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Chapter 1:  Introduction to Data 
 

Section 1.2:  Classifying and Storing Data 
1.1 There are eight variables: “Female”, “Commute Distance”, “Hair Color”, “Ring Size”, “Height”, “Number of 

Aunts”, “College Units Acquired”, and “Living Situation”. 

1.2 There are eleven observations. 

1.3 a. Living situation is categorical. 

 b. Commute distance is numerical. 

 c. Number of aunts is numerical. 

1.4 a. Ring size is numerical. 

 b. Hair color is categorical. 

 c. Height is numerical. 

1.5 Answers will vary but could include such things as number of friends on Facebook or foot length.  Don’t copy 
these answers. 

1.6 Answers will vary but could include such things as class standing (“Freshman”, “Sophomore”, “Junior”, or 
“Senior”) or favorite color.  Don’t copy these answers. 

1.7 0 = male, 1 = female. The sum represents the total number females in the data set. 

1.8 There would be seven 1’s and four 0’s. 

1.9 Female is categorical with two categories. The 1’s represent females, and the 0’s represent males. If you 
added the numbers, you would get the number of females, so it makes sense here. 

1.10 a. Freshman 

       
 b. numerical 

 c. categorical 

1.11 a. The data is stacked. 

 b. 1 = male, 0 = female. 

 c. Male Female 
 1916 9802 
 183 153 
 836 1221 
 95  
 512  

0 
1 
1 
0 
1 
1 
0 
1 
1 
0 
0 
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1.12 a. The data is unstacked. 

 b. Labels for columns will vary. 
Gender Age 

1 29 
1 23 
1 30 
1 32 
1 25 
0 24 
0 24 
0 32 
0 35 
0 23 

 c. Gender is categorical; Age is numerical 

1.13 a. Stacked and coded: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  The second column could be labeled “Salty” with the 1’s being 0’s and the 0’s being 1’s. 

 b. Unstacked: 
 
 
 
 
 
 
 
1.14 a. Stacked and coded: 
 
 
 
 
 
 
 
 
 
 
 
 
 

  The second column could be labeled “Female” with the 1’s being 0’s and the 0’s being 1’s. 

Calories Sweet 
90 1 
310 1 
500 1 
500 1 
600 1 
90 1 
150 0 
600 0 
500 0 
550 0 

Sweet Salty 
90 150 
310 600 
500 500 
500 550 
600  
90  

Cost Male 
10 1 
15 1 
15 1 
25 1 
12 1 

8 0 
30 0 
15 0 
15 0 
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 b. Unstacked: 
 
 
 
 
 
 
 
Section 1.3:  Investigating Data 
1.15 Yes. Use College Units Acquired and Living Situation. 

1.16 Yes.  Use Female and Height. 

1.17 No.  Data on number of hours of study per week are not included in the table. 

1.18 Yes.  Use Ring Size and Height. 

1.19 a. Yes. Use Date.   

 b. No. data on temperature are not included in the table.   

 c. Yes.  Use Fatal and Species of Shark.  

 d. Yes. Use Location. 

1.20 Use Time and Activity. 

 
Section 1.4: Organizing Categorical Data  
1.21 a. 33/40 = 82.5%  

 b. 32/45 = 71.1% 

 c. 33/65 = 50.8%  

 d. 82.5% of 250 = 206 

1.22 a. 4/27 = 14.8% 

 b. 14/27 = 51.9% 

 c. 4/18 = 22.2% 

 d. 14.8% of 600 = 89 men 

1.23 a. 15/38 = 39.5% of the class were male. 

 b. 0.64(234) = 149.994, so 150 men are in the class. 

 c. 0.40(x) = 20, so 20/0.40 = 50 total students in the class. 

1.24 a. 0.35(346) = 121 male nurses. 

 b. 66/178 = 37.1% female engineers. 

 c. 0.65(x) = 169 so 169/0.65 = 260 lawyers in the firm. 

1.25 The frequency of women 6, the proportion is 6/11, and the percentage is 54.5%. 

1.26 The frequency is 8, the proportion is 8/11, and the percentage is 72.7%. 

Male Female 

10 8 
15 30 
15 15 
25 15 
12  
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1.27 a. and b. 
 Men Women Total 
Dorm 3 4 7 
Commuter 2 2 4 
Total 5              6 11 

 

 c. 4/6 = 66.7% 

 d. 4/7 = 57.1% 

 e. 7/11 = 63.6%  

 f. 66.7% of 70 = 47 

1.28 a. and b. 
 Men Women Total 
Brown 3 5 8 
Black 2 0 2 
Blonde 0 1 1 
Total 5 6 11 

 

 c. 5/6 = 83.3% 

 d. 5/8 = 62.5% 

 e. 8/11 = 72.7%  

 f. 83.3% of 60 = 50 

1.29 1.26(x) = 160328 so 160328/1.26 = 127,244 personal care aids in 2014 

1.30 .1295(x) = 3480000 so 3480000/.1295 = $26,872,587.87 total candy sales 

1.31 

State Prison 
Rank 
Prison Population 

Population 
(thousands) Prison per 1000 

Rank 
Rate 

California 136,088 1 39,144,818 39145 3.48 4 
New York 52518 2 19,795,791 19796 2.65 5 
Illinois 48278 3 12,859,995 12860 3.75 3 
Louisiana 30030 4 4,670,724 4671 6.43 1 
Mississippi 18793 5 2,992,333 29922 6.28 2 

 

 California has the highest prison population. Louisiana has the highest rate of imprisonment.  

 The two answers are different because the state populations are different. 

1.32 a. Miami:  4,919,000/2891 = 1701      Detroit: 3,903,000/3267 = 1195 

  Atlanta: 3,500,000/5083 = 689        Seattle: 2,712,000/1768 = 1534 

  Baltimore: 2,076,000/1768 = 1174 

  Ranks:  1- Miami, 2- Seattle, 3- Detroit, 4- Baltimore, 5- Atlanta 

 b. Atlanta    

 c. Miami 
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1.33  
Year  %Uncovered 

1990 
34,719 13.9%
249,778

  

2000 
36,586 13.1%
279, 282

  

2015   29758 9.4%
316574

       

 The percentage of uninsured people have been declining. 

1.34   
Year % Subscribers 

2012 
103.6 90.3%
114.7

  

2013 
103.3 90.5%
114.1

  

2014 
103.7 89.6%
115.7

  

2015 
100.2 86.0%
116.5

  

2016 
97.8 84.0%

116.4
  

 The percentage of cable subscribers rose slightly between 2012 and 2013 but has declined each year since then. 

1.35   

Year %Older 
Population 

2020 
54.8 16.4%
334

  

2030 
70.0 19.6%
358

  

2040 
81.2 21.4%
380

  

2050 
88.5 22.1%
400

  

 The percentage of older population is projected to increase. 

1.36   

Year %Older 
Population 

2000 
4.0 48.8%
8.2

  

2005 
3.6 47.4%
7.6

  

2010 
3.6 52.9%
6.8

  

2014 
3.2 46.4%
6.9

  

 The rate has fluctuating over this period, decreasing, then increasing, and then decreasing again. 
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1.37 We don’t know the percentage of female students in the two classes. The larger number of women at 8a.m. 
may just result from a larger number of students at 8 a.m., which may be because the class can accommodate 
more students because perhaps it is in a large lecture hall. 

1.38 No, we need to know the population of each city so we can compare the rates. 

 

Section 1.5 Collecting Data to Understand Causality 
1.39 Observational study. 

1.40 Controlled experiment. 

1.41 Controlled experiment. 

1.42 Controlled experiment. 

1.43 Controlled experiment. 

1.44 Observational study. 

1.45 Anecdotal evidence are stories about individual cases. No cause-and effect conclusions can be drawn from 
anecdotal evidence. 

1.46 These testimonials are anecdotal evidence. There is no control group and no comparison. No cause-and-effect 
conclusions can be drawn from anecdotal evidence. 

1.47 This was an observational study, and from it you cannot conclude that the tutoring raises the grades. Possible 
confounders (answers may vary): 1. It may be the more highly motivated who attend the tutoring, and this 
motivation is what causes the grades to go up. 2. It could be that those with more time attend the tutoring, and 
it is the increased time studying that causes the grades to go up. 

1.48 a. If the doctor decides on the treatment, you could have bias. 

 b. To remove this bias, randomly assign the patients to the different treatments. 

 c. If the doctor knows which treatment a patient had, that might influence his opinion about the 
effectiveness of the treatment. 

 d. To remove that bias, make the experiment double-blind. The talk-therapy-only patients should get a 
placebo, and no patients should know whether they have a placebo or antidepressant. In addition, the 
doctor should not know who took the antidepressants and who did not. 

1.49 a. The sample size of this study is not large (40). The study was a controlled experiment and used random 
assignment. It was not double-blind since researchers new what group each participant was in.  

 b. The sample size of the study was small, so we should not conclude that physical activity while learning 
caused higher performance. 

1.50 This is an observational study because researchers did not determine who received PCV7 and who did not. 
You cannot conclude causation from an observational study. We must assume that it is possible that there 
were confounding factors (such as other advances in medicine) that had a good effect on the rate of 
pneumonia. 

1.51 a. Controlled experiment. Researchers used random assignment of subjects to treatment or control groups.  

 b. Yes. The experiment had a large sample size, was controlled, randomized, and double-blind; and used a 
placebo. 

1.52 a. Observational study. There was no random assignment to treatment/control groups. The subjects kept a 
food diary and had their blood drawn.  

 b. We cannot make a cause-and-effect conclusion since this was an observational study. 

1.53 No, this was not a controlled experiment. There was no random assignment to treatment/control groups and no 
use of a placebo. 
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1.54 No. There was no control group and no comparison. From observation of 12 children it is not possible to 
come to a conclusion that the vaccine causes autism. It may simply be that autism is usually noticed at the 
same age the vaccine is given.    

1.55 a. Intervention remission: 11/33 = 33.3%; Control remission: 3 /34 = 8.8% 

 b. Controlled experiment. There was random assignment to treatment/control groups.  

 c. While this study did use random assignment to treatment/control groups, the sample size was fairly small 
(67 total) and there was no blinding in the experimental design. The difference in remission may indicate 
that the diet approach is promising and further research in this area is needed. 

1.56 Ask whether there was random assignment to groups. Without random assignment there could be bias, and we 
cannot infer causation. 

1.57 No. This is an observational study. 

1.58 This is likely a conclusion from observational studies since it would not be ethical to randomly assign a 
subject to a group that drank large quantities of sugary drinks. Since this was likely based on observational 
studies, we cannot conclude drinking sugary beverages causes lower brain volume. 

 
Chapter Review Exercises 
1.59 a. 61/98 = 62.2%  

 b. 37/82 = 45.1%  

 c. Yes, this was a controlled experiment with random assignment. The difference in percentage of homes 
adopting smoking restrictions indicates the intervention may have been effective. 

1.60 No. Cause-and-effect conclusions cannot be drawn from observational studies. 

1.61 a. Gender (categorical) and whether students had received a speeding ticket (categorical) 

 b.  
 Male Female 
Yes 6 5 
No 4 10 

 c. Men: 6/10=60%; Women: 5/15 = 33.3%; a greater percentage of men reported receiving a speeding 
ticket. 

