
Chapter 14  
  
14.1  (a) (i) 0.20 < P-value < 0.25. (ii) P-value = 0.235. (b) (i) 0.02 < P-value < 0.025.  (ii) P-
value = 0.0204. (c) (i) P-value > 0.25. (ii) P-value = 0.3172. 
 
14.2  Answers will vary.  (a)  Use a 2χ goodness of fit test.  Most classes will obtain a very large 
value of the test statistic 2X  and a very small P-value.  (b)  Use a one-proportion z test with a 
two-sided alternative or construct a confidence interval for p. (c)  You can construct the interval; 
however, your ability to generalize is limited by the fact that your sample of bags is not an SRS. 
M&M’s are packaged by weight rather than count. 
 

14.3  (a) See the table below; for example, 22 24.2%
91

 received A’s.  (There were 91 students 

in the class.)  The professor gave fewer A’s and more D/F’s than TAs.  (b) The expected counts 
are also given in the table below; for example, 91×0.32 = 29.12.  (c) We want to test 

versus : at least one of these proportions is 
different.  All the expected counts are greater than 5 so the condition for the goodness of fit test 
is satisfied.  The chi-square statistic is 

0 /: 0.32, 0.41, 0.20, 0.07A B C D FH p p p p= = = = aH

( ) ( ) ( ) ( )2 2 2 2
2 22 29.12 38 37.31 20 18.2 11 6.37

5.297
29.12 37.31 18.2 6.37

X
− − − −

= + + + .  We have df = 4 − 1 = 3, so 

Table D shows 0.15 < P-value < 0.20 and software gives P-value = 0.1513.  Since 0.1513 > 0.05, 
there is not enough evidence to conclude that the professor’s grade distribution was different 
from the TA grade distribution. 

 A B C D/F 
Percent 24.2% 41.8% 22.0% 12.1% 
Expected Count 29.12 37.31 18.2 6.37 

 

14.4  We want to test 0 20 40
1:
3V T TH p p p= = = versus  at least one of these proportions is 

different.  There were 53 birds in all, so the expected counts are each 

:aH

153 17.67
3

× .  Since the 

expected counts are greater than 5, the goodness of fit test can be used for inference.  The chi-

square statistic is ( ) ( ) ( )2 2 2
2 31 17.67 14 17.67 8 17.67

10.06 0.76 5.29 16.11
17.67 17.67 17.67

X
− − −

= + + = + + .  The 

degrees of freedom are df = 3 − 1 = 2, and Table D shows that 16.11 is greater than the 0.0005 
critical value of 15.20, so the P-value < 0.0005.   Since 0.0005 < 0.01, there is very strong 
evidence that the three tilts differ.  The data and the terms of chi-square show that more birds 
than expected strike the vertical window and fewer than expected strike the 40 degree window. 
 
14.5  We want to test The genetic model is valid (the different colors occur in the stated ratio 

of 1:2:1 or 

0 :H
1 1,
4 2GG gg Ggp p p= = = ).  The genetic model is not valid.  The expected counts 

are 21 for GG (green), 42 for Gg (yellow-green), and 21 for gg (albino).  The chi-square statistic 

:aH
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is ( ) ( ) ( )2 2 2
2 22 21 50 42 12 21

5.43
21 42 21

X
− − −

= + +  with df = 3 − 1 = 2. According to Table D, 0.05 < 

P-value < 0.1 and software gives P-value = 0.0662.  Since 0.0662 > 0.01, we do not have 
significant evidence to refute the genetic model, although the P-value is only slightly larger than 
0.05. 
 
14.6  We want to test  Motor vehicle accidents involving cell phone use are equally likely to 
occur on each weekday versus : The probabilities of a motor vehicle accident involving cell 
phone use vary from weekday to weekday (that is, they are not the same).  The hypotheses can 

also be stated in terms of population proportions: 

0 :H

aH

0
1:
5M T W R FH p p p p p= = = = =  versus  At 

least one of the proportions differs from 1/5 = 0.2.  The expected counts are all equal to 667×0.2 
= 133.4 > 5, so the condition for inference with the goodness of fit test is satisfied.  The chi-
square statistic is 

:aH

( ) ( ) ( ) ( ) ( )2 2 2 2 2
2 133 133.4 126 133.4 159 133.4 136 133.4 113 133.4

8.495
133.4 133.4 133.4 133.4 133.4

X
− − − − −

= + + + + .  We 

have df = 5 − 1 = 4, so Table D shows 0.05 < P-value < 0.10 and software gives P-value = 0.075.  
Since 0.075 > 0.05, we do not have significant evidence to refute the hypothesis that motor 
vehicle accidents involving cell phone use are equally likely to occur on each weekday.   
 
14.7  Answers will vary 
 

14.8  We want to test 0 1 2 12
1:

12
H p p p= = = =  versus  At least one of the proportions differs 

from 1/12.  There were 2779 responses, so we would expect  for each sign. 
The condition for inference (231.58 > 5) is satisfied.  The chi-square statistic is 

:aH

2779 /12 231.58

( ) ( ) ( ) ( )2 2 2 2
2 225 231.58 222 231.58 241 231.58 244 231.58

14.39
231.58 231.58 231.58 231.58

X
− − − −

= + + + + , with df = 12 

− 1 = 11.  From Table D, 0.20 < P-value < 0.25 and software gives P-value = 0.212.  There is not 
enough evidence to conclude that births are not uniformly spread throughout the year. 
 
14.9  (a)   versus At least one of the 0 :H 0 1 9..... 0.1p p p= = = = :aH ip ’s is not equal to 0.1. (b) 
and (c) Answers will vary.  Using randInt (0,9,200) → L4, we obtained the counts for digits 0 to 
9: 19, 17, 23, 22, 19, 20, 25, 12, 27, and 16.  (d)  Expected counts are all to 200×0.1 = 20. (e) 

The test statistic for our simulation is ( ) ( ) ( )2 2 2
2 19 20 17 20 16 20

8.9
20 20 20

X
− − −

= + + + , with df = 

10 −1 = 9 and P-value = 0.447.  There is no evidence that the sample data were generated from a 
distribution that is different from the uniform distribution. 
 

14.10  We want to test 0
1:
5G Lemon Lime O SH p p p p p= = = = =  versus  At least one of the 

proportions differs from 1/5 = 0.2.  The expected counts are all equal to 2615×0.2 = 523 > 5, so 
the condition for inference with the goodness of fit test is satisfied.  The chi-square statistic is 

:aH
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( ) ( ) ( ) ( ) ( )2 2 2 2 2
2 530 523 470 523 420 523 610 523 585 523

47.57
523 523 523 523 523

X
− − − − −

= + + + + .  We have df = 

5 − 1 = 4, so Table D shows that 47.57 is greater than the 0.0005 critical value of 20.00, so P-
value < 0.0005.  Since 0.0005 < 0.01, we have statistically significant evidence that the fruit 
flavors in Trix cereal are not uniformly distributed. 
 
