+6+6
s2, = 308.3

W = .

=5
F= )

_ 20632 __
F= 385 = 6.69

P )
|
0 3.35 T
6.69

Reject the null hypothesis. There is enough
evidence to conclude that at least one mean
is different from the others.

8.
Ho: pi=po=p3

H;: At least one mean is different from the
others. (claim)

C.V.=3.52
df.N=2

a=0.05
df.D=19
X, =165.714 s% =5695.238

X, =245.714 s% =13928.571
X5 =237.5 s% =7335.714
Xom = 230 =217.273

§2 =

5=
7(165.714—217.273)*+7(245.714—217.273)2+8(237.5—217.273)%

2

s = 13,771.799

32 _ 6(5695.238) + 6(3928.571) + 7(7335.714) _
W= 6+6+7 -

s2, = 5741.729

13771.799 _
STTLI% = 2.3985 or 2.40

2

— B _

F=3 =
W
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8. continued

Do not reject the null hypothesis. There is
not enough evidence to support the claim
that at least one mean is different.

9.

Ho: pi=po=13

H;: At least one mean is different from the
others. (claim)

C.V.=426 a=0.05
d.f.N.=2 d.f.D.=9
X; = 1.888 s1 = 0.535
Xy =2.224 sp = 0.1328

Xom = 281 = 2301

2 = 5(1.888—2.301)245(2.224—2.301)*+2(3.525—2.301)*
B~ 3-1

s% =1.9394

2 = 4(0.535)244(0.1328)2+1(0.1344)>

w 4+4+1

s2, = 0.1371

W .

_ 19394 _
F= 0131 = 14.146 or 14.15

(TI: F = 14.1489)

0 426 1
14.15

Reject the null hypothesis. There is enough
evidence to conclude that at least one mean
is different from the others.

10.

Ho: pi=po=p3

H;: At least one mean is different from the
others. (claim)

C.V.=368 «a=0.05

d.fN=2 d.fD=15
X, =1.592 s2=0.8127
X, =25 s2 = 0.8944
X3 = 3.667 s2 = 0.9092

Kom = 2% = 4635 =2 586
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10. continued

§2 = 6(1.592—2.586)>+6(2.5—2.586)*
B =

3—-1
6(3.667—2.586)*
+ : 3—-1 :
s = 6.492
SQ — 5(0.8127)% + 5(0.8944) + 5(0.9092)*
W 54+45+5
s3, =0.7624

F= B2 =8.5150r8.52

Reject the null hypothesis. There is enough
evidence to conclude that at least one mean
is different from the others.

11.

Ho: p =2 = p3

H;: At least one mean is different from the
others. (claim)

C.V.=374 «=0.05

dfN=2 dfD=14

X; = 11,500 s1 = 2064.946
Xy = 13,500 s2 = 2449.490
X3 = 14,300 s3 = 1697.056

Xom = 222% = 13,076.471

s3 =12,395,294.1
s%y =4,265,714.29

_ 12,395,294.1 _
F= 4,265,714.29 — 2.91

.......

Do not reject the null hypothesis. There is
not enough evidence to support the claim
that at least one mean is different from the
others.

12.

Ho: p =2 = p3

H;: At least one mean is different from the
others. (claim)
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12. continued

_ 5B _ 50.548 _
F= % =¥ = 1.74
P-value = 0.00797
Reject since P-value < 0.05. There is
enough evidence to support the claim that at
least one mean is different from the others.

13.
Ho: p = p2 = p3
H;: Atleast one mean is different. (claim)

k=3 N=18 dfN.=2 dfD.=15

CV = 3.68
X =7 s% =1.37
X, = 8.12 s3 = 0.64
X3 =5.23 s3 = 2.66
Xom = 6.7833

6(7—6.78)° 6(8.12—6.78)%
s% _ o § ) + ( - )

6(5.23-6.78)> __
+ s = 12.7

S%v _ 5(1.37)+§$)5.6f;+5(2.66) — 156

_ 127 _
F= 1% =814

.......

0 368 1
8.14

Reject the null hypothesis. There is enough
evidence to support the claim that at least
one mean is different.

14.

Ho: p = p2 = p3

H;: At least one mean is different from the
others. (claim)

C.V.=3.89 a=0.05
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14. continued

d.f.N=2 d.fD=12

X=65.276 $,=16.158

X5=66.1 s, =37.165

X3=57.864  s,=11.03

Xom = 2392 = 63.08

sg = 771.14

sty =209.71

2
F=3 =591 =3.677 or 3.68
0 T 3.89

3.68

Do not reject the null hypothesis. There is
not enough evidence to support the claim
that at least one of the means is different
from the others.

