A new type of screening for lung cancer, computed tomography (CT), has been developed. Medical
researchers believe that CT scans are more sensitive than regular X-rays in pinpeinting small tumors.
A university is conducting a clinical trial of 50,000 smokers nationwide to compare the effectivencss
of CT scans with X-rays for detecting lung cancer. Each participating smoker will be randomly
assigned to one of the two screening methods — CT or chest X-ray — and the age (in years) at which
the scanning method first detects a tumor will be determined. One goal of the study is to compare
the mean ages when cancer is first detefed by the two screening methods.

Identify the response variable of the study.
(JA. Screening method

(3B. Cancer

(JC. Smokers

)D. Age

Identify the experimental units of the study.
CIA. Age

(1B. Cancer

(JC. Smokers

()D. Screening method

Idenitfy the factor(s) in the study.
{JA. Cancer

(8. Age

(3C. Screening method

(3D. Smokers

Identify the treatments in the study.
(OA. Smokers

(8. CT scan or X-ray

(3C. Cancer

(3D, Age
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A study of Machiavellian traits in lawyers was performed. Machiavellian describes negative
character traits such as manipulation, cunning, duplicity, deception, and bad faith. A Mach rating
score was determined for each in a sample of lawyers. The lawyers were then classified as having
dishonest, neuvtral, or Honest Mach rating scores. The researcher investigated the impact of both
Mach score classification and marital status on the average income of a lawyer. For this experiment,
identify a. the experimental unit, b. the response variable, c. the factors, d. the levels of each factor,
and e. the treatments.

a. What are the experimental units?

{3 Mach score classification lawyers

() employers employees

()  Mach rating scores marital status

o 0 0 0

(3 income dollars

b. What is the response variable?

Mach score classification
negative character traits
income

Mach rating scores

0000

marital status

¢. What are the factors? Select all that apply.

[CA. marital status
[[1B. Mach score classification
[]¢. Mach rating scores

[1D. negative character traits

d. What are the levels of each factor? Select all that apply.
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2.
{cont.)

E.

. The levels for Mach score classification are dishonest, neutral, and honest.
. The levels for marital status are single and married.

. The levels for Mach score classification are manipulation, cunning, duplicity, deception, and

bad faith.

. The levels for negative character traits are manipulation, cunning, duplicity, deception, and

bad faith.

The levels for Mach rating scores are 1, 2, and 3.

e. What are the treatments?

QA.
OB
O)C.

OD.

OE.

(1, single), (1, married), (2, single), (2, married), (3, single), (3, married)
(dishonest), (neutral), (honest)

(manipulation, single), (manipulation, married), (cunning, single), (cunning, married),
(duplicity, single), (duplicity, married), (deceptzon single), (deception, married), (bad faith,
single), (bad faith, married)

(dishonest, single), (dishonest, married), (neutral, single), (neutral, married),
(honest, single), (honest, married)

(dishonest, single), (dishonest, married), (neutral, single), (married, honest),
(honest, single), (honest, married)
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Congider the accompanying dot plots A and B, Assume that the two samples represent independent
random samples corresponding to two treatments in a completely randomized design. Complete an
ANOVA table for each of the two dot plots.

w Click the icon to view the dot plots.

Source df SS MS F

Treatment D D I:] I:I
Error D |:| D
Total D D

(Round to the nearest hundredth as needed.)

Complete the following ANOVA table for dot plot B.
Source df SS MS F

Treatment [:l D I:I D
Error D D I:l
Total D D

{Round to the nearest hundredth as needed.)