14.11  (a) The two-way table of counts is shown below.  

Treatment Successes Failures 
Nicotine patch 40 244 − 40 = 204 
Drug 74 244 − 74 = 170 
Patch plus drug 87 245 − 87 = 158 
Placebo 25 160 − 25 = 135 

(b) The proportions are 40ˆ 0.1639
244Np =

74ˆ 0.3033
244Dp =, , 87ˆ 0.3551

245P Dp + = , and 

25ˆ 0.15625
160Pp = . (c)  The bar chart below shows that the patch plus the drug is the most 

effective treatment, followed by the drug alone.  The patch alone is only slightly better than a 
placebo.  
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(d) The success rate (proportion of those who quit) is the same for all four treatments. (e)  The 
expected counts are shown in the table below.  Each entry is obtained by multiplying the row 
total by the column total and dividing by the total number of smokers (893).  For example, with 
the nicotine patch the expected number of success is 244×226/893 61.75 and the expected 
number of failures is 244×667/893 182.25. 

Treatment Successes Failures 
Nicotine patch 61.75 182.25 
Drug 61.75 182.25 
Patch plus drug 62 183 
Placebo 40.49 119.51 

(f) The numbers of smokers who successfully quit with “patch plus drug” and “drug” are higher 
than expected. The numbers of smokers who successfully quits with “nicotine patch” and 
“placebo” are lower than expected.  This is a slightly different way of looking at the differences 
in the success rates we noticed in parts (b) and (c).   
 
14.12  (a) r = the number of rows in the table and c = the number of columns in the table.  (b)  
The approximate proportions are shown in the table below. 
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Goal Female Male 
HSC-HM 0.21 0.46 
HSC-LM 0.10 0.27 
LSC-HM 0.31 0.07 
LSC-LM 0.37 0.19 

(c)  One of the two bar charts below should be provided.  Both graphs compare the distributions, 
so the choice is really a personal preference.  It appears that men and women participate in sports 
for different reasons—women are more likely to fall in the two categories of low social 
comparison, while men are more likely to fall in the two categories of high social comparison. 
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(d)  The expected counts are shown in the table below.  The proportions of students in the other 
categories is 25/134 = 0.1866, 26/134 = 0.194, and 38/134 = 0.2836.  Multiplying each of these 
proportions by 67 gives the expected values. 

Goal Female Male 
HSC-HM 22.5 22.5 
HSC-LM 12.5 12.5 
LSC-HM 13 13 
LSC-LM 19 19 

(e)  For women, the observed counts are higher than expected for the two LSC categories and 
lower than expected for the two HSC categories.  For men the observed counts are higher than 
expected for the two HSC categories and lower than expected for the two LSC categories.  The 
comparison of the observed and expected counts shows the same association as we noticed with 
the proportions in parts (b) and (c). 
 
14.13  (a) A two-way table of counts is shown below 

Treatment Strokes No Strokes 
Placebo 250 1649 − 250 = 1399 
Aspirin 206 1649 − 206 = 1443 
Dipyridamole 211 1654 − 211 = 1443 
Both 157 1650 − 157 = 1493 

(b)  Even though the number of patients receiving each treatment is approximately the same, it is 
best to get the students used to switching counts to proportions (or percents) before making 
comparisons.  The bar graphs below compare the four distributions.  Students will make a choice 
between the two different visual displays based on personal preference.  The treatment using 
both aspirin and dipyridamole appears to be the most effective because it has the highest 
proportion of patients who did not suffer from strokes.

292 Chapter 14



Pr
op

or
ti

on

Treatment

NS

Bo
th

Dip
yri

da
mole

As
pir

in

Pla
ce

boBo
th

Dip
yri

da
mole

As
pir

in

Pla
ce

bo

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0.0

 
 

Pr
op

or
ti

on

Treatment BothDipyridamoleAspirinPlacebo
NSNSNSNS

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0.0

(c)  The null hypothesis says that the incidence of strokes is the same for all four treatments.  (d)  
The expected counts are shown in the table below. 

Treatment Strokes No Strokes 
Placebo 1649 824 205.81

6602
× 1649 5778 1443.19

6602
×

Aspirin 205.81 1443.19 
Dipyridamole 1654 824 206.44

6602
× 1654 5778 1447.56

6602
×

Both 1649 824 205.94
6602
× 1650 5778 1444.06

6602
×

 
14.14  The two-sample z test statistics for two proportions and the corresponding P-values are 
shown in the table below. 

Null Hypothesis Test Statistic P-value 
0 primary secondary:H p p=  0.66z = −  0.510 

0 primary university:H p p=  1.84z =  0.065 

0 secondary university:H p p=  2.32z =  0.020 
 
14.15  (a) The components of the chi-square statistic are shown in the table below. 

Treatment Successes Failures 
Nicotine patch 7.662 2.596 
Drug 2.430 0.823 
Patch plus drug 10.076 3.414 
Placebo 5.928 2.008 

The sum of these 8 values is with df = (4−1)×(2−1) = 3.  (b) According to Table D, 
P-value = < 0.0005. A P-value of this size indicates that it is extremely unlikely that such a result 
occurred due to chance; it represents very strong evidence against .  (c) The term for success 
with patch plus drug contributes the most (10.076) to 

2 34.937X =

0H
2X .  No, this is not surprising because we 

noticed in Exercise 14.11 that the “patch plus drug” group contained a higher than expected 
number of successful quitters and had the highest proportion of successes.  (d) Treatment is 
strongly associated with success.  More specifically, the patch together with the drug seems to be 
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most effective, but the drug is also effective.  (e) Yes, the value and conclusion are the same, 
and the P-value is given more accurately, as 0.00000013. 

2X

 
14.16  Answers will vary.  The bar graphs below illustrate the differences in the three 
distributions.  The biggest differences appear for the responses of Excellent and Good.  Blacks 
are less likely to rate the schools as excellent and Hispanics are more likely to give the schools 
the highest rating.  Whites are most likely to give the schools a good rating, while Blacks and 
Hispanics are most likely to give the schools a fair rating.
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The null hypothesis is that the distributions of responses to this question will be the same for 
each group, and the alternative hypothesis is that the distributions are not the same.  The Minitab 
output below contains the counts, expected counts, contribution to 2X , the value of the test 
statistic , df = (5−1)×(3−1) = 8, and P-value = 0.004.  Since 0.004 < 0.01, we have 
strong evidence to reject the null hypothesis and conclude that these three groups have different 
opinions about the performance of high schools in their state. 

