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PART V. SOLUTIONS TO SELECTED EXERCISES

Solutions to Chapter 1 Exercises

Solution 1.1 categorical

Solution 1.4

(a) For each individual (appliance), a number value is recorded (percentage owning that appliance), and
so there is one quantitative variable involved.

(b) There is a categorical explanatory variable (which year, 1987 or 2001) and a quantitative response
variable (what percentage of households owned the appliance in that year).

(c) There is one quantitative variable (how many television sets are owned).

Solution 1.5

(a) The individuals are people, the variable is marital status, and it is categorical.

(b) The individuals are states, the variable is divorce rate, and it is quantitative.

(c) population

Solution 1.6 displaying and summarizing data

Solution 1.10

(a) quantitative

(b) mean

Solution 1.11 A categorical variable (able to cope without cell phone or not) is being considered, and it is
summarized with a percentage.

Solution 1.18

(a) two quantitative variables

(b) one quatitative and one categorical variable

(c) one quatitative and one categorical variable

(d) two categorical variables

Solution 1.19

(a) data production

(b) displaying and summarizing

(c) probability

(d) statistical inference

Solution 1.22 categorical

Solutions to Chapter 2 Exercises

Solution 2.3

(a) Deciding which customers to poll is concerned with sampling; deciding what to ask them is concerned
with study design.

(b) Satisfaction would be categorical if they were simply asked whether or not they were satisfied. It
would be quantitative if they were asked to rate their level of satisfaction on a numerical scale. There
are many other possibilities in either case.

Solution 2.6 Many responses are possible besides these:

(a) If they survey students who are attending one of the concerts, then they would be non-representative,
and tend to have a higher degree of satisfaction than students who do not attend.
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(b) The survey may be worded in such a way as to suggest that if the concerts are not appreciated,
they will be reduced, in which case students may be careful to express a higher level of satisfaction
than they actually feel. If, on the other hand, students suspect that dis-satisfaction could lead to the
booking of better musicians, they may exaggerate their complaints.

Solution 2.8 There are many other possible correct answers besides the following:

(a) Put a box outside the lounge, indicating that teachers can contribute comments about the condition
of the lounge.

(b) Whenever a teacher stops by the principal’s office with other concerns, the principal can ask for his
or her opinion about the condition of the lounge.

(c) The principal thinks up several teachers to ask about conditions in the lounge.

(d) The principal randomly selects from a list that does not include the school’s part-time teachers.

(e) A random sample taken from all the school’s teachers receive an anonymous survey about the lounge
in their mailboxes, with a request for them to complete and return it.

Solution 2.9 multi-stage sampling

Solution 2.10

(a) quantitative

(b) mean

(c) gender

Solution 2.16

(a) multistage sample

(b) categorical

(c) statistical inference

(d) 3000

Solution 2.18 Brittany’s answer is best: take a stratified (according to gender) sample.

Solution 2.22

(a) from their list of customers

(b) systematic sample

(c) non-response

(d) 40%

Solution 2.31 Sample size doesn’t matter because results are biased anyway, due to the fact that respon-
dents to an email survey are not representative of the general population in terms of how often they use the
Internet to get sports information.

Solution 2.33

(a) all introductory statistics students at that university

(b) all college-aged females

Solution 2.40 The original design was an observational study; the resident used anecdotal evidence.

Solution 2.47 Since the top twenty are not a representative sample of all the nation’s universities, we
should not use information from the study to draw more general conclusions.

Solution 2.48

(a) Teens could have been asked to recall how often they watched pro wrestling, and how often they
had started a date fight, over the past several weeks or months. Faulty memories would be a major
drawback to this design.
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(b) Teens could be asked to keep journals to record what TV shows they watch over the next several
weeks or months, and also record their behavior on dates. The drawback to this design is that the
teens might not behave naturally, if the journals make them self-conscious about their TV viewing
and/or date behavior.

(c) Teens with violent tendencies may be the ones who are more inclined to watch TV pro wrestling;
causation may be occurring in the opposite direction from what the headline suggests.

Solution 2.52

(a) confounding variables (those who are predisposed to be mentally—and physically—sharp would also
tend to be more active walkers)

(b) Walking 1 1/2 hours per week or less than 40 minutes per week is the categorical explanatory variable;
having mental impairment is the categorical response.

(c) proportions

Solution 2.55

(a) observational study

(b) Afternoon light is explanatory variable, babies’ sleep is response.

(c) If babies’ sleep (explanatory variable) is good, then mothers have the energy or enthusiasm to take
them out for exposure to afternoon light (response variable).

Solution 2.57 It would be unethical to include a control group receiving neither drug because the women
are known to be at high risk for developing breast cancer, and need to be given some treatment.

Solution 2.58 It may be considered to be unethical to subject someone to brain surgery but not administer
any treatment that is considered beneficial.

Solution 2.59 Male subjects could be randomly divided into two groups, both given unmarked tubes of
cream; some contain Rogaine and others a similar preparation that does not include the active ingredient.
Hair coverage is measured for both groups before and after the treatment period.

Solution 2.60

(a) A study of whether acupuncture can relieve stress is more susceptible to the placebo effect because the
idea of treatment might relax patients. In contrast, the idea of treatment could not really influence
their hair growth.

(b) In the Rogaine study it would be easier to make subjects blind, by giving them a similar cream without
the active ingredient. In contrast, it would be difficult to simulate the administration of acupuncture
needles.

Solution 2.61 They compared weal sizes to avoid the experimenter effect: reporting pain would be very
subjective, and the experimenters were not blind.

Solution 2.62 lack of realism

Solution 2.66

(a) This was an experiment, because a treatment (oatmeal) was imposed by researchers.

(b) The two variables are oatmeal intake (categorical explanatory variable) and whether or not cholesterol
is lowered (categorical response variable).

(c) The treatment group was 100 people in Lafayette, Colorado who volunteered to eat a good-sized bowl
of oatmeal for 30 days.

(d) There was no randomized assignment to treatment or control because there was no control group.

(e) The participants, being conscious of the attempt to lower their cholesterol by eating oatmeal, may
have consciously or sub-consciously made other changes in their eating habits which reduced their
cholesterol.

(f) Hawthorne effect

(g) No, because larger samples are not helpful in flawed study designs.
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(h) A better design would have been a randomized controlled double-blind experiment. Randomly divide
subjects into two groups, where one group is given oatmeal in some form (such as a bar or an unmarked
cereal containing oats) to eat daily. The other group is given a food that is as similar as possible except
it contains something other than oats. The subjects should not be told whether or not they’ve been
given oatmeal. The measurement of cholesterol is objective enough that having researchers blind is a
non-issue.

Solution 2.67 gender

Solution 2.69

(a) If it were an observational study, math scores could have been higher because children whose parents
enroll them in piano lessons would tend to have higher levels of academic achievement. (Type of
family to actively seek piano lessons or not would be the confounding variable.)

(b) two-sample

(c) paired

(d) If the two-sample design were used, it is possible that students randomly assigned to take piano lessons
were already better at math; if twins were used, their math skills are more likely to be comparable at
the start of the experiment.

(e) not so important because assessing math scores is a fairly objective process, whereby results would
tend not to be affected by researchers’ bias.

Solution 2.73

(a) A random sample wouldn’t necessarily consent to having tissue removed from the upper arm.

(b) Writing about time management was the control, as similar as possible to the treatment (writing
about disturbing events) except for the aspect being tested—what they wrote about.

(c) The response variable was wound size after two weeks, apparently quantitative.

(d) means

(e) lack of realism

(f) They could first separate subjects by sex, then randomly assign one or the other treatment to the
males, and similarly to the females.

(g) paired

Solution 2.74 The study to see if people can lower their cholesterol by eating oatmeal every day for a
month uses a before-and-after design.

Solution 2.83 the study where participants are asked to have tissue removed from their upper arm

Solution 2.85 the study where the response of interest is how sociable a bee’s behavior is

Solution 2.87 the study which tests children’s absorption of pesticides

Solution 2.90 hard-to-define concept

Solution 2.92

(a) non-representative sample

(b) higher

Solution 2.96 via computer lab facilities (provides more of a sense of anonymity)

Solution 2.98 It’s more important to assure respondents of their anonymity when asking how they rate
their instructor’s preparedness; otherwise, they may fear repercussions on their grade for the class.

Solution 2.101 ordered as above

Solution 2.103 the first
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Solution 2.106 The scale of 1 to 5 has one middle option (3) for people who want to give a neutral response.

Solution 2.108

(a) Researchers want to avoid bias that may result if there is a tendency to agree with the first opinion
provided (or with the second).

(b) Researchers could see if the proportions in favor of the registry program are roughly the same, whether
this opinion was stated first or second.

(c) 1,000 respondents

(d) Make it less complicated.

Solution 2.109 The question about whether the respondent feels the national firearms registry program
should be abandoned needs to include a response option for people who aren’t sure or have no opinion.

Solution 2.110 Surveyers want respondents to be in favor.

Solution 2.112 data production

Solution 2.113

(a) closed

(b) open

Solutions to Chapter 3 Exercises

Solution 3.1

(a) favorite color, living situation, smoked or not, eaten breakfast or not

(b) favorite color

(c) smoked less than a pack vs. a pack or more (alternatively, smoked up to a pack vs. more than a pack)

(d) statistics

(e) In this case, 15% may be an underestimate, if some students don’t want to admit to being smokers.

Solution 3.3

(a) 25/48 = 52% preschool and 23/48 = 48% elementary school

(b) preschool is the majority, which can also be called the mode

(c) p̂

(d) First block into the two age groups, then do a random assignment to treatment (additional sugar) or
control.

Solution 3.10

(a) observational study

(b) 25% and 67% are statistics; 12% and 83% are parameters

(c) pie chart on the right represents percentages stopped

(d) higher

(e) making a claim that racial profiling does not exist when it actually does

(f) probability

(g) Most people would feel the difference is significant, since 25% is more than twice 12%.

(h) more convincing

(i) compare heights of bars for blacks in population vs. blacks stopped by traffic police

(j) both about the same

(k) no, because race doesn’t follow a natural progression in amounts

Solution 3.25
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(a) 90/104 = 86.5% smoked less than a pack, 14/104 = 13.5% smoked a pack or more

(b) The percentage of smoking students who smoke a pack or more a day would be higher because the
denominator is smaller than that for the percentage of all students.

Solution 3.30

(a) A stemplot would be impractical for such a large data set.

(b) A boxplot calls attention to amounts that are high outliers.

(c) A histogram gives a clear picture of the shape of the distribution.

(d) displaying and summarizing data

Solution 3.32 One of the 2 stems is missing.

Solution 3.36

(a) fish fossils

(b) 270-110=160

(c) 210

(d) left-skewed

(e) less than

(f) The sample would not have been random, but rather a convenience and/or systematic sampling of
fossils at various depths.

Solution 3.39

(a) The boxplot fails to show what seems to be a high outlier in the histogram.

(b) because of the high outlier

(c) 627 (the mean), 317.4 (the standard deviation)

(d) (1500.0-627.0)/317.4=+2.75

(e) 22 (all but the maximum)

(f) negative

(g) 627 + .86(317.4) = 900 feet

(h) parameter, µ

(i) statistic, x̄

(j) no: since the Middle Atlantic region is not very mountainous, the vertical drop of its slopes could be
biased towards smaller values

Solution 3.41

0 00124677

1 01125778

2 9

3 2

4

5 06

The shape is skewed right, with high outliers.