15.

Ho: p =2 = p3

H;: At least one mean is different from the
others. (claim)

C.V.=3381 a = 0.05
dfN=2 dfD=13
X, =26 s; = 4.062
X, = 36.8 sy = 6.686
X3 = 35.667 s3 = 5.888
Xom = R =33

&2 = Soni(Xi—Xem)?

B~ k—1

S% _ 5(26;33)2 + 5(36.82733)2

+ 6(35.6627733)2 —=179.9

2 _ Xmi—Ds?

Sw = Ta-n

_ 4(4.062)% 4 4(6.686)* 4+ 5(5.888)>

- \ 4+4+5 =322
_sg __ 1799 __

F= 3, T 322 T 5.59
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15. continued

Reject the null hypothesis. There is enough
evidence to support the claim that at least
one mean is different from the others.

16.

Ho: pi=po=13

H;: At least one mean is different from the
others.

C.V.=3.98
df.N=2

o =0.05
d.fD=11

=8705.8 s; =1279.912
X, =7376.6 s, = 1568.072

X3 =7179.25 sy =1927.062
Xom = 1242 =7794.929

sg = 03906818 — 3969,834.09

27,528,808.8
= ==ee== =2,502,618.98

w2

F= 3 = 32998199 _ | 3066 or 1.31

.......

0 1 3.98
1.31

Do not reject the null hypothesis. There is
not enough evidence to support the claim
that at least one mean is different from the
others.

17.

Ho: p =2 = p3

H;: At least one mean is different from the
others. (claim)

X; = 233.33 s; = 28.225
Xy =203.125 sy = 39.364
X3 = 155.625 s3=28.213
Xom = 194.091

s = 2LI2TH = 10,864.8675

sty = 24208 = 1073.794

10.864.8675 _ 10.12

2
— 5B _—
F= sy 1073.794
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17. continued

P-value = 0.00102

Reject since P-value < 0.10. There is
enough evidence to conclude that at least
one mean is different from the others.

18.

Ho: pi=po=p3

H;: At least one mean is different from the
others. (claim)

C.V.=4.10 a = 0.05
dfN=2 d.f£D=10
il = 850 S1 = 108.01
ig =914 So = 79.56
X5 = 575 s3 = 110.91

XGM — 10 270 — 790

s = &80 = 138,090

sty = 220 = 9722

2
_ sy _ 138,090
F= & 912 = 14.20

Reject the null hypothesis. There is enough
evidence to support the claim that at least
one mean is different from the others.

19.

Ho: p =2 = p3

H;: At least one mean differs from the
others. (claim)

C.V.=3.01 o =0.05
df.N=2 d.£D=9
X;=20.5 s;1 =3.416
Xy =26.25 s2=3.5
X3=225 s3 =2.082

XM 277 =23.083

s3 = 17 = 34,083

s2, =85 =9417

w
_ 34.083 _
F=3408 _36)
0 301 1
3.62
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19. continued

Reject the null hypothesis. There is enough
evidence to support the claim that at least
one mean is different from the others.

20.

Ho: p1=po=p3 =y

H;: At least one mean differs from the
others. (claim)

C.V.=324  a=005
d.f.N=3 d.f.D=16
X1=143946 s =1253.424
Xy =14,6682 sy =2367.532
X3=142752  s3=821.006
X;=18327  s,=2415376
Xom = 2532 = 15,416.25

sg = 08001 = 18,963,013.67

§2 = ST3T4768 _ 3 451 092 3

w 16

_ 18,963,013.67 _
F= 3,421,092.3 =5.54

.......

Reject the null hypothesis. There is enough
evidence to support the claim that at least
one mean is different from the others.

EXERCISE SET 12-2

1.
The Scheffe and Tukey tests are used.

2.

The Scheffe test is usually used when sample
sizes are not the same. The Tukey test is
usually used when the sample sizes are
equal.

3.

Scheffe” Test

C.V.=8.52
7. W.\2
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3. continued
For X; vs X,
— (1.888-2.024)° _ 0112896 _ 9 10
S 0.13707(% ¥ é) 0.054828 -

For X; vs X3
_ (1.888-3.525 _ 2679769 _ 57 93
S 0.13707(; . %) 0.095949 .

For X, vs X3
= (2224-3525° _ 1692601 _ 17 g4
S 0,13707@ + %) 0.0959504 :

There is a significant difference between X,
and X3 and between X, and X3.