2 22.426X =

Expected counts are printed below observed counts 
Chi-Square contributions are printed below expected counts 
         Black  Hispanic    White 
       parents   parents  parents  Total 
   1       12        34       22     68 
         22.70     22.70    22.59 
         5.047     5.620    0.015 
 
    2       69        55       81    205 
         68.45     68.45    68.11 
         0.004     2.642    2.441 
 
    3       75        61       60    196 
         65.44     65.44    65.12 
         1.396     0.301    0.402 
 
    4       24        24       24     72 
         24.04     24.04    23.92 
         0.000     0.000    0.000 
 
    5       22        28       14     64 
         21.37     21.37    21.26 
         0.019     2.058    2.481 
 
Total      202       202      201    605 
Chi-Sq = 22.426, DF = 8, P-Value = 0.004 
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14.17  (a) The components of the chi-square statistic are shown in the table below. 

Goal Female Male 
HSC-HM 3.211 3.211 
HSC-LM 2.420 2.420 
LSC-HM 4.923 4.923 
LSC-LM 1.895 1.895 

 
The sum of these 8 values is with df = (4−1)×(2−1) = 3.  (b) From Table D, P-value 
< 0.0005. A P-value of this size indicates that it is extremely unlikely that such a result occurred 
due to chance; it represents very strong evidence against .  (c) The terms corresponding to 
LSC-HM and HSC-HM (for both sexes) provide the largest contributions to . This reflects the 
fact that males are more likely to have “winning” (social comparison) as a goal, while females 
are more concerned with “mastery.”  (d) The terms and results are identical. The P-value of 
0.000 in the MINITAB output reflects the fact that the true P-value in part (b) was actually 
considerably smaller than 0.0005. 

2 24.898X =

0H
2X

 
14.18  (a) We want to test 0 1: 2H p p=  versus 1 1: 2H p p≠ , where 1p  denotes the proportion of 
patients who improved with gastric freezing and 2p  denotes the proportion of patients who 
improved with the placebo.  The actual counts of successes and failures are all greater than 5, so 
the z test is safe.  The sample proportions are 1ˆ 28 /82 0.3415p = , 2ˆ 30 / 78 0.3846p = , and 

28 30ˆ 0.3625
82 78cp +

=
+

.  The test statistic is 
( )

0.3415 0.3846 0.57
1 10.3625 1 0.3625

82 78

z −
= =

⎛ ⎞− +⎜ ⎟
⎝ ⎠

−  with a 

P-value = 0.5686  (software gives 0.57).   (b) See the Minitab output below.  The expected cell 
counts are all greater than 5, so the 2X  test is safe.   The test statistic is , which 
equals  (up to rounding; it is even closer if we carry out more decimals in 
the computation of z).  With df = 1, Table D tells us that the P-value > 0.25; Minitab reports P = 
0.570.  (c) Gastric freezing is not significantly more (or less) effective than a placebo treatment. 

2 0.322X =
( )22 0.57 0.3249z = −

            Freezing  Placebo     All 
 
Improved          28       30      58 
               29.73    28.28   58.00 
             0.10011  0.10524       
 
No                54       48     102 
               52.28    49.73  102.00 
             0.05692  0.05984       
 
All               82       78     160 
               82.00    78.00  160.00 
 
Cell Contents:      Count 
                    Expected count 
                    Contribution to Chi-square 

  
Pearson Chi-Square = 0.322, DF = 1, P-Value = 0.570 
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14.19  (a) The components of the chi-square statistic are shown in the table below.  
Treatment Strokes No Strokes 
Placebo 9.487 1.353 
Aspirin 0.000 0.000 
Dipyridamole 0.101 0.014 
Both 11.629 1.658 

The sum of these 8 values is with df = 3 and P-value < 0.0005.  Since 0.0005 < 0.01, 
we reject the null hypothesis and conclude that the distributions were different for the different 
treatments.  The largest contributions to the  statistic come from the Stroke and Placebo 
treatments.  Patients taking a placebo had many more strokes than expected, while those taking 
both drugs had fewer strokes.  The combination of both drugs is effective at decreasing the risk 
of stroke. (b) A two-way table of counts is shown below 

2 24.243X =

2X

Treatment Strokes No Strokes 
Placebo 202 1649−202=1447 
Aspirin 182 1649−182=1467 
Dipyridamole 188 1654−188=1466 
Both 185 1650−185=1465 

Bar charts comparing the four distributions are shown below.  The distributions appear to be very 
similar.
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The Minitab output below shows the counts, expected counts, contributions to  with df 
= 3, and P-value = 0.701. No drug treatment had a significant impact on death rate. 

2 1.418X =

Expected counts are printed below observed counts 
Chi-Square contributions are printed below expected counts 
       deaths  NoDeaths  Total 
    1     202      1447   1649 
       189.08   1459.92 
        0.883     0.114 
 
    2     182      1467   1649 
       189.08   1459.92 
        0.265     0.034 
 
    3     188      1466   1654 
       189.65   1464.35 
        0.014     0.002 
 
    4     185      1465   1650 
       189.19   1460.81 
        0.093     0.012 
Total     757      5845   6602 
Chi-Sq = 1.418, DF = 3, P-Value = 0.701 
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14.20  (a) We want to test 0 1: 2H p p=  versus 1 1: 2H p p≠ , where 1p  denotes the proportion of 
patients who died while taking aspirin and 2p  denotes the proportion of patients who died while 
taking both aspirin and dipyridamole.  The sample proportions are 

, , and 1ˆ 206 /1649 0.1249p = 2ˆ 157 /1650 0.0952p =
206 157ˆ 0.11

1649 1650cp +
=

+
.  The test 

statistic is 
( )

0.1249 0.0952 2.73
1 10.11 1 0.11

1649 1650

z −
=

⎛ ⎞− +⎜ ⎟
⎝ ⎠

=

2

 with a P-value = 0.0064  (software gives 

0.006).  Since 0.0064 < 0.01, we have strong evidence that there is a significant difference in the 
proportion of strokes for these two treatment groups.  (b)  We want to test 0 1:H p p=  versus 

1 1: 2H p p≠ , where 1p  denotes the proportion of patients who suffered from strokes while taking 
aspirin and  denotes the proportion of patients who suffered from strokes while taking both 
aspirin and dipyridamole.  The actual counts of successes and failures are all greater than 5, so 
the z test is safe.  The sample proportions are 

2p

1ˆ 182 /1649 0.1104p = , , 

and 

2ˆ 185 /1650 0.1121p =
182 185ˆ 0.1112

1649 1650cp +
=

+
.  The test statistic is 

( )

0.1104 0.1121 0.16
1 10.1112 1 0.1112

1649 1650

z −
=

⎛ ⎞− +⎜ ⎟
⎝ ⎠

= −  with a P-value = 0.8728  (software gives 

0.873).  Since 0.8728 > 0.05, we do not have evidence to refute the null hypothesis that the death 
rates are the same for the two treatment groups.  (c)  No, a chi-square test is not needed because 
we are comparing two different response variables for two groups. 
 