Solution 3.48

(a) used upright pianos in the classified ads

(b) 0 14

0 566

1 122

1 6

2 123
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(c)
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(d) 1150

(e) 100, 575, 1150, 1850, 2300

(f) 1.5(1850 − 575) = 1912.5; there are no values below 575 − 1912.5 or above 1850 + 1912.5, so there are
no outliers

(g) fairly symmetric

(h)

2000

1000

0

P
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(i) The mean is approximately the same as the median because the shape is roughly symmetric.

(j) ((12*1175)+8000)/13=1700.

(k) statistical inference

(l) $1100

(m) standard deviation 739 dollars

(n) 1175 − .65(739) = 695 dollars

(o) 24

Solution 3.55

(a) (31 + 33 + 36 + 37 + 43 + 54)/6 = 39

(b) no, because these moons are not a random sample taken from any population

(c) because of the high outlier (54)

(d)
√

((31 − 39)2 + (33 − 39)2 + (36 − 39)2 + (37 − 39)2 + (43 − 39)2 + (54 − 39)2)/(6 − 1) = 8.4

(e) a bit smaller than average

Solution 3.60

(a) 1%+2%+4%=7%

(b) 1%+2%+4%+34%=41%

(c) 34%+24%+28%+7%=93%

(d) 24%+28%+7%=59%

(e) 5

(f) It is skewed left.

(g) 4.9 (somewhat less than the median)
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(h) 1.2 (because .012 and .12 are too small, 12.0 is too large)

(i) both 4

(j) because of the way the variable’s values are assessed

Solution 3.65 mean 188 grams, standard deviation 48 grams

Solution 3.67

(a) Histogram is centered at 32; from left to right mark circumferences of 17, 22, 27, 32, 37, 42, 47 to
indicate circumferences within 1, 2, and 3 standard deviations of the mean.

17 32 4722 27 37 42

68% of values

95% of values
99.7% of values

68-95-99.7 Rule for Women's Waists

473217

Circumferences (inches)

42372722

(b) The curve is a smoothed-out version of the histogram in part (a).

(c) 2.5%

(d) 27 inches

(e) Women in their twenties have more skewness because there is a bigger difference between their mean
and median. Both groups have right skewness because the mean is greater than the median.

(f) (32 − 32)/5 = 0; intuitively, if a value exactly equals the mean, it is zero standard deviations away
from the mean.

(g) fairly large

(h) 32 + 1.6(5) = 40 inches

(i) 32 − 1.2(5) = 26 inches

Solution 3.72

(a) (40 − 32.4)/2.4 = +3.17

(b) (40 − 115.3)/37.6 = −2.00

(c) 40 grams is more likely to be at the “fading ball of fluff” stage because its z score is less extreme for
this stage.

Solution 3.75 16%

Solution 3.83

(a) approximately normal

(b) skewed left/low outliers

(c) skewed right/high outliers

(d) skewed right/high outliers

(e) skewed right/high outliers

(f) approximately normal

(g) skewed right/high outliers

(h) skewed right/high outliers

Solution 3.86 On average, the fossils were obtained from about 201 meters below sea floor, and they differed
from this average by about 47 meters.
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Solution 3.88

(a) mean 1569 kg, standard deviation 1562 kg

(b) 0/20 = 0% less than one standard deviation below the mean

(c) 2/20 = 10% are more than two standard deviations above the mean

(d) The data set does not conform well to the 68-95-99.7 Rule, because of the high outliers.

Solution 3.94

(a)
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shape is skewed right

(b) more females (281 females, 163 males; or 63% vs. 37%)

(c)
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shape is normal

(d)

60 70 80
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shape is normal

(e) better to study them separately

Solution 3.99

(a) z = −2.33; weight is 188 − 2.33(48) = 76.2

(b) z = −1.28; weight is 188 − 1.28(48) = 126.6

(c) z = +.84; weight is 188 + .84(48) = 228.3

(d) z = +2.05; weight is 188 + 2.05(48) = 286.4
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Solution 3.101

(a) .0548

(b) 1 − .0548 = .9452

Solution 3.103

(a) z = (40 − 32.4)/2.4 = 3.17; probability is less than .0013.

(b) z = (40 − 115.3)/37.6 = −2.00 probability is .0228

Solution 3.106 .1587

Solutions to Chapter 4 Exercises

Solution 4.1 gender

Solution 4.2

(a) both

(b) x̄1 and x̄2

Solution 4.5 (a)

Solution 4.9

(a) 2.5 (lower)

(b) better to report medians because the high outlier for the U.S. inflates the value of the mean for
developed countries

(c) Because population sizes vary.

(d) 2.2 (slightly higher)

(e) bias in the assessment of a variable’s values

Solution 4.14

(a) means

(b) 1.5

(c) σ

(d) skewed right

(e) parameters

Solution 4.19

(a) two columns of quantitative responses for each of two categorical groups

(b)

Age Sex

26 f
27 f
32 m
32 m
32 m
33 m
34 f
35 f

Solution 4.23

(a) paired

(b) up by about 2 (mean of the difference is about +2)

(c) 3 (standard deviation of the difference)
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(d) unusually large increase in animal deaths

Solution 4.25

(a) centers are comparable

(b) no

(c) spreads are comparable

(d) no

(e) several-sample

Solution 4.27

(a) two-sample

(b) Ordinary elementary schools has a lower center than elementary/middle combined.

(c) yes

(d) Ordinary elementary schools have more variable scores than elementary/middle combined schools.

(e) 40

(f) no

(g) more

Solution 4.34

(a) females about 500 grams, males about 600 grams

(b) positive

(c) negative

(d) ducks of all ages

(e) 35-week-old ducks only

(f) when the distributions’ values are concentrated close to the means

(g) 40 ducks each

(h) 90

Solution 4.36

(a)

RPG-13PG

180

170

160

150

140

130

120

110

100

90

Boxplots of Movie Lengths
(means are indicated by solid circles)

(b) Movies with one of the ratings tend to be shorter but lengths are comparable for movies with the
other two ratings.

(c) Rating N Mean StDev

PG 7 105.71 17.48

PG-13 9 122.00 22.44

R 8 121.13 23.93

(d) yes (more convinced if samples were larger)

(e) 20

(f) s1, s2, s3
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Solution 4.41

(a) non-smokers

(b) smokers 28.9, non-smokers 43.2

(c) non-smokers

(d) major

(e) No, smoking does not necessarily cause a person to exercise less. Less health-conscious people may
tend to smoke, and they may also tend towards less exercise.

Solution 4.45 z = (0−2.7)/1.5 = −1.8; probability is .0359. This is a poor estimate because the distribution
is right-skewed, not normal; the actual probability of having a negative number of children must be zero.

Solution 4.56

(a) relationship

(b) two single variables

Solution 4.60

(a)

Breakfast No Breakfast Total

Male 1 4 5

Female 8 5 13

Total 9 9 18

(b) 20%

(c) 62%

MaleFemale
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(d) The sample is too small to give us an accurate picture of what is true for all male and female college
students.

Solution 4.62

(a) putting on a ‘slightly uncomfortable’ necktie for 3 minutes

(b) none

(c) explanatory variable is whether or not they already had glaucoma, response is whether they had a
significant rise in intraocular pressure

(d)

No
Glaucoma

Total

Pressure
Increase

No Pressure
Increase

Glaucoma

Total

12

14

26

8

6

14

20

20

40

(e) already having glaucoma or not
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(f)

Glaucoma
No

Total

Increase
Pressure

Increase
No Pressure

Glaucoma

Total

13

13

26

7

7

14

20

20

40

(g) one

(h) no

(i) no

Solution 4.63

(a) Of students without pierced ears, 17/36 = 47% prefer pink; of students with pierced ears, 28/39 = 72%
prefer pink. Thus, students with pierced ears tend to prefer pink.

(b) gender: females tend to have pierced ears and are more likely than males to prefer pink.

(c) For females, proportions preferring pink are 9/12 = 75% for those without pierced ears and 26/36 =
75% for those with. For males, proportions preferring pink are 8/24 = 33% for those without pierced
ears and 1/3 = 33% for those with. Neither female students nor male students with pierced ears tend
to prefer pink.

(d) (c)

Solution 4.64

(a) white 679/3712 = .18, black 210/1082 = .19; slightly higher for blacks

(b) parameters p1 and p2 (describe entire population, not sample)

(c) white 327/3712 = .09, black 46/1082 = .04

(d) sexual orientation

(e) whites

(f)

Black
Offender

Total

Sexual
Orientation Religion

White
Offender

Other Total

679

210

889

327

46

373

1006

256

1262

3712

1082

4794

Solution 4.69

(a) The right-most column focuses on sending troops early or late, and the bottom row focuses on pulling
troups early or late.

(b) 8/36 = .22

(c) 3/15 = .20

(d) 5/21 = .24

(e) whether troops were sent early or late

(f) (iv)

Solution 4.74

(a) 903/1495 = .60 surveyed March 20-22; 592/1495 = .40 surveyed March 23-24

(b) March 20-22: 760/903 = .84 favorable; March 23-24: 464/592 = .80 favorable

(c) The title does seem appropriate, because over just a few days’ time, people’s rating of press coverage
of the war went down by 4 percentage points. Although the difference is small, the sample size is
large, suggesting that it may reflect a real change in public opinion.
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Solution 4.78

(a) Course is categorical because the numbers refer to groups, not values with an arithmetic meaning.

(b) 200: 72%, 1000: 59%, 1100: 33%

(c) 200 has the highest percentage, 1100 has the lowest

(d) There is a good possibility that males and females would have a tendency to major in different subject
areas.

Solution 4.84 Correlation is appropriate for (ii) because it involves two quantitative variables. It is not ap-
propriate for (i) because the response is categorical; not appropriate for (iii) because the explanatory variable
is categorical; not appropriate for (iv) because both explanatory and response variables are categorical.

Solution 4.86 two single quantitative variables

Solution 4.90

(a)

2221201918

1987

1986

1985

1984

1983

Age

B
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It is a perfect negative relationship.

(b) (i) −1 (ii) 0 (iii) −1

(c) −1+0−1
3−1

= −1

(d) r = −1 is consistent with a perfect negative relationship.

(e) yes

Solution 4.94

(a) negative

(b) b1; β1

(c) positive

(d) Sleep is quantitative, summarized with average, and weight is categorical, summarized with propor-
tions overweight or obese.

(e) The correlation would be unaffected.

Solution 4.95 We can sketch a line passing through the point of averages, (x̄, ȳ) = (4.4, 5.7). Its slope
should be r

sy

sx
= .99

(

2.2
1.8

)

= 1.21

Solution 4.96

(a) linear

(b) If relatively high scores produce a high mean, then we expect a relatively high percentage of students
to pass; yes, the scatterplots show points sloping up in a positive direction.

(c) about −20%

(d) It doesn’t make much sense to include a school whose mean is so low that the regression line predicts
a negative percentage.

(e) displaying and summarizing

(f) 1250

(g) 80

Statistics: The Big Picture 856 Draft of October 17, 2007



PART V. SOLUTIONS TO SELECTED EXERCISES

(h) 40%

(i) 20%

(j) No, because then the line would be too high.

(k) No, because then the line would be too high for below-average means and too low for above-average
means.

(l) slope=.2

(m) S = 4.9, or about 5

(n) parameter β1

Solution 4.97

(a) 2000

(b) 1996; various percentages voting for a third-party candidate in each state would weaken the relationship
between percentages voting Republican and Democratic.

(c) r = −
√

.858 = −.926.