4.
Scheffe” Test
C.V.=7.96

For X; vs X5
_ (5-10.167 _ 26.698 _ 081
S 6.530(% + g) 2721 ’

For X, vs X3
- (5—4.5) — 0.25 =0.08
S 6530(4+4) 3205

For X, vs X3
_ (10.167-4.5 _ 32.115 _ 11.80
S 6.530(% + ﬁ) 2721 ’

There is a significant difference between X,
and X, and between X, and X3.

5.

Tukey Test:
C.V.=3.67

X, =70

X, =8.12

X3=5.23

X, vs Xo:

qg= 7-8.12 __ 2.20

X, vs Xa:
g=TP2 =347
6
iz VS ¥3.
_ 8.12-523 __
= T 5.67
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5. continued

There is a significant difference between X,
and X3 and between X, and X5. One reason
for the difference might be that students are
enrolled in cyber schools with different fees.

6.
Scheffé Test
C.V.=522

X, vs Xo:
_ (Xi—X)* _ (233.33-203.125)?
Fs— 2 L 1Ty — 1,1
sy, + ,,i) 1073.776(¢+3)

F;, =291

Xl A Xg
_ (233.33—155. 625)2
Fy = 1073.776(:+1) =19.30

Xg A Xg
_ (203.125—155. 625)2 o
Fy = 1073.776(3+1) =8.40

There is a significant difference between X
and X3 and between X, and Xs.

7.
Scheffe Test
C.V.=28.20

Xl VS Xg:
F. — Xi—X)? _ (850—914)2
s = S%Anﬁhlj) — o912i+h)

F, =0.94

il \A ig

_ (850— 575)2 _
Fo = 97220+ 1) = 15.56

ig \A ig :

_ (914-575%
Fo= Gyt =26.27

There is a significant difference between X
and X3 and between X and X;.

8.
Tukey Test:
C.V.=3.65

X, vs Xo:
_ (43946-146682) _ _ (y33]

3.421,092.3 -
5

Xl VS Xg:
_ (14,394.6-14.2752) _ 0.144

3,421,092.3 -
5
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8. continued

X, vs Xu:
_ (143946-18327) _ _ 4 45

3.421,092.3
5

Xg A Xg :
_ (14,6682-14.275.2) _ 0.475

3.421,092.3
5

Xy vs X4
— (4.6682-18327) _ _ 4 4o

3.421,092.3 -
5

X3 A X4 :
_ (14,275.2—-18,327) __

3,421,092.3 -
5

There is a significant difference between X
and X4, X, and X4, and X3 and X4

—4.898

9.

Ho: pn = po = ps

H;: At least one mean is different from the
others. (claim)

C.V.=368 a=005
dfN=2 dfD=15
X, =32333 s, =8.140
X, =27.833 sy =5.529
X; =225 s3 = 4.370
Xom = 27.556

sp= 281 = 145389

sty = 2527 = 38.644

2
_ Sh __ 145389 _
F= s, 38.644 3.76

Reject the null hypothesis. At least one
mean is different from the others.

Tukey Test:
C.V.=3.08

><\

Xi—

q_

s“iv

n

X, vs Xo:
_ (233327839 _ | o9

38.644
6

Xl VS Xg:
_ (32.333-225) _ 3.87

38.644
6
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9. continued
X2 \A Xd :
g= 27833-225) _ 5 1

38.644
6

There is a significant difference between
Xl and Xg..

10.

Ho: 1 = po = p3 (claim)

H;: At least one mean is different from the
others.

C.V.=3.68 o =0.05
dfN=2 d.fD=15
X; =17.333 s1 = 2.3381
Xy = 15.167 s2 = 5.0365
X3 =245 s3 = 4.9699
Xom = 15.667

sg = 38058 4431667

sgy = LT = 18,5111

2
_ S __ 443.1667 _
F= sy 185111 T 23.94

Reject the null hypothesis. At least one
mean is different from the others.

Tukey Test:
C.V.=3.67

Xl VS Xg:
(1333-15.167) _
q= 185111 = —4.46

X; vs Xt
(1333-245) _ _ g7

q = 18,5111
6

Xg A Xg :
q= (15.167-245) 531

185111 -
6

There is a significant difference between X
and X,, X; and X3, and between X, and Xj.

11.

Ho: pi=po=p3

H;: At least one mean is different from the
others. (claim)

C.V.=347 a=0.05

df.N.=2 d.f.D.=21
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11. continued
XM = 4.554 s% =90.82113 s%v =4.93225

_ 9.82113 _
F= 493225 — 1.99

.......

0 1 347
1.99

Do not reject the null hypothesis. There is
not enough evidence to support the claim
that at least one mean is different from the
others.

