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SECTION 1.1 1

Chapter 1

Section 1.1

1. (a) The population consists of all the times the process could be run. It is conceptual.

(b) The population consist of all the registered voters in the state. It is tangible.

(c) The population consist of all people with high cholesterol levels. It is tangible.

(d) The population consist of all concrete specimens that could be made from the new formulation. It is conceptual.

(e) The population consist of all bolts manufactured that day. It is tangible.

2. (iii). It is very unlikely that students whose names happen to fall at the top of a page in the phone book will differ

systematically in height from the population of students as a whole. It is somewhat more likely that engineering

majors will differ, and very likely that students involved with basketball intramurals will differ.

3. (a) False

(b) True

4. (a) False

(b) True

5. (a) No. What is important is the population proportion of defectives; the sample proportion is only an approxima-

tion. The population proportion for the new process may in fact be greater or less than that of the old process.

(b) No. The population proportion for the new process may be 0.12 or more, even though the sample proportion

was only 0.11.

(c) Finding 2 defective circuits in the sample.

6. (a) False
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2 CHAPTER 1

(b) True

(c) True

7. A good knowledge of the process that generated the data.

8. (a) An observational study

(b) It is not well-justified. Because the study is observational, there could be differences between the groups other

than the level of exercise. These other differences (confounders) could cause the difference in blood pressure.

9. (a) A controlled experiment

(b) It is well-justified, because it is based on a controlled experiment rather than an observational study.

Section 1.2

1. (a) The mean will be divided by 2.2.

(b) The standard deviation will be divided by 2.2.

2. (a) The mean will increase by 50 g.

(b) The standard deviation will be unchanged.

3. False

4. No. In the sample 1, 2, 4 the mean is 7/3, which does not appear at all.
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SECTION 1.2 3

5. No. In the sample 1, 2, 4 the mean is 7/3, which does not appear at all.

6. No. The median of the sample 1, 2, 4, 5 is 3.

7. The sample size can be any odd number.

8. Yes. For example, the list 1, 2, 12 has an average of 5 and a standard deviation of 6.08.

9. Yes. If all the numbers in the list are the same, the standard deviation will equal 0.

10. (a) Let 𝑋1, ..., 𝑋100 denote the 100 numbers of occupants.

100
∑

𝑖=1

𝑋𝑖 = 70(1) + 15(2) + 10(3) + 3(4) + 2(5) = 152

𝑋 =

∑100
𝑖=1 𝑋𝑖

100
=

152

100
= 1.52

(b) The sample variance is

𝑠2 =
1

99

(

100
∑

𝑖=1

𝑋2
𝑖 − 100𝑋

2

)

=
1

99
[(70)12 + (15)22 + (10)32 + (3)42 + (2)52 − 100(1.522)]

= 0.87838

The standard deviation is 𝑠 =
√

𝑠2 = 0.9372.

Alternatively, the sample variance can be computed as

𝑠2 =
1

99

100
∑

𝑖=1

(𝑋𝑖 −𝑋)2

=
1

99
[70(1 − 1.52)2 + 15(2 − 1.52)2 + 10(3 − 1.52)2 + 3(4 − 1.52)2 + 2(5 − 1.52)2]

= 0.87838
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4 CHAPTER 1

(c) The sample median is the average of the 50th and 51st value when arranged in order. Both these values are

equal to 1, so the median is 1.

(d) The first quartile is the average of the 25th and 26th value when arranged in order. Both these values are equal

to 1, so the first quartile is 1. The third quartile is the average of the 75th and 76th value when arranged in order.

Both these values are equal to 2, so the first quartile is 2.

(e) Of the 100 cars, 15 + 10 + 3 + 2 = 30 had more than the mean of 1.52 occupants, so the proportion is 30/100

= 0.3.

(f) The quantity that is one standard deviation greater than the mean is 1.52 + 0.9372 = 2.5472. Of the 100 cars,

10 + 3 + 2 = 15 had more than 2.8652 children, so the proportion is 15/100 = 0.15.

(g) The region within one standard deviation of the mean is 1.52 ± 0.9372 = (0.5828, 2.4572). Of the 100 cars, 70

+ 15 = 85 are in this range, so the proportion is 85/100 = 0.85.

11. The sum of the mens’ heights is 20 × 178 = 3560. The sum of the womens’ heights is 30 × 164 = 4920.

The sum of all 50 heights is 3560 + 4920 = 8480. Therefore the mean score for the two classes combined is

8480∕50 = 169.6.