Graph/Chart

Plot A

4 5 6 } 8 Eli 1I0 1I1 1|2 1|3 1:1 1l5 116 1|7 1|8 ‘1|9
0 Treatment (Sample) 1
O Treatment (Sample) 2

Plot B
o Q o [+
o [+] [+ 1+ o Q [+] L)

T ] 1 T 3 1 i T T 1

10 11 12 13 14 15 16 17 18 19
© Treatment (Sample) 1
O Treatment (Sample) 2

e
i
[e2]
-~
oo~
w
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The data in the table to the right

resulted from an experiment that Treatn:‘ent 1 Tr ea;mdrent 2 Tr eafin;ent 3=
utilized a completely randomized 3. : :
design 1.3 2.6 0.2
' 4.9 4.8 2.1
- : 5.1 3.2
Use this information to complete parts 2.
aandb, .

a. Use statistical sofiware or the appropriate calculation formulas to complete the following ANOVA
table.

Source df S8 MS F statistic

Treatments D |:| D D
Errorx D [:I Ij
Total D D

(Type an integer or a decimal rounded to three decimal places as needed.)

b. Test the null hypothesis that p, = p, = p,, where . represents the true mean for treatment i,

against the alternative that at least two of the means differ. Use o = 0.01. Choose the correct
conclusion below.

(OA. Do not reject Hy, There is insufficient Q8. Reject H,. There is sufficient evidence to
evidence to indicate differences among the indicate differences among the means.
means.

(OC. Reject Hy. There is insufficient evidence to (OD. Do not reject Hy,. There is sufficient

indicate differences among the means, evidence to indicate differences among the
means.
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Source df S8 MS F o

A - 0.3 - -
The partially completed ANOVA for a 3 x 4 factorial B _ 4.4 B _
experiment with two replications is shown to the '
right. Complete parts a through f. AB - 27 - B
Error - - —
Total — 16.9
a. Complete the ANOVA table.
Source df S8 MS F
» 0 0: ] 7
B [] 4.4 ] []
AB ] 9.7 ] ]
Error |:| D [:I
Total [ ] 16.9

(Round the MS column to four decimal places as needed, Round the F column to two decimal places
as needed.)

b. What is the sum of squares for treatments (SST)?
sst=[|
Do the data provide sufficient evidence to indicate that the treatment means differ? Use o= 0.05.

(3 Yes
{y No

¢. Does the result of the test in part b warrant further testing?

) Yes
) No

d. What is meant by factor interaction?

.

Two factors are said to interact if the effect of one factor on the dependent variable [ is | the same

i
i
il

at different levels of the second factor.
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5.

{cont.)

What is the practical implication if it exists?

(A, If the factors interact, then all tests are invalid.
(7)B. If the factors interact, then stop statistical calculation at this point.
()C. If the factors interact, then tests for main effects are not necessary.

(OD. Ifthe factors interact, then tests for main effects are necessary.

e. Test to determine whether these factors interact to affect the response mean, Use o= 0.05.
F= [:I {Round to two decimal places as needed.)

Determine the correct interpretation of the result.

There is | insufficient | evidence to indicate the two factors interact to affect the response mean at
sufficient

a=0.05.

f. Does the result of the interaction test warrant further testing?

{3 No
3 Yes
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6.

A study of four different types of egg housing systems was performed. The four egg housing systems
were cage, barn, free range, and organic, In addition to housing system, the researchers also
determined the weight class (medium or large) for each sampled egg. The data on whipping capacity
(percent overrun) for the 28 sampled eggs are shown in the accompanying table. The researchers
want to investigate the effect of both housing system and weight class on the mean whipping
capacity of the eggs. In particular, they want to know whether the difference between the mean
whipping capacity of medium and large eggs depends on the housing system. Complete parts a
through e below.

£ Click on the icon to view the data table.

Identify the factors for this experiment. Select all that apply.

[ Housing
[ Weightclass

[l Whipping capacity

Identify the treatments for this experiment. Let "M" stand for "medium" and "L" stand for "large".
Select all that apply.

[C]A. L/ High % [B. Organic/L [JCc. M /High% [JD. Cage/L
[E. Bam/M {7IF. Bam/Low % [(1G. Free/High % [MH. L/ Low %
[ Cage/M M. Free/M [OK. Cage/Low % L. M/Low %
[[IM. Barn/High % [CN. Barn/L [10. Organic/M [OJP. Free/L

b. Use statistical software to conduct an ANOVA on the data. Report the results in an ANOVA table.