12.

Ho: p =2 = p3

H;: At least one mean is different from the
others. (claim)

C.V.=4.10 o =0.05
df.N=2 d.£.D=10

X; =6091.4 7 =667,494.3

X, =6519.75 s3 =425,494.25

X3 =6831.5 s2 = 1,881,561.667

Xom = 6450.923

2= 5(6091.4—6450.923)? + 4(6519.75—6450.923)°
B~ 3-1

+ 4(6831.5;31150.923)2 = 622.293.987

S2 _ 4(667494.3) + 3(425494.25) + 3(1881561.667)
L\ 4+3+3

sk = 959114.495

2
_ SB _ 622293.987 _
F= s~ 959114.495 — 0.65

.......

0.65

Do not reject the null hypothesis. There is
not enough evidence to support the claim
that at least one mean is different from the
others.
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13.
Ho: pi=po=13
H;: At least one mean is different. (claim)

C.V.=3.68  a=0.05
d.f.N=2 d.f.D=15
Xom = % =253.67

sg = 234 = 19,687.06

s2, = 1207 = 1146.47

_ 19,687.06 _
F= e =17.17

.......

0 3.68 1
17.17

Reject the null hypothesis. There is enough
evidence to support the claim that at least

one mean is different.

Tukey Test:
C.V.=3.67

Xl VS Xg:

(208.17-321.17)
q = = — 8.17
11142.467
X; vs X3t
g = GBI _ g,

1146.467 -
6

Xg A Xg :
q= (321.17-248.33) _ 527

1146.467
6

There is a significant difference between X
and X, and between X, and X;.

EXERCISE SET 12-3

1.

The two-way ANOVA allows the researcher
to test the effects of two independent
variables and a possible interaction effect.
The one-way ANOVA can test the effects of
one independent variable only.
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2.

The main effects are the effects of the
independent variables taken separately. The
interaction effect occurs when one
independent variable effects the dependent
variable differently at different levels of the
other independent variable.

3.

The mean square values are computed by
dividing the sum of squares by the
corresponding degrees of freedom.

4.

The F test value is computed by dividing the
mean square for the variable by the mean
square for the within (error) term.

5.

a. d. f.o =3 — 1) =2 for factor A
b. d.fg =(2 — 1) =1 for factor B
c. d.fag=@—-1DH2—-1)=2

d. d. fyimn=3-20—1)=24

6.

a. dfa=06-1)=5
b.d.fg=05-1)=4

c. d.faxg=06—-—1)(5—-1)=20
d. d. fwimin=6-5(7 —1) =180
7.

The two types of interactions that can occur
are ordinal and disordinal.

8.

The main effects can be interpreted
independently when the interaction effect is
not significant or the interaction is ordinal.

9.

For interaction:

Hy: There is no interaction between the
amount of glycerin additive and the soap
concentration.

H;: There is an interaction between the
amount of glycerin additives.

For glycerin additives:

Hy: There is no difference in the means of
the glycerin additives.

H;: There is a difference in the means of the
glycerin additives.
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9. continued

For soap concentrations:

Hy: There is no difference in the means of
the soap concentrations.

H;: There is a difference in the means of the
soap concentrations.

ANOVA SUMMARY TABLE
Source SS d.f. M.S. F
Soap additive  100.00

1 100.00 5.39

Glycerin 182.25 1 182.25 9.83

Interaction 272.25 1 272.25 14.68

Within 22250 12 18.54
Total 777.0 15

The critical value at o = 0.05 with d. f. N =
landd. f. D =121is4.75 for Fp, Fg and

Faxs-

All F test values exceed the critical value, so
the decision is to reject all null hypotheses.
There is a significant difference at « = 0.05
for interaction, for soap additive, and for
glycerin concentration.

0 475 1 1 1
5.39 9.83 14.68

10.

For interaction:

H,: There is no interaction effect between
the strength of the Grow-light and the plant
food supplement.

H,: There is an interaction effect between
the Grow-light strength and the plant food
supplement.

For plant food:

H,: There is no difference between mean
growth and the type of to plant food
supplement.

H,: There is a difference between mean
growth and the type of plant food
supplement.

For grow-light:

H,: There is no difference between the
mean growth and the strength of the Grow-
light.
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10. continued
H,: There is a difference between the mean
growth and the strength of the Grow-light.

ANOVA SUMMARY TABLE

Source SS d.f. M.S. F
Plant food 12.813 1 12.813 24.56
Grow-light  1.92 1 192  3.68
Interaction  0.75 1 0.75 1.44

Within 4.173 8 0.522

1

Total 19.656 1

The critical value at o = 0.05 with d. f. N =
landd. f. D =81is 5.32 for Fa, Fg and Fayg.