1.62 a. Gender (categorical) and whether students had driven over 100 mph (categorical). 

 b.  
 Male Female 
Yes 6 5 
No 3 10 

 c. Men: 6/9 = 66.7%; Women: 5/15 = 33.3%; a greater percentage of men reported driving over 100 mph. 

1.63 Answers will vary. Students should not copy the words they see in these answers. Randomly divide the group 
in half, using a coin flip for each woman: Heads she gets the vitamin D, and tails she gets the placebo (or vice 
versa). Make sure that neither the women themselves nor any of the people who come in contact with them 
know whether they got the treatment or the placebo (“double-blind”). Over a given length of time (such as 
three years), note which women had broken bones and which did not. Compare the percentage of women with 
broken bones in the vitamin D group with the percentage of women with broken bones in the placebo group. 
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1.64 Answers will vary. Students should not copy the words they see here. Randomly divide the group in half, 
using a coin flip for each person: Heads they get Coumadin, and tails they get aspirin (or vice versa). Make 
sure that neither the subjects nor any of the people who come in contact with them know which treatment they 
received (“double-blind”). Over a given length of time (such as three years), note which people had second 
strokes and which did not. Compare the percentage of people with second strokes in the Coumadin group with 
the percentage of people with second strokes in the aspirin group. There is no need for a placebo because we 
are comparing two treatments. However, it would be acceptable to have three groups, one of which received a 
placebo. 

1.65 a. The treatment variable is mindful yoga participation. The response variable is alcohol use.  

 b. Controlled experiment (random assignment to treatment/control groups). 

 c. No, since the sample size was fairly small; however, the difference in outcomes for treatment/control 
groups may indicate that further research into the use of mindful yoga may be warranted. 

1.66 a. The treatment variable was neurofeedback; the response variable is ADHD symptoms. 

 b. Controlled experiment (random assignment to treatment/control groups). 

 c. No because there were no significant differences in outcomes between any of the groups. 

1.67 No. There was no control group and no random assignment to treatment or control groups. 

1.68 a. Long course antibiotics: 39/238 = 16.4%; short course antibiotics: 77/229 = 33.6%. 

  The longer course recipients did better. 

 b.  
 10 days 5 days 
Failure  39  77 
Success 199 152 

 c. Controlled experiment (random assignment to treatment/control groups). 

 d. Yes. This was a controlled, randomized experiment with a large sample size. 

1.69 a. LD: 8% tumors; LL: 28% tumors A greater percentage of the 24 hours of light developed tumors. 

 b. A controlled experiment. You can tell by the random assignment.  

 c. Yes, we can conclude cause and effect because it was a controlled experiment, and random assignment 
will balance out potential confounding variables. 

1.70 a. 43/53, or about 81.1%, of the males who were assigned to Scared Straight we rearrested. 37/55, or 67.3%, 
of those receiving no treatment were rearrested So the group from Scared Straight had a higher arrest rate.   

 b. No, Scared Straight does not cause a lower arrest rate because the arrest rate was higher. 
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Chapter 2:  Picturing Variation with Graphs 
 

Section 2.1:  Visualizing Variation in Numerical Data  
and Section 2.2:  Summarizing Important Features of a Numerical Distribution 
2.1 a. 4 people had resting pulse rates more than 100. 

 b. 4 3.2%
125

  of the people had resting pulse rates of more than 100. 

2.2 a. 8 people have glucose readings above 120 mg/dl. 

 b. 8 6.1%  of these people have glucose readings above 120 mg/dl. 

2.3 New vertical axis labels: 1 0.04,
25

  2 0.08,
25

  3 0.12,
25

  4 0.16,
25

  5 0.20
25

    

2.4 a. The bin width is 100. 

 b. The histogram is bimodal because two bins have a much higher relative frequency than the others. 

 c. About 19% (combine 6% and 13%). Due to the scale on the graph, any answer between 18% to 20% is 
acceptable. 

2.5 Yes, since only about 7% of the pulse rates were higher than 90 bpm. Conclusion might vary, but students 
must mention that 7% of pulse rates were higher than 90 bpm. 

2.6 No, because on roughly half of the days the post office served more than 250 customers, so 250 would not be 
unusual. 

2.7 a. Both cereals have similar center values (about 110 calories). The spread of the dotplots differ. 

 b. Cereal from manufacturer K tend to have more variation. 

2.8 a. Both distributions have more than one mode. The center for the coins from the United States is much 
larger than the center for other countries. The spreads are similar. 

 b. Coins in the United States tend to weigh more, as we conclude because the center of the distribution is 
higher for the United States coins. 

2.9 Roughly bell shaped. The lower bound is 0, the mean will be a number probably below 9, but a few students 
might have slept quite a bit (up to 12 hours?) which creates a right-skew. 

2.10 Roughly right-skewed (most students with no tickets, very few with many tickets). 

2.11 It would be bimodal because the men and women tend to have different heights and therefore different arm 
spans. 

2.12 It might be bimodal because private colleges and public colleges tend to differ in amount of tuition. 

2.13 About 75 beats per minute. 

2.14 About 500 Calories. 

2.15 The BMI for both groups are right skewed. For the men it is maybe bimodal (hard to tell). The typical values 
for the men and women are similar although the value for the men appears just a little bit larger than the 
typical value for the women. The women’s values are more spread out. 

2.16 a. Both distributions are right skewed. They have similar typical values.  

 b. The men’s distribution is more spread out and has a greater percentage of values that are considered high. 
So, the women’s levels are somewhat better. 



10     Introductory Statistics: Exploring the World Through Data, 3rd edition 

Copyright © 2020 Pearson Education, Inc. 

2.17 a. The distribution is multimodal with modes at 12 years (high school), 14 years (junior college), 16 years 
(bachelor’s degree), and 18 years (possible master’s degree). It is also left-skewed with numbers as low 
as 0. 

 b. Estimate: 300 + 50 + 100 + 40 + 50, or about 500 to 600, had 16 or more years. 

 c. Between 500 ,
2018

or about 25%, and 600 ,
2018

or about 30%, have a bachelor’s degree or higher. This is very 

similar to the 27% given. 

2.18 a. The distribution is right-skewed. 

 b. About 2 or 3. 

 c. Between 80 and 100. 

 d. 80 4%
2000

  or 100 5%
2000

  

2.19 Ford typically has higher monthly costs (the center is near 250 dollars compared with 225 for BMW) and 
more variation in monthly costs. 

2.20 Both makes have similar typical mpg (around 23 mpg). BMW has more variation in mpg (more horizontal 
spread in the data). 

2.21 1. The assessed values of homes would tend to be lower with a few higher values:  This is histogram B. 
 2. The number of bedrooms in the houses would be slightly skewed right:  This is histogram A. 
 3. The height of house (in stories) for a region would be that allows up to 3 stories would be histogram C. 
2.22 1. The consumption of coffee by a person would be skewed right with many people who do not drink coffee 

and a few who drink a lot:  This is histogram A. 
 2. The maximum speed driven in a car would be roughly symmetrical with a few students who drive very 

fast:  This is histogram C. 
 3. The number of times a college student had breakfast would skew left with students who rarely eat 

breakfast:  This is histogram B. 
2.23 1. The heights of students would be bimodal and roughly symmetrical:  This is histogram B. 
 2. The number of hours of sleep would be unimodal and roughly symmetrical, with any outliers more likely 

being fewer hours of sleep:  This is histogram A. 
 3. The number of accidents would be left skewed, with most student being involved in no or a few 

accidents:  This is histogram C. 
2.24 1. The SAT scores would be unimodal and roughly symmetrical:  This is histogram C. 
 2. The weights of men and women would be bimodal and roughly symmetrical, but with more variation that 

SAT scores:  This is histogram A.  
 3. The ages of students would be left skewed, with most student being younger:  This is histogram B. 
2.25 Students should display a pair of dotplots or histograms. One graph for Hockey and one for Soccer. The 

hockey team tends to be heavier than the soccer team (the typical hockey player weighs about 202 pounds 
while the typical soccer player weighs about 170 pounds). The soccer team has more variation in weights than 
the hockey team because there is more horizontal spread in the data. Statistical Question (answers may vary):  
Are hockey players heavier than soccer players? Which type of athlete has the most variability in weight? 
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2.26 (Answers may vary). Which type of apartment tends to cost more? See histograms. 

      
 Studio apartments tend to be less expensive and have more variation in price than do one-bedrooms. 

2.27 See histogram. The shape will depend on the binning used. The histogram is bimodal with modes at about $30 
and about $90. 
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2.28 See histogram. The shape will depend on the binning used. The 800 score could be an outlier or not, and the 

graph could appear left-skewed or not. 
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2.29 See histogram. The histogram is right-skewed. The typical value is around 12 (between 10 and 15) years, and 
there are three outliers: Asian elephant (40 years), African elephant (35 years), and hippo (41 years). Humans 
(75 years) would be way off to the right; they live much longer than other mammals. 
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2.30 The histogram is right-skewed and also bimodal (at least with this grouping). The modes are at about 80 days 

and 240 days. The typical value is about 240 days (between 160 and 320 days). There are two outliers at more 
than 600 days, the Asian elephant and the African elephant. Humans (266 days) would be near the middle of 
the graph. 
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2.31 Both graphs are multimodal and right-skewed. The Democrats have a higher typical value, as shown by the 

fact that the center is roughly around 35 or 40%, while the center value for the Republicans is closer to 20 to 
30%. Also note the much larger proportion of Democrats who think the rate should be 50% or higher. The 
distribution for the Democrats appears more spread out because the Democrats have more people responding 
with both lower and higher percentages. 
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Each sy mbol represents up to 2 observ ations.  
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2.32 Both distributions are right-skewed. A large outlier did represent a cat lover, but typically, cat lovers and dog 
lovers both seem to have about 2 pets, although there are a whole lot of dog lovers with one dog. 
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Output for Exercise 32

 
2.33 The distribution appears left-skewed because of the low-end outlier at about $20,000 (Brigham Young 

University). 
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2.34 The histogram is strongly right-skewed, with outliers. 
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2.35 With this grouping the distribution appears bimodal with modes at about 110 and 150 calories. (With fewer—
that is, wider—bins, it may not appear bimodal.) There is a low-end outlier at about 70 calories. There is a bit 
of left skew. 
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2.36 The distribution is left-skewed primarily because of the outliers at about 0% alcohol. 
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Section 2.3:  Visualizing Variation in Categorical Variables  
and Section 2.4:  Summarizing Categorical Distributions 

2.37 No, the largest category is Wrong to Right, which suggests that changes tend to make the answers more likely 
to be right. 

2.38 a. About 7.5 million. 

 b. About 5 million. 

 c. No, overweight and obesity do not result in the highest rate. That is from high blood pressure.   

 d. This is a Pareto chart. 

2.39 A bar graph with the least variability would be one in which most children favored one particular flavor (like 
chocolate).  A bar graph with most variability, would be one in which children were roughly equally split in 
their preference. with 1/3 choosing vanilla, 1/3 chocolate, 1/3 strawberry. 

2.40 Least amount of variability would be one where most of the applicants had the same education goal (like 
transfer). Most variability would be one where applicants were roughly equally divided among the five 
choices. 
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2.41 a. “All of the Time” was the most frequent response.  

 b. The difference is about 10%. It is easier to see in the bar chart. 