12. (a) The mean for A is

(18.0+18.0+18.0+20.0+22.0+22.0+22.5+23.0+24.0+24.0+25.0+25.0+25.0+25.0+26.0+26.4)∕16 = 22.744

The mean for B is

(18.8+18.9+18.9+19.6+20.1+20.4+20.4+20.4+20.4+20.5+21.2+22.0+22.0+22.0+22.0+23.6)∕16 = 20.700

The mean for C is

(20.2+20.5+20.5+20.7+20.8+20.9+21.0+21.0+21.0+21.0+21.0+21.5+21.5+21.5+21.5+21.6)∕16 = 20.013

The mean for D is

(20.0+20.0+20.0+20.0+20.2+20.5+20.5+20.7+20.7+20.7+21.0+21.1+21.5+21.6+22.1+22.3)∕16 = 20.806
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SECTION 1.2 5

(b) The median for A is (23.0 + 24.0)/2 = 23.5. The median for B is (20.4 + 20.4)/2 = 20.4. The median for C is

(21.0 + 21.0)/2 = 21.0. The median for D is (20.7 + 20.7)/2 = 20.7.

(c) 0.25(17) = 4.25. Therefore the first quartile is the average of the numbers in positions 4 and 5. 0.75(17) = 12.75.

Therefore the third quartile is the average of the numbers in positions 12 and 13.

A: 𝑄1 = 21.0, 𝑄3 = 25.0; B: 𝑄1 = 19.85, 𝑄3 = 22.0; C: 𝑄1 = 20.75, 𝑄3 = 21.5; D: 𝑄1 = 20.1, 𝑄3 = 21.3

(d) The variance for A is

𝑠2 =
1

15
[18.02 + 18.02 + 18.02 + 20.02 + 22.02 + 22.02 + 22.52 + 23.02 + 24.02

+ 24.02 + 25.02 + 25.02 + 25.02 + 25.02 + 26.02 + 26.42 − 16(22.7442)] = 8.2506

The standard deviation for A is 𝑠 =
√

8.2506 = 2.8724.

The variance for B is

𝑠2 =
1

15
[18.82 + 18.92 + 18.92 + 19.62 + 20.12 + 20.42 + 20.42 + 20.42 + 20.42

+ 20.52 + 21.22 + 22.02 + 22.02 + 22.02 + 22.02 + 23.62 − 16(20.7002)] = 1.8320

The standard deviation for B is 𝑠 =
√

1.8320 = 1.3535.

The variance for C is

𝑠2 =
1

15
[20.22 + 20.52 + 20.52 + 20.72 + 20.82 + 20.92 + 21.02 + 21.02 + 21.02

+ 21.02 + 21.02 + 21.52 + 21.52 + 21.52 + 21.52 + 21.62 − 16(20.0132)] = 0.17583

The standard deviation for C is 𝑠 =
√

0.17583 = 0.4193.

The variance for D is

𝑠2 =
1

15
[20.02 + 20.02 + 20.02 + 20.02 + 20.22 + 20.52 + 20.52 + 20.72 + 20.72

+ 20.72 + 21.02 + 21.12 + 21.52 + 21.62 + 22.12 + 22.32 − 16(20.8062)] = 0.55529

The standard deviation for D is 𝑠 =
√

0.55529 = 0.7542.

(e) Method A has the largest standard deviation. This could be expected, because of the four methods, this is the

crudest. Therefore we could expect to see more variation in the way in which this method is carried out, resulting

in more spread in the results.

(f) Other things being equal, a smaller standard deviation is better. With any measurement method, the result is

somewhat different each time a measurement is made. When the standard deviation is small, a single measure-

ment is more valuable, since we know that subsequent measurements would probably not be much different.
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6 CHAPTER 1

13. (a) All would be divided by 2.54.

(b) Not exactly the same, because the measurements would be a little different the second time.

14. (a) Let 𝑆0 be the sum of the original 10 numbers and let 𝑆1 be the sum after the change. Then 𝑆0∕10 = 70,000, so

𝑆0 = 700,000.

Now 𝑆1 = 𝑆0 − 100,000 + 1,000,000 = 1,600,000, so the new mean is 𝑆1∕10 = 160,000.

(b) The median is unchanged at 55,000.

(c) Let 𝑋1, ..., 𝑋10 be the original 10 numbers. Let 𝑇0 =
∑10

𝑖=1𝑋
2
𝑖
. Then the variance is (1∕9)[𝑇0−10(70,0002)] =

60,0002 = 3.6 × 109, so 𝑇0 = 8.14 × 1010. Let 𝑇1 be the sum of the squares after the change.

Then 𝑇1 = 𝑇0 − 100,0002 + 1,000,0002 = 1.0714 × 1012.

The new standard deviation is
√

(1∕9)[𝑇1 − 10(160,0002)] = 310,000.

15. (a) The sample size is 𝑛 = 16. The tertiles have cutpoints (1∕3)(17) = 5.67 and (2∕3)(17) = 11.33. The first tertile

is therefore the average of the sample values in positions 5 and 6, which is (44+46)∕2 = 45. The second tertile

is the average of the sample values in positions 11 and 12, which is (76 + 79)∕2 = 77.5.