Complete the ANOVA table below.

Error D l:l
Total D

(Round to three decimal places as needed.)

Source DF SS MS F P
Ho1.]sing D D D D I:I
W 0D 0D 0 O O
Interaction D D [:I D D
L]
[
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6. ¢. Is there evidence of interaction between housing system and weight class? Test using o = 0.05.
(cont.) [Hint: Due to an unbalanced design, you will need to analyze the data using the general linear model
' procedure of your statistical software.] What does this imply, practically?

What are the null and alternative hypotheses?

H,: Housing system and weight class | do not interact to affect whipping capacity.
do |

H,: Housing system and weight class . do not | interact to affect whipping capacity.

{ do

Find the test statistic to test for interaction between housing system and weight class.
F= D (Round to three decimal places as needed.)

Find the critical value for the test for interaction,

F,= I:] (Round to two decimal places as needed. )}

What is the conclusion to the hypothesis test?

{0 Do not reject the null hypothesis.
)  Reject the null hypothesis.

What does this imply, practically?

(O There is sufficient evidence to conclude that there is interaction between housing system and
weight class.

(O There is not sufficient evidence to conclude that there is interaction between housing system
and weight class.

d. Iﬁterpret the main effect test for housing system (using o = 0.05). What does this imply,
practically?

What are the null and alternative hypotheses?
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6.

(cont.} There is a large difference among the four mean levels of housing. |
- | At least two housing mean levels differ.
At least three housing mean levels differ.

of housing.

i s e F AT NS T AT

TR O AR e

At least three housing mean levels differ.
H_: { There is a large difference among the four mean levels of housing.

There is no difference among the four mean levels of housing.

At least two housi

ng mean levels differ.

T S e T P T St S e e

Find the test statistic to test for the main effect of housing.

F= D (Round to three decimal places as needed.)

Find the critical value for the test for the main effect of housing.
F,= D (Round to two decimal places as needed.)

What is the conclusion to the hypothesis test?

(3 Reject the null hypothesis.

(2 Do not reject the null hypothesis.

What does this imply, practically?

(3 There is sufficient evidence to conclude that at least two housing mean levels differ.

(3 There is not sufficient evidence to conclude that at least two housing mean levels differ.

e. Interpret the main effect test for weight class (using « = 0.05). What does this imply, practically?

What are the null and alternative hypotheses?
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6.
(cont.) There is no difference among the two mean levels of weight class.
H,: There is a large difference among the two mean levels of weight class.

At least three weight class mean levels differ,

At least two weight class mean levels differ.
H : | At least three weight class mean levels differ.

There is no difference among the two mean levels of weight class.

There is a large difference among the two mean levels of weight class.

Find the test statistic to test for the main effect of weight class.

F= I:l {Round to three decimal places as needed.)

Find the critical value for the test for the main effect of weight class.
F, = D (Round to two decimal places as needed.)

What is the conclusion to the hypothesis test?

{0 Reject the null hypothesis.
() Do not reject the null hypothesis.

What does this imply, practically?

(3  There is sufficient evidence to conclude that at least two weight class mean levels differ,

(>  There is not sufficient evidence to conclude that at least two weight class mean levels differ.

Data Table
h
Housing Weight Class  Overrun (%)

Cage M 511, 475, 476, 457, 458

L 499, 483, 492, 493, 462
Free M 508, 515, 518

L 503, 531, 505
Rarn N ST A0%_.514
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> L 545, 518, 512
(cont.) Organic M 540, 528, 531

L 544, 539, 526
7. What conditions must  satisfy to make the x? test valid?

Choose the correct answer below.

(DA, n must be equal to 10 or more.
()B. » must be equal to 5 or more.