(d) R-Sq= 85.8%

Solution 4.98

(a) The one of the left is the strongest; the one in the middle is the weakest.

(b) The one on the right is clearly negative. We might expect there to be a negative relationship between
percentage passing the test and percentage who are disadvantaged: in general, disadvantaged children
would have fewer opportunities for academic progress, and so schools with more disadvantaged children
would haver fewer children passing the test.

(c) +.30 (weak positive)

(d) +.95 (strong positive)

Solution 4.100

(a) We expect a correlation of zero; the scatterplot does appear to have zero correlation, since it shows a
random scattering of points with no pattern.

(b) s and sy should be about the same because regression on explanatory values doesn’t really give us
any insight into response values.

(c) Chance: two sets of 5 random x and y values could just happen to cluster around some line of negative
or positive slope.

Solution 4.101

(a) (iii) is perfectly positive

(b) (ii) is perfectly negative

(c) (ii) and (iii) because they are perfect

Solution 4.103

(a) +.33 because the relationship is weak and positive

(b) Philadelphia

(c) increase quite a bit

(d) 1.76 + .2(9) = 3.56

(e) 1.7 − 3.56 = −1.86

(f) s = 4.2

Solution 4.115

(a) Year is a quantitative explanatory variable; race is a categorical explanatory variable; number of births
is a quantitative response variable.

(b) Growth for blacks, decline for whites.
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Solution 4.117

(a) none; they are all curved

(b) unadopted

(c) adoptions

(d) unadopted

(e) Decreasing number of terminated ties may prevent some children from bonding with new parents,
or may oblige some children to remain in “emotionally destructive” relationships with birth parents.
Increasing the number of adoptions would be nice, but presumably all the obvious ways to accomplish
this are already being attempted.

Solution 4.118

(a) age

(b) age explanatory, weight and earnings response

Solution 4.127

(a)

403020

70

60

50

40

30

20

10

0

Age

E
ar

ne
d

(b) both variables have high outliers

(c) r = .49

(d) As students get older and gain more job experience they tend to earn more money; also, some older
students may be working full-time.

(e) closer to 1

(f) Earned = −18.5526 + 1.0969(Age); 1 thousand dollars

(g) It’s nonsensical to discuss earnings of students who are zero years old.

Solution 4.129

(a)

5004003002001000

300

200

100

TV

W
T

(b) r = .18 weak and positive

(c) stay the same

(d) Males: r = .15; Females: r = .15

(e) yes

(f) 167; weight of males who watched no TV

(g) .06(60)=3.6 pounds

(h) implied that watching a lot of TV could make you heavier

(i) equation of regression line
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Solutions to Chapter 5 Exercises

Solution 5.1

(a) subjective assessment

(b) equally likely outcomes

(c) long-run set of observed outcomes

Solution 5.3

(a) Year is explanatory and marital status is response.

(b) substantially increased, from 268/688 = .39 to 1, 746/3, 557 = .49

(c) substantially decreased, from 229/688 = .33 to 709/3, 557 = .20

(d) stayed about the same, from 217/688 = .32 to 1, 102/3, 557 = .31

Solution 5.6 100%-(47%+20%+6%+5%)=22%

Solution 5.11

(a) .686

(b) based on long-run set of observed outcomes

Solution 5.15 1 − .95 = .05

Solution 5.18

(a) .14 + .04 = .18

(b) .14(.14) = .196

(c) because those events would be dependent; people in the same household could tend to be similar in
terms of making trips to the emergency room

Solution 5.19

(a) .8(.2) + .2(.8) + .8(.8) = .96

(b) 1 − (.2)(.2) = .96

Solution 5.20 .16 + .16 = .32

Solution 5.22

(a) may overlap

(b) may not overlap

(c) may overlap

(d) may not overlap

Solution 5.24

(a) Some topics must overlap because the percentages sum to more than 100%.

(b) Minimum would be 0%, if there were no overlap.

(c) Maximum possible probability that she feared either “being gossiped about” or “being called names”
(or both) is .24 + .18 − 0 = .42 (when there is no overlap to subtract).

(d) Maximum would be .18, if all girls who responded “being called names” also responded “being gossiped
about”.

(e) Minimum possible probability that she feared either “being gossiped about” or “being called names”
(or both) is .24+ .18− .18 = .24 (if all those who feared being called names also feared being gossiped
about).

(f) No, they are probably dependent because some of the fears are more similar than others.

Solution 5.29
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(a) .361 × .316 = .114

(b) higher

Solution 5.30

(a) dependent

(b) approximately independent

Solution 5.34

(a) 335

(b) 335/1030 = .325

(c) 335 + 170 + 306 = 811

(d) 811/1030 = .787

(e) P (Y ) = 505/1030 = .490; no, they do not seem fairly representative of the general population of
drivers in terms of age because the young seem to be over-represented.

(f) P (S) = 641/1030 = .622

(g) .787 = .490 + .622 − .325

(h) P (S|Y ) = 335/505 = .66

(i) Young drivers were more likely to swear than drivers in general, but the difference was just a few
percentage points.

(j) Likely to be dependent and to overlap quite a bit.

Solution 5.36

(a) independent

(b) non-overlapping

Solution 5.37 .02 is P (A given W ) and 1.00 is P (W given A)

Solution 5.48

(a) P (C and B) = .60(.34) = .204

(b) P (notC and B) = .4(.74) = .296

(c) P (B) = .204 + .296 = .50

(d) P (C given B) = P (C and B)/P (B) = .204/.50 = .408

(e) P (C) = .60 and P (C given B) = .408 are quite different because supporting stricter gun control laws
and voting for Bush were highly dependent: a voter was much less likely to be in favor of stricter gun
control laws if he or she voted for Bush.

Solution 5.50

(a) .44 × .38 + .56 × .43 = .41

(b) gender

Solution 5.52

(a) P (Preg) = .5, P (not Preg) = .5, P (Pos given Preg) = .75, P (Pos given not Preg) = .25, P (Pos) =
P (Preg) × P (Pos given Preg) + P (notPreg) × P (Pos given not Preg) = .5(.75) + .5(.25) = .5,
P (Preg given Pos) = P (Preg and Pos)/P (Pos) = .5(.75)/.5 = .75.

(b) P (Pos) = P (Preg)×P (Pos given Preg)+P (notPreg)×P (Pos given not Preg) = .8(.75)+ .2(.25) =
.65, P (Preg given Pos) = P (Preg and Pos)/P (Pos) = .8(.75)/.65 = .92.

(c) P (Pos) = P (Preg)×P (Pos given Preg)+P (notPreg)×P (Pos given not Preg) = .2(.75)+ .8(.25) =
.35, P (Preg given Pos) = P (Preg and Pos)/P (Pos) = .2(.75)/.35 = .43.

(d) As the probability of having the condition in question decreases, so does the probability of having the
condition, given that one tests positive for the condition.
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Solution 5.55

(a) Making health care visits is more dependent on gender, since P (H given M) and P (H given F ) are
more different from each other than P (H given B) and P (H given W ) are.

(b) P (H) = P (H given M)P (M) + P (H given F )P (F ) = .5 × .787 + .5 × .881 = .834

Solution 5.58

(a)

Expected Liberal Not Liberal

Year 1970 60 × 100/200 = 30 140 × 100/200 = 70

Year 2003 60 × 100/200 = 30 140 × 100/200 = 70

(b) 6

(c) 6,000

Solution 5.61

(a) p̂1 and p̂2

(b) P (R|T ) = 7/60 = .12 and P (R|TU) = 25/66 = .38; these probabilities seem very different.

(c)

Expected Clots Removed Not Removed

Just TPA 15 45

TPA & Ultrasound 17 49

(d) These counts seem very different from the counts that were actually observed (each is 8 fewer or 8 less
than the observed count).

(e) The researchers do seem justified in their claim that ultrasound enhances the standard clot-removal
effectiveness of TPA.

(f) The potential harmful consequences of erroneously concluding that ultrasound is not helpful would be
failing to treat clots with ultrasound and thereby lessening chances of their removal.

Solutions to Chapter 6 Exercises

Solution 6.1

(a) A mean could be calculated only for the second question, because it involves a quantitative variable.

(b) the principle of long-run observed outcomes

Solution 6.3

(a) pie chart

(b) p because it describes the entire population of assaults

(c) not necessarily, because sample proportion p̂ varies

(d) closer to .20 because larger samples behave more like the population

(e) 23 is a count

(f) .15 is a proportion

(g) observational study

Solution 6.8

(a) overestimates

(b) underestimates

(c) overestimates

(d) not obvious

Solution 6.12
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(a) 0, 1, 2, 3, 4, 5, 6, 7

(b)

X 0 1 2 3 4 5 6 7

Probability .20 .05 .05 .05 .05 .50 .05 .05

(c) 5

(d) because the distribution is skewed, not symmetric

Solution 6.14

(a)

Outcome X Probability

NNN 0 .75 × .75 × .75 = .421875
NND 1 .25 × .75 × .75 = .140625
NDN 1 .25 × .75 × .75 = .140625
DNN 1 .25 × .75 × .75 = .140625
NDD 2 .25 × .25 × .75 = .046875
DND 2 .25 × .25 × .75 = .046875
DDN 2 .25 × .25 × .75 = .046875
DDD 3 .25 × .25 × .25 = .015625

X Probability

0 .421875
1 3(.140625) = .421875
2 3(.046875) = .140625
3 .015625

(b) skewed right; 1; 1

Solution 6.16 Weight 0 with 9
16

, 1 with 6
16

, and 2 with 1
16

: 0( 9
16

) + 1( 6
16

) + 2( 1
16

) = 8
16

= .5.

Solution 6.17

(a) .5 is the average of the numbers 0 and 1

(b)
√

.52(.5) + .52(.5) = .5 makes sense as the typical distance of the numbers 0 and 1 from their mean .5

Solution 6.18

(a) 1 − (.02 + .04 + .34 + .24 + .28 + .07) = .01

(b) .01 + .02 + .04 = .07.

(c) Non-overlapping “Or” Rule

(d) The problem arises because of the way the values of X are assessed (self-ratings are biased higher
than true ability).

(e) Because ratings of friends are not independent (they would probably tend to be similar).

(f) .01(.01) = .0001

(g) .34 + .34 − .34(.34) = .56

(h) .07/(.24 + .28 + .07) = .12

Solution 6.19

(a)

7654321

.30

.20

.10

0

Self-Rated Ability

P
ro

ba
bi

lit
y

left-skewed, 5, 1

Statistics: The Big Picture 862 Draft of October 17, 2007



PART V. SOLUTIONS TO SELECTED EXERCISES

(b) We cannot use the 68-95-99.7 Rule to find probabilities because the distribution is not normal.

(c) µ = 1(.01) + 2(.02) + 3(.04) + 4(.34) + 5(.24) + 6(.28) + 7(.07) = 4.9

(d) The typical distance of values from their mean couldn’t be .012 or .12 (the histogram would have too
little spread) or 12.0 (the histogram would have too much spread).

(e) 4.9 + 2(1.2) = 7.3

(f) P (X > 7.3) = 0, not (1 − .95)/2 = .025 as it would be if the 68-95-99.7 Rule held. The distribution
is skewed left, not normal, and not at all smooth because only 7 values are possible.

(g) When X = 1, Y = 50
3

(1) − 50
3

= 0. When X = 7, Y = 50
3

(7) − 50
3

= 100.