Since the F test value for the plant food,
24.56, is greater than the critical value, 5.32,
the decision is to reject the null hypothesis
for the plant food. It can be concluded that
there is a significant difference in the mean
growth for the plant food. Plant light
strength and the interaction have no effect.

.......

0o 1 1 532 1
3.68  1.44 24.56

11.

For interaction:

H,: There is no interaction effect between
temperature and level of humidity.

H,: There is an interactive effect between
temperature and level of humidity.

For humidity:

Hy: There is no difference in mean length of
effectiveness with respect to humidity.

H,: There is a difference in mean length of
effectiveness with respect to humidity.

For temperature:

Hy: There is no difference in mean length of
effectiveness based on temperature.

H;: There is a difference in mean length of
effectiveness based on temperature.
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11. continued

ANOVA SUMMARY TABLE
Source SS d. f. MS F
Humidity ~ 280.3333 280.3333 18.38
Temperature 3 3 0.197

1
1
Interaction  65.3333 1 65.3333 4.284
Within 122 8 15.25
Total 470.6667 11

The critical value at o = 0.05 with d. f. N =
land d. f. D =81is 5.32 for Fa, Fg, and

Faxs-

Since the only F test value that exceeds the
critical value is the one for humidity, there is
sufficient evidence to conclude that there is a
difference in mean length of effectiveness
based on the humidity level. The
temperature and interaction effects are not
significant.

0 T 532 1
0.197 4.284 18.38

12.

For interaction:

H,: There is no interaction effect between
the subcontractors and the types of homes

they build on the times it takes to build the
homes.

H,: There is an interaction effect between
the subcontractors and the types of homes

they build on the times it takes to build the
homes.

For subcontractors:

H,: There is no difference in the means of
the times it takes the subcontractors to build
the homes.

H,: There is a difference in the means of the
times it takes the subcontractors to build the
homes.

For types of homes:

Hy: There is no difference among the means
of the times for the types of homes built.

H,: There is a difference among the means
of the times for the types of homes built.
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12. continued

ANOVA SUMMARY TABLE
Source SS d. f. MS F
Subcontractor 1672.553 1 1672.553 122.08
Home Type  444.867 2 222434  16.24
Interaction 313.267 2 156.634 1143
Within 328.800 24 13.700

Total 2759.487 29

The critical values at o = 0.05: For the
subcontractor withd. f. N=1, d. f. D =24,
C.V.=4.26.

.......

0 4.26 1
122.08

For the home type and interaction d. f. N =2
and d. f. D=24, C.V.=3.40.

0 34 1 1
1143 16.24

All F test values exceed the critical values
and all of the null hypotheses are rejected.
Since there is a significant interaction effect
the means of the cells must be computed and
graphed to determine the type of interaction.

The cell means are:

HOME TYPE

Contractor | I 1I 111
A 28 314 | 444
B 18.6 | 20.0 | 20.4

50

40

30 ——A

20 —=—B

10

04 ;
1 2 3
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12. continued

Since all of the three means for the home
types for contractor A are greater than the
three means for contractor B, and the
differences are not equal, there is an ordinal
interaction. Hence it can be concluded that
there is a difference in means for the
subcontractors, home types, and also an
interaction effect is present..

13.

For interaction:

H,: There is no interaction effect on the
durability rating between the dry additives
and the solution-based additives.

H,: There is an interaction effect on the
durability rating between the dry additives
and the solution-based additives.

For solution-based additive:

H,: There is no difference in the mean
durability rating with respect to the solution-
based additives.

H,: There is a difference in the mean
durability rating with respect to the solution-
based additives.

For dry additives:

H,: There is no difference in the mean
durability rating with respect to the dry
additive.

H,: There is a difference in the mean
durability rating with respect to the dry
additive.

ANOVA SUMMARY TABLE
Source SS d.f. MS F
Solution 1.563 1 1.563 0.50

Dry 0.063 1 0.063 0.020
Interaction  1.563 1 1.563 0.50
Within 37.750 12 3.146

Total 40.939

—_
W

The critical value at a = 0.05 with d. f. N =
landd.f. D=121is4.75. F = 0.50 for the
solution-based additive and F = 0.020 for
the dry additive. There is not enough
evidence to conclude an effect on the mean
durability based on either type of additive.
For interaction, there is also not a significant
interaction effect.

14.

For interaction:

H,: There is no interaction effect between
the type of paint and the geographic location
on the lifetimes of the paint.