(3C. n must be large enough so that for every cell the expected cell count will be equal to 10 or
more,

(OD. n must be large enough so that for every cell the expected cell count will be equal fo 5 or
more, -
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8. The table to the right gives a breakdown of System Cause Number of Incidents ©h
the root causes of a sample of 80 industrial Design 20
accidents. Are there significant differences in ~ Procedures 22
the percentage of incidents in the four cause Management 23
categories? Test using o =0.05. Training 15
Total 80

Determine the null and alternative hypotheses for this test. Choose the correct answer below.

OA. Hopy=p2=p3=ps=025
Hy p1#p2#p1#pa

(OB. Ho:py#p2#ps#py
H,: At least one of the multinomial probabilities equals its hypothesized value.

(3C. Hp:p1=p2=p3=ps=0.25
H,: At lcast one of the multinomial probabilities does not equal its hypothesized value.

Now find the test statistic.

xz = D (Round to two decimal places as needed.)

Find the critical value.

x2= D (Round to four decimal places as needed.)
Find the p-value.

[:l (Round to four decimal places as needed.)

Choose the correct conclusion below.

(A, Fail to reject Hy. There is sufficient (OB. Reject Hy. There is insufficient evidence
evidence that there are significant that there are significant differences in the
differences in the percentage of incidents percentage of incidents in the four cause
in the four cause categories. categories.

{2C. Reject Hy. There is sufficient evidence that C)D. Fail to reject Hy. There is insufficient
there are significant differences in the evidence that there are significant
percentage of incidents in the four cause differences in the percentage of incidents in
categories. the four cause categories.
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9, Each day's proportion of one week's total truck Proportion Number

traffic is shown in the table to the right. During the Monday 0.191 90
same week, the number of overweight trucks per  Tuesday 0.191 89
day is given in the second column. Determine Wednesday 0.181 77
whether the number of overweight trucks per week Thursday 0.176 65
is distributed over the seven days of the week in Friday 0.155 57
di1:ect proportion to the volume of truck traffic. Test Saturday 0.042 18
using o= 0.01. Sunday 0.064 37

Determine the null and alternative hypotheses for this test. Choose the correct answer below.

(OA. Hpip1=0.191, py=0.191, p3 = 0.181, py = 0.176, ps = 0.155, pg = 0.042, p7 = 0.064
H,: At least one of the multinomial probabilities does not equal its hypothesized value.

(JB. Hgip;#0.191,py=0.191, p3 = 0.181, p4 2 0.176, ps ;&'0.155, ps#0.042, p; = 0.064
H,: At least one of the multinomial probabilities equals its hypothesized value.

OC. Hp:p1=p2=pP3=pa=DP5=Ps— D7
Hy p1#p2#D3#PaEPs#DPs £ P

Now find the test statistic.

x?= l:l {Round to two decimal places as needed.)
Find the p-value.

D (Round fo four decimal places as needed.)

Choose the correct conclusion below.

| sufficient |evidence that the number of overweight trucks per week is
insufficient |

over the the week in direct proportion to the volume of truck traffic.

distributed
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10. Find the rejection region for a test of independence of two classifications where the contingency
table contains r rows and ¢ columns.

a.0=005r=5c¢c=4

b.0=010,r=4,c=3
c.o=001,r=3¢c=6

Click to view page 1 of the critical values of Chi-sguared
Click to view page 2 of the critical values of Chi-squared

a. Select the correct choice below and fill in the answer box(es) to complete your choice,

(Round to four decimal places as needed.)

OA. x2<.
(B x2<. orx2>.

{JC. x2>-

b. Select the correct choice below and fill in the answer box(es) to complete your choice.
{Round to four decimal places as needed.)

A x2<. orx2>.

OB. x2< .

{ac. xz > .

¢. Select the correct choice below and fill in the answer box(es) to complete your choice.

(Round to four decimal places as needed.)

OA. x2<.
{)B. x2<.orx2>=
(0. x2>-

chi-squared page 1
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10.
{cont.)

chi-squared page 2

.__,5’ 99147
781473
048773
110705
12:5916:
140671
18,5073
169190
183070 -
19,6751
{0261
22, 362&-__

79&819
90,5312
101,879
143,145
124 342

H3, 2‘3?6
.95.0231
Iﬂé 629
1% 8.136
129.561

6,6349(]
9,21034
11;3449

RED 329
124116
135807

?.87944
10,5966
12.8381
14,8602
167896
18 5475

"?I .9517_'
104215
116321
128,299
M{} IGH
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11.