14.21  (a) r = 2 and c = 3. (b) The three proportions are 11/ 20 0.55= or 55.0%, 

or 74.73%, and 3/68/ 91 0.7473 8 0.375= or 37.5%.  Some (but not too much) time spent in 
extracurricular activities seems to be beneficial.  (c)  A bar graph is shown below. 
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(d) : There is no association between amount of time spent on extracurricular activities and 
grades earned in the course versus 

0H
:aH  There is an association. (e) The expected counts are 

shown in the table below; each entry is the row total times the column total divided by 119.  
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 Extracurricular Activities 
(hours per week) 

Grade <2 2 to 12 >12 
C or better 13.78 62.71 5.51
D or F 6.22 28.29 2.49

(f) Students who participated in almost no extracurricular activities (<2 hours) or lots of activities 
(>12 hours) passed less than expected and earned a D or F more than expected if these variables 
are not associated.  Students who tried to maintain balance (and participated in 2 to 12 hours of 
activities) passed more than expected and earned a D or F less than expected if these variable are 
not associated. 
 
14.22  (a) r = 3and c = 2. (b) The proportions are or 22.47%, 

or 18.58%, and 188 or 13.86%. A student’s likelihood of 
smoking increases when one parent smokes, and increases even more when both smoke. (c) A 
bar graph is shown below. 
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(d) The null hypothesis says that the smoking habits of parents and their students is independent 
(or not associated). (e) The expected counts are shown in the table below. 

Parents Student smokes Student does not smoke 
Both smoke 332 1448 
One smokes 418 1821 
Neither smokes 253 1103 

(f) The observed number of student smokers is much higher than expected when both parents 
smoke, and the observed number of student smokers is much lower than expected when neither 
parent smokes.  This is another way to look at the relationship between the smoking habits of 
parents and students.  Looking at observed and expected counts we come to the same conclusion 
that we did when comparing proportions: Children of non-smokers are less likely to smoke. 
 
14.23  (a) Missing entries in table of expected counts are 62.71 and 5.51 in the first row and  6.22 
in the second row. Missing entries in components of are 0.447 and 0.991.  (b) The degrees of 
freedom are df = (2−1)×(3−1) = 2, and according to Table D, 0.025 < P-value < 0.05.  Software 
gives P-value = 0.0313. Since 0.0313 < 0.05, we have significant evidence that there is a 
relationship between hours spent in extracurricular activities and performance in the course.  (c) 
The largest contribution comes from row 2, column 3 (“D or F in the course,  > 12 hours of 
extracurricular activities”).  Too much time spent on these activities seems to hurt academic 
performance because the observed count is higher than expected.  (d) No—this study 
demonstrates association, not causation. Certain types of students may tend to spend a moderate 

2X
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amount of time in extracurricular activities and also work hard on their classes; one does not 
necessarily cause the other. 
 
14.24  (a) 0 :H  There is no association between smoking habits of parents and their high school 
students. :aH There is an association between smoking habits of parents and their high school 
students.  The expected counts given in Exercise 14.22 are all greater than 5, so the condition for 
inference is satisfied.  The test statistic is 

with df = (3−1)×(2−1) = 2. 
The P-value is less than 0.0005, so we reject 

2 13.7086 3.1488 0.0118 0.0027 16.8288 3.8655 37.566X = + + + + +
0H  and conclude that there is very strong evidence 

of association between the smoking habits of parents and their high school children.  (b) The 
highest contributions come from row 1 and column 1 (“both parents smoke, student smokes”) 
and row 3 column 1 (“neither parent smokes, student smokes”). When both parents smoke, their 
student is much more likely to smoke, and when neither parent smokes, their student is unlikely 
to smoke.  (c)  No—this study demonstrates association, not causation. There may be other 
factors (heredity or environment, for example) that cause both students and parent(s) to smoke. 
 
14.25  all proportions are equal versus at least one proportion is different.  All of the 
expected counts are greater than 5, so we may proceed with a 

0 :H :aH
2χ  analysis.  The test statistic is 

 with df = 2 and P-value = 0.0049.  
Since 0.0049 < 0.01, we reject 

2 4.3604 1.4277 0.0360 0.0118 3.6036 1.1799 10.619X = + + + + +

0H  and conclude that the proportion of people who will admit 
using cocaine depends on the method of contact. 
 
14.26  (a)  We want to test 0 : B GH p p=  versus 1 : B GH p p≠ , where Bp  denotes the proportion 
of people with a bachelor’s degree who favor the death penalty and Gp  denotes the proportion of 
people with a graduate degree who favor the death penalty.  The actual counts of successes and 
failures are all greater than 5, so the z test is safe.  The sample proportions are 

, , and ˆ 135/ 206 0.6553Bp = 2ˆ 64 /114 0.5614p =
135 64ˆ 0.6219
206 114cp +

=
+

.  The test statistic 

is 
( )

0.6553 0.5614 1.66
1 10.6219 1 0.6219

206 114

z −
=

⎛ ⎞− +⎜ ⎟
⎝ ⎠

=  with a P-value = 0.097.  Since 0.097 > 0.05, we 

have no evidence to refute the hypothesis that the proportions of people who favor the death 
penalty are the same for these two educational levels.  (b)  See the Minitab output below.  The 
chi-square statistic is , which agrees (up to rounding) with .  For 
df = 1, Table D tells us that 0.05 < P-value < 0.10, while software gives P-value = 0.097, which 
agrees with the result from part (a). 

