Problem Set #1
8.16 Wine, beer, or spirits. Example 7.2 describes a studyctimapared three groups of people: the first group
drinks mostly wine, the second drinks mostly beer, and the third drinks mostly spirits. Thissstodyparative,
but it is not an experimenWhy not?

8.17 Reducing risky sex. The National Institute of Mental Health (NIMidhts to know whether intense
education about the risks of AIDS whklp change the behavior of people who report sexual activities that put
them at risk of infection. NIMHnvestigators screened 38,893 peoghel identified 3706 suitable subjects. The
subjects were assigned ta@ntrol group (1855 people) or an intervention group (1851 people).control

group attended a oreour AIDS education session; theerventiongroup attended seven singgex

discussion sessions, edealsting 90 to 120 minutes. After 12 months, 64% of the intervergronp and 52%

of the control group said they used condoms. (Nonth@fubjects used condoms regularly before the study
began.)

a) Because none of the subjects used condoms when the study started, we might just offer the intervention
sessions and find that 64% ussxhdoms 12 months after the sessions. Explain why this greatly
overstates the effectiveness of the intervention.

b) Outline he design of this experiment.

¢) You must randomly assign 3706 subjects. How would you label them? Use line 119 of Table B to choose
the first 5 subjects for thietervention group.

8.18 Wine, beer, or spirits? You have recruited 300 adults aged 45 to 6&rewvilling to follow your orders about
alcohol consumption ovaext five years. You want to compare the effects of moderate drinkijugtofvine, just
beer, or just spirits on heart disease. Outline the desigrcompletely randomized experiment to this. (No
such experiment has been done because subjects aren't willing to have their degkiated for years.)

8.19 Response to TV ads. You decide to use a completely randomized design in-thetbw@xperiment on
response to advertisirdgescibed in Example 8.2. The 36 students hamed beldixserve as subjects. (Ignore
the asterisks.) Outline the design. These Table B at line 130 to randomly assign the subjects totteatnents.

Alomar DenmanDurr* HanHoward* LiangMaldonado Padilla* Valasco
Asihiro* Edwards* Hruska Imrani MarsdenMontoya* Plochman VaughnWei
BennettBikalis Farouk Fleming JameKaplan* O'Brian Rosen*Solomon Wilder*
Chao* George Ogle* Trujillo Tullock  Willis
Clemente Zhang*

8.20 Wine, beer, or spirits? Women agraup develop heart disease milater than men. We can improve the
completely randomized design Bkercise 8.18 by using women and men as blocks. Your 300 sulnjelcide
120 women and 180 men. Outline a block design for compaiiing, beer, and spist Be sure to say how many
subjects you will put in

each group in your design.

8.21 Response to TV ads, continued. We can improve on the complatelymized design you outlined in
Exercise 8.19. The 36 subjedtelude 24 women and 12 men. Men and woraften react differently to
advertising. You therefore decide to use a block design with the two
genders as blocks. You must assign the 6 treatments at randomeaithifblock separately.
a) Outline the design with a diagram.
b) The 12 men are marked with at&s in the list in Exercise 8.19. Use Table B, beginning at line 140, to do
the randomization. Repoybur result in a table that lists the 24 women and 12 men antdethtenent
you assigned to each.

8.22 Fabric finishing. A maker of fabric for clothinis setting up a new line to "finish" the raw fabric. The line
will use either metal rollers or natural bristle rollers to raise the surface of the fabric; a dyeing cycle time of
either 30 minutes or 40 minutes; and a temperature of either 150r581Césius. An experiment will compare
all combinations of these choices. Three specimens of fabric will be subjected to each traathseoted for



quality.
a) What are the factors and the treatments? How many individuals (fabric specimens) does the experiment
require?
b) Outline a completely randomized design for this experiment. @é@md not actually do the
randomization.)

8.23Aspirin and heart attacks. Can aspirin help prevent heart attacks? The Physicians' Health Study, a large medical
experiment involving 2,000 male physicians, attempted to answer this question. One group of about 11,000
physicians took an aspirin every second day, while the
rest took a placebo. After several years the study found that subjects in the aspirin group had significantly fewer
heart attacks than subjectsthre placebo group.

a) ldentify the experimental subjects, the factor and its values, and the response variable in the

Physicians' Health Study.
b) Use a diagram to outline a completely randomized design fdthiisicians' Health 8tly.

8.24 Prayer and meditation. You read in a magazine that "nonphysiaahents such as meditation and prayer
have been shown to edfective in controlled scientific studies for such ailments as high bjoessure,

insomnia, ulcers, and asthma."@&in in simple language

what the article means by "controlled scientific studies" and why such studies might show that meditation and
prayer are effective treatmerfter some medical problems.

8.25 Treating breast cancer. The most common treatmentdfasthrancer discovered in its early stages was once
removal of the breast. It is nowsual to remove only the tumor and nearby lymph nodes, followeddigtion.
To study whether these treatments differ in their
effectiveness, a medical team examinesrédoords of 25 large hospitadsid compares the survival times after
surgery of all women who haved either treatment.
a) What are the explanatory and response variables?
b) Explain carefully why this study is not an experiment.
c) Explain why confounding will preent this study from discoveringhich treatment is more effective.
(The current treatment was fact recommended after several large randomized comparative
experiments.)

8.26 Treating drunk drivers. Once a person has been convicted of drunk drivingyrpose of court

mandated treatment or punishment is to prevent future offenses of the same kind. Suggest three different
treatments that a court might require. Then outline the design of an

experiment to compare their effectiveness. Be sure to spe@fesponse variables you will measure.

8.27 Reducing health care spending. Will people spend less on healihtb&ie health insurance requires
them to pay some part of the calsémselves? An experiment on this issue asked if the percent of nmeditsl
that are paid by health insurance has an effect either cantloeint of medical care that people use or on
their health. Thereatments were four insurance plans. Each plan paid all medical costs above a ceiling. Below
the ceiling, the plans paid 10Q0%5%, 50%, 00% of costs incurred.
a) Outline the design of a randomized comparative experiment suitable for this study.
b) Describe briefly the practical and ethical difficulties that might d@rissuch an experiment.