Test the null hypothesis of independence of the two classifications A and B of the accompanying
contingency table. Use o= 0.05.

{‘} Click the icon to view the table,

Specify the null and alternative hypotheses. Choose the correct answer below.

(DA. Hy: The row and column classifications are dependent
H,: The row and column classifications are independent

(2B. Hy: The row and column classifications are independent
H,: The row and column classifications are dependent

{)C. Hy: The classifications A and B, are independent
H,: The classifications A, and B are dependent

Find the test statistic.
2_ .
xo= D (Round to the nearest hundredth as needed.)

Specify the rejection region. Choose the correct answer below.

OA. ¥?>15.5073
OB. 425948773
OC. %2>16.9190
OD. 42>3,84146

State the conclusion. Choose the correct answer below.

(OA. Fail to reject Hy, there is insufficient evidence to indicate the row and column classification
are dependent at o= 0.05.

(3B. Reject Hy, there is insufficient evidence to indicate the row and column classification are
dependent at o = 0.05.

(OC. Reject Hy, there is sufficient evidence to indicate the row and column classification are
dependent at . = 0.05.

(D. Fail to reject Hy, there is sufficient evidence to indicate the row and column classification are
dependent at «. = 0.05.

Data Table
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11. B; B2 B3
{cont.) Aq 41 73 43
A A, 63 53 72
A, 31 38 30
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12.

A researcher examined the political strategies used by ethnic groups worldwide in their fight for
minority rights. Each in a sample of 275 ethnic groups was classified according to world region and
highest level of political action reported. The data are summarized in the accompanying contingency
table. Conduct a test at o= 0.10 to determine whether political strategy of ethnic groups depends on
world region. Support your answer with a graph.

1D Click the icon to view the contingency table.

7 i

Specify the null and alternative hypotheses. Choose the correct answer below.
(3A. Hy: Political strategies of different world regions are dependent.
H,: Political strategies of different world regions are independent.

(0B. Hy: Political strategy and world region are independent.
H,: Political strategy and world region are dependent.

{3C. Hy: Different world regions are independent of each other.
H,: Different world regions are dependent on each other.

(OD. Hy: Different world regions are dependent on each other.
H,: Different world regions are independent of each other.

Find the test statistic.

xz = D (Round to the nearest hundredth as needed.)

Specify the rejection region. Select the correct choice below and fill in the answer box(es) to
complete your choice.

(Round to four decimal places as needed.)

oA <oy
(1B, x2>.
oC. x2<.

State the conclusion. Choose the correct answer below.

(DA, Reject Hy. There is sufficient evidence to indicate that the political strategy of the ethnic
groups depends on world region at o = 0.10.

(OB. Reject Hy. There is insufficient evidence to indicate that the political strategy of the ethnic
groups depends on world region at a = 0.10.

{)C. Fail to reject Hy. There is sufficient evidence to indicate that the political strategy of the
ethnic groups depends on world region at ¢ = 0.10.

(OD. Fail to reject Hy. There is insufficient evidence to indicate that the political strategy of the
ethnic groups depends on world region at o.=0.10,
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12. Graph the percentage of each political strategy within each region. Choose the correct graph below.
{cont.)

(A, (B. Cic.

Percent

Percent

4

NMT NMT NMT NMT

NMT NMT NMT NMT
Political Strategy

Political Strategy

NMT NMT NMT NMT
Political Strategy

Data Table
Political Strategy (S)
Terrorism,
No Political Mobilization, Mass Rebellion,
World Region Action (N) Action (M) Civil War (T) Totals
A 24 30 7 61
B 31 23 4 58
C 12 22 27 61
D 39 36 20 95
Totals 106 111 58 275
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