2 2.754X = 2 21.66 2.756z = =
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Rows: Degree   Columns: Death Penalty 
             Favor  Oppose    All 
Bachelor       135      71    206 
             128.1    77.9  206.0 
            0.3710  0.6101      * 
 
Graduate        64      50    114 
              70.9    43.1  114.0 
            0.6704  1.1025      * 
 
All            199     121    320 
             199.0   121.0  320.0 
Cell Contents:      Count 
                    Expected count 
                    Contribution to Chi-square 
Pearson Chi-Square = 2.754, DF = 1, P-Value = 0.097 

 
14.27  (a) A two-way table of counts is shown below 

 Cardiac Event  
Group Yes No Total 
Stress management 3 30 33
Exercise 7 27 34
Usual care 12 28 40
Total 22 85 107

(b) The success rates are 30 or 90.91%,  or 79.41%, and 
or 70%.  (c) The expected cell counts are  

/ 33 0.9091 27 / 34 0.7941
28/ 40 0.7000=

 Cardiac Event 
Group Yes No 
Stress management 6.79 26.21
Exercise 6.99 27.01
Usual care 8.22 31.78

All expected cell counts exceed 5, so the condition for the chi-square test is satisfied. (d)  See the 
Minitab output below for the counts, expected counts, and components of 2X .  The test statistic 
is  with df = 2 and P-value = 0.0889.  Although the success rate for the stress 
management group is slightly higher than for the other two groups, this difference could be due 
to chance.  We cannot reject the null hypothesis of no association between a cardiac event and 
the type of treatment. 

2 4.84X =

Rows: Group   Columns: Cardiac 
                 No      Yes     All 
Exercise         27        7      34 
              27.01     6.99   34.00 
            0.00000  0.00001        
Stress           30        3      33 
              26.21     6.79   33.00 
            0.54650  2.11149        
Usual            28       12      40 
              31.78     8.22   40.00 
            0.44864  1.73339        
All              85       22     107 
              85.00    22.00  107.00 
 
Cell Contents:      Count 
                    Expected count 
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                    Contribution to Chi-square 
Pearson Chi-Square = 4.840, DF = 2, P-Value = 0.089 

 
14.28 (a)  A bar graph is shown below.  The proportions in favor of regulating guns (in order 
from least to most education) are 58 /116 0.5= , 84 , 169 , 

, and 77 .  Those who did not complete high school and those 
with a college or graduate degree appear to be more likely to favor a ban.  

/ 213 0.3944 / 463 0.3650
98/ 233 0.4206 /176 0.4375
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(b)  The Minitab output below shows the counts, expected counts, and contributions to 2X .  The 
test statistic is , with df = 4, and P-value = 0.074.  Since 0.074 > 0.05, we cannot 
reject 

2 8.525X =
0H .  We do not have evidence to refute the hypothesis that the proportion of the adult 

population who favor a ban on handguns stays the same for different levels of education. 
Expected counts are printed below observed counts 
Chi-Square contributions are printed below expected counts 
          Yes      No  Total 
    1      58      58    116 
        46.94   69.06 
        2.605   1.771 
 
    2      84     129    213 
        86.19  126.81 
        0.056   0.038 
 
    3     169     294    463 
       187.36  275.64 
        1.799   1.223 
 
    4      98     135    233 
        94.29  138.71 
        0.146   0.099 
 
    5      77      99    176 
        71.22  104.78 
        0.469   0.319 
 
Total     486     715   1201 
 
Chi-Sq = 8.525, DF = 4, P-Value = 0.074 

 
14.29  We want to test There is no association between where young adults live and gender 
versus  There is an association between where young adults live and gender.  All expected 
counts are greater than 5, so the condition for inference is satisfied.  The counts, expected counts, 
and components of 

0 :H
:aH

2X  are shown in the Minitab output below.  All of the expected counts are 
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much greater than 5, so the condition for inference is satisfied.  The test statistic is  
with df = 3 and P-value = 0.012.  Note that the chi-square components for “parents’ home” 
account for 6.456 of the total 

2 11.038X =

2X .  Since 0.012 < 0.05, the choices of living places are 
significantly different for males and females.  More specifically, women are less likely to live 
with their parents and more likely to have a place on their own. 
 

Expected counts are printed below observed counts 
Chi-Square contributions are printed below expected counts 
        Female     Male  Total 
    1      923      986   1909 
        978.49   930.51 
         3.147    3.309 
 
    2      144      132    276 
        141.47   134.53 
         0.045    0.048 
 
    3     1294     1129   2423 
       1241.95  1181.05 
         2.181    2.294 
 
    4      127      119    246 
        126.09   119.91 
         0.007    0.007 
 
Total     2488     2366   4854 
Chi-Sq = 11.038, DF = 3, P-Value = 0.012 

 
14.30  (a)  The population of interest will probably be specified as all high school students at 
your school.  Some students may say all high school students, but you certainly don’t have an 
SRS from that population.  (b)  This student is correct, the sample is not an SRS, but we can use 
inference to see if the observed difference in this sample is due to chance.  (c)  You are taking 
one sample and classifying the students according to two categorical variables.  Thus, this is a 
chi-square test of independence.  (d)  Answers for the chi-square test will vary. 
 
14.31  (a) This is not an experiment because no treatment was assigned to the subjects.  (b) A 
high nonresponse rate might mean that our attempt to get a random sample was thwarted because 
of those who did not participate. This nonresponse rate is extraordinarily low. (c) We want to 
test There is no association between olive oil consumption and cancer versus  There is an 
association between olive oil consumption and cancer.  See the Minitab output below for the 
counts, expected counts, and components of 

0 :H :aH

2X .  All expected counts are much more than 5, so 
the chi-square test is safe. The chi-square statistic is with df = 4 and P-value = 
0.8174.  High olive oil consumption is not more common among those without cancer; in fact, 
when looking at the conditional distributions of olive oil consumption, all percents are between 
32.4% and 35.1%—that is, within each group (colon cancer, rectal cancer, control) roughly one-
third fall in each olive oil consumption category. 

