Chapter 7 Solutions

7.1. (a) Freshmen graduation rate is quantitative. (b) College type is categorical. (¢) SAT/ACT
requirement is categorical. (d) Mean faculty salary is quantitative.

7.2. (a) Mean tail length is measured in centimeters. (b) The first quartile of tail length
is measured in centimeters. {c) The standard deviation of tail length is measured in
centimeters. (d) Correlation has no units.

7.3. Shown below are two possible presentations of these data in bar graphs. (A pie graph
would not be appropriate.) In the first bar graph, the companies are listed in the alphabetical
order (as given in the table). In the second graph, bars are in decreasing order, which makes
comparison easier. ‘
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7.4. A time plot is the appropriate graph to 55.]
display changes over time. ]
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Solutions

7.5. To display the distribution, use either a histogram or a stemplot.

The distribution fis sharply right-skewed, with several possible

high outliers, so/the five-number summary is the most appropriate
numerical measyre. These are given in the table below, in units of
milligrams. (Some students might instead compute the mean and
standard deviatipn; these are also given below.)
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7.6. (a) and (b) The bar and pic ngphs are shown below. Small differences are (somewhat)

easier to see in the bar graph.
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7.7. (a) The bar graph is shown on the right.
(b) A pie chart cannot be used because each
percent represents a different whole.
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116 Chapter 7  Exploring Data: Part I Review
7.8. (a) Shown is a stemplot with split stems; the stems are thousands, 01 00000000000111
and the leaves are hundreds. The distribution is skewed to the right. 0} 2222233
(b) The medians, means, and standard deviations (all in ppm) are: 8 44
M X s (])
All points 1175 22577 2890 1
Without the outlier 1150 1733 136.1 14

The median changes very little, while the mean and standard deviation are sensitive to the
outlier.

7.9. The five-number summaries (in units of millimeters) are 35
Min Q1 M Q3 Max A30‘j
Aleppo pines 72 85 93 109 12.8 § 2]
Torrey pines 212 237 267 297 337 £ 201
2 ] 5
Tt should be easy to tell which species a needle comes from. % 15
3 10] é £
Z ] :
5
o]

Aleppo ' Torrey
pines pines

7.10. Both distributions have two high values that might be con- 0] 67 0] 0012238 -
sidered outliers. For each distribution, two stemplots are shown; (1’ gg é (l) a\
the first (above) includes all data points, and the second (below) 1133 3 5“
excludes those possible outliers. The first distribution has no 114 4
particular shape, while the second is clearly right-skewed. The | 511
five-number summaries, in units of days and active cells per ; (9) ,6] 0 §
100,000 cells, are: ﬁt ;

: 3 i
Min Q1 M Q3 Max o0 o1 9022 i’
Doubling times 0.6 08 1 14 2 8|0 1{0 g;
Immune cells 0 13 34 215 700 910 1
10} 00 211 :
11 l
12
131 00
1410

7.11. Quartiles are given in the solution to Exercise 7.9. According to the 1.5 x IQR rule,
neither distribution has an outlier.
For Aleppo pines, JOR = 2.4 mm, so outliers are values below 4.9 mm and above
14.5 mm. For Torrey pines, JOR = 6.0 and outliers are below 14.7 mm and above 38.7 mm.
(In fact, in both distributions, the minimum is greater than @, — IQR, and the maximum is
less than Q3 + IQOR.)
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7.12. Quartiles are given in the solution to Exercise 7.10. According to the 1.5 x IQR rule,
the doubling-time distribution has no outliers, but the highest value in the immune-celis
distribution is an outlier.

For doubling time, IOR = 0.6 days, so outliers are values below —0.] days and above
2.3 days. For immune cell increases, IOR = 202 active cells per 100 000 cells, so outliers
are below —290 and above 518.