(h) µ−50/3+(50/3)X = −50/3 + (50/3)(4.9) = 65

(i) σ−50/3+(50/3)X = (50/3)(1.2) = 20

Solution 6.22

(a)

0 1 2 3

0

.20

.40

.60

Bulls

P
ro

ba
bi

lit
y

43210

.80

.60

.40

.20

0

Cows

P
ro

ba
bi

lit
y

Both histograms are skewed right, but the histogram for bulls has a second peak at 2.

(b) Bullocks, since .28 is greater than .06.

(c) .66 + .04 + .28 = .98

(d) .78 + .11 + .06 = .95

(e) No; the Independent “And” Rule does not apply, because the probability of owning no cows could be
affected by whether or not bullocks are owned—B and C are likely to be dependent.

(f) µB = 0(.66) + 1(.04) + 2(.28) + 3(.02) = .66

(g) µC = 0(.78) + 1(.11) + 2(.06) + 3(.03) + 4(.02) = .40

(h) (66(0) + 4(1) + 28(2) + 2(3))/100 = .66, which equals the mean

(i) 0, since a family never owns .4 cows

(j) σB =
√

(0 − .66)2(.66) + (1 − .66)2(.04) + (2 − .66)2(.28) + (3 − .66)2(.02) = .95

(k) µB+C = .66 + .40 = 1.04.

(l) The formula may only be used if the random variables are independent, but as discussed above, B
and C are likely to be dependent.

Solution 6.26

(a) mean 50(4.7) = 235.0, standard deviation 50(1.0) = 50.0

(b) mean 4.7 + 4.7 = 9.7, standard deviation
√

1.02 + 1.02 = 1.4

(c) mean of the total days worked by both of them in a week can be computed as in (b) but not standard
deviation because days worked by sisters would not be independent (they would probably tend to be
similar, since their socio-economic status would be similar)

Solution 6.27

(a) X1 + X2 represents the thickness of bread for a sandwich constructed from two individual slices, and
2X1 represents the thickness of bread for a sandwich constructed by folding a single slice.
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(b) There is more of a tendency for extremely thin or thick sandwiches when a sandwich is constructed
by folding over a single slice.

(c) Mean of 2X1 is 2(.5) = 1.0 and mean of X1 + X2 is .5 + .5 = 1.0; they are equal.

(d) Standard deviation of 2X1 is 2(.01) = .02 standard deviation of X1 + X2 is
√

.012 + .012 = .014.
Standard deviation of 2X1 is larger because there is more of a tendency for extremely thin or thick
sandwiches when a sandwich is constructed by folding over a single slice.

Solution 6.29 The number of children is fixed, so there is a fixed sample size n = 3. There is the same
probability of sickle cell disease each time, p = .25. The births are independent of each other, and for each
child there are just two possibilities, disease or not. Thus, X is binomial with n = 3 and p = .25.

Solution 6.30

(a) when we sample from 100 people

(b) 25

(c) .25

Solution 6.31

(a) Not binomial because there are more than two possible values.

(b) Not binomial because sample size n is not fixed.

(c) X is binomial.

(d) Not binomial because sampling without replacement from a relatively small population results in
dependence of selections.

Solution 6.32 Depending on socio-economic level of students at particular high school, there could be fewer
or more single-child families. A private high school could tend to have students from smaller, wealthier
families. If the sample is biased, then the distribution of sample proportion would not be centered at
population proportion .05.

Solution 6.35 Centers would both be .25; there would be less spread for samples of 40, and shape would
be closer to normal for samples of 40.

Solution 6.36

(a) If X = 3 and n = 100, p̂ = 3/100 = .03.

(b) If p̂ = .01 and n = 200, X = .01(200) = 2

(c) Mean is np = 50(.02) = 1 and standard deviation is
√

np(1 − p) =
√

50(.02)(.98) = 1.0, approxi-
mately.

(d) On average, we expect to get about 1 married student in our sample, and the number who are married
will tend to differ from this mean by about 1.

(e) Mean is p = .02 and standard deviation is
√

p(1 − p)/n =
√

.02(.98)/50 = .02, approximately.

(f) Mean is np = 500(.02) = 10 and standard deviation is
√

np(1 − p) =
√

500(.02)(.98) = 3.1, approxi-
mately.

(g) Mean is p = .02 and standard deviation is
√

p(1 − p)/n =
√

.02(.98)/500 = .01, approximately.

(h) On average, we expect to get about .02 married students in our sample, and the proportion who are
married will tend to differ from this by about .01.

(i) Sample proportions are closer to .02 for the larger samples (500).

(j) More normal for the larger sample size, 500.

(k) The distribution of X is approximately normal for samples of 500 but not 50: 500(.02) and 500(.98)
are both at least 10, but 50(.02) is less than 10.

(l) The distribution of p̂ is also very right-skewed, since it has the same shape as X.

Solution 6.38 The mean is .02 but we cannot report the standard deviation because there is too much
dependence; since 100 is not more than 10 times 40, the rule of thumb for approximate independence is not
satisfied.
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Solution 6.39 Mean .25, standard deviation

√

.25(1−.25)
40

= .07 and shape close to normal because 40(.25) =

10 and 40(1 − .25) = 30 are both at least 10.

Solution 6.41

(a) categorical (under 23 or not)

(b)

21.6122.4

X

18.415.28.85.6

(c) Yes, because most of the area under the curve is to the left of 20.

(d)

.27.15.03

Sample Proportion

.23.19.11.07

(e) No, because there is almost no area under the curve to the left of .05.

Solution 6.43

(a)

10

.7

.6

.5

.4

.3

.2

.1

0

X

P
ro

ba
bi

lit
y

(b) 2

(c) The one on the right is more normal.

Solution 6.45

(a) Mean 25(.5) = 12.5, standard deviation
√

25(.5)(.5) = 2.5

(b) z = (11 − 12.5)/2.5 = −.60

(c) a bit low

(d) Mean .5, standard deviation
√

.5(.5)/25 = .1

(e) z = (.44 − .5)/.1 = −.60

(f) .6
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Solution 6.47

(a) (ii) Sample proportion of women in random samples of 100 is most normal (balanced population, large
sample size) and (iii) sample proportion of blacks in random samples of 10 is least normal (unbalanced
population, small sample size).

(b) (iv) Smallest standard deviation is .03, for p = .10 and n = 100 (sample proportion of blacks in
samples of 100); (i) largest standard deviation is .16, for p = .50 and n = 10 (sample proportion of
women in samples of 10).

Solution 6.49 the same

Solution 6.51 7! = 7 × 6 × 5 × 4 × 3 × 2 × 1 = 5040

Solution 6.52

(a) 7 × 6 × 5 = 210

(b) 7!
(7−3)!

= 7 × 6 × 5 = 210

Solution 6.53

(a) The number of permutations of 3 from 7 is 7 × 6 × 5 = 210 and the number of permutations of each
of those 3 is 3 × 2 × 1 = 6. Dividing 210 by 6, we get 35.

(b)

(

7
3

)

= 7!
3!4!

= 7×6×5
3×2×1

= 35

(c) The number of combinations of 4 from 7 is the same as the number of combinations of 3 from 7, or
35.

Solution 6.59

(a)

(

2
0

)

= 1

(b)

(

2
1

)

= 2

(c)

(

2
2

)

= 1

Solution 6.60 2(.4)1(.6)1 = .48

Solution 6.63 P (X = 1) =

(

6
1

)

.21(1 − .2)6−1 = .393216

Solution 6.64

(

5
0

)

.90.15 +

(

5
1

)

.91.14 +

(

5
2

)

.92.13 = .00001 + .00045 + .00810 = .00856

Solution 6.67 X is discrete and it has an infinite number of possible values: 1, 3, 5, etc.

Solution 6.68

(a) continuous quantitative

(b) categorical

(c) discrete quantitative

(d) continuous quantitative

(e) continuous quantitative

(f) continuous quantitative

(g) discrete quantitative

Solution 6.70

(a) No, P (X ≥ 2) and P (X > 2) aren’t necessarily equal because X is discrete.
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(b) Yes, P (X ≥ 2) and P (X > 2) should be equal because X, the mean of all values, is continuous.

(c) Yes, because X is continuous.

(d) Yes, because the random variable is continuous.

Solution 6.72

(a) between .84 and .975

(b) between .975 and .9985

(c) between .16 and .50

(d) between .975 and .9985

(e) between .84 and .975

(f) close to 0

Solution 6.74

(a)

473217

Circumferences (inches)

42372722

(b) .025; this is somewhat unusual (on the large side)

(c) between .0015 and .025, since 20 is between 17 and 22; this is very unusual (extremely small)

(d) 12 inches below the mean, where there are 5 inches in a standard deviation: (−12)/5 = −2.4, so it is
2.4 standard deviations below the mean

(e) z = (20 − 32)/5 = −2.4

(f) x = 32 + .8(5) = 36

Solution 6.75

(a) .997, because these values are 3 standard deviations on either side of the mean.

(b) (1 − .68)/2 = .16, since 127 is one standard deviation above the mean.

(c) 112 and 132 (within 2 standard deviations of the mean)

(d) 112 (2 standard deviations below the mean)

Solution 6.77

(a) z = (117 − 100)/15 = +1.13; unexceptional

(b) z = (144 − 100)/15 = +2.93; exceptional

(c) z = (132 − 100)/15 = +2.14; borderline

(d) z = (129 − 100)/15 = +1.93; borderline

Solution 6.79

(a) less than .025

(b) more than .025

(c) more than .025

(d) less than .025

(e) more than .025
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(f) more than .025

Solution 6.81

(a) between −1 and −2, since .10 is between .16 and .025

(b) greater than +3, since .001 is less than .0015

Solution 6.83

(a) 0

(b) 1

(c) 0

(d) 1

Solution 6.85

(a) z = (106 − 122)/5 = −3.2; very short

(b) z = (125 − 122)/5 = +.6; somewhat tall

(c) z = (116 − 122)/5 = −1.2; somewhat short

Solution 6.87

(a) z = (106 − 122)/5 = −3.2; probability of this short less than .0015

(b) z = (125 − 122)/5 = +.6; probability of this tall between .5 and .16

(c) z = (116 − 122)/5 = −1.2; probability of this short between .16 and .025

Solution 6.89

(a) Since .02 is between .025 and .0015, the z score is between +2 and +3, so the height is between
122 + 2(5) = 132 and 122 + 3(5) = 137 centimeters.

(b) Since .20 is between .16 and .5, the z score is between −1 and 0, so the height is between 122−(5) = 117
and 122 − 0(5) = 122 centimeters.

Solution 6.91

(a) less than .01

(b) greater than .01

(c) less than .01

(d) greater than .01

Solution 6.93

(a) z = −1.8, probability between .025 and .05

(b) z = +2.9, probability between .005 and 0

(c) z = +2.22, probability between .025 and .01

(d) z = −2.41, probability between .005 and .01

Solution 6.95

(a) z = −2.576, x = 2.45 − 2.576(.17) = 2.01

(b) z = +1.645, x = 2.45 + 1.645(.17) = 2.73

(c) z = −1.960, x = 2.06 − 1.960(.17) = 1.73

(d) z = +2.326, x = 2.06 + 2.326(.17) = 2.46

Solution 6.97

(a) µM−F = µM − µF = 534 − 500 = 34

(b) σM+F =
√

σ2
M + σ2

F =
√

1002 + 1002 =
√

20, 000 = 141
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(c)

-389 34 457

Difference (M-F)

316175-107-248

M-F=0

(d) Zero line is shown in the sketch above. If M − F is less than zero then the female’s score is higher.