2 1.552X =
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Expected counts are printed below observed counts 
Chi-Square contributions are printed below expected counts 
 
           Low   Medium     High  Total 
    1      398      397      430   1225 
        404.39   404.19   416.42 
         0.101    0.128    0.443 
 
    2      250      241      237    728 
        240.32   240.20   247.47 
         0.390    0.003    0.443 
 
    3     1368     1377     1409   4154 
       1371.29  1370.61  1412.10 
         0.008    0.030    0.007 
 
Total     2016     2015     2076   6107 
 
Chi-Sq = 1.552, DF = 4, P-Value = 0.817 

 
14.32  To describe the differences, we compare the percents of American and of East Asian 
students who cite each reason. Then we test 0 :H  There is no difference in the distributions for 
American and East Asian students versus 0 :H  There is a difference in the distributions for 
American and East Asian students.  We compute the percentages of each group of students who 
gave each response by taking each count divided by its column total; for example, 

 or 25.22%.  The percentages, rounded to one decimal place, are shown in the 
table below 
29 /115 0.2522=

Reason American East Asian 
Save time 25.2% 14.5%
Easy 24.3% 15.9%
Low price 14.8% 49.3%
Live far from stores 9.6% 5.8%
No pressure to buy 8.7% 4.3%
Other reason 17.4% 10.1%

Minitab output for the chi-square test is shown below. One expected cell count is less than 5, but 
this is within our guidelines for using the chi-square test. Note that the chi-square components 
for low price account for 18.511 of the total chi-square 25.737. With df = 5, Table D tells us that 
P < 0.0005.  There is very strong evidence that East Asian and American students buy from 
catalogs for different reasons; specifically, East Asian students place much more emphasis on 
“low price” and less emphasis on “easy” and “save time.” 
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Expected counts are printed below observed counts 
Chi-Square contributions are printed below expected counts 
 
       American  East Asian  Total 
    1        29          10     39 
          24.38       14.63 
          0.878       1.463 
 
    2        28          11     39 
          24.38       14.63 
          0.539       0.899 
 
    3        17          34     51 
          31.88       19.13 
          6.942      11.569 
 
    4        11           4     15 
           9.38        5.63 
          0.282       0.469 
 
    5        10           3     13 
           8.13        4.88 
          0.433       0.721 
 
    6        20           7     27 
          16.88       10.13 
          0.579       0.965 
 
    7       115          69    184 
         115.00       69.00 
          0.000       0.000 
 
Total       230         138    368 
 
Chi-Sq = 25.737, DF = 6, P-Value = 0.000 

 
14.33  (a) We want to test versus 0 1:H p p= 2 21:aH p p≠ , where  is the proportion of women 
customers in city 1 and 

1p

2p  is the proportion of women customers in city 2.  The sample 

proportions are 1
203ˆ 0.8423
241

p = , 2
150ˆ 0.6881
218

p = = , and 203 150ˆ 0.7691
241 218cp +

=
+

.  The test 

statistic is 
( )

0.8423 0.6881 3.92
1 10.7691 1 0.7691

241 218

z −
=

⎛ ⎞− +⎜ ⎟
⎝ ⎠

 with a P-value = 0.00009.  We have 

extremely strong evidence that the proportion of women customers in these two cities is 
different.  (b)  The chi-square test statistic is , which agrees with (up to rounding) 

. With df = 1, Table D tells us that P-value < 0.0005; a statistical calculator 
gives P = 0.00009. (c) A 95% confidence interval for 

2 15.334X =
2 23.92 15.3664z =

1 2p p−  is 

( ) 0.8423(1 0.8423) 0.6881(1 0.6881)0.8423 0.6881 1.96
241 218
− −

− ± +  = (0.0774, 0.2311).  Notice 

that 0 is not in the 95% confidence interval for the difference in the two proportions. 
 
14.34  No, with df = 4 and P-value = 0.4121, we do not have evidence to reject the hypothesis 
that the income distributions are different for customers at the two stores. 
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CASE CLOSED! 
(1)  We want to test 0 :H  the distributions of the two treatment groups are the same versus :aH  
the distributions of the two treatment groups are different.  Women were recruited for the study, 
so we must assume that these women are representative of all women with ages from 21 to 43 
and this cause of infertility.  The women were randomly assigned to the two treatment groups so 
we can assume that we have two samples, one from the population of women who would 
undergo acupuncture and another to serve as a control.  We will conduct a test for homogeneity 
of populations.  The Minitab output below shows the counts, expected counts, and components 
of 2X .  All of the expected counts are greater than 5, so this condition for inference is satisfied.   
The test statistic is with df = 1 and P-value = 0.030.  Since 0.03 < 0.05, we have 
evidence to reject the null hypothesis and conclude that the pregnancy rates are different for the 
two groups of women.  In short, acupuncture appears to improve a woman’s chance of getting 
pregnant with this fertilization technique. 

2 4.682X =

Rows: Pregnant   Columns: Group 
 
       Acupuncture  Control     All 
 
No              46       59     105 
             52.50    52.50  105.00 
            0.8048   0.8048        
 
Yes             34       21      55 
             27.50    27.50   55.00 
            1.5364   1.5364        
 
All             80       80     160 
             80.00    80.00  160.00 
 
Cell Contents:      Count 
                    Expected count 
                    Contribution to Chi-square 
Pearson Chi-Square = 4.682, DF = 1, P-Value = 0.030 

 
(2)  We want to test 0 : A CH p p= versus :a A CH p p≠ , where Ap  is the proportion of women 
undergoing IVF or ICS who would become pregnant with acupuncture and Cp  is the proportion 
of women undergoing IVF or ICS who would become pregnant lying still.  The sample 

proportions are 34ˆ 0.425
80Ap = , 21ˆ 0.2625

80Cp = , and 34 21ˆ 0.3438
80 80combinedp +

=
+

.  The test 

statistic is 
( )

0.425 0.2625 2.16
1 10.3438 1 0.3438

80 80

z −
=

⎛ ⎞− +⎜ ⎟
⎝ ⎠

 with a P-value = 0.0308.  Notice that 

, which agrees with (up to rounding) , and the P-values are also 
the same (except for the rounding differences).  Since 0.03 < 0.05, we make exactly the same 
conclusion we made in part (a). 

2 22.16 4.6656z = 2 4.682X =

 
(3)  The physiological effects of acupuncture on the reproductive system were not being studied 
in this experiment.  The researchers wanted to see if adding acupuncture to a fertilization method 
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would improve the pregnancy rates of women who choose this technique with a particular cause 
of infertility.   
 
14.35  The observed counts, marginal percents, and expected counts are shown in the table 
below.  The expected counts are obtained by multiply the national proportions (percent/100) by 
535. 

Score 5 4 3 2 1 
Observed Count 167 158 101 79 30
Percent 31.22 29.53 18.88 14.77 5.61
Expected Count 81.855 117.7 132.68 105.93 96.835

The bar graphs below show the two distributions, one for the national percents and another for 
the sample percents.  Note that students may decide to use proportions instead of percents, but 
the overall shapes will be the same.  The national distribution has a peak at 3 and is roughly 
symmetric.  The sample is skewed to the right according to the graph below, but notice that the 
scores are listed from highest to lowest so student may list the scores from lowest to highest and 
then correctly say that the sample is skewed to the left.  Some students may avoid this issue 
altogether by saying that the sample distribution is skewed towards the smaller scores, with a 
peak at the highest score (5).  
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We want to test The distribution of scores in this sample is the same as the distribution of 
scores for all students who took this inaugural exam versus The distribution of scores in this 
sample is different from the national results.  All expected counts are greater than 5, so the 
condition for the goodness of fit test is satisfied.  The test statistic 
is  with df = 4 and P-value < 0.0005.  We 
have very strong evidence that the distribution of AP Statistics exam scores in the sample is 
different from the national distribution. 