(b) The sample size is 𝑛 = 16. The quintiles have cutpoints (𝑖∕5)(17) for 𝑖 = 1, 2, 3, 4. The quintiles are therefore

the averages of the sample values in positions 3 and 4, in positions 6 and 7, in positions 10 and 11, and in

positions 13 and 14. The quintiles are therefore (23 + 41)∕2 = 32, (46 + 49)∕2 = 47.5, (74 + 76)∕2 = 75, and

(82 + 89)∕2 = 85.5.

16. (a) Seems certain to be an error.

(b) Could be correct.
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SECTION 1.3 7

Section 1.3

1. (a)

Stem Leaf

0 011112235677

1 235579

2 468

3 11257

4 14699

5 5

6 16

7 9

8 0099

9

10

11 0

12 7

13 7

(b) Here is one histogram. Other

choices for the endpoints are possi-

ble.
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The boxplot shows one outlier.
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8 CHAPTER 1

2. (a)

Stem Leaf

14 12333444467788889

15 0023344567799

16 124456

17 2222338

18

19

20

21 9

22 4

(b) Here is one histogram. Other choices for the endpoints are possible.
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0
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15

F
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(c) 14 16 18 20 22 24
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SECTION 1.3 9

(d)

14

16

18

20

22

24

The boxplot shows two outliers.

3. Stem Leaf

1 1588

2 00003468

3 0234588

4 0346

5 2235666689

6 00233459

7 113558

8 568

9 1225

10 1

11

12 2

13 06

14

15

16

17 1

18 6

19 9

20

21

22

23 3

There are 23 stems in this plot. An advantage of this plot over the one in Figure 1.6 is that the values are given

to the tenths digit instead of to the ones digit. A disadvantage is that there are too many stems, and many of

them are empty.
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10 CHAPTER 1

4. (a) Here are histograms for each group. Other choices for the endpoints are possible.
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g
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Chromium Nickel

(c) The concentrations of nickel are on the whole lower than the concentrations of chromium. The nickel concentra-

tions are highly skewed to the right, which can be seen from the median being much closer to the first quartile

than the third. The chromium concentrations are somewhat less skewed. Finally, the nickel concentrations

include an outlier.

5. (a) Here are histograms for each group. Other choices for the endpoints are possible.
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SECTION 1.3 11
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(b)
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Catalyst A Catalyst B

(c) The results for Catalyst B are noticeably more spread out than those for Catalyst A. The median yield for catalyst

A is greater than the median for catalyst B. The median yield for B is closer to the first quartile than the third, but

the lower whisker is longer than the upper one, so the median is approximately equidistant from the extremes

of the data. The largest result for Catalyst A is an outlier; the remaining yields for catalyst A are approximately

symmetric.
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12 CHAPTER 1

6. (a) The histogram should be skewed to the right. Here is an example.

(b) The histogram should be skewed to the left. Here is an example.

(c) The histogram should be approximately symmetric. Here is an example.

7. (a) The proportion is the sum of the relative frequencies (heights) of the rectangles above 240. This sum is approx-

imately 0.14 + 0.10 + 0.05 + 0.01 + 0.02. This is closest to 30%.
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SECTION 1.3 13

(b) The height of the rectangle over the interval 240–260 is greater than the sum of the heights of the rectangles

over the interval 280–340. Therefore there are more men in the interval 240–260 mg/dL.

8. The relative frequencies of the rectangles shown are 0.05, 0.1, 0.15, 0.25, 0.2, and 0.1. The sum of these relative

frequencies is 0.85. Since the sum of all the relative frequencies must be 1, the missing rectangle has a height

of 0.15.

9. Any point more than 1.5 IQR (interquartile range) below the first quartile or above the third quartile is labeled

an outlier. To find the IQR, arrange the values in order: 4, 10, 20, 25, 31, 36, 37, 41, 44, 68, 82. There are

𝑛 = 11 values. The first quartile is the value in position 0.25(𝑛 + 1) = 3, which is 20. The third quartile is the

value in position 0.75(𝑛 + 1) = 9, which is 44. The interquartile range is 44 − 20 = 24. So 1.5 IQR is equal to

(1.5)(24) = 36. There are no points less than 20 − 36 = −16, so there are no outliers on the low side. There is

one point, 82, that is greater than 44 + 36 = 80. Therefore 82 is the only outlier.

10. The mean. The median, and the first and third quartiles are indicated directly on a boxplot, and the interquartile

range can be computed as the difference between the first and third quartiles.

11. (a)

40
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(b) Yes. The value 100 is an outlier.
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12. (a) False

(b) True

(c) False

(d) False

(e) True

(f) False

13. (a) IQR = 3rd quartile − 1st quartile. A: IQR = 6.02 − 1.42 = 4.60, B: IQR = 9.13 − 5.27 = 3.86

(b) Yes, since the minimum is within 1.5 IQR of the first quartile and the

maximum is within 1.5 IQR of the third quartile, there are no outliers,

and the given numbers specify the boundaries of the box and the ends of

the whiskers.