8.28 Sickle cell disease. Sickle ceiehse is an inherited disorder of the red blood cells that in the United States
affects mostly blacks. It can cause severe pain and many complications. Can the drug hydroxyurtzeredueee
pain caused by sickle cell disease? A study by the Natlosafutes of Health gave the drug to 150 sickle cell
sufferers and placebo (a dummy medication) to another 150. The researchersdhated the episodes of
pain reported by each subject. What aregtigjects, the factor, the treatments, and the respeariable?

8.29 The benefits of red wine. Does red wine protect moderate drifre@nreart disease better than other
alcoholic beverages? Red wine contains substances called polyphenols that may chargebisdd/ in a

desirable way. This calls fa randomized comparatiexperiment. The subjects were healthy men aged 35 to 65.
They were randomly assigned to drink red wine (9 subjects), drink white(%sgbjects), drink white wine and
also take polyphenols from red wif@ subjects), take pgihenols alone (9 subjects), or drink vodka and



lemonade (6 subjects). Outline the design of the experimeniTalde B, starting at line 107, or tismple
Random Samplapplet to assign the 39 subjects to the 5 groups.

8.30 Sickle cell disease, contintdieExercise 8.28 describes a medical stofdg new treatment for sickle cell
disease.
a) Outline the design of this experiment.
b) Use of a placebo is considered ethical if there is no effestamedard treatment to give the control
group. It might seem humarto give all the subjects hydroxyurea in the hope that it will ktedm.
Explain clearly why this would not provide information about the effectiveness of the drug. (In fact, the
experiment was stoppedhead of schedule because the hydroxyurea grouprigdalf as many pain
episodes as the control group. Ethical standards regstiopging the experiment as soon as statistically
significant evidenckecame available.)

8.31Growing trees faster. The concentration of carbon dioxide (CO#)amtmospheris increasing
rapidly due to our use of fossil fueBecause plants use CO2 to fuel photosynthesis, more CO2 maytessse
and other plants to grow faster. An elaborate apparatus akk®earchers to pipe extra CO2 to ar3éter circle
of forest. Wewant to
compare the growth in base area of trees in treated and untreatet aeasf extra CO2 does in fact increase
growth. We can afford to tre#tiree circular areas.
a) Describe the design of a completely randomized experiment usiedj-8eparate@0-meter circular
areas in a pine forest. Sketch ttiecles and carry out the randomization your design calls for.
b) Areas within the forest may differ in soil fertility. Describe a matched pairs design using three pairs of
circles that will reduce thextra variation due to different fertility. Sketch the circles and carry out the
randomization your design calls for.

8.32 Temperature and work performance. An industrial psychologiatasested in the effect of room
temperature on the performance of tagquiring manual dexterity. She chooses temperatures of 70° F and 90° F as
treatments. The response variable is the number of correct insedimimgy a 3@minute period, in a pegndhole
apparatus that requires the use of both hands simultaneously sihject is trained on the apparatus and then
asked to make as many insertions as possible in 30 minutes of continuous effort.
a) Outline a completely randomized design to compare dexterity at 70° and 90°. Twenty subjects are
available.
b) Because individualdiffer greatly in dexterity, the wide variation individual scores may hide the
systematic effect of temperature unless there are many subjects in each group. Describe in detail the design
of a matched pairs experiment in which each subject sas/bssor her own control.

8.33Daytime running lights. Canada requires that cars be equipped with "daytime running lights," headlights
that automatically come on at a low level when the car is started. Many manufacturers a&guiygming cars
sold in the Uni¢d States with running lights. Will
running lights reduce accidents by making cars more visible?
a) Briefly discuss the design of an experiment to help answeqtigistion. In particular, what response
variables will you examine?
b) Example 8.7 (page 209) disses center brake lights. What cautidosyou draw from that example that
apply to an experiment on thedfects of running lights?

8.34 Do antioxidants prevent cancer? People who eat lots of fruitsegetables have lower rates of colon
cancer than thee who eat little of these foods. Fruits and vegetables are rich in "antioxidants" sutdnass
A, C, and E. Will taking antioxidants help prevent colon
cancer? A clinical trial studied this question with 864 people who were at risk of colon caneaufjhcts
were divided into four groups: daily betarotene, daily vitamins C and E, all three vitangrsry day, and
daily placebo. After four years, the researchers were
surprised to find no significant difference in colon cancer amongigs.

a) What are the explanatory and response variables in this experiment?

b) Outline the design of the experiment. Use your judgmehoosing the group sizes.

c) Assign labels to the 864 subjects and use Table B, starting at line 118, to chdivse3iseibjects fo the

betacarotene group.



d) The study was doubiblind. What does this mean?

e) What does "no significant difference" mean in describing the
outcome of the study?

f) Suggest some lurking variables that could explain why peopleeahlots of fruits and vegetakldave
lower rates of colon canceéFhe experiment suggests that these variables, rather thamtibgidants,
may be responsible for the observed benefits of fruits and vegetables.

8.35Comparing corn varieties. New varieties of corn with altered araoid content may have higher
nutritional value than standard comuhich is low in the amino acid lysine. An experiment comparesrew
varieties, called opaqu2 and floury2, with normal corn. Theesearchers mix corsoybean meal diets using
each typeof corn at eaclof three protein levels: 12% protein, 16% protein, and 20% protein. They feed each
diet to 10 oneday-old male chicks and record theireight gains after 21 days. The weight gain of the chicks is
a measure dhe nutritional value of theidiet.
a) What are the individuals and the response variable inettpsriment?
b) How many factors are there? How many treatments? Use a diligeaRigure 8.1 to describe the
treatments. How many individuals does the experiment require?
¢) Use a diagram to desbe a completely randomized desifg this experiment. (You do not need to
actually do theandomization.)