H,: There is an interaction effect between
the type of paint and the geographic location
on the lifetimes of the paint.

For lifetimes:

H,: There is no difference between the
means of the lifetimes of the two types of
paints.

H,: There is a difference between the means
of the lifetimes of the two types of paints.

For locations:

Hy: There is no difference among the means
of the lifetimes of the paints used in different
geographic locations.

H,: There is a difference in the means of the
lifetimes of the paints used in different
geographic locations.

ANOVA SUMMARY TABLE
Source SS d. f. MS F
Paint Type  12.1 1 12.1 0.17
Location  2501.0 3 833.667 1147
Interaction  268.1 3 89.367 1.23
Within 2326.8 32 72.713
Total 5108.0 39

For o = 0.01 the critical values are:
For the paint type, d. f. N=1,d.f. D =32
(use 30),and C. V. =7.56

0 1 7.56
0.17

For the location and interaction ,

d.f. N=3, d.f D =32 (use 30), and
C.V.=451

.......
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14. continued

Since the only F test value that exceeds the
critical value is the one for the location, it
can be concluded that there is a difference in
the means for the geographic locations., but
not for paint types.

15.

For interaction:

H,: There is no interaction effect between
the ages of the salespersons and the products
they sell on the monthly sales.

H,: There is an interaction effect between
the ages of the salespersons and the products
they sell on the monthly sales.

For age:

H,: There is no difference in the means of
the monthly sales of the two age groups.

H,: There is a difference in the means of the
monthly sales of the two age groups.

For products:

Hy: There is no difference among the means
of the sales for the different products.

H,: There is a difference among the means
of the sales for the different products.

ANOVA SUMMARY TABLE

Source SS d. f. MS F
Age 168.033 1 168.033  1.57
Product 1762.067 2 881.034 8.22
Interaction  7955.267 2 3977.634 37.09
Error 2574.000 24 107.250

Total 12459.367 29

At o = 0.05, the critical values are:

Forage,d. f. N=1,d.f. D =24,
C.V.=426

.......

0 1 4.26
1.57

For product and interaction, d. f. N =2,
d.f.D=24,and C. V.=3.40

240

15. continued

.......

0 34017 T
8.22 37.09

The null hypotheses for the interaction effect
and for the type of product sold are rejected
since the F test values exceed the critical
value, 3.40. The cell means are:

Age Pools | Spas | Saunas
over 30 38.8 | 28.6 | 554
30 & under | 21.2 | 68.6 | 18.8

80
60
—e—over 30
40
—— 30 & under
20

0+
1 2 3

Since the lines cross, there is a disordinal
interaction hence there is an interaction
effect between the age of the sales person
and the type of products sold.

REVIEW EXERCISES - CHAPTER 12
1

Ho: p1=p2 = ps3 (claim)
H;: At least one mean is different from the

others.
C.V.=539 «a=0.01
df.N=2 d.f.D=33
X, =620.5 s% =544591
X, =610.17 s§=22,108.7
X5 =477.83 s% =5280.33

Xom = 222 =569.5

s§ = L30T = 75 945333

§3, = BLISLIN _ 10 9449798

2
_ SR _ 75945333 _
F= s~ 10,944.9798 ~ 6.94
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1. continued

.......

0 539 1694

Reject. At least one mean is different.
Tukey Test C.V.=445

Xl V§ Xg
q= X=X _ 620.5-610.17 _ 0.34

2 10,944.98
12

Xl VS X3
620.5-477.83 _ 4.72

q= 10,944.98
2

Xz VS X3
610.17-477.83 _ 438

q= 10,944.98
2

There is a significant difference between
X] and X3.

1

ol

2.

Ho: = po = ps  (claim)

H;: At least one mean is different from the
others.

C.V.=3098 a=0.05

dftN=2 d.f.D=11
Xy =442 s; = 15.3199
Xy =334 sy = 8.3546
X3 =58 s3 = 33.9803
Xom = 44.2857

s2 = 672.4286

sk = 425.6364

2
_ SB _ 6724286 _
F= s, T 4256364 1.580

Do not reject the null hypothesis. There is
not enough evidence to support the claim
that at least one mean is different from the
others.

3.

Ho: pi=po=3

H;: At least one mean is different from the
others. (claim)

3. continued
C.V.=355 a = 0.05

dfN=2 d.f.D =18
X, =29.625 s} =159.125
X, =29 s2 = 63.333
Xs5 =285 s2=37.1
Xom = 29.095

§2 = S Xow?

B — k—1

9 8(29.625-29.0952 | 7(29—29.095)
Sg = 2 + 2

I 6(28.5—229.095)2 — 221726

2 _ Sm—1s?