2.42 a. About 30%. 

 b. About 7%. It is easier to use the bar chart. 

2.43 a. 40–59-year old’s. 

 b. The obesity rates for women are slightly higher in the 20–39 and 60+ groups. The obesity rate for men is 
higher in the 40–59 age group. 

2.44 a. Fitness rates are slightly higher in the West than in the other three regions.  

 b. In all regions aerobic fitness rates were higher than muscle strengthening rates. 

2.45 Bar graph or pie chart. Chrome controls the highest market share. 

       
2.46 Bar graph or pie chart. Country is the most popular format. 

       
 

Section 2.5:  Interpreting Graphs 
2.47 This is a histogram, which we can see because the bars touch. The software treated the values of the variable 

Garage as numbers. However, we wish them to be seen as categories. A bar graph or pie chart would be better 
for displaying the distribution. 
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2.48 The graph is a histogram (the bars touch), and histograms are used for numerical data. But this data set is 
categorical, and the numbers (1, 2, and 3) represent categories. A more appropriate graph would be a bar 
graph or pie graph. 

2.49 Hours of sleep is a numerical variable. A histogram or dotplot would better enable us to see the distribution of 
values. Because there are so many possible numerical values, this pie chart has so many “slices” that it is 
difficult to tell which is which. 

2.50 a. This is a bar chart (or bar graph), as you can see by the separation between bars. 

 b. These numerical data would be better shown as a pair of histograms (with a common horizontal axis) or a 
pair of dotplots. Bar graphs are for categorical data. 

2.51 Those who still play tended to have practiced more as teenagers, which we can see because the center of the 
distribution for those who still play is about 2 or 2.5 hours, compared to only about 1 or 1.5 hours for those 
who do not. The distribution could be displayed as a pair of histograms or a pair of dotplots. 

2.52 a. Gender is categorical and Hours on Cell Phone is also categorical. 

 b. Because in this data set both variables are categorical, the bar chart is appropriate. 

 c. You could make two histograms (or two dotplots) for the data because the time would be numerical. It 
would be ideal to use a common horizontal axis for easy comparison of the two graphs. 

 d. The distributions show that the women tend to talk more. (The mode for women is 4–8 hours, and the 
mode for the men is 0–4 hours.) 

 

Chapter Review Exercises 
2.53 Since the data are numerical, a pair of histograms or dotplots could be used, one for the males and one for the 

females. A statistical question is Who slept more on average, men or women?" 

2.54 Since the data are categorical, a side-by-side bar chart could be used. Examples of statistical questions:  
Which major has the greatest percentage of men? Which major is most popular among women, and is this 
different than for men? 

2.55 a. The diseases with higher rates for HRT were heart disease, stroke, pulmonary embolism, and breast 
cancer. The diseases with lower rates for HRT were endometrial cancer, colorectal cancer, and hip 
fracture. 

 b. Comparing the rates makes more sense than comparing just the numbers, in case there were more women 
in one group than in the other. 

2.56 a. South Korea and the United States have the highest rate of access to the Internet. 

 b. China and Thailand have the highest percentage of music purchased over the Internet. 

2.57 The vertical axis does not start at zero and exaggerates the differences. Make a graph for which the vertical 
axis starts at zero. 

2.58 In histograms the bars should generally touch, and these don’t touch. Also, we cannot see the top of the range 
because “More” is a poor label. Change the numbers on the horizontal axis and increase the width of the bins 
so as to make the bars touch. 

2.59 The shapes are roughly bell-shaped and symmetric; the later period is warmer, but the spread is similar. This 
is consistent with theories on global warming. The difference is 57.9 – 56.7 = 1.2, so the difference is only a 
bit more than 1degree Fahrenheit. 

2.60 The typical percentage of students with jobs at the top schools is higher than the percentage for the bottom 91 
schools. In other words, you are more likely to find a job if you went to a law school in the top half of the 
rankings. Both histograms are left-skewed. Also, the range for the bottom schools is wider, because it goes 
down to lower employment rates. 



Chapter 2:  Picturing Variation with Graphs     17 

Copyright © 2020 Pearson Education, Inc. 

2.61 a. A smaller percentage favor nuclear energy in 2016.  

 b. The Republicans show the most change.  

 c. A side-by-side bar graph (Republican 2010 adjacent to Republican 2016) would make the comparison 
easier. 

2.62 A greater percentage of people think stem cell research is morally acceptable in 2017 than in 2002. 

2.63 The created 10-point dotplot will vary, but the dotplot for this exercise should be right-skewed. 

2.64 The created 10-point dotplot will vary, but the dotplot for this exercise should be not be skewed. 

2.65 Graphs will vary. Histograms and dotplots are both appropriate. For the group without a camera the 
distribution is roughly symmetrical, and for the group with a camera it is right-skewed. Both are unimodal. 
The number of cars going through a yellow light tends to be less at intersections with cameras. Also, there is 
more variation in the intersections without cameras. 
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2.66 a. You might expect bimodality because men tend to have ideal weights that are larger than women’s ideal 

weights. 

 b. and c. 
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  Graphs may vary, depending on technology and the choice of bins for the second histogram. On the two 

graphs given here, the bin width for the first is 15 pounds and for the second is 20 pounds. The first 
distribution is bimodal and the second is not. 

2.67 Both distributions are right-skewed. The typical speed for the men (a little above 100 mph) is a bit higher than 
the typical speed for the women (which appears to be closer to 90 mph). The spread for the men is larger 
primarily because of the outlier of 200 mph for the men. 
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2.68 Both graphs are relatively symmetric and unimodal. The center for the men is larger than the center for the 
women, showing that men tend to wear larger shoes than women. The spread is a bit more for women because 
their sizes range from about 5 to about 10 whereas the men’s sizes range from about 8 to about 12. There are 
no outliers in either group. 

2.69 The distribution should be right-skewed. 
2.70 Since most of the physician’s patients probably do not smoke and a few may be heavy smokers, the 

distribution should be right-skewed with lots of zeros and a few high numbers. 
2.71 a. The tallest bar is Wrong to Right, which suggests that the instruction was correct. 
 b. For both instructors, the largest group is Wrong to Right, so it appears that changes made tend to raise the 

grades of the students. 
2.72 a. The raw numbers would be affected by how many were in each group, and that might hide the rate. For 

example, because there are many more old women than old men, that information would hide the rates. 

 b. The males up to about 64 have a higher rate of visits to the ER. From 65 to 74 the rates are about the 
same, and for 75 and up the rates are higher for the women. 

2.73 a. Facebook (only about 5% used it less often than weekly). 

 b. LinkedIn (only about 20% used it daily). 

 c. Facebook (around 75% were in one category—daily). 

2.74 a. Facebook is used most frequently by men and women.  

 b. Facebook is used most frequently by both genders. Pinterest is used least by males, while Instagram is 
used least by females. 

2.75 a. Histogram or dotplot  

 b. Side-by-side barplots showing gender frequencies separately for each zip code. 

2.76 a. Stacked or side-by-side histograms or dotplots. Ideally histograms would show relative frequencies.  

 b. Bar chart by zip code frequency. 
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Chapter 3:  Numerical Summaries of Center and Variation 
 
Answers may vary slightly, especially for quartiles and interquartile ranges, due to type of technology used, or rounding. 

Section 3.1:  Summaries for Symmetric Distributions  
3.1 c 

3.2 b 

3.3 The mean is between about 4 and 6 hours. 

3.4 The mean is approximately 139 mEq/L. 

3.5 a. The mean number of floors is 118.6. 

 b. The standard deviation of the number of floors is 26.0. 

 c. Dubai is farthest from the mean. 

   
3.6 a. The typical height of the coasters is 385.2 feet.  

 b. The standard deviation of the heights is 64.0 feet.  

 c. Both the mean and the standard deviation would decrease. The new mean is 378 feet; the new standard 
deviation is 55.5 feet. 

   
3.7 a. The typical river is 2230.8 miles long.  

 b. The standard deviation is 957.4 miles. The Mississippi-Missouri-Red Rock River contributes most to the 
standard deviation because it is farthest from the mean.  

   
 c. The mean would decrease, and the standard deviation will increase. New mean:  1992.3 miles, new 

standard deviation: 1036.5 miles. 

   

3.8 a. Typically, the first ladies had 0 5 6 0 2 4 17 2.8
6 6

x         children. One could also say that the 

first ladies had about 2.8 children, on average. 

 b. 2.8 is a lot less than 7 or 8, so the first ladies tended to have fewer children than usual at that time in 
history. 

 c. Martha Jefferson, with 6, has the number farthest from the mean. 
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 d. 32.84 2.6
5

s    

x  x x   2x x  

0 –2.8 7.84 
5 2.2 4.84 
6 3.2 10.24 
0 –2.8 7.84 
2 –0.8 0.64 
4 1.2 1.44 

17 0 32.84 
3.9 a. For the early 1900s the mean is 22.02 seconds; the standard deviation is 0.40 seconds. 

   
 b. For recent Olympics, the mean is 19.66 seconds; the standard deviation is 0.35 seconds.  

   
 c. Recent winners are faster and have less variation in their winning times. 

3.10 a. Backstroke: Mean is 52.92 seconds standard deviation is 0.93 seconds.  
Butterfly: Mean is 51 seconds; standard deviation is 0.76 seconds. 

 b. Butterfly tends to have a faster gold medal time and less variation in winning times. 

 
3.11 a. A total of 185 people were surveyed.  

 b. Comparing the means, men thought more should be spent on a wedding. Comparing the standard 
deviations, men had more variation in their responses. 

3.12 Those who had never previously had a wedding thought more should be spent (greater mean). Those who had 
already had a wedding had more variation in their responses (greater standard deviation). 

3.13 a. The mean for longboards is 12.4 days, which is more than the mean for shortboards, which is 9.8 days. So 
longboarders tend to get more surfing days. 

 b. The standard deviation of 5.2 days for the longboarders was larger than the standard deviation of 4.2 days 
for the shortboarders. So the longboarders have more variation in days. 

Descriptive Statistics: Long, Short  
Variable   N   Mean   StDev   Minimum     Q1   Median    Q3   Maximum 
Long      30   12.367  5.249    4.000  8.000  11.500  16.750   22.000 
Short     30   9.767   4.256    4.000   6.750   9.500  12.000   20.000 

3.14 California: Mean is $6847.67; standard deviation is $429.04; Texas: Mean is $7220.17; standard deviation is 
$807.91. State college tuition costs tend to be higher and have more variation in Texas than in California. 

3.15 San Jose tends to have a higher typical temperature; Denver has more variation in temperature. 
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3.16 New York City tends to have higher temperatures and more variation in temperature. 

3.17 a. 20.3 to 40.1 pounds.  

 b. Less than one standard deviation from the mean.  

3.18 a. Top: 52.2 2.5 54.7  ; Bottom: 52.2 2.5 49.7   

 b. No, 54 is not more than one standard deviation above the mean because it is not more than 54.7. 

3.19 a. The mean is $3.66 and represents the typical price of a container (59 to 64 ounces) of orange juice at this 
site.  

 b. The standard deviation is 0.51. Most orange juice of this size is within 51 cents of $3.66. 