7.13. (a) The Aleppo distribution looks more Normal. (b) For Aleppo Torrey
Aleppo pines, X = 9.593 and M = 9.3 cm, and for Torrey 712 211267
pines, ¥ = 27 and M = 26.7 cm. These are similar because ; 6 g% 2
both distributions are relatively symmetric (or at least they are not 8! 557 2& 29
particularly skewed one way or another). 91{ 00344 2515

9 26} 68
10} 2 27
1019 2819
1143 29} 077
11 30(2

211 31
1218 3215

33(77

7.14. Women’s weights are skewed to the right: this makes the mean higher than the median,
and it is also revealed in the differences M — Q| = 14.9 pounds and Q3 — M = 24.1 pounds.

7.15. With mean 9.6 cm and standard deviation 1.6 cm, the center 95% fall in the range

9.6 £ 2(1.6) = 6.4 to 12.8 cm. Because 5% fall outside that range, and Normal distributions
are symmetric, 2.5% are less than 6.4 ¢m long.

7.16. (a) About 13% are considered underweight: a BMI of 18.5 corresponds to a standard
score of 7 = &57—16—8 = —1.12, for which Table A gives 0.1314. (b) About 33% are
classified as obese: a BMI of 30 corresponds to a standard score of 7 = 3” 2(’ = 0.43, for
which Table A gives 0.6664. The proportion above 30 is therefore about 0. 3336

7.17. (a) About 6% of applicants scored higher than 13: among applicants, a score of 13
corresponds to a standard score of 7 = '32296 = 1.55, for which Table A gives 0.9394, so
the proportion above 13 is about 0 0606 (b) About 73% of those who entered medical
school scored between 8 and 12: the mequahty 8 < x < 12 corresponds to standard scores
between 2598 = —1.53 and 127108 = (.82, for which Table A gives 0.0630 and 0.7939.

The proportion between 8 and 12 is therefore about 0.7309.

7.18. (a) About 3.5% of bolts will withstand a stress of 90 ksi or more: = 90 75 = 1.81,
for which Table A gives 0.9649, so the proportion above 90 ksi is about 0. 0351 (b) The
range that covers the middie 50% of breaking strengths is about 75 % (0.67)(8.3) = 69.4 to
80.6 ksi, because the quartiles of the standard Normal distribution are +0.67.
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7.19. The association is negative (as day in- ]
. 120
creases, weight decreases), so r should be ]
negative. The plot shows a very strong linear 'g 100
relationship, so » should be close to —1. In g 80
fact, r = —0.998. E 60
Note: The scatterplot includes the regres- -3 40%

sion line for Exercise 7.20. 2 20 .
I -
0 5 10 15 20

Day

7.20. (a) The regression equation is § = 133.2 — 6.31x. On the average, the weight of the soap
decreases by about 6.31 grams each day. (b) We estimate the weight of the soap on day 4
as 133.2 — 6.31 x 4 = 108 grams. (c¢) See the solution to Exercise 7.19.

7.21. For day 30, we predict 133.2 — 6.31 x 30 = —56.1 grams, which of course makes no
sense. Using a regression line for prediction outside the range of the available data is risky.

7.22. (a) The length changes from 1 to 3 centimeters over each 10-minute time interval. This
roughly constant rate of change is what we expect for a line. (b) The regression equation
is = —2.39 4 0.158x. (c) After 1440 minutes, we predict a length of about 225 cm.

(Answers will vary depending on the number of digits used for the slope and intercept.)
This prediction is unreliable because it involves extrapolation: the data we have is based on

times up to 3 hours (180 minutes).

7.23. (a) For lean monkeys, the mean lean
body mass is 8.6833 kg, while the mean is
10.5167 kg for obese monkeys. (b) For lean
monkeys (the solid circles, and the solid line),
¥ = 0.54140.0826x; for obese monkeys (open
circles, dashed line), y == 0.371 4 0.0852x.
Energy increases at about the same rate
(0.08 kJ/min per kg of lean body mass) for

both lean and obese monkeys, but obese mon-
Feys have a lower b.aselme e'xpendlture (the Lean body mass (kg)
intercept 0.371 kJ/min), meaning that they

expend less energy overall—and, presumably, the excess energy they take in becomes fat.
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7.24. (a) The regression equation is y = 1066 —
0.5219x. (Minitab output below.) (b) Based
on the slope of the line, smoking decreased
by about 0.52% per year on the average.