0

2

4

6

8

10

12

(c) No. The minimum value of −2.235 is an “outlier,” since it is more than 1.5 times the interquartile range below

the first quartile. The lower whisker should extend to the smallest point that is not an outlier, but the value of

this point is not given.

14. (a) (4)

(b) (2)

(c) (1)
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(d) (3)

15. (a)
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(b) The boxplot indicates that the value 470 is an outlier.

(c) 0 100 200 300 400 500
Fracture Strength (MPa) 

(d) The dotplot indicates that the value 384 is detached from the bulk of the data, and thus could be considered to

be an outlier.

Supplementary Exercises for Chapter 1

1. The mean and standard deviation both increase by 5%.

2. The mean is increased by $2000. The standard deviation is unchanged.
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3. (a) False. The true percentage could be greater than 5%, with the observation of 4 out of 100 due to sampling

variation.

(b) True

(c) False. If the result differs greatly from 5%, it is unlikely to be due to sampling variation.

(d) True. If the result differs greatly from 5%, it is unlikely to be due to sampling variation.

4. (a) No. This could well be sampling variation.

(b) Yes. It is virtually impossible for sampling variation to be this large.

5. (a) It is not possible to tell by how much the mean changes, because the sample size is not known.

(b) If there are more than two numbers on the list, the median is unchanged. If there are only two numbers on the

list, the median is changed, but we cannot tell by how much.

(c) It is not possible to tell by how much the standard deviation changes, both because the sample size is unknown

and because the original standard deviation is unknown.

6. (a) The sum of the numbers decreases by 12.9 − 1.29 = 11.61, so the mean decreases by 11.61/15 = 0.774.

(b) No, it is not possible to determine the value of the mean after the change, since the original mean is unknown.

(c) The median is the eighth number when the list is arranged in order, and this is unchanged.

(d) It is not possible to tell by how much the standard deviation changes, because the original standard deviation is

unknown.
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7. (a) The mean decreases by 0.774.

(b) The value of the mean after the change is 25 − 0.774 = 24.226.

(c) The median is unchanged.

(d) It is not possible to tell by how much the standard deviation changes, because the original standard deviation is

unknown.

8. (a) The sum of the numbers 284.34, 173.01, 229.55, 312.95, 215.34, 188.72, 144.39, 172.79, 139.38, 197.81,

303.28, 256.02, 658.38, 105.14, 295.24, 170.41 is 3846.75. The mean is therefore 3846.75/16 = 240.4219.

(b) The 16 values arranged in increasing order are:

105.14, 139.38, 144.39, 170.41, 172.79, 173.01, 188.72, 197.81,

215.34, 229.55, 256.02, 284.34, 295.24, 303.28, 312.95, 658.38

The median is the average of the 8th and 9th numbers, which is (197.81 + 215.34)∕2 = 206.575.

(c) 0.25(17) = 4.25, so the first quartile is the average of the 4th and 5th numbers, which is

(170.41 + 172.79)∕2 = 171.60.

(d) 0.75(17) = 12.75, so the third quartile is the average of the 12th and 13th numbers, which is

(284.34 + 295.24)∕2 = 289.79.

(e)

100

200

300

400

500

600

700

mg/l
The median is closer to the first quartile than to the third quartile,

which indicates that the sample is skewed a bit to the right. In

addition, the sample contains an outlier.
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9. Statement (i) is true. The sample is skewed to the right.

10. (a) False. The length of the whiskers is at most 1.5 IQR.

(b) False. The length of the whiskers is at most 1.5 IQR.

(c) True. A whisker extends to the most extreme data point that is within 1.5 IQR of the first or third quartile.

(d) True. A whisker extends to the most extreme data point that is within 1.5 IQR of the first or third quartile.

11. (a) Skewed to the left. The 85th percentile is much closer to the median (50th percentile) than the 15th percentile

is. Therefore the histogram is likely to have a longer left-hand tail than right-hand tail.

(b) Skewed to the right. The 15th percentile is much closer to the median (50th percentile) than the 85th percentile

is. Therefore the histogram is likely to have a longer right-hand tail than left-hand tail.

12. (i) It would be skewed to the right. The mean is greater than the median. Also note that half the values are

between 0 and 0.10, so the left-hand tail is very short.
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13. (a)
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(b) Each sample contains one outlier.

(c) In the Sacaton boxplot, the median is about midway between the first and third quartiles, suggesting that the

data between these quartiles are fairly symmetric. The upper whisker of the box is much longer than the lower

whisker, and there is an outlier on the upper side. This indicates that the data as a whole are skewed to the right.