8.36An industrial experiment. A chemical engineer is designing the production process for a new product.
The chemical reaction tharoduces theqpduct may have higher or lower yield, depending on the
temperature and the stirring rate in the vessel in which the reaction
takes place. The engineer decides to investigate the effectsomnaliinations of two temperatures (50° C
and 60° C) and thregtirring rates (60 rpm, 90 rpm, and 120 rpm) on the yield of the pro8ésswill process
two batches of the product at each combination of
temperature and stirring rate.
a) Outline in graphic form the design of an appropriate experiment.
b) The randomizationn this experiment determines the ordeminich batches of the product will be
processed according to eachatment. Use Table B, starting at line 128, to carry out the
randomization and state the result.

8.37McDonald's versus Wendy's. Do consumers gréfie taste of aheeseburger from McDonald's or from
Wendy's in a blind test in which neither burger is identified? Describe briefly the design of a npetitked
experiment to investigate this question.

8.38 Athletes taking oxygen. We often see plagerthe sidelines of a football game inhaling oxygen. Their
coaches think this will speed thegcovery. We might measure recovery from intense exercise as foltawvs: a
football player run 100 yards three times in quick succes3iban allow three miutes to rest before running 100
yards again. Timéhe final run. Because players vary greatly in speed, you plan a magtahe@dxperiment

using 25 football players as subjects. Discuss the designch an experiment to investigate the effect of inlgali
oxygen during the rest period.

8.39 An herb for depression? Does the herb Sahin'swort relieve major depression? Here are some excerpts
from the report of a study of thissue. The study concluded that the herb is no more effective tllanebo

a) "Design: Randomized, doubldind, placebecontrolled clinicaltriald " Explain the meaning of each
of the terms in thislescription.

b) "Participants ... were randomly assigned to receive eé8hartJohn'swort extract (n = 98) or placebo
(n=102). The primary outcome measure was the rate of change in the Haniltng Scale for
Depression over the treatment period." Baseth@ninformation, use a diagram to outline the design of
this clinicaltrial.

8.40 Reading a medical journal. The article in thew England Journal dfledicinethat presents the final

results of the Physicians' Health Stuzhgins with these words: "The Physicians' Health Study is a randomized,
doubleblind, placebecontrolled trial designed to determine wheth®r-dose aspirin25 mg every other

day) decreases cardiovascular mortality and whether beta carotene reduces the incidence oflaactoes.are
expected to understand this. Explain to a doctor who knows no statistics what "randomized,"tiodland



"placebacortrolled" mean.

Problem Set #2
1.11 Car colors in JapaBelow isdata on the most popular colors for motor vehicles madaparfor 2001 model
year:

Color Percent
Gray 43%
White 35%
Black 8%
Blue 7%

Red 4%
Green 2%

What percent of Japanese vehicles have other colors? Makplaajfrthese data.

1.12 Deaths among young people. The number of deaths among persons aged 15 to 24 years in the United States in
2000 due to the leading causes of death for this age group were: accidents, 13,616; homicide, 4796; suicide, 3877;
cancer, 668; heart disease, 931; congenital defects, 425.10

a. Make a bar graph to display these data.

b. What additional information do you need to make a pie chart?

1.13 Athletes' salaries. Here is a small part of a data set that describes Major Leagal [dagets as of opening
day of the 2002 season:

Player Team Position Age Salary
Sosa, Jorge Devil Rays Pitcher 24 200,000
Sosa, Sammy Cubs Outfield 33 15,000,000
Speier, Justin Rockies Pitcher 28 310,000
Spivey, Junior Diamondbacks Infield 27 215,00

a. What individuals does this data set describe?

b. In addition to the player's name, how many variables does the data set contain? Which of these variables are
categorical and which are quantitative?

c. Based on the data in the table, what do yuwoktare the units of measurement for each of the quantitative
variables?

1.14 Mutual funds. Here is information on several Vanguard Group nfuncsd:

Fund # of stocks held | Largest Holding 10 year Annual Return
500 Index Fund 508 General Electric 10.006

Equity Index Fund 167 ExxonMobil 11.96%

Health Care Fund 128 Pharmacia 20.27%

International Value Fund 84 Mazda Motor 5.04%

Precious Metals Fund 26 Barrick Gold 2.50%

In addition to the fund name, how many variables are recorded for each fund?Wftiables are categorical and
which are quantitative?

1.15 Reading a pie chart. Figure 1.9 is a pie chart prepared by the Census Bureau to show the origin of the 35.3
million Hispanics in the United States, according to the 2000 census. About what péidespanics are Mexican?
Puerto Rican? You see that it is hard to read numbers from a pie chart. Bar graphs are much easier to use.



Puerto Rican

[ Cuban

B Mexican

[@ All Other
Hispanic

[ Central American

B Spaniard

[ South American

Figure 1.9 Pie chart of the
origins of Hispanic residents
of the United States, for
Exercise 1.15. (Data from
U.S. Census Bureau.)

1.16 Do adolescent girls eat fruit? We all know that fruit is good for us. Many of us don't eat enough. Figare 1.10
a histogram of the number of servings of fruit per day claimed by 74 sevemaerid girls in a study in
Pennsylvania. Describe the shape, center, and spread of this distribution. What percent of these girls ate fewer than

two servings per day?

Figure 110 The distribution
af fruit consumption in a
sample of 74 seventeen-year-
eld girls, for Exercise 116,



Figure 1.11 The distribution of monthly percent returns on U.S. common stocks from January 1970 to July 2002, for
Exercise 1.17.

1.17  Returns on common stocks. The return on a stock is the change in its market price plus any dividend
payments made. Total return is usually expressed as a percent of the beginning price. Figure 1.11 is a histogram of
the distribution of the monthly returns for all stocks listed on U.S. markets from January 1970 to July 2002 (391
months). The low outlier i1t market crash of October 1987, when stocks lost more than 22% of their value in one
month.

a. Describe the overall shape of the distribution of monthly returns.

b. What is the approximate center of this distribution? (For now, take the center to\sdud with roughly half

the months having lower returns and half having higher returns.)

c. Approximately what were the smallest and largest monthly returns, leaving out the outlier? (This describes the
spread of the distribution.)

d. A return less thn zero means that stocks lost value in that month. About what percent of all months had returns
less than zero?