(e) No, there is a substantial probability (roughly .4) that the female’s score is higher.

(f) probability

Software Needed

Solution 6.99

Probability Density Function

Binomial with n = 6 and p = 0.200000

x P( X = x )

1.00 0.3932

Solution 6.100

Cumulative Distribution Function

Binomial with n = 5 and p = 0.900000

x P( X <= x )

2.00 0.0086

Solution 6.103

(a) −1.28

(b) +3.08 or +3.09

Solution 6.105

(a) The top .02 has z = +2.05 so x = 122 + 2.05(5) = 132.25 centimeters.

(b) The bottom .20 has z = −.84 so x = 122 − .84(5) = 117.8 centimeters.

Solution 6.107 Mean is .02, standard deviation is
√

.02(1 − .02)/500 = .006, z = (.03− .02)/.006 = +1.67.
Probability of z greater than +1.67 is .0475, so probability of z less than +1.67 is 1 − .0475 = .9525.

Solution 6.109

(a) z = (20 − 12)/3.2 = 2.5; probability of z greater than 2.5 is .0062, so probability of z less than 2.5 is
1 − .0062 = .9938.

(b) z = (.05 − .15)/.04 = −2.5; probability of z less than −2.5 is .0062, so probability of z greater than
−2.5 is .9938.

Solution 6.111 z = (.44 − .5)/.1 = −.6; probability of z less than −.6 is .2743.

Solution 6.112 Mean is .5, standard deviation is
√

.5(1 − .5)/80 = .056, sample proportion is 31/80 = .388,
z = (.388 − .5)/.056 = −2; probability of z less than or equal to −2 is .0228.

Solution 6.114

(a) less than .0013, or approximately zero

(b) .0668
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(c) 1 − .0668 = .9332

(d) .0179

(e) .0446

(f) 1 − .2420 = .7580

Solution 6.116

(a) z = (106 − 122)/5 = −3.2; probability is less than .0013

(b) z = (125 − 122)/5 = .6; probability is .2743

(c) z = (116 − 122)/5 = −1.2; probability is .1151

Solution 6.118

(a) z = (117 − 100)/15 = 1.13; probability is 1 − .1292 = .8708

(b) z = (132 − 100)/15 = 2.13; probability is 1 − .0166 = .9834

(c) z = (89 − 100)/15 = −.73; probability is .2327

(d) z = (144 − 100)/15 = 2.93; probability is 1 − .0017 = .9983

(e) z = (129 − 100)/15 = 1.93; probability is 1 − .0268 = .9732

(f) z = (51 − 100)/15 = −3.27; probability is less than .0013, or approximately zero

Solution 6.120

(a) .0082

(b) .0287

(c) less than .0013, or approximately zero

(d) .3446

Solution 6.122

(a) z = (32.60 − 37.35)/2.64 = −1.80 probability of this low is .0359

(b) z = (45.00 − 37.35)/2.64 = 2.90; probability of this high is .0019

(c) z = (41.00 − 35.15)/2.64 = 2.22 probability of this high is .0132

(d) z = (28.00 − 35.15)/2.64 = −2.71 probability of this low is .0034

Solutions to Chapter 7 Exercises

Solution 7.1

(a) two categorical variables

(b) one each quantitative and categorical

(c) one quantitative variable

(d) one categorical variable

Solution 7.2 (c)

Solution 7.3

(a) two-sample

(b) paired

(c) several-sample

Solution 7.8 The sample is too large relative to population size (should be no more than one tenth popu-
lation size, and it is half) and so samples without replacement have too much dependence.

Solution 7.10

(a) population proportion p, a parameter
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(b) population mean µ, a parameter

Solution 7.15

(a) displaying and summarizing

(b) data production

(c) probability

(d) statistical inference

Solution 7.17

(a) approximately normal

(b) left-skewed/low outliers

(c) right-skewed/high outliers

(d) right-skewed/high outliers

Solution 7.19

(a) population proportion

(b) both population proportion and sample size

(c) both population proportion and sample size

Solution 7.21 40,000 since 40, 000(1/4, 000) = 10

Solution 7.23 4, 3, 2, 1, respectively

Solution 7.25

(a) Both distributions centered at .66.

(b) Less spread for samples of 50 students.

(c) Shape more normal for samples of 50 students.

Solution 7.26

(a) cannot use normal approximation because sample is too small

(b) sample proportion not centered at .66 because sample is biased

(c) can use methods presented

Solution 7.27 standard deviation

√

.66(1−.66)
90

= .05, sample proportion 64/90 = .71, standardized sample

proportion z = (.71 − .66)/.05 = +1, probability approximately .16.

Solution 7.31 According to a 2005 newspaper report about college students, the proportion who seek help
at counseling centers is .40 at expensive private institutions and .10 at larger, public institutions.

(a) .40

(b)
√

.40(.60)/100 = .05

(c) .10

(d)
√

.10(.90)/100 = .03

(e) positive

(f) negative

(g) (i) z = (.25 − .40)/.05 = −3, unusually low

(ii) z = (.25 − .10)/.03 = +5, unusually high

(iii) z = (.46 − .40)/.05 = +1.2, not unusual

(iv) z = (.16 − .10)/.03 = +2, unusually high

Solution 7.33
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(a) principle of long-run observed outcomes

(b) The distribution is left-skewed.

0 1

0

.40

.80

Sample proportion who never tried
marijuana in samples of size 1

P
ro

ba
bi

lit
y

(c) .88

(d)
√

.88(.12)/16 = .08

(e) still left-skewed, since the sample size is relatively small: n(1 − p) = 16(.12) = 1.92 is less than 10

(f) .88

(g)
√

.88(.12)/121 = .03

(h) approximately normal, since the sample size is relatively large: np = 121(.88) = 106.48 and n(1−p) =
121(.12) = 14.52 are both at least 10

(i) larger

(j) larger

Solution 7.35

(a) categorical; consider the numbers of bedrooms in new single-family houses completed in 2003 and
summarize with mean

(b) close to symmetric

0 1

0

.10

.20

.30

.40

.50

Sample proportion with exactly 3
bedrooms in samples of size 1

P
ro

ba
bi

lit
y

(c) .51

(d)
√

.51(.49)/6 = .20

(e) symmetric but not normal, since the sample size is relatively small: np = 6(.51) = 3.06 is less than 10

(f) .51

(g)
√

.51(.49)/24 = .10

(h) approximately normal, since the sample size is relatively large: np = 24(.51) = 12.24 and n(1 − p) =
24(.49) = 11.76 are both at least 10

Solution 7.36 .40 negative (less than .51), .53 positive (greater than .51), .90 positive (greater than .51)

Solution 7.37 .90 most extreme (furthest from .51), .53 least extreme (closest to .51)

Solution 7.38

(a) p̂ = 12/30 = .40, z = (.40 − .51)/.09 = −1.22, not unusual

(b) p̂ = 16/30 = .53, z = (.53 − .51)/.09 = +.22, not unusual

Statistics: The Big Picture 872 Draft of October 17, 2007



PART V. SOLUTIONS TO SELECTED EXERCISES

(c) p̂ = 27/30 = .90, z = (.90 − .51)/.09 = +4.33, unusually many

Solution 7.39

(a) .51 plus or minus 2(.09): between .33 and .69

(b) no, since .70 is outside the range of sample proportions we would see 95% of the time

(c) .32

Solution 7.45

(a) z = (.93 − .88)/.02 = +2.5

(b) between .025 and .0015

(c) between .01 and .005

(d) very unlikely

(e) (ii) Some of those 250 twelfth-graders had reason to believe their teachers would be aware of their
responses, and they adjusted their responses to seem more conservative than they actually were.

(f) not improbable

Solution 7.47

(a) mean .80, standard deviation
√

.80(.20)/64 = .05, shape approximately normal because 64(.8) and
64(.2) are both at least 10

(b)

.80
Sample proportion believing in God
for samples of size 64

 

.70 .75 .95.90.85.65

(c) No, because 48/64 = .75 is just one standard deviation below the mean

Solution 7.50

(a) mean .44, standard deviation

√

.44(1−.44)
66

= .06, shape approximately normal since 66(.44) and 66(1−
.44) are both at least 10.

(b) A sample proportion of .42 is not at all unusual, since it is just a third of a standard deviation below
the mean

Solution 7.51

(a) population mean

(b) population standard deviation and sample size

(c) population shape and sample size

Solution 7.53

(a) Both distributions are centered at 10.5.

(b) There should be less spread for the means of 16 selections.

(c) shape is more normal for 16 than for 9

Solution 7.55

(a) to the right of 69

(b) at 69
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(c) at 69

(d) to the left of 69

Solution 7.57

(a) 2.8/
√

16 = .7

(b) 2.8/
√

49 = .4

Solution 7.59 20 more spread, 20 less normal

Solution 7.61

(a) double the travel time to work for one randomly selected worker

(b) total travel time to work for two randomly selected workers (times to and from for the same worker
would be dependent)

(c) mean of 1
2
(X1 + X2) is 1

2
(22 + 22) = 22, which is the same as the mean of X

(d) standard deviation of 1
2
(X1 + X2) is 1

2

√
202 + 202 = 14.14

(e) 20/
√

2 = 14.14, the same as (d)

(f) The population distribution may be skewed, and 2 is too small a sample size to expect sample mean
to have an approximately normal shape.

Solution 7.63

(a) extremely right-skewed

(b) somewhat right-skewed

(c) approximately normal

Solution 7.66

(a) population mean µ

(b) 40 negative, 50 positive, 38 negative, 37 negative

(c) 50 most extreme (furthest from 42.6) and 40 least extreme (closest to 42.6)

Solution 7.67

(a) more than .5

(b) less than .16

(c) more than .025

Solution 7.68 z = (50 − 42.6)/3.0 = +2.47, which is between +2.326 and +2.576, so the probability is
between .01 and .005.

Solution 7.72

(a) 0, 1, 2, 3, 4, 5, 6, 7

(b) 5

(c) left-skewed

(d) 200 (larger sample because it has less spread)

(e) (i) extremely improbable (ii) very improbable (iii) not improbable

(f) compare means

Solution 7.74

(a) The shape would be flatter than normal because ages should be fairly evenly spread within a half
year or so of 19.8; the right skewness and high outliers would come from a few relatively old first-time
students.

(b) mean 19.8, standard deviation .32/
√

16 = .08
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(c)

19.80
Sample mean age for samples of size 16

 

19.64 19.72 20.0419.9619.8819.56

(d) not improbable

(e) mean 19.8, standard deviation .32/
√

64 = .04

(f)

19.80
Sample mean age for samples of size 64

 

19.72 19.76 19.9219.8819.8419.68

(g) very improbable

Solution 7.77

(a) mean 93, standard deviation 15/
√

144 = 1.25

(b) mean 93, standard deviation 15/
√

36 = 2.5

(c) sample mean MQ greater than 93

(d) z = (96.5−93)/1.25 = +2.8, which is high enough to suggest that these children are not representative
in terms of MQ: theirs tends to be higher than usual

(e) (85.7 − 93)/2.5 = −2.92, which is low enough to suggest that these children are not representative in
terms of MQ: theirs tends to be lower than usual

Solution 7.78

(a) 15/
√

25 = 3

(b) 93 plus or minus 2(3): the interval is (87, 99)

(c) .32

Solution 7.81

(a) z = (212 − 217)/(126/
√

3, 115) = −2.21

(b) between .025 and .0015

(c) between .01 and .025

(d) very unlikely

(e) (ii) The mean reading score for charter school fourth-graders is unusually low compared to the mean
score for all fourth-graders.