0 :H
:aH

2 88.5672 13.7986 7.5642 6.8463 46.1292 162.9X + + + +

 
14.36  The Minitab output below shows the counts, conditional distributions for the rows 
(amount of alcohol), conditional distributions for the columns (amount of nicotine), the expected 
counts, and the components of 2X .  Since the expected counts are all greater than 5, the 
condition for the chi-square test of association is satisfied.  We want to test 0 :H  There is no 
association between the amount of alcohol and the amount of nicotine consumed during 
pregnancy versus :aH  There is an association between the amount of alcohol and the amount of 
nicotine consumed during pregnancy.  The test statistic is  with df = 6 and P-value 2 42.252X =
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< 0.0005.  We have very strong evidence that there is an association between the amount of 
alcohol and the amount of nicotine consumed during pregnancy.  The primary deviation from 
independence (based on a comparison of expected and actual counts) is that nondrinkers are 
more likely to be nonsmokers than we might expect, while those drinking 0.11 to 0.99 oz/day are 
less likely to be nonsmokers than we might expect.  The visual displays provided will vary, but 
they should illustrate the conditional distributions provided in the output below.  One possible 
graph is provided below the Minitab output. 
 

Rows: Alcohol   Columns: Nicotine 
                  1-15  16 or more    None     All 
 
0.01-0.10            5          13      58      76 
                  6.58       17.11   76.32  100.00 
                  7.69       15.66   19.08   16.81 
                 10.93       13.96   51.12   76.00 
                3.2167      0.0655  0.9274        
 
0.11-0.99           37          42      84     163 
                 22.70       25.77   51.53  100.00 
                 56.92       50.60   27.63   36.06 
                 23.44       29.93  109.63  163.00 
                7.8440      4.8661  5.9913        
 
1.00 or more        16          17      57      90 
                 17.78       18.89   63.33  100.00 
                 24.62       20.48   18.75   19.91 
                 12.94       16.53   60.53   90.00 
                0.7223      0.0136  0.2060        
 
None                 7          11     105     123 
                  5.69        8.94   85.37  100.00 
                 10.77       13.25   34.54   27.21 
                 17.69       22.59   82.73  123.00 
                6.4583      5.9435  5.9975        
 
All                 65          83     304     452 
                 14.38       18.36   67.26  100.00 
                100.00      100.00  100.00  100.00 
                 65.00       83.00  304.00  452.00 
Cell Contents:      Count 
                    % of Row 
                    % of Column 
                    Expected count 
                    Contribution to Chi-square 
 
Pearson Chi-Square = 42.252, DF = 6, P-Value = 0.000 
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14.37  We want to test The survey results match the college population versus  The 
survey does not match the college population.  See the table below for observed counts, expected 
counts, and components of 

0 :H :aH

2X .  All expected counts are greater than 5, so the condition for the 
goodness of fit test is satisfied.  The test statistic is , with df = 3 and  P-value = 
0.1706.  We have little reason to doubt our survey responses match the college population. 

2 5.016X =

 
Observed Expected 2(observed expected)

expected
−

54 59.74 0.5515
66 55.62 1.9372
56 51.5 0.3932
30 39.14 2.1344

206  5.0163
 
 
14.38  We want to test versus 0 1 2 3 4: 1H p p p p= = = = :a/ 4 H at least one of the proportions is 
different from 1/4.  The table below shows the counts, expected counts, and components of 

2X for the sample data provided.  The expected counts are all equal to 200×0.25 = 50, which is 
greater than 5 so it is safe to use the goodness of fit test.  The test statistic is  with df = 
3 and P-value > 0.25, according to Table D (software gives a P-value = 0.3080).  Since 0.308 > 
0.05, we have no evidence to refute the hypothesis that the spinner is equally likely to land in any 
one of the four sections. 

2 3.6X =

Outcome Counts Expected 2(observed expected)
expected

−

1 51 50 0.02
2 39 50 2.42
3 53 50 0.18
4 57 50 0.98
 200 200 3.6
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14.39  (a) A two-way table of counts is shown below 
Temperature Hatched Not 
Cold 16 11
Neutral 38 18
Hot 75 29

(b) The percents are 59.3% for cold water, 67.9% for neutral water, and 72.1% for hot water. The 
percent hatching increases with temperature.  The cold water did not prevent hatching, but made 
it less likely. (c) We want to test 0 : C NH p p pH= =  versus  at least one :aH ip is different.  The 
Minitab output below shows the counts, expected counts, and components of 2X .  All expected 
counts are greater than 5, so it is safe to use the chi-square test of homogeneity.  The test statistic 
is  with df = 2 and a P-value = 0.427.  Since 0.427 > 0.05, the differences are not 
significant and could be due to chance.   

2 1.703X =

 
Expected counts are printed below observed counts 
Chi-Square contributions are printed below expected counts 
 
       Hatched    Not  Total 
 Cold       16     11     27 
         18.63   8.37 
         0.370  0.823 
 
 Neutral    38     18     56 
         38.63  17.37 
         0.010  0.023 
 
  Hot       75     29    104 
         71.74  32.26 
         0.148  0.329 
 
Total      129     58    187 
 
Chi-Sq = 1.703, DF = 2, P-Value = 0.427 

 
14.40  The sample percents of cocaine addicts who did not have a relapse are 14/24 or 58.33% 
with desipramine, 6/24 or 25% with lithium, and 4/24 or 16.67% with a placebo.  A bar graph 
comparing these percents is shown below. 
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We want to test  versus  at least one of the proportions is different.  The 

Minitab output below shows the counts, expected counts, and components of 
0 : D L placeboH p p p= = :aH

2X .  All expected 
counts are greater than 5, so it is safe to use the chi-square test of homogeneity.  The test statistic 
is  with df = 2 and a P-value = 0.005.  Since 0.005 < 0.01, we have very strong 2 10.5X =
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evidence that the probability of successfully breaking a cocaine addiction is different for the 
three different treatments.  More specifically, desipramine appears to be the best. 