   
3.20 a. The mean is 6.8 years.  

 b. In 10 years, the mean is 16.8 years.  

 c. The standard deviation is 3.6 years.  

 d. In 10 years, standard deviation is 3.6 years.  

 e. The mean increased by 10 because the data values increased by 10. The standard deviation did not change 
because the variation of the values did not change. 

   
3.21 The standard deviation for the 100-meter event would be less. All the runners come to the finish line within a 

few seconds of each other. In the marathon, the runners can be quite widely spread out after running that long 
distance. 

3.22 The standard deviation for the soccer team would probably be less because all the players might have 
healthful weights. The academic team might have members of widely different weights. 

3.23 South Carolina: Mean is $198.1 thousand; standard deviation is $68.0 thousand. Tennessee: Mean is $215.8 
thousand; standard deviation is $75.1 thousand. Houses in Tennessee are typically more expensive and have 
more variation in price than houses in South Carolina. 

 
3.24 a. Florida has more expensive home prices. (Florida mean is $244.4 thousand compared to Georgia mean of 

$228.6 thousand)   

 b. Florida has more variation in home prices (Florida standard deviation is $86.4 thousand compared to 
Georgia standard deviation of $80.0 thousand)  

 c. The standard deviation would decrease. New standard deviation:  $68.3 thousand 

 
3.25 a. The mean for the men was 10.5, and for the women it was 4.7, showing that the male drinkers typically 

drank more (on average, almost six drinks more) than the female drinkers. 
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 b. The standard deviation for the men was 11.8, and the standard deviation for the women was 4.8, showing 
much more variation in the number of drinks for the men. 

Descriptive Statistics: Drinks_Female, Drinks_Male 
Variable        N   Mean  StDev 
Drinks_Female  46  4.696  4.821 
Drinks_Male    53  10.55  11.83 

 c. The mean for the men is now 8.6, and the mean for the women is still 4.7.  Thus the mean for the men is 
still larger than the mean for the women, but not as much larger. 

 d. The standard deviation would be smaller without the two outliers. This is because the contribution to the 
standard deviation from these two outliers is large since they are farthest from the mean, and that 
contribution would be removed. 

Descriptive Statistics: Drinks_Female, Drinks_Male w/o 48 & 70 
Variable                   N   Mean  StDev 
Drinks_Female              46  4.696  4.821 
Drinks_Male w/o 48 & 70    51  8.647  6.57 

3.26 a. The mean weight for the babies born to the smoking mothers was 2863 grams, and the mean weight for 
the nonsmoking mothers was 3588 grams, so the typical baby of a smoking mother weighed less than the 
typical baby of a nonsmoking mother. The standard deviation for the smoking mothers was 957 g and for 
the nonsmoking mothers it was 597 g, showing that there was more variation with the smoking mothers. 

 b. The mean for the babies born to smoking mothers was 2957 grams without the outlier, and the mean for 
babies born to the nonsmoking mothers was still 3588 grams. The typical baby of a smoking mother 
weighed less than the typical baby of a nonsmoking mother, even without the outlier. The standard 
deviation for the smoking mothers was 871 g, and for the nonsmoking mothers it was 597 g, showing that 
there was more variation with the smoking mothers, even without the outlier. Removing the low outlier 
caused the mean to increase and the standard deviation to decrease. 

Descriptive Statistics: NO, YES, YES_896 removed  
Variable          N  Mean  StDev  Minimum    Q1  Median    Q3  Maximum 
NO               35  3588    597     2436  3080    3612  4060     4788 
YES              22  2863    957      896  2230    2940  3367     5264 
YES_896 removed  21  2957    871     1008  2492    2968  3430     5264 

3.27 A standard deviation can be zero if all the values are the same (no variation between the data values). 

3.28 The standard deviation cannot be negative because in the calculation all differences from the mean are 
squared, making all distances positive values. 

 

Section 3.2:  What’s Unusual? The Empirical Rule and z-Scores 
3.29 a. 68%  

 b. (16 + 34 + 27)/120 = 64%. The estimate is very close to 68%.  

 c. Between 555 and 819 runs. 

3.30 a. Between 63.5 and 78.1 million BTU (70.8 ± 7.3)  

 b. Between 56.2 and 80.4 million BTU (70.8 ± 2(7.3))  

 c. Yes because 54 million BTU is more than 2 standard deviations from the mean  

 d. No, because 85.4 million BTU is not more than 2 standard deviations from the mean 

3.31 a. Approximately 95%, using the empirical rule (35.9 ± 2(11.6))  

 b. Approximately 68% using the empirical rule (35.9 ± 11.6) 

 c. No, because it is not more than 2 standard deviations from the mean. 

3.32 a. Approximately 68%, using the empirical rule (43.0 ± 11.3)  



Chapter 3:  Numerical Summaries of Center and Variation     23 

Copyright © 2020 Pearson Education, Inc. 

 b. Approximately 95%, using the empirical rule (43.0 ± 2(11.3)).  

 c. No, because 51.9 is not more than 2 standard deviations from the mean. 

3.33 a. 58 64 6 2
3 3
     

 b.  64 1 3 64 3 67x x zs        inches (or 5 feet 7 inches) 

3.34 a.  64 1 3 64 3 61x x zs       inches (or 5 feet 1 inch) 

 b. 70 64 6 2
3 3
    

3.35 An IQ below 80 is more unusual because 80 is 1.33 standard deviations from the mean while 110 is only 0.67 
standard deviations from the mean. 
80 100 /15 1.33            110 100 /15 .67   

3.36 They are equally unusual. The z-score for 9 days early is 263 272 9 1,
9 9
     and the z-score for 9 days late 

is 281 272 9 1,
9 9
    and those z-scores are equally distant from 0. 

3.37 a. 2500 3462 962 1.92
500 500

z       

 b. 2500 2622 122 0.24
500 500

z       

 c. A birth rate of 2500 grams is more common (the z-score is closer to 0) for babies born one month early. 
In other words, there is a higher percentage of babies with low birth weight among those born one month 
early. This makes sense because babies gain weight during gestation, and babies born one month early 
have had less time to gain weight. 

3.38 a. 45 52.2 7.2 2.88
2.5 2.5

z       

 b. 45 47.4 2.4 0.96
2.5 2.5

z       

 c. A birth length of 45 cm is more common for babies born one month early. That makes sense, because 
babies grow during gestation, and babies born one month early have had less time to grow. 

3.39 a. 69 2(3) 75   inches  

 b. 69 (1.5)3 64.5  inches 

3.40 a.  64 1 2.5 61.5x x zs     inches 

 b. Evelyn: 75 64 / 2.5 4.4z      

  Draymond: 79 69 / 3 3.33z     

  Evelyn is taller b/c she is further from the mean compared to Draymond. 

 

Section 3.3:  Summaries for Skewed Distributions 
3.41 Two measures of the center of data are the mean and the median. The median is preferred for data that are 

strongly skewed or have outliers. If the data are relatively symmetric, the mean is preferred but the median is 
also okay. 
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3.42 Two measures of variation (spread) are the interquartile range (IQR) and the standard deviation. The IQR is 
preferred for data that are strongly skewed or have outliers. If the data are relatively symmetric, the standard 
deviation is preferred. 

3.43  
363 384 389 408 423  434 471 520 602 677 

Q1 Med Q3 

 a. Median: 428.5 million; about half the top 10 Marvel movies made more than $428.5 million.  

 b. Q1 = 389 million, Q3 = 520 million; IQR = 520 – 389 = 131 million. This is the range of the middle 50% 
of the sorted incomes in the top 10 Marvel movies.  

 c. Range = 677 – 363 = 314 million. The IQR is preferred over the range because the range depends on only 
two observations and because it very sensitive to any extreme values in the data. 

3.44 
 346 366 407 487 543 547 643 

Q1 Med Q3 

 a. Median = 487 million; about half the top 7 DC movies made more than $487 million  

 b. IQR = 547 – 366 = 181 million; this is the range of the middle 50% of the sorted incomes in the top 7 DC 
movies.   

 c. Range = 643 – 346 = 297 million. The IQR is preferred over the range because the range depends on only 
two observations and because it very sensitive to any extreme values in the data. 

3.45 Median = 471 million. About 50% of the top 7 Marvel movies made more than $471 million. 

3.46 Median = 543 million. About 50% of the top 5 DC movies made more than $543 million. 

3.47 a. 25%  

 b. 75%  

 c. 50%  

 d. IQR = Q3 – Q1 = 390 – 237.7 = 152.3.  The range of the middle 50% of the sorted data is 152.3 million 
BTUs. 

3.48 a. 25% 

 b. 75% 

 c. 91.2 

 d. more variability in Total Energy Consumption (IQR for Total Energy Consumption is greater than the 
IQR of Industrial Energy Consumption).  

 

Section 3.4:  Comparing Measures of Center 
3.49 a. Outliers are observed values that are far from the main group of data. In a histogram they are separated 

from the others by space. If they are mistakes, they should be removed. If they are not mistakes do the 
analysis twice: once with and once without outliers. 

 b. The median is more resistant, which implies that it changes less than the mean (when the data with and 
without outliers are compared). 

3.50 Because one of the sets is strongly skewed, compare the median and the IQR for both sets. 

3.51 The corrected value will give a different mean but not a different median. Medians are not as affected by the 
size of extreme scores, but the mean is affected. 
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3.52 If you were representing the owners, you would use the mean, because it is higher, and you would want to 
convince the public that the ball players are already getting a high enough salary. If you were a player, you 
would use the median, because it is lower, and you would want to argue that salaries should go up because 
players are getting too little. The values are so different because of the extreme right skew and the large 
outliers. 

3.53 a. The distribution is right-skewed.  

 b. The median and the IQR should be used to describe the distribution. 

3.54 The distributions are roughly symmetric and unimodal, so the mean and standard deviation can be used to 
describe the center and the spread of the distribution. 

3.55 a. The distributions are right-skewed.  

 b. The medians. 

 c. The interquartile ranges.  

 d. The typical Democratic senator has been in office 9 years, while the typical Republican senator has been 
in office 6 years. There is more variability in the experience of Democratic senators, with an IQR of 12 
years compared to an IQR of 10 years for Republican senators. 

3.56 a. Both distributions are slightly right-skewed.  

 b. The medians. 

 c. The interquartile ranges. 

 d. The typical player age is similar for both teams, with a median age of 28 years for the Cubs and 27 years 
for the A’s. There is more variation among the ages of the Cubs. The IQR for the Cubs is 7 years while 
the IQR for the A’s is 4 years. 

3.57 a. The median is 48. 50% of the southern states have more than 48 capital prisoners.  

 b. Q1 = 32, Q3 = 152, IQR = 120  

 c. The mean is 90.8.  

 d. The mean is pulled up by the really large numbers, such as Texas (243) and Florida (374).  

 e. The median is unaffected by outliers. 

   
3.58 a. The median is 8. 50% of the western states have fewer than 8 capital prisoners. 

 b. Q1 = 2, Q3 = 33, IQR:  33 – 3 = 31  

 c. 78.38  

 d. The mean is pulled up by the really large numbers, such as California (746) and Arizona (125).  

 e. The median is unaffected by outliers. 
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3.59  

          

  
 Since the data for the West is left-skewed, use the median and IQR to compare the groups. The CPI for the 

West is higher than that of the Midwest (West median 244.6; Midwest median 222.8). There is more 
variability in the West CPI (West IQR 18.6; Midwest IQR 7.3). The West has one potentially low outlier. 