(f) z = (212 − 217)/(126/
√

9) = −.12, which is close to zero, so the sample mean is fairly close to 217.

Solution 7.85
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(a) Proportion living on campus is 222/445 = .499, or .50 rounded to two decimal places.

0 1

0.0

0.5

1.0

LiveOnCampus?

F
re

qu
en

cy

(b) mean .5, standard deviation
√

.5(1 − .5)/10 = .16. Shape symmetric and somewhat normal because
although the sample size is small, the underlying distribution is nicely balanced.

(c) mean .47, standard deviation .13

0.2 0.3 0.4 0.5 0.6 0.7
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5

6

7

PHatLiveN=10

F
re
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cy

(d) The mean and standard deviation conform fairly well, and the shape is fairly normal.

Solution 7.90

(a) mean 610, standard deviation 72/
√

40 = 11.4 shape should be close to normal because the population
is normal

(b) mean 610.5, standard deviation 11.5

585 590 595 600 605 610 615 620 625 630

0

1

2

3

4

5

6

XBarMathn=40

F
re

qu
en

cy

Histogram of XBarMathn=40

(c) Means and standard deviations are very close; shape is close to normal.

(d) If we continued to take repeated random samples, some sample means would be on the high side to
balance out those that are on the low side.

Tables Needed

Solution 7.93

(a) z = −3; probability of that low is .0013

(b) z = +5; probability of that high is less than .0013, or approximately zero

(c) z = +1.2; probability of that high is .1151

(d) z = +2; probability of that high is .0228
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Solution 7.95

(a) p̂ = .40, z = −1.22, probability is 2(.1112) = .2224

(b) p̂ = .53, z = +.22, probability is 2(.4207) = .8414

(c) p̂ = .90, z = +4.33, probability is less than 2(.0013), or approximately zero

Solution 7.97 z = +2.50; probability of this high or higher is .0062

Solution 7.100

(a) z = (40 − 42.6)/3.0 = −.87; probability of z greater than −.87 is 1 − .1922 = .8078

(b) z = (50 − 42.6)/3.0 = +2.47; probability of z greater than 2.47 is .0068

(c) z = (38 − 42.6)/3.0 = −1.53; probability of z less than −1.53 is .0630

(d) z = (37 − 42.6)/3.0 = −1.87; probability of z less than −1.87 is .0307

Solution 7.102

(a) z = 5−5.2

.7/
√

200
= −4.04; probability is less than .0013, or approximately zero

(b) z = 5−5.2

.7/
√

50
= −2.02; probability is .0217

Solution 7.104

(a) z = 19.9−19.8

.32/
√

16
= +1.25; probability is .1056

(b) z = 19.9−19.8

.32/
√

64
= +2.50; probability is .0062

Solution 7.106

(a) z = +2.8; probability is .0026

(b) z = −2.92; probability is .0018

Solution 7.108 z = −2.21; probability is .0136

Solutions to Chapter 8 Exercises

Solution 8.7 (c) quantitative explanatory variable and categorical response variable

Solution 8.11 Those who come forward may be more likely, or less likely, to be male than abuse victims
in general.

Solution 8.14 Using actual binomial probabilities would be preferable; since there are only 2 non-successes,
a normal approximation would not be appropriate.

Solution 8.17

(a) The survey from 1999 allowed for overlapping categories, because they total to more than 100%. The
survey from 2004 apparently did not, because readers specified the main reason for choosing the last
book they had read.

(b) .66

(c) The difference can be attributed to the questions: for 66% the cover was one of several reasons for
choosing a book; for 7% the cover was the predominant reason.

(d) population proportion, .07

(e) (i) This interval has a 95% probability of containing the proportion of all people for whom a book’s
cover was the deciding factor in choosing the last book they read.

(f) the first survey, because all the interval’s values are greater than .5

(g) n = 1/.042 = 625

Solution 8.19

(a) .53
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(b) It doesn’t make sense to set up a 95% confidence interval for the proportion of all Topeka voters who
opposed the repeal because the data actually represent all voters from that election already.

(c) p

Solution 8.20

(a) (iii) A confidence interval for the proportion of all people who dream about being chased.

(b) No; 25% refers to sampled people and 40% refers to sampled attack/chase dreams.

(c) .25 ± 2(.02) = (.21, .29)

Solution 8.26

(a) 1/
√

16, 000 = .008

(b) Yes, because .52 − .008 is still greater than .5.

(c) 1/
√

8, 000 = .011

(d) 1/
√

.13(16, 000) = .022

(e) .53 is within one margin of error (.022) of .52, and so it is a plausible value and the rate for the
population of Hispanics may not have dropped at all.

(f) larger samples

Solution 8.31 Actual binomial probabilities should be used, because there were too few in one of the
categories to justify use of a normal approximation.

Solution 8.34

(a) p̂ = 2858/5776 = .495

(b) yes because it is less than .5

(c) greater than .16, since −.79 is to the right of −1

(d) (ii) The data fail to prove that women are more likely to die in the week after Christmas than in the
week before.

(e) z

Solution 8.39

(a) Type I (rejecting null hypothesis that the draws are random, even though it is true)

(b) Type II (failing to reject null hypothesis that the draws are random, even though it is false)

(c) Type I, because they would invest time, money, and effort into improving the lottery when it’s actually
fine.

Solution 8.42

(a) .05 is usually the default cut-off level α.

(b) .01 should be used so that an athlete is not unfairly barred from participation in his sport.

(c) .10 should be used, because no immediate negative consequences would result from a positive test.

Solution 8.48

(a) 11.04 is the z statistic for the test making a comparison to all Americans aged 18 to 44, because .955
is further from .855 than it is from .942.

(b) Yes; the p-value is approximately zero, since the z statistic is so high.

Solution 8.52

(a) .11 (it is the smallest)

(b) .20 (it is the largest)

(c) .20 (it is the furthest from .15)

(d) .14 (it is the closest to .15)
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Solution 8.55 not very small

Solution 8.57

(a) Shaded area shown in graph below left.

0

 

.50 .52
sample proportion

0

 

0 .85 Z

(b) Shaded area shown in graph above right.

(c) Shaded area shown in graph below left.

0

 

.50 .52
sample proportion

0

 

0 .85 Z

(d) Shaded area shown in graph above right.

(e) No, because neither of the p-values is small.

(f) Yes, because the null hypothesis that p = .5 is not rejected.

Solution 8.59

(a) z = 0, since p̂ and p0 are both .5.

(b) The entire half of the normal curve to the right of .5 is shaded.

(c) The entire half of the z curve to the right of 0 is shaded.

(d) The entire area under the curve is shaded.

(e) The entire area under the curve is shaded.

(f) No, because the p-value is not small at all in either case.

Solution 8.62 100(.95) = 95

Solution 8.63

(a) The point estimate for population proportion is halfway between .67 and .91: (.67 + .91)/2 = .79.

(b) The margin of error is the distance from .79 to .67 or .91, which is .12.

(c) The approximate standard deviation is half the margin of error, or .06.

(d) A 90% confidence interval would be narrower, because the multiplier is 1.645 instead of 2.

(e) (iii) We are 95% sure that population proportion falls in this interval.

(f) yes, because the population (several thousand) is at least ten times the sample size (75)

Solution 8.64
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(a) greater-than

(b) H0 : p = .5 vs. Ha : p > .5

Solution 8.65

(a)
√

.10(1 − .10)/708 = .01

(b) 68, 640

(c) .10 ± 2(.01) = (.08, .12)

(d) only values greater than .05

(e) yes, because the range of plausible values is strictly higher than .05

Solution 8.67

(a) One point of view is that population proportion equals .05 and the other is that it is higher than .05.

(b) One would hope that researchers were careful to obtain a representative sample of children and to
perform the strep test carefully. Certainly there would be more than ten times 708 children in the city,
and the sample size is large enough, since we would expect .05(708) = 35 with and .95(708) = 673
without; both numbers are greater than 10.

(c) p̂ = 68/708 = .10, z = (.10 − .05)/.01 = +5

(d) less than .0015 since +5 is greater than +3

(e) (iv) The data provide evidence that Group A strep in the city is more resistant to macrolides than it
is in the U.S. in general.

Solution 8.69

(a) z is more extreme for the House because the sample size is larger.

(b) The p-value for the House is smaller because z is more extreme.

(c) .040/2 = .020

(d) one-sided only, since .02 is less than .025 but .04 is not

(e) .13

(f) the interval wouldn’t come close to containing .13

(g) H0 : p = .06 and H0 : p = .14

(h) p0

(i) z = 0 if p̂ = p0

(j) P-value would be 1, twice the probability of z being greater than the absolute value of 0.

Solution 8.75

(a) 14/36 = .39

(b)
√

.39(1 − .39)/36 = .08

(c) sample proportion 1 − .39 = .61, same standard deviation .08

(d) .39 ± 2(.08) = (.23, .55)

(e) No, probably more of them had dropped out. (If they were still performing, they would have been
easier to locate.)

Solution 8.78

(a) 95%

(b) .95(20) = 19

(c) 20 contain .5, but this will not always be the case; sometimes only about 18 or 19 will contain .5.

Solution 8.79

(a) .05

(b) .95, .05

(c) None, but this will not always be the case; sometimes one or two will reject.

(d) One (.058)

(e) because about half of the sample proportions will be below .5 and the other half above
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Software Needed

Solution 8.87 We have very strong evidence that this county’s proportion of Caesarians does not conform
to the national rate of .26.

Solution 8.92

(a) (.32, .41)

(b) no

(c) z = −3.08, p-value is .002; reject H0 : p = .44 and conclude the population proportion of males from
which the sample was obtained does not equal .44.

(d) .44 is not contained in the interval, and we reject the claim that p = .44

Tables Needed

Solution 8.97 z = +5 goes “off the charts”, so tables would not be helpful; we could say the p-value is
approximately zero.

Solution 8.99 p-value=.2148

Solution 8.102 .0154

Solution 8.103 .0197

Solution 8.109 p-value is .1977

Solution 8.111 1.000, 0.3422, 0.3422, 0.0574, 0.2076, 0.5286, 0.7490, 0.7490, 0.5286, 0.7490, 0.2076, 1.000,
0.8728, 0.1142, 0.7490, 1.000, 0.5286, 0.7490, 0.5286, 0.2076.

Solutions to Chapter 9 Exercises

Solution 9.7

(a) negative

(b) positive

(c) positive

(d) negative

(e) negative

(f) negative

(g) positive

Solution 9.14 No, because the sample would not be representative of all Iberian rock lizards.

Solution 9.16

(a) µ and σ

(b) 504 ± 2 110√
121

= (484, 524)

(c) We already know the population mean to be 504.

(d) narrowest is (iv) and widest is (i)

Solution 9.18 2(20/
√

16) = 10

Solution 9.22

(a) $9.04

(b) 9.04 ± 2(1.28/
√

82) = (8.76, 9.32) dollars

(c) Yes, $9,00 is well-contained in the confidence interval

(d) narrower
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(e) narrower

(f) Because the sample size 82 is so large that the z and t multipliers are virtually identical.

(g) Ha : µ 6= 9.00

Solution 9.25

(a) 607− 559 = 48 is the width of the interval; the margin of error is half that, 24, and the standard error
is half that, or 12.

(b) (iv) We are 95% confident that population mean falls in this interval.