In the Gila Plain boxplot data, the median is about midway between the first and third quartiles, suggesting

that the data between these quartiles are fairly symmetric. The upper whisker is slightly longer than the lower

whisker, and there is an outlier on the upper side. This suggest that the data as a whole are somewhat skewed

to the right. In the Casa Grande boxplot, the median is very close to the first quartile. This suggests that there

are several values very close to each other about one-fourth of the way through the data. The two whiskers are

of about equal length, which suggests that the tails are about equal, except for the outlier on the upper side.

14. (a) The mean is

1

23
(2099 + 528 + 2030 + 1350 + 1018 + 384 + 1499 + 1265 + 375 + 424 + 789 + 810

+ 522 + 513 + 488 + 200 + 215 + 486 + 257 + 557 + 260 + 461 + 500) = 740.43

(b) The variance is

𝑠2 =
1

22
[20992 + 5282 + 20302 + 13502 + 10182 + 3842 + 14992 + 12652 + 3752 + 4242 + 7892 + 8102

+ 5222 + 5132 + 4882 + 2002 + 2152 + 4862 + 2572 + 5572 + 2602 + 4612 + 5002 − 23(740.432)]

= 302320.26

The standard deviation is 𝑠 =
√

302320.26 = 549.84.
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(c) The 23 values, arranged in increasing order, are:

200, 215, 257, 260, 375, 384, 424, 461, 486, 488, 500, 513, 522, 528, 557, 789, 810, 1018, 1265, 1350, 1499, 2030, 2099

The median is the 12th value, which is 513.

(d)
0 500 1000 1500 2000 2500

Electrical Conductivity (µS/cm) 

(e) 0.25(24) = 6. Therefore, when the numbers are arranged in increasing order, the first quartile is the number in

position 6, which is 384.

(f) 0.75(24) = 18. Therefore, when the numbers are arranged in increasing order, the third quartile is the number

in position 18, which is 1018.

(g) IQR = 3rd quartile − 1st quartile = 1018 − 384 = 634.

(h)
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(i) The points 2030 and 2099 are outliers.

(j) skewed to the right
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Chapter 2

Section 2.1

1. 𝑥 = 3.0, 𝑦 = 3.4,
∑𝑛

𝑖=1(𝑥𝑖 − 𝑥)2 = 10,
∑𝑛

𝑖=1(𝑦𝑖 − 𝑦)2 = 21.2,
∑𝑛

𝑖=1(𝑥𝑖 − 𝑥)(𝑦𝑖 − 𝑦) = 12.

𝑟 =

∑𝑛
𝑖=1(𝑥𝑖 − 𝑥)(𝑦𝑖 − 𝑦)

√

∑𝑛
𝑖=1(𝑥𝑖 − 𝑥)2

√

∑𝑛
𝑖=1(𝑦𝑖 − 𝑦)2

= 0.8242.

2. (a) 𝑦 has been replaced with 2𝑦, 𝑥 is unchanged. This involves only multiplying by a constant, which does not

change the correlation coefficient.

(b) 𝑥 has been replaced with 10𝑥 + 3, 𝑦 has been replaced with 2𝑦. This involves only adding a constant and

multiplying by a constant, neither of which changes the correlation coefficient.

(c) 𝑥 has been replaced with 𝑦+ 1, 𝑦 has been replaced with 2𝑥. This involves only adding a constant, multiplying

by a constant, and interchanging 𝑥 and 𝑦, none of which changes the correlation coefficient.

3. (a) The correlation coefficient is appropriate. The points are approximately clustered around a line.

(b) The correlation coefficient is not appropriate. The relationship is curved, not linear.

(c) The correlation coefficient is not appropriate. The plot contains outliers.

4. (a) True. This is a result of the plot being clustered around a line with positive slope.

(b) False. Since the plot is clustered around a line with negative slope, below average values of one variable will

tend to be associated with above average values of the other.

(c) False. The correlation coefficient describes the shape of the plot, not the relative magnitudes of 𝑥 and 𝑦.
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22 CHAPTER 2

5.

The heights and weights for the men (dots) are on the

whole greater than those for the women (xs). Therefore

the scatterplot for the men is shifted up and to the right.

The overall plot exhibits a higher correlation than ei-

ther plot separately. The correlation between heights

and weights for men and women taken together will be

more than 0.6.

6. (a) Let 𝑥 represent velocity and let 𝑦 represent acceleration.

𝑥 = 1.662, 𝑦 = 6.668,
∑𝑛

𝑖=1(𝑥𝑖 − 𝑥)2 = 2.23928,
∑𝑛

𝑖=1(𝑦𝑖 − 𝑦)2 = 16.48108,
∑𝑛

𝑖=1(𝑥𝑖 − 𝑥)(𝑦𝑖 − 𝑦) = −5.37248.

𝑟 =

∑𝑛
𝑖=1(𝑥𝑖 − 𝑥)(𝑦𝑖 − 𝑦)

√

∑𝑛
𝑖=1(𝑥𝑖 − 𝑥)2

√

∑𝑛
𝑖=1(𝑦𝑖 − 𝑦)2

= −0.88436.