1.18  Weight of newborns. Here is the distribution of the weight at birtlalfdrabies born in the United States in
1999:

Weight Count | Weight Count
Less than 500 5,912 | 3,000 to 3,499 1,470,019




grams grams
500 to 999 22,815 | 3,500 to 3,999 1,137,401

grams grams

1,000 to 1,499 28,750 | 4,000 to 4,499 332,863

grams grams

1,500 to 1,999 59,531 | 4,500 to 4,999 53,751

grams grams

2,000 to 2,499 184,175| 5,000 to 5,499 6,069

grams grams

2,500 to 2,999 653,327

grams

a. For comparison with other years and with other countries, we prefer a histogram of the percents in each weight
class rather than the counts. Explain why.

b. Make a histograrof the distribution, using percents on the vertical scale.

c. A "low-birth-weight" baby is one weighing less than 2,500 grams. Low birth weight is tied to many health
problems. What percent of all births were low birth weight babies?

1.19 Marijuana antraffic accidents. Researchers in New Zealand interviewed 907 drivers at age 21. They had data
on traffic accidents and they asked their subjects about marijuana use. Here are data on the numbers of accidents
caused by these drivers at age 19, broken dymarijuana use at the same age:

Marijuana use per year | Never | 1-10times| 11-50 times | 51+ times
Drivers 452 229 70 156
Accidents caused 59 36 15 50

a. Explain carefully why a useful graph must compare rates (accidentsiyan) dather than counts of accidents in
the four marijuana use classes.

b. Make a graph that displays the accident rate for each class. What do you conclude? (You can't conclude that
marijuana use causes accidents, becauseaksks are more likelydth to drive aggressively and to use marijuana.)

1.20 Lions feeding. Feeding at a carcass leads to competition among lions. Ecologists collected data on feeding
contests in Serengeti National Park, Tanzania. In each contest, a lion feeding at axahedlenged by another

lion seeking to take its place. Who wins these contests tells us something about lion society. The following table
presents data 3396 contests between an adult lion (female or male) and an opponent of a different class:

Adult male Adult female
Opponent Contests ~ Male wins ~ Contests  Female wins
Adult female 136 113
Subadult 8 8 53 20
Yearling 13 12 8 5
Cub 5 22 153 115

Make s@arate graphs for males and females that compare their success against different classes of opponent.
Explain why you decided to make the type of graph you chose. Then describe the most important differences
between the behavior of female and male lionfe@uing contests.

1.21 Name that variable. Figure 1.12 displays four histograms without axis markings. They are the distributions of
these four variables:



a. The gender of the students in a large college course, recorded as 0 for male and 1 for female.
b. The heights of the students in the same class.

c. The handedness of students in the class, recorded as 0 fenaigled and 1 for lefianded.

d. The lengths of words used in Shakespeare's plays.

(a) r—"" (o) 5z

F

Figure 1.12 Histograms of four distributions, fexercise 1.21.

Identify which distribution each histogram describes. Explain the reasoning behind your choices.

1.22 Dates on coins. Sketch a histogram for a distribution that is skewed to the left. Suppose that you and your
friends emptied your pockets coins and recorded the year marked on each coin. The distribution of dates would be
skewed to the left. Explain why.

1.23 Poverty in the states. Table 1.4 gives the percents of people living below the poverty line in the 26 states east of
the Mississipi River. Make a stemplot of these data. Is the distribution roughly symmetric, skewed to the right, or
skewed to the left? Which states (if any) are outliers?

1.24 Split the stems. Make another stemplot of the poverty data in Table 1.4, splittingnihéostiouble the
number of classes. Do you prefer this stemplot or that from the previous exercise? Why?

Table 1.4

State Percent|State Percent|State Percent
Alabama 14.6  |Maryland 7.3 Pennsylvania 9.9
Connecticut [7.6 Massachusetts |10.2  |Rhodelsland [10
Delaware 9.8 Michigan 10.2  [SouthCaroling11.9
Florida 12.1  |Mississippi 15.5 [Tennessee [13.3
Georgia 12.6  [NewHampshire [7.4 \Vermont 10.1
lllinois 10.5 |NewJersey 8.1 \Virginia 8.1
Indiana 8.2 NewYork 14.7 |WestVirginia (15.8
Kentucky 12,5 |NorthCarolina [13.2  |Wisconsin 8.8




[Maine 0.8 Jonio h11 | | |

1.25 Babe Ruth's home runs. Here are the numbers of home runs that Babe
Ruth hit in his 15 years with the New York Yankees, 1920 to 1934:

54 59 35 41 46 25 47 60 54 46 49 46 41 34 2

Make a stemplot for these data. Is the distribution roughly symmetric, clearly skewed, or neither? About how many
home runs did Ruth hit in a typical year? Is his famous 60 home runs in 1927 an outlier?

1.26 Backto-back stemplot. A leading contempoydrome run hitter is Mark McGwire, who retired after the 2001
season. Here are McGwire's home run counts for 1987 to 2001:

49 32 33 39 22 42 9 9 39 52 58 70 65 32 29

A backto-back stemplot helps us compare two disttikins. Write the stems as usual, but with a vertical line both

to their left and to their right. On the right, put leaves for Babe Ruth (see the previous exercise). On the left, put
leaves for McGwire. Arrange the leaves on each stem in increasing atdesra the stem. Now write a brief

comparison of Ruth and McGwire as home run hitters. McGwire was injured in 1993 and there was a baseball strike
in 1994. How do these events appear in the data?

1.27  The Boston Marathon. Women were allowed to enteBtb&ton Marathon in 1972. The times (in minutes,
rounded to the nearest minute) for the winning woman from 1972 to 2002 appear in Table 1.5. In 2002, Margaret
Okayo of Kenya set a new women's record for the race of 2 hours, 20 minutes, and 43 seconds.

a. Make a time plot of the winning times.

b. Give a brief description of the pattern of Boston Marathon wintimgs over these years. Has the rate of
improvement in times slowdd recent years?