3.60 a. Both data sets are slightly left-skewed. 

   
 b. The values below were obtained from Minitab. 

   
 c. The mean for the sons is 69.3, which is larger than the mean for the dads, which is 67.5. Therefore, the 

sons tend to be taller than the dads. But the standard deviation for the dads (3.3) is larger than the 
standard deviation of the sons (3.0), showing that the dads’ heights tend to be more spread out.  

 d. The median for the sons (70) is larger than the median for the dads (68.5), showing that the sons tend to 
be taller than the dads. The interquartile range for the dads (5) is larger than the interquartile range for the 
sons (3.25), showing that the dads’ data tend to be more spread out. (The answer for the interquartile 
range may vary depending on the method used to find it.) 

 e. With strong skew in either group, you should compare medians and interquartile ranges. Because both 
data sets are a little skewed, you could argue either for comparing the means and standard deviations or 
for comparing the medians and interquartile ranges. Both comparisons show that the sons tend to be 
taller, but the data for the dads tend to be more spread out. 

3.61 a. The balancing point of the histogram, the mean is approximately 80 millimeters.  

 b. x = 1(60) + 8(70) + 8(80) + 5(90) + 3(100) + 1(100) + 1(120)/27 = 83.0 millimeters 
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 c. It is an approximation because we used the left-hand side of the bin to estimate the data values contained 
in the bin. 

3.62 a. Based on the histogram, the mean is approximately 80 millimeters.  

 b. x = 3(60) + 9(70) + 5(80) + 5(90) + 3(100) + 1(120) + 1(130)/27 = 81.9 millimeters 

 c. It is an approximation because we used the left-hand side of the bin to estimate the data values contained 
in the bin. 

 

Section 3.5:  Using Boxplots for Displaying Summaries 
3.63 a. South, West, Northeast, Midwest.  

 b. Northeast, South, Midwest, West. 

 c. The South and the Northeast each have one state with a high-priced low poverty rate.  

 d. The Northeast has the least amount of variability (smallest IQR).  

 e. The IQR is better because is it not influenced by unusually high or low values and because the data is not 
symmetric. 

3.64 The data sets are right-skewed, as shown by the potential outliers and longer right whiskers, so the medians 
and interquartile ranges are appropriate. 

 Medians: W less than 50, MW between 50 and 100, S about 100, NE a bit less than 400. 

 Interquartile range (smallest to largest): W, S, MW, NE 

3.65 a. The NFL has the highest ticket prices and the most variability in ticket prices (highest median and 
greatest IQR). The MLB has the lowest ticket prices. 

 b. Hockey tickets tend to be more expensive than basketball tickets (higher median). Both sports have some 
unusually high-priced tickets, and hockey has more variability in ticket prices (greater IQR). 

3.66 a. The median for the western states is approximately 26%. The median for the eastern states is 
approximately 27%. A greater percentage of residents in eastern states have a BA. 

 b. The eastern states show more variability in the data with a wider range and one outlier. 

3.67 Explanations of reasoning will vary. 

 a. Histogram 1 is left-skewed, histogram 2 is roughly bell-shaped (not very skewed), and histogram 3 is 
right-skewed. 

 b. Histogram 1 goes with Boxplot C, since the boxplot is left-skewed. 
Histogram 2 goes with Boxplot B, since the boxplot is not very skewed. 
Histogram 3 goes with Boxplot A, since the boxplot is right-skewed. 

3.68 Explanations of reasoning will vary. 

 Histogram X goes with boxplot M; they both have a larger range with no outliers. 
Histogram Y goes with boxplot C; they both have a larger range with two outliers 
Histogram Z goes with boxplot P; they both show the smallest range. 

3.69 The maximum value (756) is greater than the upper fence (237 + 1.5(237 - 63) = 498) and is considered a 
potential outlier. The minimum value (1) is not less than the lower fence. 

3.70 The maximum gas tax (68.7) is greater than the upper fence (51 + 1.5(51 - 40.2)) and may be considered a 
potential outlier. The minimum gas tax (30.7) is not less than the lower fence (40.2 - 1.5(51 - 40.2) = 24) and 
is not a potential outlier. 
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3.71 The whiskers are drawn to the upper and lower fences or to the maximum and minimum values if there are no 
potential outliers in the data set. There are no values less than the lower fence, so the left whisker is drawn to 
the minimum. Since the maximum value (128.016) is beyond the upper fence  
(33.223 + 1.5(33.223 - 8.526) = 70.3) the right whisker would be drawn to the upper fence (70.3). 

3.72 Q1 - 1.5 * IQR = 80 - 1.5 * (90 - 80) = 80 – 1.5 * 10 = 80 - 15 = 65 percentage points.  

 The left-hand whisker will stop at 65, and there are quite a few outliers on the left side; these are schools with 
pass rates far lower than the typical school. On the right, Q3 + 1.5 * IQR = 90 + 15 = 105. 

 The highest school is at 100, so the right whisker stops at 100. There are no outliers on the right side. 

  
3.73 The IQR is 90 - 78 = 12. 1.5 * 15 = 18, so any score below 78 - 18 = 60 is a potential outlier. We can see that 

there is at least one potential outlier (the minimum score of 40), but we don’t know how many other potential 
outliers there are between 40 and 60. Therefore, we don’t know which point to draw the left-side whisker to. 

3.74 Yes, you can draw the boxplot. The IQR = 12, so 1.5 * 12 = 18. Thus, any point below 78 - 18 = 50 is a 
potential outlier. The smallest value is 60, so we know there are no potential outliers, and we should draw the 
left whisker to 60. On the right side, potential outliers are points greater than 90 + 18 = 108. Again, there are 
no potential outliers, and the whisker should stop at 100. 

 

Chapter Review Exercises 
3.75 a. The median is 41.05 cents/gallon. 50% of the southern states have gas taxes greater than 41.05 

cents/gallon. 

 b. The middle 50% of the southern states have gas taxes in a range of 11.35 cents/gallon. 

 c. The mean is 43.6 cents/gallon.  

 d. The data may be right-skewed. 

  
3.76 a. 50% of the western states have gas taxes greater than 47 cents/gallon.  

 b. The middle 50% of western states have gas taxes in the range of 14.9 cents/gallon.  

 c. The mean is 46.7 cents/gallon.  

 d. The data may be fairly symmetric. 

 
3.77 The 5 p.m. class did better, typically; both the mean and the median are higher. Also, the spread (as reflected 

in both the standard deviation and the IQR) is larger for the 11 a.m. class, so the 5 p.m. class has less 
variation. The visual comparison is shown by the boxplots. Both distributions are slightly left-skewed. 
Therefore, you can compare the means and standard deviations or the medians and IQRs. 

 The visual comparison is shown by the boxplots. Both distributions are slightly left-skewed. Therefore, you 
can compare the means and the standard deviations or the medians and the IQRs. 

80 60 120 100 40 20 0 
Bar-Passing Percentage 
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3.78  

  
 The dotplots show that both groups are unimodal. Both data sets are right-skewed. Refer to the boxplots. 

  
 Because of the outlier for the men, it is best to compare the medians and IQ ranges. They are the same: both 

medians are 0, and both IQ ranges are 1. The men’s data include an outlier of 5 tickets. 

  
3.79 The graph is bimodal, with modes around 65 inches (5 feet 5 inches) and around 69 inches (5 feet 9 inches). 

There are two modes because men tend to be taller than women. 
3.80 a. Bimodal. 
 b. It could be from gender (men are faster than women) or from event (Olympic runners are faster than 

amateurs).  
 c. The bigger group (the mound is bigger) had the bigger (slower) times, so the mounds are probably due to 

the event (Olympic vs. amateur), not to gender. It would be unlikely for the larger mound for the slower 
group to represent women because there are fewer women who run in marathons. 

3.81 Students should provide histograms for males and females; because of lack of symmetry, they should compare 
medians and IQRs. Both groups typically watch about the same amount and have similar variability of lack of 
symmetry they should compare medians and IQRs. 

3.82 Students should provide histograms for both males and female because both groups had similar ideal 
retirement ages and similar variability in responses.   

3.83 a. The mean is approximately 1000 calories.  
 b. An estimate of the standard deviation is (2200 – 100)/6 = 350 calories. 

Speeding Tickets 

Men 

Women 
0 4 3 2 1 5 

4 3 5 2 1 0 
Number of Speeding Tickets 

Men 

Women 

11  a.m. 

 p.m. 5 
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3.84 a. The mean is 1(3) + 4(4) + 27(5) + 65(6) + 62(7) + 51(8) + 11(9) + 3(10)/224 = 6.8 hours. 
 b. Since the data are fairly symmetric, we expect the mean and the median to be about the same. 
3.85 Answers will vary. 
3.86 Answers will vary. 
3.87 Answers will vary. 
3.88 Answers will vary. 
3.89 Students should make a histogram for western states and southern states. Because the distributions are not 

symmetric, students should compare the medians and the IQRs. The western states tend to have a higher 
percentage of the population with a bachelor’s degree. The southern states tend to have more variability. 

3.90 Students should make a histogram for the northeastern states and for the midwestern states. Because the 
distributions are not symmetric, students should compare the medians and the IQRs. The unemployment rate 
for northeastern states is slightly higher than that of midwestern states. There is more variation in 
unemployment rates among midwestern states. (The median unemployment rate: Northeast 5.05, Midwest 4.4; 
IQR: Northeast 1.1, Midwest 1.55.) 

3.91 a. Since the distributions are slightly right-skewed, compare the medians.  
 b. Football ticket prices tend to be higher than hockey tickets. Football tickets also show more variation in 

price. (IQR: Football $84, Hockey $67). 
3.92 a. Since the distributions are not symmetric, compare the medians.  
 b. NBA tickets are typically more expensive than MLB tickets ($73.5 compared to $55.5). There is more 

variation in NBA ticket prices (comparing IQRs, $41 compared to $9.50). Both sports have potential high 
outliers in the data, since both maximum values are beyond the upper fence for each data set.  

3.93 a. 80 + 2(4) = 88  
 b. 80 – 1.5(4) = 74 
3.94 38 – 2 = 36 inches 
3.95 The z-score for the SAT of 750 is (750 – 500)/ 100 = 2.5, and the z-score for the ACT of 28 is (28-21)/5 = 1.4.  

The score of 750 is more unusual because its z-score is farther from 0. 
3.96 The boy’s z-score is (43 – 38)/2 = 2.5 and the girl’s z-score is (57 – 54.5)/2.5 = 1, so the boy is more 

unusually tall for his age and gender. 
3.97 a. The distribution is right-skewed.  
 b. Because the data are right skewed, the mean would be greater than the median.  
 c. The majority of ticket prices would be less than the mean price. 
3.98 a. The shape is right-skewed, the median is 20, and the interquartile range is 35 - 19 = 16. There is an outlier 

at 66.  
 b. The mean is 27.3, and the median is 20. The mean is much larger because of the outlier, 66. The mean 

and the median should be marked on the histogram of the data. 
3.99 Answers will vary. “Who ran faster, grade 11 or grade 12 boys?” “Which group had the most consistent times, 

grade 11 or grade 12 boys?” 
3.100 Answers vary. Possible answers include “Players in which position typically weigh more: shooting guards or 

centers?” “Which position shows more variability in player weights?” 
3.101 Answers vary. Possible answers include “Which buildings are typically taller: those made of concrete or those 

made of steel?” “Is there more variability in the heights of building constructed in the 2000s or before 2000?” 
3.102 Answers vary. Possible answers include “Do cereals on the top shelf typically contain more calories than 

those on the bottom shelf?” “Is there more variability in sugar content among cold cereals or hot cereals?” 