SW = T

2 — 7(59.125)+6(63.333)+5(37.1)
w 74+6+5

s2, = 54.509611

_Sho_ 221726 _
F= ﬁ = sa500611 = 0-04

Do not reject the null hypothesis. There is
not enough evidence to support the claim
that at least one mean is different from the
others.

4.

Ho: p =2 = p3

H;: At least one mean is different from the
others. (claim)

C.V.=6.01 «a=0.01
d.fN=2 dfD=18

X, =17.28571 2 =11.2381
X,=19.57143 s =9.28571
X3 =19.42857 s =32.28571

Xom = XX = 18.7619

7(17.28571—18.7619)% + 7(19.57143—18.7619)?

2 _
S = 3.1

. 2
+ 7(19.4285377118.7619) — 11476

2 __ 6(11.2381) + 6(9.28571) + 6(32.28571) __
$3, = 028571 = 17.603

2
_ Sp _ 11476 _
F= sy 17.603 0.65
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4. continued

.......

0 1 6.01
0.65

Do not reject the null hypothesis. There is
not enough evidence to support the claim
that at least one mean is different from the
others.

5.

Ho: p =2 = p3

H;: Atleast one mean is different. (claim)
C.V.=261 a=0.10

d.f.N=2 d.f.D=19
Xom = 3.8591
s = 1.65936
s2, = 3.40287
_ 1.65936 _
F= é.4(5)287 =0.49
0 1 2.61

0.49

Do not reject. There is not enough evidence
to support the claim that at least one mean is
different from the others.

6.

Ho: pi=po=p3

H;: At least one mean is different from the
others.

C.V.=389 «a=0.05

df.N=2 d.f.D=12

Xom = 62
s2 = 1399.4
$2, =221.433

_ 13994 _
F= 221433 6.320

6. continued

.......

0 389 1
6.320

Reject the null hypothesis. There is enough
evidence to conclude that there is a
difference in means.

Tukey Test:
C. V. =377

g= @264 _ 304

Xg VS Xg:
q= (774-644) _ 2.00

221.43
5

5

There is a significant difference between X
and Xo.

7.

Ho: pi=po=p3 = 4

H;: At least one mean is different from the
others. (claim)

C.V.=3.59 a=0.05

df.N=3 df.D=11

Xam = 12.267

s2=21.422

s2, = 117.697

.......

0 1 3.59
0.18
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7. continued

Do not reject the null hypothesis. There is
not enough evidence to support the claim
that at least one mean is different from the
others.

8.

Ho: pi=po=13

H;: At least one mean is different from the
others. (claim)

C.V.=693  a=005
d.f.N=2 d.f.D=12
Xom = 24.867
s = 374.867

2 _
s2, = 19.333

_ 374.867 _

F= 37867 _ 1939

0 693 1

19.39

Reject the null hypothesis. There is enough
evidence to conclude that there is a
difference in means.

Tukey Test:
C.V. =505

Xl A Xg:
q= (284-312) 1.42

19333
5

X; vs Xt
g= 419 _gen

19.333

y

Xg A Xg:
q= (B12-15) _ 824

19.333
5

There is a significant difference between X
and X3 and between X and X;.

9.

H,: There is no interaction effect between
type of formula delivery system and review
organization.

243

9. continued

H,: There is an interaction effect between
type of formula delivery system and review
organization.

H,: There is no difference in mean scores
based on who leads the review.
H,: There is a difference in mean scores
based on who leads the review.

H,: There is no difference in mean scores
based on who provides the formulas.

H,: There is a difference in mean scores
based on who provides the formulas.

ANOVA SUMMARY TABLE
Source SS d. f. MS F
Leaders 288.8 1 288.8 5.24

Formulas 51.2 1 51.2 093
Interaction 5 1 5 0.09
Within 881.2 16
Total 1226.2 19

Ata=0.05thed.f. N=1andthed.f.D =
16. The critical value is 4.49.

.......

0 T 1 449 7
0.09 0.93 5.24

There is sufficient evidence to conclude a
difference in mean scores based on who
leads the review.

10.

H,: There is no interaction effect between
the type of exercise program and the type of
diet on a person's glucose level.

H,: There is an interaction effect between
the type of exercise program and the type of
diet on a person's glucose level.

H,: There is no difference in the means for
the glucose levels of the persons in the two
exercise programs.

H,: There is a difference in the means for
the glucose levels of the persons in the two
exercise programs.
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10. continued

H,: There is no difference in the means for
the glucose levels of the persons in the two
diet programs.