Expected counts are printed below observed counts 
Chi-Square contributions are printed below expected counts 
 
              Yes     No  Total 
Desipramine    10     14     24 
            16.00   8.00 
            2.250  4.500 
 
Lithium        18      6     24 
            16.00   8.00 
            0.250  0.500 
 
Placebo        20      4     24 
            16.00   8.00 
            1.000  2.000 
 
Total     48     24     72 
 
Chi-Sq = 10.500, DF = 2, P-Value = 0.005 

 
14.41  (a) No, this is not an experiment because a treatment was not imposed.  (b) Among those 
who did not own a pet, 28/39 or 71.8% survived, while 50/53 or 94.3% of pet owners survived.  
Overall, 84.8% of the patients survived.  It appears that you are more likely to survive CHD if 
you own a pet!  (c) We want to test  There is no association between patient status and pet 
ownership versus There is an association between patient status and pet ownership.   The 
Minitab output below shows the counts, expected counts, and components of 

0 :H
:aH

2X .  The expected 
counts are all greater than 5, so it is safe to use the chi-square test for independence.  The test 
statistic is  with df = 1 and P-value = 0.003.  (d)  Since 0.003 < 0.01, we have very 
strong evidence that there is an association between pet ownership and survival with CHD.  (e) 
We used a 

2 8.851X =

2χ test.  In a z test, we would test 0 :H 1 2p p=  vs. aH 1: 2p p<    For this test, z = 
−2.975 with P-value = 0.0015.  The P-value is half that obtained in (c).  The z test enables us to 
use a one-tailed test.  If we are interested in deciding if pet ownership made a difference to 
survival rate (a two-tailed test) and not just improved survival rate (a one-tailed test), then it 
wouldn’t matter which test we used. 

Expected counts are printed below observed counts 
Chi-Square contributions are printed below expected counts 
 
          No    Yes  Total 
  Alive   28     50     78 
       33.07  44.93 
       0.776  0.571 
 
  Dead    11      3     14 
        5.93   8.07 
       4.323  3.181 
 
Total     39     53     92 
 
Chi-Sq = 8.851, DF = 1, P-Value = 0.003 

 
14.42  (a)  Subtract the “agreed” counts from the sample sizes to get the “disagreed” counts.  The 
table is in the Minitab output below.  The expected counts are all greater than 5.  The test statistic 
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is  with df = 1, P-value = 0.102, so we cannot conclude that students and non-
students differ in the response to this question. 

2 2.669X =

Expected counts are printed below observed counts 
Chi-Square contributions are printed below expected counts 
 
       Students  Nonstudents  Total 
 Agree       22           30     52 
          26.43        25.57 
          0.744        0.769 
 
Disagree     39           29     68 
          34.57        33.43 
          0.569        0.588 
 
Total        61           59    120 
 
Chi-Sq = 2.669, DF = 1, P-Value = 0.102 

(b)  We want to test versus 0 1 2:H p p= 1:aH p p2≠ , where 1p  is the proportion of students who 
agreed and 2p  is the proportion of non-students who agreed.  The sample proportions are 

1
22ˆ 0.3607
61

p = , 2
30ˆ 0.5085
59

p = = , and 22 30ˆ 0.4333
61 59cp +

=
+

.  The test statistic is 

( )

0.3607 0.5085 1.63
1 10.4333 1 0.4333
61 59

z −
=

⎛ ⎞− +⎜ ⎟
⎝ ⎠

−  with a P-value = 0.102.  Up to rounding, 2 2z X=  

and the P-values are the same.  (c)  The statistical tests in part (a) and (b) assume that we have 
two SRSs, which we clearly do not have here. Furthermore, the two groups differed in geography 
(northeast/West Coast) in addition to student/non-student classification. These issues mean we 
should not place too much confidence in the conclusions of our significance test—or, at least, we 
should not generalize our conclusions too far beyond the populations “upper level northeastern 
college students taking a course in Internet marketing” and “West Coast residents willing to 
participate in commercial focus groups.” 
 
14.43  (a) The best numerical summary would note that we view target audience (“magazine 
readership”) as explanatory, so we should compute the conditional distribution of model dress 
for each audience. This table and graph are shown below.
 Magazine readership 
Model dress Women Men General 
Not sexual 60.94% 83.04% 78.98%
Sexual 39.06% 16.96% 21.02%
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(b) The Minitab output containing the counts, expected counts, and components of 2X are shown 
below.  The expected counts are all greater than 5.  The test statistic is  with df = 2 and 2 80.9X =
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P-value < 0.0005.  Since the P-value is very small, we have very strong evidence that target 
audience affects model dress.  

Expected counts are printed below observed counts 
Chi-Square contributions are printed below expected counts 
                                 Gen. 
              Women     Men  Interest  Total 
Not sexual      351     514       248   1113 
             424.84  456.56    231.60 
             12.835   7.227     1.162 
 
Sexual          225     105        66    396 
             151.16  162.44     82.40 
             36.074  20.312     3.265 
 
Total           576     619       314   1509 
 
Chi-Sq = 80.874, DF = 2, P-Value = 0.000 

(c) The sample is not an SRS: A set of magazines were chosen, and then all ads in three issues of 
those magazines were examined. It is not clear how this sampling approach might invalidate our 
conclusions, but it does make them suspect.  
 
14.44  (a)  First we must find the counts in each cell of the two-way table.  For example, there 
were about 0. Division I athletes who admitted to wagering.  These counts are 
shown in the Minitab output below, where we see that  with df = 2 and P < 0.0001. 
There is very strong evidence that the percentage of athletes who admit to wagering differs by 
division.  (b)  Even with much smaller numbers of students (say, 1000 from each 

172 5619 966×
2 76.675X =

division), the P-value is still very small. Presumably the estimated numbers are reliable enough 
that we would not expect the true counts to be less than 1000, so we need not be concerned 
about the fact that we had to estimate the sample sizes.  (c)  If the reported proportions are 
wrong, then our conclusions may be suspect—especially if it is the case that athletes in some 
division were more likely to say they had not wagered when they had.  (d)  It is difficult 
to predict exactly how this might affect the results: Lack of independence could cause the 
estimated percents to be too large, or too small, if our sample included several athletes from 
teams which have (or do not have) a “gambling culture.” 
 

Expected counts are printed below observed counts 
Chi-Square contributions are printed below expected counts 

 
             I       II      III  Total 
  Yes      966      621      998   2585 
       1146.87   603.54   834.59 
        28.525    0.505   31.996 
 
  No      4653     2336     3091  10080 
       4472.13  2353.46  3254.41 
         7.315    0.130    8.205 
 
Total     5619     2957     4089  12665 
 
Chi-Sq = 76.675, DF = 2, P-Value = 0.000 
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