(b)
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(c) No, the point (2.92, 3.25) is an outlier.

(d) No effect. Converting units from meters to centimeters and from seconds to minutes involves multiplying by a

constant, which does not change the correlation coefficient.

7. (a) Let 𝑥 represent temperature, 𝑦 represent stirring rate, and 𝑧 represent yield.
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SECTION 2.1 23

Then 𝑥 = 119.875, 𝑦 = 45, 𝑧 = 75.590625,
∑𝑛

𝑖=1(𝑥𝑖 − 𝑥)2 = 1845.75,
∑𝑛

𝑖=1(𝑦𝑖 − 𝑦)2 = 1360,
∑𝑛

𝑖=1(𝑧𝑖 − 𝑧)2 = 234.349694,
∑𝑛

𝑖=1(𝑥𝑖 − 𝑥)(𝑦𝑖 − 𝑦) = 1436,
∑𝑛

𝑖=1(𝑥𝑖 − 𝑥)(𝑧𝑖 − 𝑧) = 481.63125,
∑𝑛

𝑖=1(𝑦𝑖 − 𝑦)(𝑧𝑖 − 𝑧) = 424.15.

The correlation coefficient between temperature and yield is

𝑟 =

∑𝑛
𝑖=1(𝑥𝑖 − 𝑥)(𝑧𝑖 − 𝑧)

√

∑𝑛
𝑖=1(𝑥𝑖 − 𝑥)2

√

∑𝑛
𝑖=1(𝑧𝑖 − 𝑧)2

= 0.7323.

The correlation coefficient between stirring rate and yield is

𝑟 =

∑𝑛
𝑖=1(𝑦𝑖 − 𝑦)(𝑧𝑖 − 𝑧)

√

∑𝑛
𝑖=1(𝑦𝑖 − 𝑦)2

√

∑𝑛
𝑖=1(𝑧𝑖 − 𝑧)2

= 0.7513.

The correlation coefficient between temperature and stirring rate is

𝑟 =

∑𝑛
𝑖=1(𝑥𝑖 − 𝑥)(𝑦𝑖 − 𝑦)

√

∑𝑛
𝑖=1(𝑥𝑖 − 𝑥)2

√

∑𝑛
𝑖=1(𝑦𝑖 − 𝑦)2

= 0.9064.

(b) No, the result might be due to confounding, since the correlation between temperature and stirring rate is far

from 0.

(c) No, the result might be due to confounding, since the correlation between temperature and stirring rate is far

from 0.

8. (a) Let 𝑥 represent temperature, 𝑦 represent stirring rate, and 𝑧 represent yield.

Then 𝑥 = 126.5, 𝑦 = 45, 𝑧 = 75.59,
∑𝑛

𝑖=1(𝑥𝑖 − 𝑥)2 = 2420,
∑𝑛

𝑖=1(𝑦𝑖 − 𝑦)2 = 2000,
∑𝑛

𝑖=1(𝑧𝑖 − 𝑧)2 = 225.986,
∑𝑛

𝑖=1(𝑥𝑖 − 𝑥)(𝑦𝑖 − 𝑦) = 0,
∑𝑛

𝑖=1(𝑥𝑖 − 𝑥)(𝑧𝑖 − 𝑧) = 0.66,
∑𝑛

𝑖=1(𝑦𝑖 − 𝑦)(𝑧𝑖 − 𝑧) = 518.1.

The correlation coefficient between temperature and yield is

𝑟 =

∑𝑛
𝑖=1(𝑥𝑖 − 𝑥)(𝑧𝑖 − 𝑧)

√

∑𝑛
𝑖=1(𝑥𝑖 − 𝑥)2

√

∑𝑛
𝑖=1(𝑧𝑖 − 𝑧)2

= 0.0009.

The correlation coefficient between stirring rate and yield is

𝑟 =

∑𝑛
𝑖=1(𝑦𝑖 − 𝑦)(𝑧𝑖 − 𝑧)

√

∑𝑛
𝑖=1(𝑦𝑖 − 𝑦)2

√

∑𝑛
𝑖=1(𝑧𝑖 − 𝑧)2

= 0.7707.

The correlation coefficient between temperature and stirring rate is
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𝑟 =

∑𝑛
𝑖=1(𝑥𝑖 − 𝑥)(𝑦𝑖 − 𝑦)

√

∑𝑛
𝑖=1(𝑥𝑖 − 𝑥)2

√

∑𝑛
𝑖=1(𝑦𝑖 − 𝑦)2

= 0.

(b) Yes, the correlation between temperature and yield is nearly 0, and there is no confounding of temperature with

stirring rate since their correlation is 0.

(c) Yes, the correlation between stirring rate and yield is fairly large and positive, and there is no confounding of

temperature with stirring rate since their correlation is 0.