H,: There is a difference in the means for
the glucose levels of the persons in the two
diet programs.

ANOVA SUMMARY TABLE
Source SS d. f. MS F
Exercise 816.750 1 816.750 60.50
Diet 102.083 1 102.083 7.56
Interaction  444.083 1 444.083 32.90
Within 108.000 8 13.500
Total 1470916 11

Ata=005andd.f N=1andd.f. D=8
the critical value is 5.32 for each F,, Fg, and
Faxs-

Hence all three null hypotheses are rejected.

0 5321 1 1
7562 60.5
32.895

The cell means should be calculated.

Diet

Exercise A B
I 64.000 | 57.667
11 68.333 | 86.333

100
80
60 o |—e—Bx.I
40 —m—EBx. |l
20
0+ |
1 2

Since the means for the Exercise Program I
are both smaller than those for Exercise
Program II and the vertical differences are
not the same, the interaction is ordinal.
Hence one can say that there is a difference
for exercise, diet; and that an interaction
effect is present.
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CHAPTER 12 QUIZ

1. False, there could be a significant
difference between only some of the means.
2. False, degrees of freedom are used to
find the critical value.

3. False, the null hypothesis should not be

rejected.

4. True
5.d

6. a

7. a

8. ¢

9. ANOVA
10. Tukey

11. Ho: p1 = po = pg
H;: At least one mean is different from the
others. (claim)

C.V.=802 =001
s2=030451 % =0.00392
F= 0051 =768

Reject the null hypothesis. There is enough
evidence to support the claim that at least
one mean is different from the others.

Tukey Test:

C.V.=543

X; = 3.195

Xy = 3.633

X3 = 3.705

X, vs Xy q= —13.99

X;vs X3: q= — 16.29

Xy vs X3: q = —2.30

There is a significant difference between X
and X, and between X; and Xs.

12. Ho: p1 = po = pg = fta
H;: At least one mean is different from the
others. (claim)

C.V.=349
2 =116.646 % = 36.132
_ 116.646 __

Do not reject the null hypothesis. There is
not enough evidence to support the claim
that the means are different.

13. Ho: p1 = po = pg
H;: At least one mean is different from the
others. (claim)

C.V.=693 a=001

2 = 119467 3 =34.167
__ 119467 __

F = 19467 _ 3 497
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13. continued

Do not reject the null hypothesis. There is
not enough evidence to support the claim
that at least one mean is different from the
others. Writers would want to target their
material to the age group of the viewers.

14. Ho: py = p2 = 3
H;: At least one mean is different from the
others. (claim)

C.V.=426 a=0.05
s§ =9.6658 sty = 0.9642
F = 3908 - 10.025

Reject the null hypothesis. There is enough
evidence to support the claim that at least
one mean is different from the others.

Tukey Test:

C.V.=395

X; =17.015

Xy = 7.64

X3 = 4.69

X, vsXy: q= —1.28

X, vs X3: q=4.74

Xy vs X3: q = 6.02

There is a significant difference between X,
and X3 and between X5 and Xs.

15. H[)I M1 = 2 = U3 (clalm)

H;: At least one mean is different from the
others.

C.V.=292 a = 0.05

s% =2114.985 s%v =317.958

__ 2114985 _
F= 317.958 6.65

Reject the null hypothesis. There is enough
evidence to support the claim that the means
are not the same.

Scheffe” Test:

C.V.=8.90

For X; vs X5, Fg =9.32

For X; vs X3, Fg = 10.13

For X, vs X3, Fg =0.13

There is a significant difference between X,
and X5 and between X; and X3.

16. Hp: pn = po = p3 = pa
H;: At least one mean is different from the
others. (claim)

C.V.=3.07 a = 0.05
2=153016 s =33.5283
F= e o.46
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16. continued

Do not reject. There is not enough evidence
to support the claim that at least one mean is
different.

17.

a. two-way ANOVA

b. diet and exercise program

c. 2

d. Hy: There is no interaction effect
between the type of exercise program and
the type of diet on a person's weight loss.
H;: There is an interaction effect between
the type of exercise program and the type of
diet on a person's weight loss.

Hy: There is no difference in the means of
the weight losses for those in the exercise
programs.

H;: There is a difference in the means of the
weight losses for those in the exercise
programs.

Hy: There is no difference in the means of
the weight losses for those in the diet
programs.

H;: There is a difference in the means of the
weight losses for those in the diet programs.

e. Diet: F = 21.0, significant
Exercise Program: F = 0.429, not
significant

Interaction: F = 0.429, not significant

f. Reject the null hypothesis for the diets.