Copyright © 2020 Pearson Education, Inc. 
31 

Chapter 4:  Regression Analysis:   
Exploring Associations between Variables 
 

Section 4.1:  Visualizing Variability with a Scatterplot 
4.1 The critical reading score is a somewhat better predictor because the vertical spread is less, suggesting a more 

accurate prediction of GPA. 

4.2 The relationship is stronger for years employed by the company because the vertical spread is less, suggesting 
a stronger relationship. 

4.3 The trend appears roughly linear and positive up to about age 24, and then it starts to curve. 

4.4 The trend seems near zero. This means that age does not seem to be related to GPA for these students. 

4.5 There is very little trend. It appears that number of credits acquired is not associated with GPA. 

4.6 The trend tends to be positive but shows some curvature (nonlinear). 

4.7 The trend is positive. Students with more sisters tended to have more brothers. This trend makes sense, 
because large families are likely to have a large number of sons and a large number of daughters. 

4.8 The trend tends to be positive. The 2000-square-foot house with a price of about $2500 thousand appears to 
be an outlier, and the 5000-square-foot home is another potential outlier. 

4.9 There is a slightly negative trend. The negative trend suggests that the more hours of work a student has, the 
fewer hours of TV the student tends to watch. The person who works 70 hours appears to be an outlier 
because that point is separated from the other points by a large amount. 

4.10 Very little trend. The number of hours of work does not seem to be related to the number of hours of sleep for 
these students. 

4.11 There is a slight negative trend that suggests that older adults tend to sleep a bit less than younger adults. 
Some may say there is no trend. 

4.12 Positive: taller women tend to weigh more. 

 

Section 4.2:  Measuring Strength of Association with Correlation 
4.13 a. You should not find the correlation because the trend is not linear. 

 b. You may find the correlation because the trend is linear. 

4.14 Linear regression should not be used because the trend is not linear. The highest fertility rate occurs as about 
29 years of age. 

4.15 The correlation coefficient is positive since the graph shows an upward trend. 

4.16 The correlation coefficient is negative since the graph shows a downward trend. 

4.17 Since it has a stronger positive association, 0.767 goes with graph A. 
Since it has a weaker positive association, 0.299 goes with graph B. 
Since it is the only graph with a negative association, –0.980 goes with graph C. 

4.18 Since it is the only graph with a negative association, –0.903 goes with graph B. 
Since it has a weaker positive association, 0.374 goes with graph A. 
Since it has a stronger positive association, 0.777 goes with graph C. 

4.19 Since it has a stronger positive association, 0.87 goes with graph A. 
Since it is the only graph with a negative association, –0.47 goes with graph B. 
Since it has a weaker positive association, 0.67 goes with graph C. 
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4.20 Since it has a stronger positive association, 0.98 goes with graph A. 
Since it is the only graph with a negative association, –0.51 goes with graph B. 
Since it has a weaker positive association, 0.18 goes with graph C. 

4.21  

 a. r = 0.69 

 b. r = 0.69; the correlation coefficient stays the same. 

 c. r = 0.69. Adding a constant to all y-values does not change the value of r.  

 d. r = 0.69; the correlation coefficient stays the same. 

4.22 a. r = 0.86 

 b. r = 0.86. Multiplying by a constant does not change the value of r.  

 c. r = 0.86. Adding a constant does not change the value of r because the strength of the association is not 
affected. 

4.23 The correlation would not change. The correlation does not depend on which variable is the predictor and 
which is the response. 

4.24 The new correlation would also be 0.91. The correlation remains unchanged if you change units or multiply 
the numbers for a variable by a positive constant. (Correlations are determined by z-scores, and the z-scores 
would not change because any change in a number is accompanied by a similar change in the mean.) 

4.25 The correlation is 0.904. The professors that have high overall quality scores tend to also have high easiness 
scores. 

4.26 The correlation is 0.891. This means that people with a large number of female cousins tend also to have a 
large number of male cousins, and people with a small number of female cousins tend also to have a small 
number of male cousins. 

4.27 Higher gym usage is associated with higher GPA. 

4.28 We expect the correlation is positive. Higher levels of education are associated with longer life expectancy. 

 

Section 4.3:  Modeling Linear Trends 
4.29 a. The independent variable is median starting salary, and the dependent variable is median mid-career 

salary. 

 b. Salary distributions are usually skewed. Medians are therefore a more meaningful measure of center. 

 c. Between $110,000 and $120,000. 

 d. Mid-Career 7699 1.989 Starting 7699 1.989(60,000) $111,641        

 e. Answers will vary. The number of hours worked per week, the amount of additional education required, 
gender, and the type of career are all factors that might influence mid-career salary. 

4.30 a. The mother’s height is the independent variable, and the daughter’s height is the dependent variable. 

 b. About 62 or 63 inches. 

 c. Daughter 29.92 0.5417 Mother 29.92 0.5417(60) 62.4 inches      

 d. For each additional inch in the mother’s height, the average daughter’s height increases by about 0.54 
inch. 

 e. Answers will vary. The father’s height and the health of the daughter are two of many factors. 
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4.31 a. The median pay for women is about $690 when pay for men is $850. 

 b. predicted women = –62.69 + 0.887(850) = 691.26.  

 c. The slope is 0.887. Each additional dollar in men’s’ pay is associated with an average increase of $0.887 
in the median womens’ pay. 

 d. The y-intercept is -62.69. It is not appropriate to interpret it in this context because the median income for 
men (x) cannot be zero. 

4.32 a. The selling price for a 2000-square-foot home would be about $1,400,000. 

 b. Predicted selling price = 756,789 + 327.29(2000) = $1,411,369. 

 c. The slope of the regression equation is 327.29. For every additional square foot in size, selling price tends 
to increase by $327.29. 

 d. The y-intercept is 756,789. It is not appropriate to interpret the y-intercept in this context because it is not 
possible to sell a home that is 0 square feet. 

4.33 a. Predicted Armspan = 16.8 + 2.25 Height 

 b. 8.100.948 2.25
3.41

y

x

s
b r

s
    
 

 

 c.  159.86 2.25 63.59 16.8a y bx      

 d. Predicted Armspan = 16.8 + 2.25 Height = 16.8 + 2.25(64) 160.8, or about 161 cm 

4.34 a. Predicted Foot = 5.67 + 0.998 Hand  

 b. 1.2300.948 0.998
1.168

y

x

s
b r

s
    
 

 

 c.  23.318 0.998 17.682 5.67a y bx      

 d. Predicted Foot = 5.67 + 0.998 Hand = 5.67 + 0.998(18) = 23.634, or about 23.6 cm 

4.35 a. Predicted Armspan = 6.24 + 2.515 Height (Rounding may vary.) 

 b. Minitab: slope = 2.51, intercept = 6.2 

  StatCrunch: slope = 2.514674, intercept = 6.2408333 

  Excel: slope = 2.514674, intercept = 6.240833 

  TI-84: slope = 2.514673913, intercept = 6.240833333 

4.36 a. Predicted FootL = 15.81 + 0.5627 HandL (Rounding may vary.) 

 b. Minitab: slope = 0.563, intercept = 15.8 

  StatCrunch: slope = 0.5626551, intercept = 15.807631 

  Excel: slope = 0.562655, intercept = 15.80763 

  TI-84: slope = 0.5626550868, intercept = 15.80763027 

4.37 The association for the women is stronger because the correlation (r-value) is closer to 1. 

4.38 a. The men’s line is higher, which means that the men tend to weigh more than the women at all ages 
shown. 

 b. The men’s line is steeper. This tells us that older men tend to differ more in weight from younger men 
than older women tend to differ from younger women. 
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4.39 a. Based on the scatterplot there is not a strong association between these two variables. 

 b. The numerical value of the correlation would be close to zero because there is not an association between 
these variables.   

 c. Since there is not an association between these variables, we cannot use singles percentage to predict 
doubles percentage. 

4.40 The absolute value of r is 1 because the points perfectly follow a linear trend. The sign is negative because the 
trend goes downward to the right. The points follow a downward straight-line pattern, so 1r   . 

4.41 Explanations will vary. 
  x y 
 a. odometer reading price 
 b. household size water bill 
 c. time spent in gym weight 

4.42 Explanations will vary. 
   x  y 
 a. stress level blood pressure 
 b. length of commute mo. gas expense 
 c. height maximum speed 

4.43 a. The higher the percentage of smoke-free homes in a state, the lower the percentage of high school 
students who smoke tends to be. 

 b. Predicted Pct. Smokers = 56.32 – 0.464 (Pct. Smoke Free) = 56.32 – 0.464(70) = 23.84, or about 24% 

4.44 a. The higher the percentage of adults who smoke, the higher the percentage of smoking high school 
students tends to be. 

 b. Predicted Pct. Smokers = –0.838 + 1.124 (Pct. Adult Smoke) = –0.838 + 1.124(25) = 27.262, or about 
27% 

4.45 a. As driver age increases, insurance prices decrease but then begin to increase again at around 65 years of 
age. Younger drivers and older drivers tend to have more accidents so they are charged more for 
insurance.   

 b. It would not be appropriate to do a linear regression analysis on these data because the data do not follow 
a linear trend. 

4.46 a. Life insurance is very inexpensive for young people, but premiums begin to increase faster and faster at 
around 60 years of age. 

 b. It would not be appropriate to do a linear regression analysis on these data because the data do not follow 
a linear trend. 

4.47 The answers follow the guidance on page 209. 
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 2: The linear model is appropriate. The points suggest a straight line. 

 3: Predicted Time = 0.8394 + 1.838 Distance  

Regression Analysis: Time (hours) versus Distance (1000s of miles)  
The regression equation is 
Time (hours) = 0.8394 + 1.838 Distance (1000s of miles) 

 4: Each additional thousand miles takes, on average, about 1.84 more hours (or 110 minutes) to arrive. 

 5: The additional time shown by the intercept might be due to the time it takes for the plane to taxi to the 
runway, delays, the slower initial speed, and similar delays in the landing as well. The time for this 
appears to be about 0.84 hours (or 50 minutes). 

 6: Predicted Time = 0.8394 + 1.838(3) = 0.8394 + 5.514 = 6.35 hours.  The predicted time for a flight from 
Boston to Seattle is about 6.35 hours. 

4.48 a. From the graph it looks like there is a strong linear association between the variables. 

   
 b. r = 0.882; ticket price = 94.52 + 0.18 distance 

 c. Each additional mile is associated with an average increase of 0.18 in ticket price.   

 d. It would be inappropriate to interpret the y-intercept (94.52) because it would not be possible to have a 
trip with a distance of 0 miles.   

 e. Ticket price = 94.52 + 0.18(572) = $197.48 

4.49 a. The slope and correlation will be positive: The more population, the more millionaires there tend to be. 

 b.  
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Correlations: Millionaires (thousands), Population (hundreds of thousands)  
Pearson correlation of Millionaires (thousands) and Population (hundreds of 
     Thousands) = 0.992 

 d. The slope is 1.9.  For each additional hundred thousand in the population, there is an additional 1.9 
thousand millionaires. 