(d) This design is better because temperature and stirring rate are not confounded.

Section 2.2

1. (a) 245.82 + 1.13(65) = 319.27 kg.

(b) The difference in 𝑦 predicted from a one-unit change in 𝑥 is the slope 𝛽1 = 1.13. Therefore the change in the

number of lbs of steam predicted from a change of 5◦C is 1.13(5) = 5.65 kg.

2. (a) −196.32 + 2.42(102.7) = 52.21 ksi.

(b) By 2.42(3) = 7.26 ksi.

3. (a) −0.2967 + 0.2738(70) = 18.869 in.

(b) Let 𝑥 be the required height. Then 19 = −0.2967 + 0.2738𝑥, so 𝑥 = 70.477 in.

(c) No, some of the men whose points lie below the least-squares line will have shorter arms.

4. 𝑛 = 40,
∑𝑛

𝑖=1(𝑥𝑖 − 𝑥)2 = 98,775,
∑𝑛

𝑖=1(𝑦𝑖 − 𝑦)2 = 19.10, 𝑥 = 26.36, 𝑦 = 0.5188,
∑𝑛

𝑖=1(𝑥𝑖 − 𝑥)(𝑦𝑖 − 𝑦) = 826.94.

(a) 𝑟 =

∑𝑛
𝑖=1(𝑥𝑖 − 𝑥)(𝑦𝑖 − 𝑦)

√

∑𝑛
𝑖=1(𝑥𝑖 − 𝑥)2

√

∑𝑛
𝑖=1(𝑦𝑖 − 𝑦)2

= 0.602052.
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(b) 𝛽1 =

∑𝑛
𝑖=1(𝑥𝑖 − 𝑥)(𝑦𝑖 − 𝑦)
∑𝑛

𝑖=1(𝑥𝑖 − 𝑥)2
= 0.008371956 and 𝛽0 = 𝑦 − 𝛽1𝑥 = 0.298115.

The equation of the least-squares line is 𝑦 = 0.298115 + 0.008371956𝑥

(c) 0.298115 + 0.008371956(40) = 0.633 mm

(d) Let 𝑥 be the required temperature. Then 0.5 = 0.298115 + 0.008371956𝑥, so 𝑥 = 24.1◦C.

(e) No. If the actual amount of warping happens to come out above the value predicted by the least-squares line, it

could exceed 0.5 mm.

5. (a)
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re The linear model is appropriate.

(b) 𝑥 = 83.66667, 𝑦 = 83.38889,
∑𝑛

𝑖=1(𝑥𝑖 − 𝑥)2 = 466.00000,
∑𝑛

𝑖=1(𝑦𝑖 − 𝑦)2 = 248.277778,
∑𝑛

𝑖=1(𝑥𝑖 − 𝑥)(𝑦𝑖 − 𝑦) = 276.33333.

𝛽1 =

∑𝑛
𝑖=1(𝑥𝑖 − 𝑥)(𝑦𝑖 − 𝑦)
∑𝑛

𝑖=1(𝑥𝑖 − 𝑥)2
= 0.592990 and 𝛽0 = 𝑦 − 𝛽1𝑥 = 33.775393.

The equation of the least-squares line is 𝑦 = 33.775393 + 0.592990𝑥.

(c) By 0.592990(2) = 1.1860 ◦F.

(d) 33.775393 + 0.592990(81) = 81.805 ◦F.
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6. (a)
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The linear model is appropriate.

(b) 𝑥 = 122.125, 𝑦 = 79.375,
∑𝑛

𝑖=1(𝑥𝑖 − 𝑥)2 = 3723.75,
∑𝑛

𝑖=1(𝑦𝑖 − 𝑦)2 = 1675.75,
∑𝑛

𝑖=1(𝑥𝑖 − 𝑥)(𝑦𝑖 − 𝑦) = 2140.25.

𝛽1 =

∑𝑛
𝑖=1(𝑥𝑖 − 𝑥)(𝑦𝑖 − 𝑦)
∑𝑛

𝑖=1(𝑥𝑖 − 𝑥)2
= 9.1828466 and 𝛽0 = 𝑦 − 𝛽1𝑥 = 0.574757.

The equation of the least-squares line is 𝑦 = 9.1828466 + 0.574757𝑥.

(c) By 0.574757(10) = 5.74757 mmHg.

(d) 9.1828466 + 0.574757(125) = 81.03 mmHg.

7. (a)
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) The linear model is appropriate.

(b) 𝑥 = 0.527778, 𝑦 = 1.752778,
∑𝑛

𝑖=1(𝑥𝑖 − 𝑥)2 = 0.476111,
∑𝑛

𝑖=1(𝑦𝑖 − 𝑦)2 = 13.672761,
∑𝑛

𝑖=1(𝑥𝑖 − 𝑥)(𝑦𝑖 − 𝑦) = −2.335389.