The regression line explains r2 = 96.9% of
the variation in smoking percent. (¢) When
x = 2010, we estimate the percent of smokers
to be y = 17.4%, so we do not expect to
meet the objective.

Note: The estimate in (c) is based on
the unrounded regression coefficients. With ,
rounding, the prediction might be as low as 16.8%, but this is still well above the target of
12%. Additionally, there is some suggestion in the plot that the decrease might have slowed
in recent years, making it even less likely the objective will be met.

Miital utpii

The regreséion equation is Smokers = 1066 - 0.522 Year

() P-3
(2] o
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Smokers (percent of adults)

20‘|" LALLM UNRUNAUNARR
1965 1970 1975 1980 1985 1990 1995 2000 2005
Year

Predictor Coef Stdev t-ratio P
Constant 1066.42 62.37 17.10 0.000
Year -0.52189 0.03136 -16.64 0.000

s =1.264 R-sq = 96.9% R-sq(adj) = 96.5%

7.25. A scatterplot shows a moderately strong 5]
positive association. The correlation is 0.7565, '
consistent with the observed association,

Note: In the scaiterplot shown, offspring
is on the x-axis, because the squirrels are
“predicting” the cone index. However, one
could make the case for either variable as the
explanatory variable. If students choose to . .
report a regression line, they might find either
¥y = —0.990 + 1.30x (10 predict cone index) or
¥ =141 4 0.440x (to predict offspring).
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7.26. With x = 2050, the predicted smoking rate is § = —3.45%, which makes no sense.
The linear relationship found in Exercise 7.24 is is based on data through 2006, and is not
reliable for years well outside that range.

Note: As noted in the solution to Exercise 7.24, this estimate will vary based on how

the coefficients are rounded; if the rounding is too extreme, the prediction might actually be
positive.
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7.27. (a) The monkey-call response was stronger for 31
of the 37 neurons. (b) The correlation is 0.6386; the
relationship is moderately strong, although the two
points with the highest monkey-call response account
for much of that strength.
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7.28. A correlation of 0.217 indicates a rather weak association. This might mean, for example,

that among subjects who remembered eating a lot of beef, some really did eat a lot of beef,
but others ate average or below-average quantities.

7.29. (a) Fidelity Technology Fund is more closely tied to the stock market as a whole,

because its correlation is larger. (b) No: correlations tell nothing about the absolute size of
the variables, only the relative sizes (above/below average).

7.30. In the mid-1990s, European and American stocks were only weakly linked, but now it is
more common for them to rise and fall together. Thus investing in both types of stocks is
not that much different from investing in either type alone.

7.31. The article is incorrect; a correlation of 0.8 means that a straight-line relationship
explains about r2 = 64% of the variation of European stock prices.

7.32. (a) Weeds per meter is explanatory, cormn Owpm 1wpm 3wpm  9wpm
yield is the response. (b) The stemplots (right) 14 14 14 14] 2
and means (below, in bushels per acre) give :‘51 :‘5‘ }‘5‘ ; :‘51
some evidence that yield decreases when there 5 1517 151 69 5
are more lamb’s-quarter plants. (¢) Based on 16 161 1 16 161 233
the medians, corn yields are highest with no 16|57 16|67 16 16
lamb’s-quarters, but there is no noticeable effect 17)2 17 17 17
e . . 1717 17 1716 17
of increasing the weed density.

Owpm 1 wpm 3 wpm 9 wpm
X 17020 16282 161.02 157.60
M 16945 16365 15730 16260
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