Regression Analysis: Millionaires (thousands) versus Population (hundreds of thousands) 
The regression equation is 
Millionaires (thousands) = 6.30 + 1.92 Population (hundreds of thousands) 
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 e. Do not focus on the intercept, because it does not make sense to look for millionaires in states with no 
people. 

4.50 a. From the graph it looks like there is a strong linear association between the variables. 

   
 b. r = 0.95. Metacritic = 18.83 + 0.63 Rotten Tomatoes 

 c. Each additional Rotten Tomatoes point is associated with an average increase of 0.63 Metacritic points. 

 d. It would be inappropriate to interpret the  y-intercept (18.83) because there are no movies with a 0 Rotten  
Tomatoes rating. 

4.51 a.  

   
 b. ERA = -0.578 + 3.436 WHIP 

 c. Each additional point in WHIP rating is associated with an average increase of 3.436 in ERA. 

 d. It would be inappropriate to interpret the y-intercept because there are no pitchers with a 0 WHIP rating. 

4.52 a.  
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 b. Predicted Texts Sent = –1.63 + 0.993(Texts Received); See scatterplot in part a for graph of line of best 

fit. 

Regression Analysis: Received versus Sent  
The regression equation is 
Received = 1.87 + 1.001 Sent 

 c. For each additional text sent, there is an average of 1 more text received. 

 d. People who do not send texts still receive, on average, 2 texts. 
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Section 4.4:  Evaluating the Linear Model 
4.53 a. Influential points are outliers in the data that can have large effects on the regression line. When 

influential points are present in the data, do the regression and correlation with and without these points 
and comment on the difference. 

 b. The coefficient of determination is the square of the correlation coefficient; it measures the percentage of 
variation in the y-variable that is explained by the regression line. 

 c. Extrapolation means using the regression equation to make predictions beyond the range of the data. 
Extrapolation should not be used. 

4.54 a. We expect monthly personal savings to decrease because the correlation is negative. 

 b. No. We cannot conclude a causal relationship because the data were not from a controlled, randomized 
experiment. 

4.55 Older children have larger shoes and have studied math longer. Large shoes do not cause higher grades. Both 
are affected by age. 

4.56 Growth rates slow as people get older. You should not extrapolate. (That is, you should not predict outside the 
range of the data.) 

4.57 2(0.67)  0.4489,  so the coefficient of determination is about 45%. Therefore, 45% of the variation in weight 
can be explained by the regression line. 

4.58 2( 0.70)  0.49,   so –0.70 has a coefficient of determination of 49%, and 2(0.50)  0.25,  so 0.50 has a 
coefficient of determination of 25%. Thus the correlation of –0.70 is stronger than a correlation of 0.50. 

4.59 Part of the poor historical performance could be due to chance, and if so, regression toward the mean predicts 
that stocks turning in a lower than average performance should tend to perform closer to the mean in the 
future. In other words, they might tend to increase. 

4.60 Their new blood pressures will tend to be closer to normal, on average. Part of the high reading might be due 
to chance, and regression toward the mean predicts that a repeated measurement will be closer to the typical 
value. In other words, the new blood pressures might tend to be lower. 

4.61 a. The slope of –2099 means that the salary is $2099 less for each year later that the person was hired, or 
$2099 more for each year earlier. 

 b. The intercept ($4,255,000) would be the salary for a person who started in the year 0, which is 
inappropriate (and ridiculous). 

4.62 a. The slope of 0.95 means that for each additional city mpg, the highway value goes up by about 0.95 mpg, 
or nearly 1 mpg. 

 b. The intercept is 7.79. If a car were to get 0 mpg in the city, it would get 7.79 mpg on the highway. That 
conclusion is inappropriate because no cars get 0 mpg in the city. 

4.63 a.  
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 b. 0.933;r   A positive correlation suggests that larger turkeys tend to have a higher prices. 

Correlations: Weight (pounds), Price  
Pearson correlation of Weight (pounds) and Price = 0.933 

 c. Predicted Price = –4.49 + 1.57 Weight  

Regression Analysis: Price versus Weight (pounds)  
The regression equation is 
Price = - 4.49 + 1.57 Weight (pounds) 

 d. The slope of 1.57 means that for each additional pound, the price goes up by $1.57. The interpretation of 
the intercept is inappropriate, because it is not possible to have a turkey that weighs 0 pounds. 

 e. 0.375;r    Predicted Price = 26.87 – 0.533 Weight.  The negative correlation and slope imply that the 
bigger the turkey, the less it costs! The 30-pound free turkey was an influential point, which really 
changed the results. 

Correlations: Weight (pounds), Price  
Pearson correlation of Weight (pounds) and Price = -0.375 
Regression Analysis: Price versus Weight (pounds)  
The regression equation is 
Price = 26.87 - 0.553 Weight (pounds) 

 f. r2 = 0.87.87% of the variation in turkey price is explained by weight. 

4.64 a. It looks like there is a strong linear relationship between the variables. 

   
 b. r = 0.95; The sign is positive. As % alcohol increases, calories also increases. 

 c. Calories = -68.20 + 19.02% alcohol; 

 d. r2 = 0.91; 91% of the variation in calories can be explained by the % alcohol.  

 e. r = -0.35; slope = -6.03. This influential point has made the correlation weaker and negative. 

4.65 a. Positive. 

 b. Slope = 0.327; each additional $1 in teacher pay is associated with an increase in per pupil spending of 
0.327.  

 c. The y-intercept is -5922; it would not be appropriate to interpret the y-intercept because there is no state 
an average teacher salary of $0.  

 d. –5922 + 0.327(60000) = $13,698. 

4.66 a. The correlation is near 0, as is the slope.  

 b. The average teacher pay is not associated with the percentage graduating from high school so the 
regression equation should be used to make the prediction. 

4.67 a. Since the y-values decrease as the x-values increase, there is a negative correlation. 

 b. For each additional hour of work, the score tended to go down by 0.48 point. 

 c. A student who did not work would expect to get about 87 on average. 
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4.68 a. Since the y-values increase as the x-values increase, the data suggest a positive trend. This means that 
there tends to be more trash if there are more people living in the house. 

 b. 0.76 0.877r    

 c. The slope is 11.30. For each additional person, on the average there are an additional 11.3 pounds of 
trash. 

 d. This suggests that with 0 people there should be 2.34 pounds of trash. But we should not draw that 
conclusion, because it is not meaningful to think of a house producing trash all by itself (without people 
present). 

4.69 There is a stronger association between home runs and strikeouts (r = 0.64 compared to r = -0.09). 

4.70 There is a stronger association between 3-point percentage and free-throw percentage (r = 0.57 compared to  
r = -0.05). 

4.71 a.  

   
  r = 0.85; 

Predicted Math Score = 33.03 + 0.70 (Reading score) 
Predicted Math Score = 33.03 + 0.70(70) = 82.03. The predicted math score is an 82. 

 b.  

   
  r = 0.85;  

Predicted Reading Score = –15.33 + 1.03(70) = 57. The predicted reading score is a 57. 

 c. Changing the choice of the dependent and independent variables does not change r but does change the 
regression equation. 

4.72 a.  

   
  r = .98; Math = 32.37 + 0.94 Reading; 32.37 + 0.94(600) = 596; Predicted critical reading score is 596. 

Predicted Math Score = 32.37 + 0.94 (Reading score) 
Predicted Math Score = 32.37 + 0.94(600) = 596 The predicted math score is an 596. 

 b.  

   
  Predicted Reading Score = –12.31 + 1.02 (Math score) 

Predicted Reading Score = –12.31 + 1.02(600) = 600. The predicted reading score is an 600. 

 c. Changing the choice of the dependent and independent variables does not change r but does change the 
regression equation. 

4.73 The answers follow the guided steps. 

 1: a. final

midterm

100.7 0.7
10

sb r
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  b.  75 0.7 75 75 52.5 22.5a y bx        

  c. Predicted Final = 22.5 + 0.7 Midterm  

 2: Predicted Final = 22.5 + 0.7 Midterm = 22.5 + 0.7(95) = 22.5 + 66.5 = 89  

 3: The score of 89 is lower than 95 because of regression toward the mean. 

4.74 a. Predicted Final = 18 + 0.75 Midterm; 80.75 0.75
8

y

x

s
b r

s
     ; 

 72 0.75 72 72 54 18a y bx        

 b. Predicted Final = 18 + 0.75(55) = 59.25 

 c. It is higher than 55 because of regression toward the mean. 

 d. It should be lower than 100 because of regression toward the mean. 

 

Chapter Review Exercises 
4.75 a. 0.941;r   Predicted Weight = –245 + 5.80 Height 

Regression Analysis: Weight (pounds) versus Height (inches)  
The regression equation is 
Weight (pounds) = - 245 + 5.80 Height (inches) 
Correlations: Height (inches), Weight (pounds)  
Pearson correlation of Height (inches) and Weight (pounds) = 0.941 

 b. 
Height (cm)  Weight (kg) 

 60 2.54 152.40   
105 47.6191

2.205
  

 66 2.54 167.64   
140 63.4921

2.205
  

 72 2.54 182.88   
185 83.9002

2.205
  

 70 2.54 177.80   
145 65.7596

2.205
  

 63 2.54 160.02   
120 54.4218

2.205
  

 c. The correlation between height and weight is 0.941. It does not matter whether you use inches and 
pounds or centimeters and kilograms. A change of units does not affect the correlation because it has no 
units. 

Correlations: Height (cm), Weight (kg)  
Pearson correlation of Height (cm) and Weight (kg) = 0.941 

 d. The equations are different, using different units will result in different results. 

  Predicted Weight Pounds = –245 + 5.80 Height (inches)  

  Predicted Weight Kilograms = –11 + 1.03 Height (centimeters)  

Regression Analysis: Weight (lb) versus Height (in)  
The regression equation is 
Weight (pounds) = - 245 + 5.80 Height (inches) 
Regression Analysis: Weight (kg) versus Height (cm)  
The regression equation is 
Weight (kg) = - 111 + 1.03 Height (cm) 
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4.76 a. Predicted Weight = –169.5 + 5.174 Height (inches): The slope of 5.174 means that for each additional 
inch in height, a man weighs about 5 more pounds on average. It is not appropriate to interpret the 
intercept, because no one has a height near 0. 

Regression Analysis: Weight (pounds) versus Height (inches)  
The regression equation is 
Weight (pounds) = - 169.5 + 5.174 Height (inches) 

 b. 0.665r   

Correlations: Height (inches), Weight (pounds)  
Pearson correlation of Height (inches) and Weight (pounds) = 0.665 

 c.  20.665 44%  of the variation in weight can be explained by the regression line. 

 d. The correlation is the same. 

Correlations: Height (centimeters), Weight (pounds)  
Pearson correlation of Height (centimeters) and Weight (pounds) = 0.665 

 e. The new equation is Predicted Weight = –169.5 + 2.04 Height (cm): The slope of 2.04 means that for 
each additional centimeter of height, a man weighs about 2 more pounds on average. 