(c) yes

(d) no, because 610 is contained in the interval

Solution 9.28

(a) x̄ is approximately normal because the sample is large (192)

(b) standardized sample mean follows an approximate z distribution because for a large sample s is close
to σ

(c) 57 ± 2(16/
√

192) = 57 ± 2.3 = (54.7, 59.3)

(d) t

(e) 40 is not a plausible value for population mean because it is below the interval, not inside

(f) 57−40

16/
√

192
= 14.72

(g) 40 is not a plausible value for population mean because then standardized sample mean would be too
large to be believable

(h) Ha : µ 6= 40

(i) yes, because 40 is not contained in the confidence interval

Solution 9.33
42.66−40

12.46/
√

25,000
= +33.75 is extremely large for a z statistic, so the probability of a sample

mean this high if the population mean were only 40 is extremely small.

Solution 9.34

(a) We have strong evidence that all male workers average more than 40 hours a week.

(b) no, because according to the test 40 is not a plausible value for population mean

Solution 9.38

(a) H0 : µ = 22.6 vs. Ha : µ > 22.6

(b) because 5 is the population standard deviation

(c) z = 25.3−22.6

5/
√

6
= +1.32

(d) not small because z is closer to 1 than to 2

(e) no

(f) 2(1.32) = 2.64 would be significant

Solution 9.42

(a) We know σ and so the standardized statistic is z.

(b) The p-value is quite small (.007), so we reject the null hypothesis and conclude that µ > 7.151 for the
20th century.

(c) Greater longevity in the latter century is a possible explanation for longer tenures.

(d) 2(.007) = .014

Solution 9.46

(a) The null hypothesis is rejected against the alternative that population mean height is greater than 70
inches, suggesting that these students tend to be taller than what is true for the general population
of college-aged males.
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(b) The null hypothesis is rejected against the alternative that population mean height is greater than 70
inches, suggesting that these students may have over-reported their height values.

Solution 9.47 because the standard deviation (1.362) is clearly more than 1

Solution 9.50

(a) 90.4 ± 1.86(9.7/
√

9) = 90.4 ± 6.0 = (84.4, 86.4) words per minute

(b) wider

(c) narrower

(d) narrower

(e) 1.645

(f) .0089

(g) (iii) We have failed to produce evidence that the mean rate for all stutterers differs from 90 minutes.

Solution 9.56 The shape of the distribution of ages is close enough to normal but that of weights is not,
because of right skewness and high outliers, and the fact that the sample size is rather small.

Solution 9.58

(a) Yes because even though the sample size is small, the population would be normal.

(b) No because the population would be right-skewed and the sample size is small.

(c) Yes because even though the population would be right-skewed, the sample size is large.

(d) Yes because even though the sample size is small, the population would be normal.

Solution 9.63

(a) 4 05

5 257

6 225

7 057

8

9 7

(b) (55.07, 71.09) (narrower)

(c) t = 63−50

15/
√

12
= 3.00

(d) yes, because the probability of t being at least as high as 3.00 is less than .01.

(e) Ha : µ > 50

(f) paired

Solution 9.65

(a) H0 : µ = 44 vs. Ha : µ < 44

(b) in order to justify calling the standardized statistic “t” (otherwise, because of the small sample size,
the distribution would not be symmetric and bell-shaped)

(c) less than 44, since t is negative

(d) .002 is small

(e) The average price of Merlot wines is less than the company’s prices in general.

Solution 9.67

(a) H0 : µ = 1 vs. Ha : µ > 1

(b) t = 1.40−1.00

1.35/
√

10
= +.94, called t because the sample size is small

(c) right-tailed

(d) not small at all

(e) The data do not provide evidence that mean number of calves sired by all male beluga whales in
captivity exceeds one.
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Solution 9.69

(a) B

(b) B

(c) B

Solution 9.77

(a) 95%

(b) .95(20)=19

(c) 19; no—19 out of 20 is just what we’d expect in the long run

Solution 9.78

(a) .05

(b) 19; 1

(c) One (.020), but this will not always be the case; sometimes none will be small enough, sometimes
maybe two.

(d) The interval will not contain 610.44.

(e) because about half of the scores are below the mean and the other half above

Software Needed

Solution 9.81

(a) t procedure if population standard deviation is unknown; z procedure if we take into account that the
standard deviation of the numbers 1 through 20 is 5.766.

(b) (11.08, 12.15)

(c) Sample mean 11.614, p-value 0.000; selections were apparently not truly random.

(d) yes, because the p-value would have been half the size of 0.000

(e) no, because sample mean is actually greater than 10.5

(f) Apparently larger numbers are perceived to be more random, because the sample mean was signifi-
cantly greater than 10.5.

(g) larger

(h) smaller

Solution 9.82

(a) Age at first conception would also be right-skewed for human males because most would occur between
the ages of 20 and 30, a few within a few years below 20, but some as much as 20 or 30 years more
than 30.

(b) Variable N Mean StDev SE Mean 95.0% CI

BelugaAge 7 13.00 2.71 1.02 ( 10.49, 15.51)

(c) Ha : µ < 12

Solution 9.91

(a) (51.89, 65.01)

(b) 134 minutes a day is not plausible for student’s population mean; they apparently watch much less.

(c) H0 : µ = 134 vs. Ha : µ 6= 134
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Tables Needed

Solution 9.95 Since −6.79 is larger than 3 in absolute value, the probability of being at least this extreme
(in either direction) is less than 2(.0013) = .0026.

Solution 9.97 1.984

Solution 9.100 2.306

Solution 9.105

(a) .0934

(b) greater than .05

Solution 9.109 .0068

Solution 9.112 between .01 and .005

Solution 9.116 greater than .05

Solutions to Chapter 10 Exercises

Solution 10.3

(a) one categorical

(b) one quantitative

(c) one categorical and one quantitative

Solution 10.5

(a) paired

(b) by reporting the mean and standard deviation of the differences between normal and stressed speech
rates

(c) histogram of differences

(d) inference about µd based on x̄d

(e) a hypothesis test to determine that conditions of stress do affect speech rates of stutterers in general

Solution 10.7

(a) two-sample

(b) There is no relationship between age (adult or juvenile) and bucket-selection performance; or, popu-
lation mean bucket-selection performance scores are the same for adults and juveniles.

Solution 10.11

(a) H0 : µ1 = µ2

(b) H0 : µ1 = µ2 = µ3

(c) H0 : µd = 0

Solution 10.14 Individuals in certain age groups could be more or less likely to admit to having been
involved in automobile accidents than those in other age groups.

Solution 10.19

(a) On average, the students got about 17% more correct on the posttest.

(b) paired

(c) Because it is roughly normal.

(d) µd = 0

(e) 16.69−0

14.81/
√

16
= 4.51
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(f) 16.69 ± 2.131 14.81√
16

(g) yes

(h) Students may do better when they’re older, or they may do better second time around because of
having thought about the questions during the interim period. A better design would be to compare
improvements for students who participated in the program with those of another group of similar
students who did not participate.

Solution 10.21

(a) paired

(b) no

(c) The confidence interval contains zero, so we would not reject the null hypothesis claiming the popu-
lation mean of differences to be zero.

(d) x̄d

(e) width of interval is 38.8 − (−25.2) = 64; halfway between endpoints is −25.2 + 32 = 6.8

(f) Math

Solution 10.28 In each case, we see if the t statistic exceeds 2.

(a) yes

(b) yes

(c) no

(d) yes

(e) no

Solution 10.32

(a) One group of children has had cancer, another independent group has not.

(b) µ1 < µ2

(c) because x̄1 > x̄2

Solution 10.34

(a) 25.3 − 17.57 = +7.73; those who didn’t study did better

(b) +7.73/3.33 = +2.32

(c) no, because the p-value is not less than α = .05

(d) yes, because the p-value is less than α = .05

(e) larger

(f) Brighter students may exaggerate how little they need to study, by way of bragging, and struggling
students may exaggerate how much time they study, by way of complaining. Students could simply be
asked to report hours studied in the previous week, or during any typical week, or they may be given
journals for one or more weeks to record study hours. Either design has disadvantages: retrospective is
subject to students’ faulty memories, and prospective may influence students’ behaviors. Anonymity
is important because students may over-report hours studied if they think their professors will have
access to the information.

Solution 10.36

(a) t statistic would be larger for the difference between ulna lengths, because those sample means are
further apart

(b) t statistic would be larger for the difference between ulna lengths, because that standard deviation is
smaller

(c) 4.0 is for femurs and 7.3 is for ulnas

(d) both, because both t statistics are unusually large

Solution 10.39
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(a) 3.2 − 2.6 = .6

(b) .6(60) = 36 minutes

(c) large sample sizes

(d) very strong evidence that population means are different

(e) only positive numbers

(f) two categorical variables

Solution 10.44

(a)

(.16 − .09) ± 2

√

.112

22
+

.062

20
= .07 ± .05 = (.02, .12)

(b) both, since the p-values, .021 and .024, are both fairly small

(c) yes, since .11 is not more than twice .06

(d) yes

(e) .012

(f) t2 = 2.352 = 5.52, which is very close to F = 5.53.

Solution 10.47

(a) all three

(b) all three

(c) none

Solution 10.48

(a) Math, because those scores are more different

(b) Verbal, because those standard deviations are smaller

Solution 10.49

(a) elementary/middle had highest mean and middle had lowest

(b) because their sample size (6) was smallest

(c) I = 4 and N = 49 + 6 + 17 + 12 = 84

(d) I − 1 = 4− 1 = 3 are the group degrees of freedom and N − I = (49 + 6 + 17 + 12) − 4 = 84− 4 = 80
are the error degrees of freedom

(e) MSG = SSG/DFG = 9220/3 = 3073, MSE = SSE/DFE = 585, 561/80 = 7320

(f) F = 3073/7320 = .42

(g) (i) and (iv)

(h) larger

(i) 1250

Solution 10.56

(a) quite small

(b) yes

(c) quite large

(d) no

Solution 10.60

(a) Physical complaint is categorical and explanatory; GSI score is quantitative and response.

(b) µ1 = µ2 = µ3 = µ4 = µ5 = µ6 = µ7

(c) not all population means are the same
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(d) numerator I − 1 = 7 − 1 = 6, denominator N − I = 76 − 7 = 69

(e) no

(f) If a Type II Error is made, then no attempt is made to refer the adolescents for psychiatric screening
on the basis of their physical complaint; perhaps such screening would have benefitted the adolescents.

Solution 10.61

(a) Cancun cheapest and Los Cabos most expensive.

(b) No; not all the population means are equal.

(c) No.

(d) No, they provide evidence that not all four are the same.

(e) Los Cabos

Software Needed

Solution 10.72

(a) No; the categorical explanatory variable is which company and the quantitative response variable is
lead concentration. There is a column of responses for each categorical group.

(b)

60

50

40

30

20

10

0

IBM Memorex Zenith

Zenith highest, Memorex lowest

(c) Memorex

(d) top-heavy

(e) Sample standard deviations 21.36, 6.98, 21.91 do not satisfy the rule.

(f) not small

(g) no

Solution 10.74

(a) Means and standard deviations are Rainbow 1.015 and .446, Sucker 2.810 (highest mean) and 1.176
(highest sd), Whitefish .6050 and .0636

(b) The sample standard deviations are too different.

Solution 10.77

(a) Gaze 9.00 and Control 9.31; a test is not necessary because the sample actually performed worse when
cued with a gaze.

(b) mean of differences is 2.20, t = 2.58, p-value=.015 (one-sided); the juveniles did significantly better
with gaze than no cue (control)

(c) If the mean of differences in part (b) had been negative, there would have been no evidence of
performing better when cued with a gaze.