Table 1.5
Year ([Time [|Year Time Year Time
1972 |190 1982 150 1992 144
1973 |186 1983 143 1993 145
1974 |167 1984 149 1994 142
1975 |162 1985 154 1995 145
1976 |167 1986 145 1996 147
1977 |168 1987 146 1997 146
1978 |165 1988 145 1998 143
1979 |155 1989 144 1999 143
1980 |154 1990 145 2000 146
1981 147 1991 144 2001 144
2002 141

1.28 Watch those scales! The impression that a time plot gives depends on the scales you use on the two axes. If you
stretch the vertical axis and compress the time axis, change appears to be more rapid. Compressing the vertical axis
and stretching the time axis make change appear slower. Make two more time plots of the data on public college
tuition in Table 1.3, one that makes tuition appear to increase very rapidly and one that shows only a gentle increase.
The moral of this exeragsis: pay close attention to the scales when you look at a time plot. Where are the doctors?

1.29 Table 1.6 gives the number of medical doctors per 100,000 people in each state.



a. Why is the number of doctors per 100,000 people a better measureawhiladility of health care than a simple
count of the number of doctors in a state?

b. Make a graph that displays the distribution of doctors per 100,000 people. Write a brief description of the
distribution. Are there any outliers? If so, can you exptaem?

Table 1.6

State Doctors|State Doctors|State Doctors
Alabama 200 Louisiana 251 Ohio 237
Alaska 170 Maine 232 Oklahoma 167
Arizona 203 Maryland 379 Oregon 227
Arkansas 192 Massachusetts {422 Pennsylvania [293
California |248 Michigan 226 Rhodelsand 339

Colorado  |244 Minnesota 254 SouthCaroling213
Connecticut|361 Mississippi 164 SouthDakota [188

Delaware |238 Missouri 232 Tennessee (248
Florida 243 Montana 191 Texas 205
Georgia 211 Nebraska 221 Utah 202
Hawaii 269 Nevada 177 \Vermont 313
Idaho 155 NewHampshire 234 \Virginia 243
Illinois 263 NewlJersey 301 \Washington (237
Indiana 198 NewMexico 214 \WestVirginia 219
lowa 175 NewYork 395 \Wisconsin 232
Kansas 204 NorthCarolina [237 \Wyoming 172
Kentucky [212 NorthDakota [224 D.C. 758

1.30 Orange pries. Figure 1.13 is a time plot of the average price of fresh oranges each month during the decade
from 1992 to 2002. The prices are "index numbers" given as percents of the average price during 1982 to 1984.
The most notable pattern in this time plot ias®al variation, regular tgnddown movements that occur at about
the same time each year. Why should we expect the price of fresh oranges to show seasonal variation?

Is there a longeterm trend visible under the seasonal variatiorsd Jfdescribe it.

Problem Set #3
2.11 Incomes of college grads. The Census Bureau reports that the mean and median income of people who worked
full-time in 2001 and had at least a bachelor's degree were $53,054 and $#h&Mof these numbers is the
mean and which is the median? Explgour reasoning.

2.12 Internet access. How much do users pay for Internet access? Here are the monthly fees (in dollars) paid by a
random sample of 50 users of commercial Internet service providers in August 2000:

20 21 20 18 22 21 9 19 20 22
40 20 13 15 10 15 20 15 15 21
22 10 18 8 20 23 40 20 19 35
22 20 50 22 22 30 22 20 21 20
21 20 20 25 22 12 29 20 14 22

a. Make a stemplot of these data. Briefly describe the pattern you see. About how much do you think America

b. Online and its larger conaitors were charging in August 2000? Are there any outliers?

c. To report a quick summary of how much people pay for Internet service, do you prefer the mean and the standard
deviation or the fiveaumber summary? Why? Calculate your preferred summary.

2.13 Where are the doctors? Table 1.6 gives the number of medical doctors per 100,000 people in each state.
Exercise 1.29 asked you to plot the data. The distribution isslghwed with several high outliers.



a. Do you expect the mean to be greater tienmedian, about equal to the median, or less than the median? Why?

b. CalculateX and M and verify your expectation.
c. The District of Columbia is a high outlier at 758 M.D.'s per 100,000 residents. If you remove D.C. besause it

city rather than a state, do you exp&cbr M to change more? Why? Omitting D.C., calculate both measures for
the 50 states and verify your expectation.

2.14 McGuwire versus Ruth. Exercises 1.25 and 1.26 give the numbers ofuintsriét each season by Babe Ruth
and Mark McGwire. Find the firaumber summaries and make sheside boxplots to compare these two home
run hitters. What do your plots show? Why are the boxplots less informative than thite-back stemplot you
madein Exercise 1.267?

2.15 Students' attitudes. Here are the scores of 18/ésstcollege women on the Survey of Study Habits and
Attitudes (SSHA):

154 109 137 115 152 140 154 178 101
103 126 126 137 165 165 129 200 148

a. Find the mean score fromefiormula for the mean. Then enter the data into your calculator and use the

calculator'sX button to obtain the mean. Verify that you get the same result.
b. A stemplot suggests that the score 200 is an outlier. Use your cal¢aléitat the mean for the 17 observations
that remain when you drop the outlier. How does the outlier change mean?

2.16 How much fruit do adolescent girls eat? Figure 1.10 is a histogram of the number of servings of fruit per day
claimed by 74 seventegear-old girls. With a little care, you can find the median and the quartiles from the
histogram. What are these numbers? How did you find them?

2.17 Students' attitudes. In Exercise 2.15 you found the mean of the SSHA scores ofygarficsilege women.
Now find the median of these scores. Is the median smaller or larger than the mean? Explain why this is so.

2.18 Weight of newborns. Exercise 1.18 gives the weight class of all babies born in the United States in 1999.
How many babies were there? What #re positions of the median and quartiles in the ordered list of all birth
weights?

In which weight classes do the median and quartiles fall?