Regression Analysis: Weight (pounds) versus Height (centimeters)  
The regression equation is 
Weight (pounds) = - 169.5 + 2.0369 Height (centimeters) 

 f. Changing units changes the equation but does not change the correlation.  Note that the intercept is the 
same in both equations since they both predict the weight of a man with no height, but it has the same 
value only because the units of weight are the same in both equations. (Compare with Exercise 4.75 
where the units of both variables are changed.) 

4.77 a.  

   
  r = 0.86; Predicted Calories = 3.26 + 10.81(Carbs); Slope = 10.81; Each additional gram of carbohydrates 

is associated with an increase of 10.81 calories 
Predicted Calories = 3.26 + 10.81(55) = 597.81 calories 

 b.  

   
  r = 0.79; Predicted Calories = 198.74 + 32.75(sugars) 

Predicted Calories = 198.74 + 32.75(10) = 526.24 calories  

 c. While both are fairly good, the number of carbs is a better predictor (r = 0.86 compared to r = 0.79). 
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4.78 a. Yes, there seems to be a linear trend.  

   
 b.  

   
  r = 0.713  

 c. The slope of the regression equation is 15.15. Each additional gram of fat is associated with an increase 
of about 15 calories.   

 d. The y-intercept of the regression equation is 62.0. It represents the number of calories in a granola bar 
containing 0 grams of fat. Since no bars in our sample contained 0 grams of fat, it is not appropriate to 
interpret the y-intercept in this problem.  

 e. The coefficient of determination is 50.9%. About 51% of the variation in calories is explained by fat 
content. 

 f. Predicted Calories = 62.0 + 15.15(7) = 168 calories 
A granola bar containing 7 grams of fat will have about 168 calories.  

 g. Since there are no granola bars in the data set with fat content near 25 grams, it would be inappropriate to 
use the regression equation to predict the fat content of a granola bar with 25 grams of fat. 

 h. Remove the bar with 7.6 grams of fat and 370 calories from the data set. Recalculating r, r = 0.98, 
indicating a stronger linear correlation. The slope and the y-intercept of the regression equation change 
after removing this data point. The new regression equation is calories = 55.8 + 13.8 fat. 

4.79 a. There were no women taller than 69 inches, so the line should stop at 69 inches to avoid extrapolating. 

 b. Men who are the same height as women wear shoes that are, on average, larger sizes. 

 c. The mean increase in shoe size based on height is the same for men and women. 

4.80 a. The older people tend to get somewhat less sleep for both genders. 

 b. The average decrease in sleep for each additional year of age is the same for men and women. 

 c. The relationship between sleep and age is nearly the same for men and women. 

 d. There were no men above about 47 years of age. Extending the line past 47 years would be extrapolating. 
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4.81 Among those who exercise, the effect of age on weight is less. An additional year of age does not lead to as 
great an increase in the average weight for exercisers as it does for non-exercisers. 

4.82 a. The correlation is positive. 

 b. The correlation is not positive for every grade. It might be near zero or slightly negative for some grades. 

 c. Test scores are confounded with age. Older students are taller and also score higher. Thus the principal is 
not correct. 

4.83 a.  

   
  There seems to be a linear trend. The less-selective law schools also tend to have a lower employment 

rate at graduation. 

 b. I. % Employed = 97.59 - 1.03 Acceptance Rate 
II. Each additional percentage point in acceptance rate is associated with an average decrease of 1.03 
percentage points in the rate of employment at graduation.  
III. It would be inappropriate to interpret the y-intercept because there is no school with an acceptance 
rate of 0%.  
IV. r2 = 52%. 52% of the variation in employment rate at graduation can be explained by the acceptance 
rate.  
V. The regression equation predicts an employment rate of about 32.6% for a school with an acceptance 
rate of 50%. 

4.84 a. 

       
  There seems to be a linear trend to the data. Schools with high average LSAT scores tend to have higher 

percentages of students passing the bar exam. 

 b. I. Pass Bar = -105.8 + 1.117 High LSAT. 
II. Each additional point on the LSAT is associated with a mean increase of 1.1 in the bar-pass rate. 
III. It would be inappropriate to interpret the y-intercept since no school admits students with an LSAT 
score of 0. 
IV. r2 = 55.6%. About 55.6% of the variation in bar-pass rates can be explained by LSAT score.  
V. The regression equation predicts a bar-pass rate of 61.75 for schools with an LSAT score of 150. 

4.85 A comparison of scatterplots shows a stronger association between calories and fat compared with calories 
and carbohydrates. The correlation coefficient for fat and calories is r = 0.82 while the correlation coefficient 
for carbohydrates and calories is 0.39. Fat is a better predictor of the number of calories in these snack foods. 
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4.86 Education is a bit more closely correlated with salary than is years of employment. Yes, education pays off, 
but there is not much difference between the correlations. 

Correlations: Salary, YrsEm, Educ  
        Salary   YrsEm 
YrsEm    0.765 
Educ     0.777   0.607 

4.87  

  
 It is not appropriate to fit a linear regression model, because the trend is not linear. However, we can see that 

some big-budget films didn’t do as well compared to some lower budget films. The one point at the top, 
Wonder Women, had the highest gross but did not have the highest budget.  

4.88  

  
 Regression equation: Highway Mileage = –0.35 + 1.40 City Mileage. A car that gets 40 miles per gallon   in 

the city is predicted to get –0.35 + 1.40(40) = 55.7 miles per gallon on the highway.  

 It would not be appropriate to use the regression equation to predict the highway mileage for a car with a city 
mileage of 60 miles pe gallon because the data do not include values greater than 43, and so we would be 
extrapolating. 

4.89 a. The positive trend shows that the more stories there are, the taller the building tends to be. 

 b. Predicted Height = 115.4 + 12.85(100) = 115.4 + 1285 = 1400.4, or about 1400 feet 

 c. The slope of 12.85 means that buildings with one additional story tend to have an average of 12.35 feet of 
additional height. 

 d. Because there are no building with 0 stories, the interpretation of the intercept is not appropriate. 

 e. About 71% of the variation in height can be explained by the regression, and about 29% is not explained. 

4.90 a. The trend is negative. An increase in high school graduation rates is associated with a decrease in poverty 
rate. 

 b. Each additional 1% in high school graduation rate is associated with a decrease of 0.70% in poverty rate.  

 c. About 61% of the variation in poverty rates can be explained by graduation rates.  

 d. High school. Compare values of the correlation coefficients: High school and poverty: r = -0.78; BA and 
poverty: r = -0.40; advanced degree and poverty: r = -0.15. 
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4.91 Answers will vary. 

x1 y1 
2 5 
3 6 
4 7 
5 8 

 

Correlations: x1, y1  
Pearson correlation of x1 and y1 = 1.000 
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4.92 Answers will vary. 

x1 y1 
2 8 
3 7 
4 6 
5 5 

 

Correlations: x1, y1  
Pearson correlation of x1 and y1 = -1.000 
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4.93 Answers will vary. 

Dataset 1 Dataset 2 
x1 y1 x2 y2 
5 8 5 8 
6 7 6 7 
7 6 7 6 
8 5 8 5 
  1 1 

 

Correlations: x1, y1  
Pearson correlation of x1 and y1 = -1.000 
Correlations: x2, y2  
Pearson correlation of x2 and y2 = 0.658 
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4.94 Answers will vary. 

Dataset 1 Dataset 2 
x1 y1 x2 y2 
2 5 2 5 
3 6 3 6 
4 7 4 7 
5 8 5 8 
  10 1 

 

Correlations: x1, y1  
Pearson correlation of x1 and y1 = 1.000 
Correlations: x2, y2  
Pearson correlation of x2 and y2 = -0.701 
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4.95 The trend is positive. In general, if one twin has a higher-than-average level of education, so does the other 
twin. The point that shows one twin with 1 year of education and the other twin with 12 years is an outlier. 
(Another point showing one twin with 15 years and the other with 8 years is a bit unusual, as well.) 

4.96 Answers may vary. The trend is very weak and potentially positive. The trend is weak enough that it is 
difficult to tell whether it is linear or not. 

4.97 There appears to be a positive trend. It appears that the number of hours of homework tends to increase 
slightly with enrollment in more units. 

4.98 The number of hours of exercise and the number of hours of homework do not appear to be related. The 
correlation should be near zero. 

4.99 Linear regression is not appropriate because the trend is not linear, it is curved. 

4.100 Finding the correlation is not appropriate because the trend is not linear; it is curved. 

4.101 The cholesterol going down might be partly caused by regression toward the mean. 

4.102 Regression toward the mean might contribute to raising the scores of the students who scored low on the first 
test. 
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Chapter 5:  Modeling Variation with Probability 
 

Section 5.1:  What Is Randomness? 
5.1 Answers may vary with different random numbers. 

 a. 5 5 1 8 5 7 4 8 3 4 

 b. T T H T T T H T H H 

 c. 4/10 = 40% were heads. 

5.2 a. 2     6     4     2     7     4     0     6     5     0     7     0     2     5     1     8     4     4     1     3 

  C     C     C     C     P     C     C     C     P     C     P     C     C     P     P     C     C     C     P     P 

 b. 13/20 = 65% were assigned to the computer group. 

 c. 0, 1, 2, 3, 4 could have been assigned to the computer group and 5, 6, 7, 8, 9 could have been assigned to 
the pen and paper group. 

 d. The digits 0, 1, 2, 3, 4 could have assigned participants to Computer, and the digits 5, 6, 7, 8, 9 could 
have assigned   participants to Paper. 

5.3 This is a theoretical probability, because it is not based on an experiment. 

5.4 This is an empirical probability, because it is based on an experiment. 

5.5 This is an empirical probability, because it is based on an experiment. 

5.6 This is a theoretical probability, because it is not based on an experiment. 

 

Section 5.2:  Finding Theoretical Probabilities 
5.7 a. The seven equally likely outcomes are Town, Wu, Hein, Lee, Marland, Penner, and Holmes. 

 b. The probability that the new patient will be assigned to a female doctor is 4 / 7 , or about 57.1%. 

 c. The probability that new patient will be assigned to a male doctor is 3 / 7  , or about 42.9%. 

 d. Yes, the event “male doctor” is equivalent to the event “not a female doctor”. 

5.8 a. The eight equally likely outcomes are Nagle, Crouse, Warren, Tejada, Tran, Cochran, Perry, Rivas. 

 b. The probability of a student being assigned to an experienced teacher is 5 / 8 , or 62.5%. 

 c. The complement of event in part (b) is Cochran, Perry, and Rivas: These are the inexperienced teachers. 
The probability is 3 / 8 =37.5%. 

5.9 a. 0.26 can be the probability of an event.  

 b. -0.26 cannot be a probability because it is negative. 

 c. 2.6 cannot be the probability of an event since 2.6 is greater than 1. 

 d. 2.6% can be the probability of an event. 

 e. 26 cannot be the probability of an event since 26 is greater than 1. 

5.10 a, b, and d, can be the probability of an event.  

 c. 9.9 cannot be a probability because it greater than 1.  

 e. -0.90 cannot be a probability because it is negative. 

5.11 a.  P a heart 13 52, or 1 4  or 25%  



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType true
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 99
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 2400
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 2400
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