(d) Testing H0 : µ = 9 vs. Ha : µ > 9 has t = 3.28, p-value = .005; the null hypothesis is rejected and we
conclude that in general juvenile goats respond to gazing, which is consistent with our conclusion in
(b).
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Solution 10.82 The two-sample confidence interval, (−6.522,−3.350), contains only negative numbers,
suggesting times are shorter for freestyle overall on average

Solution 10.83

(a) alternative

(b) mean of sampled differences is 14.75, standardized mean is t = 3.46, p-value is .001

(c) yes

(d) (6.36, 23.13)

(e) 10, 20

(f) Because certain universities would attract students with varying relative strengths or weaknesses in
math

(g) two quantitative

Solution 10.88

(a) p-value is .002 so the difference is significant

(b) those without pierced ears

(c) gender

(d) first separate males and females, then do two two-sample tests

Solution 10.89 (−6.671,−5.431); yes, because 6 inches is contained in the interval

Tables Needed

Solution 10.97 p-value is approximately 2(.3372) = .6744

Solution 10.100

(a) .0019

(b) less than .0013

(c) .2420

(d) less than .0013

(e) .1335

Solution 10.102 For 5 degrees of freedom, since 2.32 is between 2.015 and 2.571, the p-value is between
2(.05) = .10 and 2(.025) = .05; it is less than .10.

Solution 10.112

(a) men

(b) (ii) and (iii)

Solution 10.118

(a) cell phones

(b) gender and carrying cell phones

(c) gender and carrying cell phones

Solution 10.120 H0 : p1 = p2 vs. Ha : p1 6= p2; z = (.83−.72)−0
√

.79(1−.79)( 1

282
+ 1

162
)

= 2.74; since z is greater than

2.576, the p-value is less than .01 and we conclude the difference is significant.

Solution 10.121

(a) large

(b) small

(c) yes
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Solution 10.126

(a) .182,.164

(b) X1 and X2

(c) a bit smaller than .05

(d) yes because the p-value is on the small side

(e) the interval comes very close to containing zero, and the p-value is also somewhat borderline, just
under .05

(f) smaller than 3.84

(g) Type II

(h) Type I

Solution 10.127

(a) for those requesting Paxil

(b) Paxil request: 14/51 = .27; general request: 1/50 = .02; no request: 2/48 = .04. The proportion
seems very different for those requesting Paxil.

(c) 5.82 = 17(51)/149; 5.70 = 17(50)/149; 5.48 = 17(58)/149; 45.18 = 132(51)/149; 44.30 = 132(50)/149;
42.52 = 132(48)/149

(d) 5.82/51 = 5.70/50 = 5.48/48 = .114

(e) for those requesting Paxil

(f) 11.503 = (14 − 5.82)2/5.82; 1.481 = (37 − 45.18)2/45.18;
3.880 = (1 − 5.70)2/5.70; 0.500 = (49 − 44.30)2/44.30;
2.207 = (2 − 5.48)2/5.48; 0.284 = (46 − 42.52)2/42.52.

(g) “patients” requesting Paxil and receiving Paxil

(h) There are r = 3 possibilities for the row variable and c = 2 possibilities for the column variable; the
degrees of freedom are (r − 1)(c − 1) = 2(1) = 2

(i) large, because it is considerably greater than 6.0; this suggests that in general, there is a relationship
between a patient’s requests for medications and what, if anything, the doctor prescribes

(j) because the expected counts would be too small (between 1 and 2)

Solution 10.129

(a) When the three individual groups are compared the chi-square statistic is fairly large, the p-value is
fairly small, and there is evidence at the .05 level of a relationship between treatment and nausea. In
contrast, when the acupuncture and placebo groups are combined, the chi-square statistic is not large,
the p-value is not small, and there is no evidence of a relationship.

(b) those on the left, because apparently acupuncture versus placebo makes a difference, and these groups
should not be combined

(c) both, because all counts are at least 5

Solution 10.130

(a) Taking Celebrex or not is explanatory and having heart problems is response.

(b) less than .05

(c) greater than 3.84

Solution 10.134

(a) −2.55

(b) 6.492

(c) −4.27

(d) 18.226

Solution 10.149
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(a) 2 (given the two counts of 19, there is enough information to fill in the rest of the table)

(b)

One Two Three Total
Observed Kind Kinds Kinds Total

Sequential
Choice 19 19 3 41

Simultaneous
Choice 10 21 25 56

Total 29 40 28 97

(c) more often

(d) less often

(e) yes

(f) one that people tend to buy in bulk

Solution 10.151

(a) proportion .125, count 55.75

(b) blue and green; orange and yellow

(c) 422.1

(d) 7

(e) p-value is very small

(f) yes

Solution 10.153

(a) .25(2000) = 500, .67(2000) = 1340, .08(2000) = 160

(b) .12(2000) = 240, .83(2000) = 1660, .05(2000) = 100

(c) (500 − 240)2/240 + (1340 − 1660)2/1660 + (160 − 100)2/100 = 378.4

(d) yes there is evidence because the p-value is extremely small

Software Needed

Solution 10.155

(a) sample proportions 389/885 = .44, 248/2226 = .11, z = 20.46, p-value=0, conclude drug users are
more likely to carry weapons than non-users

(b) sample proportions 389/637 = .61, 496/2474 = .20, z = 20.46, p-value-0, conclude those who carry
weapons are more likely to use drugs

(c) chi-square=418.737, p-value=0.000, conclude taking drugs or not and carrying weapons or not are
related

(d) both

Solution 10.161

(a) chi-square=10.161, p-value=.001; females are more likely to eat breakfast

(b) chi-square=7.428, p-value=.006, females are more likely to carry a cell phone

(c) those who do carry a cell phone are more likely to eat breakfast: .56 of those who carry a cell phone
eat breakfast; .54 of those who don’t carry a cell phone eat breakfast; the p-value is .741 so the
relationship is not significant

Solution 10.171 Data from all 50 states tells us everything about the population; there is no larger group
to generalize to.

Solution 10.179

(a) Distribution of b1 should be centered at β1 = 2.25.
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(b) 250

(c) σ

(d) 3(2.25) = 6.75 inches

Solution 10.181 (c) (small sample with non-normal responses)

Solution 10.186

(a) closer to 0

(b) relatively large because predictions of sale price based on assessed price are not very accurate

(c) conclude there may be no relationship between sale price and assessed price for the larger population
of properties

Solution 10.187

(a) Texas school districts (for each district, record rate of autism and how much mercury is released in
the county where that district is located)

(b) Explanatory variable (quantitative) is pounds of environmentally released mercury in 2001; response
variable (also quantitative) is rate of autism.

(c) .17/1, 000

(d) b1

(e) no, the interval would not contain zero

(f) much less than .05

(g) Setting as urban, small metro, or rural could play a role in mercury pollution, and also in autism rates
via a variety of socio-economic factors.

Solution 10.189

(a) 8 − 2 = 6

(b) (ii) because r is of moderate size but the p-value is not small at all

(c) 1

(d) .23/2 = .115

(e) chi-square

Solution 10.191

(a) because longer trips cost more money

(b) No; it is doubtful that congressmen would base the length of their trip on how much money is paid.

(c) −683 + (1176)(1) = 493 dollars

(d) $3401

(e) s

(f) about 1 thousand dollars (slope is 1176)

(g) b1

(h) The intercept b0 = −683 should be interpreted theoretically as the y-value where the line crosses the
y-axis; in actuality there would be no trips of length zero.

(i) all of these

(j) moderately strong

(k) sample

(l) 0.000

(m) (ii) and (iv)

(n) both

Solution 10.192 Ha : β1 > 0 since we expect the relationship to be positive
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Solution 10.194 (d)

Solution 10.198

(a) Since children grow taller as they get older, we expect a positive relationship: correlation r greater
than zero. Since age tells us quite a lot—but not everything—about how tall a child will be, we expect
r to be somewhere between .5 and 1.0. This should be true for the larger population of children, not
just the sample.

(b) (2.0, 2.5)

(c) b1 large

(d) weak evidence of a strong relationship

Software Needed

Solution 10.202

(a)

1050

1.5

1.0

0.5

Depth

V
el

oc
ity

(i) decrease (ii) linear (iii) high

(b) the equation of the regression line

(c) 10 − 2 = 8

(d) t = −6.80, p-value is 0.000; there is strong evidence of a relationship in general between depth and
velocity

(e) (i) displaying and summarizing

(ii) probability

(iii) statistical inference

(iv) data production

Solution 10.207

(a) less scatter

(b) Verbal

(c) Math

(d) The equation of the regression line would change; the value of s would change; the value of r would
not.

(e) r = .384, p-value is 0.000; there is strong evidence of a moderately weak relationship between Math
and Verbal SAT scores in the larger population

Tables Needed

Solution 10.211 Since .115 is greater than .05, t must be less than 1.943 in absolute value.
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Solutions to Chapter 11 Exercises

Solution 11.1

(a) There is a high outlier (101) and the data set is very small.

(b) Differences are 13 (positive), −15 (negative), 101 (positive), and 16 (positive); there are 3 positives
and 1 negative.

(c) Just as for the males, the two-sided p-value is .2500 + .0625 + .2500 + .0625 = .6250.

(d) Output below shows the one-sided p-value to be .3125; double this is the two-sided p-value, .6250.

Binomial with n = 4 and p = 0.500000

x P( X <= x )

1.00 0.3125

(e) No, because the p-value is not small at all.

Solution 11.2

Binomial with n = 15 and p = 0.500000

x P( X <= x )

6.00 0.3036

The two-sided p-value is .7072, not small at all. Neither this test nor the paired t test produces evidence
that one type of bacteria is more common than the other in all such water samples.

Solution 11.6 Output is shown for the equivalent Mann-Whitney test, carried out in MINITAB, which uses
a normal approximation to the rank sum probability distribution, including the continuity correction. The
test is two-sided, and an adjustment has been made for ties.

Mann-Whitney Test and CI: Males, Females

Males N = 4 Median = 5.700

Females N = 7 Median = 3.100

Point estimate for ETA1-ETA2 is 1.200

95.3 Percent CI for ETA1-ETA2 is (-2.101,6.397)

W = 31.0

Test of ETA1 = ETA2 vs ETA1 not = ETA2 is significant at 0.2193

The test is significant at 0.2151 (adjusted for ties)

Cannot reject at alpha = 0.05

This p-value is not as small as the two-sample p-value; nevertheless, the same conclusions are reached as
before: do not reject the null hypothesis, so there is no compelling evidence of a difference in amounts
consumed.

Solution 11.7

(a) Because the top countries only represent themselves.

(b) no; p-value is not small enough

Solution 11.9 Output is shown for the equivalent Mann-Whitney test, carried out in MINITAB, which uses
a normal approximation to the rank sum probability distribution, including the continuity correction. The
test is two-sided, and an adjustment has been made for ties.

Mann-Whitney Test and CI: Freestyle, Backstroke

Freestyl N = 5 Median = 46.180

Backstro N = 5 Median = 50.340

Point estimate for ETA1-ETA2 is -4.470

96.3 Percent CI for ETA1-ETA2 is (-6.850,-3.400)

W = 15.0

Test of ETA1 = ETA2 vs ETA1 not = ETA2 is significant at 0.0122

There is a large negative z statistic, and a small p-value. This is not unexpected because all five fastest
ranks were for freestyle.
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Solutions to Chapter 17 Exercises
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