2.19 Does breadeeding weaken bones? Bre&stding mothers secrete calcium into their milk. Some of the

caldum may come from their bones, so mothers may lose bone mineral. Researchers comparedfé@dingast

women with 22 women of similar age who were neither pregnant nor lactating. They measured the percent change in
the mineral content of the women's sgilm&er three months. Here are the data:

Breast Feeding Women Other Women

-4.7-25 |-4.9 |-2.7 |-0.8 |-5.3 J2.4|0 09 |02 |1 1.7
-8.31-2.1 |-6.8 |-4.3 |2.2 |-7.8 |2.9/-0.6 |1.1 |-0.1 |-0.40.3
-3.1-1 |-6.5 |-1.8 |-5.2 |-5.7 |1.2|-1.6 |-0.1 |-1.5 |0.7|-0.4
-7 |-22 |-65 |-1 |-3 |-3.6 |2.2|-0.4 |-2.2 |-0.1
-5.2-2 |-2.1 |-5.6 |-4.4 |-3.3
-4 |-4.9 |-4.7 |-3.8 |-5.9 |-2.5
-0.31-6.2 |-6.8 1.7 |0.3 |-2.3
0.4-5.3 0.2 |-2.2 |-5.1

Compare the two distributions using both graphs and numerical summaries. Do the wal&sthctly greater bone
mineral loss among the bredsteding women?



2.20 The density of the earth. In 1798 the English scientist Henry Cavendish measured the density of the earth with
great care. It is common practice to repeat careful measuremeettal semes and use the mean as the final result.
Cavendish repeated his work 29 times. Here are his results (the data give the density of the earth as a multiple of the
density of water):

5,50 5.61 4.88 5.07 526 555 5.36 5.29 558 5.65

5,57 553 5.62 529 544 534 579 510 5.27 5.39

5.42 547 563 534 546 53 575 568 5.85
Present these measurements with a graph of your choice. Scientists usually give the mean and standard deviation to
summarize a set of measurements. Does the shape of thilsutisn suggest thaX and s are adequate summaries?

CalculateX and s.

Table 2.3

County PopulatiofCounty Population |County Population
Alameda |1443741 |Marin 247289 SanMateo |707161
Alpine 1208 Mariposa 1713 SantaBarbal399347
Amador 35100 Mendocino  |86265 SantaClara [1682585
Butte 203171 |Merced 210554 SantaCruz [255602
Calaveras 40554 |Modoc 9449 Shasta 163256
Colusa 18804 Mono 12853 Sierra 3555
ContraCostg948816 |Monterey 401762 Siskiyou 44301
DelNorte  |27507 Napa 124279 Solano 394542
ElDorado |156299 |Nevada 92033 Sonoma 458614
Fresno 799407 |Orange 2846289 |Stanislaus (446997
Glenn 26453 Placer 248399 Sutter 78930
Humboldt |126518 |Plumas 20824 Tehama 56039
Imperial 142361 [Riverside 1545387  [Trinity 13022
Inyo 17945 |Sacramento (1223499 [Tulare 368021
Kern 661645 |SanBenito |53234 Tuolumne |54501
Kings 129461 |[SanBernardin{1709434 |Ventura 753197
Lake 58309 |SanDiego 2813833 |Yolo 168660
Lassen 33828 |SanFrancisco|776733 Yuba 60219
LosAngeles|9519338 [SanJoaquin (563598

Madera 123109 |[SanLuisObisp[246681

2.21 California counties. You are planning a sample survey of households in California. You decide to select
households separately within each county and to choose more households from the more poptiesisTapaid

in the planning, Table 2.3 gives the populations of California counties from the 2000 census. Examine the
distribution of county populations both graphically and numerically, using whatever tools are most suitable. Write a
brief description bthe main features of this distribution. Sample surveys often select households from all of the
most populous counties but from only some of the less populous. How would you divide California counties into
three groups according to population, with theim of including all of the first group, half of the second, and a
smaller fraction of the third in your survey?

2.22  Afootball team. The University of Miami Hurricanes have been among the more successful teams in
college football. Table 2.4 gives theights in pounds and positions of the players on the 2002 team. The positions
are quarterback (QB), running back (RB), offensive line (OL), wide receiver (WR), tight end (TE), kicker/punter
(KP), defensive back (DB), linebacker (LB), and defensive lirig) (D

a. Make sideby-side boxplots of the weights for running backs, wide receivers, offensive linemen, defensive



linemen, linebackers, and defensive backs.

b. Briefly compare the weight distributions. Which position has the heaviest players overall? Mhithe
lightest?

c. Are any individual players outliers within their position?

Table 2.4

Position |Weight |Position |Weight|Position [Weight |Position |Weight
QB 200 |OL 265 |TE 200 |LB 219
QB 209 |OL 314 |KP 189 |LB 219
QB 190 |OL 318 |KP 214 |LB 208
QB 201 |OL 334 |KP 185 |LB 225
RB 210 |OL 276 |KP 204 |LB 203
RB 224 |OL 300 |[DB 189 |DL 240
RB 196 |OL 290 |DB 173 |DL 261
RB 218 |WR 227 |DB 186 |DL 302
RB 229 |WR 178 |DB 220 DL 214
RB 236 |WR 180 |DB 170 |DL 225
OL 281 WR 193 DB 166 DL 250
oL 286 |WR 190 |DB 185 |DL 350
OL 320 |WR 163 |DB 194 |DL 230
oL 369 |WR 185 |DB 175 |DL 271
oL 298 |WR 200 |DB 194 |DL 294
oL 276 |TE 235 |DB 193 |DL 202
oL 293 [TE 233 |DB 179 |DL 297
OL 292 [TE 225 |LB 247 DL 271
oL 285 [TE 253 |LB 208 DL 260
oL 286 |[TE 275 |LB 227 |DL 257
DL 262

2.23  Guinea jig survival times. Here are the survival times in days of 72 guinea pigs after they were injected
with infectious bacteria in a medical experiment.8 Survival times, whether of machines under stress or cancer
patients after treatment, usually have distiiimg that are skewed to the right.

43 |45 |53 |56 |56 |57 |58 66 |67 |73 |74 |79
80 80 81 |81 |81 182 |83 |83 |84 188 89 |91
91 92 92 |97 [99 |99 |100 |100 101 |102 |102 |102
103 |104 107 |108 |109 [113 |114 |118 |121 |123 |126 |128
137 [138 |139 (144 |145 |147 |156 [162 |174 |178 |179 |184
191 [198 211 |214 243 |249 |329 380 403 |511 |522 598

a. Graph the distribution and describe its main features. Does it show the expected right skew?
b. Which numerical summary would you choose for these data? Calculate your chosen summary. How does it
reflect the skewness of the distribution?