𝛽1 =

∑𝑛
𝑖=1(𝑥𝑖 − 𝑥)(𝑦𝑖 − 𝑦)
∑𝑛

𝑖=1(𝑥𝑖 − 𝑥)2
= −4.905134 and 𝛽0 = 𝑦 − 𝛽1𝑥 = 4.341599.

The equation of the least-squares line is 𝑦 = 4.341599 − 4.905134𝑥.
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(c) By 4.905134(0.2) = 0.9810 Hz.

(d) 4.341599 − 4.905134(0.75) = 0.6627

(e) Let 𝑥 be the required damping ratio. Then 2.0 = 4.341599 − 4.905134𝑥, so 𝑥 = 0.47738.

8. (a)
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r) The linear model is appropriate.

(b) 𝑥 = 17.75556, 𝑦 = 1.02444,
∑𝑛

𝑖=1(𝑥𝑖 − 𝑥)2 = 485.5022,
∑𝑛

𝑖=1(𝑦𝑖 − 𝑦)2 = 0.88302,
∑𝑛

𝑖=1(𝑥𝑖 − 𝑥)(𝑦𝑖 − 𝑦) = 17.2398.

𝛽1 =

∑𝑛
𝑖=1(𝑥𝑖 − 𝑥)(𝑦𝑖 − 𝑦)
∑𝑛

𝑖=1(𝑥𝑖 − 𝑥)2
= 0.035509 and 𝛽0 = 𝑦 − 𝛽1𝑥 = 0.393960.

The equation of the least-squares line is 𝑦 = 0.393960 + 0.035509𝑥.

(c) 0.035509(10) = 0.35509 mm/yr

(d) 0.393960 + 0.035509(20) = 1.1041 mm/yr

(e) The fitted values are the values 𝑦𝑖 = 𝛽0 + 𝛽1𝑥𝑖, for each value 𝑥𝑖. They are shown in the following table.

Fitted Value

𝑥 𝑦 𝑦 = 𝛽0 + 𝛽1𝑥

26.6 1.58 1.3385

26.0 1.45 1.3172

27.4 1.13 1.3669

21.7 0.96 1.1645

14.9 0.99 0.92304

11.3 1.05 0.79521

15.0 0.82 0.92659

8.7 0.68 0.70289

8.2 0.56 0.68513
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(f) The residuals are the values 𝑒𝑖 = 𝑦𝑖 − 𝑦𝑖 for each 𝑖. They are shown in the following table.

Fitted Value Residual

𝑥 𝑦 𝑦 = 𝛽0 + 𝛽1𝑥 𝑒 = 𝑦 − 𝑦

26.6 1.58 1.3385 0.24150

26.0 1.45 1.3172 0.13281

27.4 1.13 1.3669 −0.23691

21.7 0.96 1.1645 −0.20451

14.9 0.99 0.92304 0.06696

11.3 1.05 0.79521 0.25479

15.0 0.82 0.92659 −0.10659

8.7 0.68 0.70289 −0.02289

8.2 0.56 0.68513 −0.12513

The point whose residual has the largest magnitude is (11.3, 1.05).

(g) 𝑟 =

∑𝑛
𝑖=1(𝑥𝑖 − 𝑥)(𝑦𝑖 − 𝑦)

√

∑𝑛
𝑖=1(𝑥𝑖 − 𝑥)2

√

∑𝑛
𝑖=1(𝑦𝑖 − 𝑦)2

= 0.832627.

p

9. (a)
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(b) 𝑥 = 21.857143, 𝑦 = 64.285714,
∑𝑛

𝑖=1(𝑥𝑖 − 𝑥)2 = 994.857143,
∑𝑛

𝑖=1(𝑦𝑖 − 𝑦)2 = 463.428571,
∑𝑛

𝑖=1(𝑥𝑖 −

𝑥)(𝑦𝑖 − 𝑦) = −557.714286.

𝛽1 =

∑𝑛
𝑖=1(𝑥𝑖 − 𝑥)(𝑦𝑖 − 𝑦)
∑𝑛

𝑖=1(𝑥𝑖 − 𝑥)2
= 76.538771 and 𝛽0 = 𝑦 − 𝛽1𝑥 = −0.560597.

The equation of the least-squares line is 𝑦 = 76.538771 − 0.560597𝑥.

(c) The fitted values are the values 𝑦𝑖 = 𝛽0 + 𝛽1𝑥𝑖, and the residuals are the values 𝑒𝑖 = 𝑦𝑖 − 𝑦𝑖, for each value 𝑥𝑖.

They are shown in the following table.
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Problem 3.1-1 

 

The probability that a bolt meets a strength specification is 0.87. What is the probability that the bolt does not meet 

the specification? 
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Solution 3.1-1 

 

P(does not meet specifications) 1 P= − (meets specification) 1 0.87 0.13.= − =  
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