2.24 Never on Sunday: also in Canada? The boxplots in Figure 2.5 are based on more detailed data from Toronto,
Canada: the number of births on each of the 365 days in a year, grouped by day of the week. Based on these plots
give a more detailed description of how births depend on the day of the week.
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2.25 Athletes' salaries. In 2002, the Chicago Cubs failed once again to reach the National League playoffs. Table 2.5
gives the salaries of the players as of opening détyeo§eason. Describe the distribution of salaries both with a

graph and with a numerical summary. Then write a brief description of the important features of the distribution.
Identifying suspected outliers. Whether an observation is an outlier igex wfgidgment: does it appear to dearly

stand apart from the restof the distribution? When large volumes of data are scanned automatically, however, we
need a rule to pick out suspected outliers. The most common rule is the 1.5IQR rule. The interajugetite the

distance between the two quartiles, IQR =iQ31. This is the spread of the middle half of the data. A pointis a
suspected outlier if it lies more than 1.5I1QR below the first quartile Q1 or above the third quartile Q3. Exercises 2.26
to 2.8 ask you to apply this rule.

Table 2.5

Player Salary |Player Salary
Sammy Sosa 15000000Jesus Sanchez |1425000
Fred McGriff 7250000 |Delino DeShields [1250000
Todd Hundley 6500000 |Chris Stynes 1250000

Moises Alou 6000000 |Daren Lewis 500000
Jon Lieber 5833333 |Donovan Osborng450000
Alex Gonzales 4250000 [Kyle Farnsworth 1410000
Kerry Wood 3695000 [Robert Machado 277500

Antonio Alfonseca|3550000 |Roosevelt Brown (255000
Bill Mueller 3450000 |Augie Ojeda 240000




Jason Bere 3400000 [Joe Barowski 235000

Jeff Fassero 2800000 |Corey Patterson |227500
Tom Gordon 2800000 [Mark Bellhorn 224000
Matt Clement 2500000 [Juan Cruz 215000
Joe Girardi 1500000 |Will Ohman 203500

2.26 A high income. In Example 2.1, we noted the influence of one high income of $110,000 laeniocgrnes of
a sample of 15 college graduates. Does the 1.5 IQR rule identify this income as a suspected outlier?

2.27 Athletes' salaries. Which members of the Chicago Cubs (see Table 2.5) have salaries that are suspected outliers
by the 1.5IQR rule?

2.28 Gas guzzlers? The BMW Z8, Ferrari, and Lamborghini have notably low gas mileage amongseaténwo
cars in Table 1.2. Find the fiveumber summary of the city gas mileages (omitting the Honda Insight). Are any of
these cars suspected low outliershy 1.51QR rule?

Table 1.2

Model City Highway
AcuraNSX 17 |24
AudiTTRoadster 22 |31
AudiTTQuattro 20 |28
BMWMCoupe 17 |25
BMWZ3Coupe 19 |27
BMWZ3Roadster 20 |27
BMWZ8 13 |21
ChevroletCorvette 18 (25
ChryslerProwler 18 |23
Ferraris60Modena 11 |16
FordThunderbird 17 23
Hondalnsight 57 |56
HondaS2000 20 |26
LamborghiniMurcielago 9 |13
MazdaMiata 22 (28
MercedesBenzSL500 16 |23
MercedesBenzSL600 13 (19
MercedesBenzSLK230 23 (30
MercedesBenzSLK320 20 |26
Porsche911GT2 15 |22
PorscheBoxster 19 27
ToyotaVIR2 25 |30

2.29 A standard deviation contest. This is a standard deviation contest. You must choose four numbers from the
whole numbers 0 to 10, with repeats allowed.

a. Choose four numbers that have the smallest possible standard deviation.

b. Choosefour numbers that have the largest possible standard deviation.

c. Is more than one choice possible in either (a) or (b)? Explain.

2.30 Test your technology. This exercise requires a calculator with a standard deviation button or statistical

software ora computer. The observations 10,001 10,002 10,288 meanX = 10,002 and standard
deviation s = 1. Adding a 0 in the center of each number, the next set bet6661 100,002 100,003
The standard deviation remains 4 as more Os are added. Use your calculator or software to find the standard



deviation of these numbers, adding extra Os until you get an incorrect answer. How soon did you go wrong? This
demonstrates that calculators and software cannot handle aargrbitmber of digits correctly.

2.31 You create the data. Create a set of 5 positive numbers (repeats allowed) that have median 10 and mean 7.
What thought process did you use to create your numbers?

2.32 You create the data. Give an example of a ssaathf data for which the mean is larger than the third quartile.

Problem Set #4
3.14Figure 3.14 shows two Normal curves, both with meam\pproximately what is the standard deviation
of each of these curved® test scores. The Wechsler Adult Intelligence Scale (WAIS) isntb& common "1Q
test."The scale of scores is set sedydbr each age group and is approximately Normal with mean 100 and standard
deviation15. Use this distribution and the-88-99.7 rule to answer Exercis@s15t03.17.

3.15About what percent of people have WAIS scores
a) above 1007
b) above 145?
c) below 85?7

3.16 Retardation. People with WAIS scores below 70 are considezathlly retarded when, for example,
applying for Social Securitdisability benefits. What percent of adults are retarded by this criterion?

3.17 MENSA. The organization MENSA, which caiktself "the high IQsociety,"” requires a WAIS score of
130 or higher for membership.

I T 1 T T T T I
-1.6 -12 -08 -04 0 0.4 0.8 12 16

Figure 3.14Two Normal curves with the same mean but different standkarigtions, for Exercise 3.14.

(Similar scores on other tests are also accepted.) What pefcatults would qualify for
membership?

3.18 Standard Normal drill. Use Table A to find the proportion of observations from a standard
Normal distribution that falls in each of the following regions. In each case, sketch a standard Normal
curve and shagthe area representing the region.

a) z<-2.25

b) z>-2.25

c) z>1.77

d) -2.25<z<177



3.19 Standard Normal drill.
a) Find the number z such that the proportion of observations that are less than z in a standard
Normal distribution is 0.8.
b) Find the number z shahat 35% of all observations from a standard Normal distribution are
greater than z.

3.20 NCAA rules for athletes. The National Collegiate Athletic Association (NCAA) requires
Division | athletes to score at least 820 on the combined mathematics aatipats of the SAT

exam to compete in their first college year. (Higher scores are required for students with poor high
school grades.) In 2002, the scores of the 1.3 million students taking the SATs were approximately
Normal with mean 1020 and standaeliation 207. What percent of all students had scores less than
8207

3.21 More NCAA rules. The NCAA considers a student a "partial qualifier" eligible to practice and
receive an athletic scholarship, but not to compete, if the combined SAT scoreaist #t2@. Use the
information in the previous exercise to find the percent of all SAT scores that are less than 720.

3.22 Heights of men and women. The heights of women aged 20 to 29 follow approximately the
N(64, 2.7) distribution. Men the same age hagmhts distributed as N(69.3, 2.8). What percent of
young women are taller than the mean height of young men?

3.23 Heights of men and women. The heights of women aged 20 to 29 follow approximately the
N(64, 2.7) distribution. Men the same age have heidistsibuted as N(69.3, 2.8). What percent of
young men are shorter than the mean height of young women?

3.24 Length of pregnancies. The length of human pregnancies from conception to birth varies
according to a distribution that is approximately Normahwnean 266 days and standard deviation
16 days.
a) What percent of pregnancies last less than 240 days (that's about 8 months)?
b) What percent of pregnancies last between 240 and 270 days (roughly between 8 months and 9
months)?
¢) How long do the longest 20% pfegnancies last?

3.25 A surprising calculation. Changing the mean of a Normal distribution by a moderate amount
can greatly change the percent of observations in the tails. Suppose that a college is looking for
applicants with SAT math scores 750 andah
a) In 2002, the scores of men on the math SAT followed the N(534, 116) distribution. What
percent of men scored 750 or better?
b) Women's SAT math scores that year had the N(500, 110) distribution. What percent of women
scored 750 or better? You see tha gercent of men above 750 is almost three times the
percent of women with such high scores.

3.26 Grading managers. Many companies "grade on a bell curve" to compare the performance of their
managers and professional workers. This forces the use ofleanperformance ratings, so that not

all workers are listed as "above average."Ford Motor Company's "performance management process"
for a time assigned 10% A grades, 80% B grades, and 10% C grades to the company's 18,000
managers. Suppose that Ford'd@enance scores really are Normally distributed.

This year, managers with scores less than 25 received C's and those with scores above 475 received
A's. What are the mean and standard deviation of the scores?

3.27 Weights aren't Normal. The heights of plecof the same sex and similar ages follow Normal
distributions reasonably closely. Weigh the other hand, are not Normally distributed. The weights of
women aged 20 to 29 have mean 141.7 pounds and median 133.2 pounds. The first and third quartiles
are 1B.3 pounds and 157.3 pounds. What can you say about the shape of the weight distribution?



Why?

3.28 Quatrtiles. The median of any Normal distribution is the same as its mean. We can use Normal
calculations to find the quartiles for Normal distributions.

a) What is the area under the standard Normal curve to the left of the first quartile? Use this to
find the value of the first quartile for a standard Normal distribution. Find the third quartile
similarly.

b) Your work in (a) gives the-8cores for the quartiled any Normal distribution. What are the
quartiles for the lengths of human pregnancies? (Use the distribution in Exercise 3.24.)

3.29 Deciles. The deciles of any distribution are the points that mark off the lowest 10% and the
highest 10%. On a densityive, these are the points with areas 0.1 and 0.9 to their left under the
curve.
a) What are the deciles of the standard Normal distribution?
b) The heights of young women are approximately Normal with mean 64 inches and standard
deviation 2.7 inches. What atlee deciles of this distribution?

Problem Ses#5,6 & 7
4.12 Sports car gas mileage. Table 1.2 gives the city and highway gas mileage $eaterocars.
We expect a positive association between the city and highway mileages of a group of vehicles. Make
a scatterplot that shows the relationship betweenagityhighway mileage, using city mileage as the
explanatory variable. Describe the overall pattern. Does the outlier (the Honda Insight) extend the
pattern of the other cars or is it far from the line they form?

4.13 1Q and school grades. Do students witgher IQ test scores tend to do better in school?
Figure 46 is a scatterplot of IQ and school grade point average (GPA) for all 78 seyraxth
students in a rural Midwest school.
a) Say in words what a positive association between IQ and GPA would meas tiie plot
show a positive association?
b) What is the form of the relationship? Is it roughly linear? Is it very strong? Explain your
answers.
c) At the bottom of the plot are several points that we might call outliers. One student in
particular has a very Yo GPA despite an average |1Q score. What are the approximate 1Q and
GPA for this student?



4.14 Sports car gas mileage. Find the correlation between city and highway mileage in Table 1.2,
leaving out the Insight. Explain how the correlation matches therpatf the plot. Based on your plot

in Exercise 412, will adding the Insight make the correlation stronger (closer to 1) or weaker? Verify
your guess by calculating the correlation for all 22 cars.

4.15 Calories and salt in hot dogs. Are hot dogs thathegh in calories also high in salt? Figure
4.7 is a scatterplot of the calories and salt content (measured as milligrams of sodium) in 17 brands of
meat hot dogs.8
a) Roughly what are the lowest and highest calorie counts among these brands? Rougisly what
the sodium level in the brands with the fewest and with the most calories?
b) Does the scatterplot show a clear positive or negative association? Say in words what this
association means about calories and salt in hot dogs.
c) Are there any outliers? Is thelationship (ignoring any outliers) roughly linear in form? Still
ignoring any outliers, how strong would you say the relationship between calories and sodium
is?



