Chapter 5 Solutions

5.1. (a) The slope is 1.109. On average, highway mileage 55
increases by 1.109 mpg for each 1 mpg change in city D50
mileage. (b) The intercept is 4.62 mpg; this is the highway 545}_
mileage for a nonexistent car that gets O mpg in the city. %40—2
(c) With city mileage equal to 16 mpg, predicted highway %’ 35
mileage is 4.62 + 1.109 x 16 = 22.36 mpg. With city 2 307
mileage equal to 28 mpg, predicted highway mileage is 2 254
4.62 + 1.109 x 28 = 35.67 mpg. (d) The graph is shown £ 20+
on the right. It can be drawn by drawing a line between any 15 frerprerryreen
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two points on the line; the two marked points are the two 1015 2 0 2? 30 35 40 45 50
o | : City mileage {mpg)
predictions computed in part (c). Because both variables
are in units of mpg, the vertical and horizontal scales on this graph are the same. This is
not a crucial detail, but it has the benefit of making the slope look “right”; that is, the line is

slightly steeper than a line with a slope of 1.

5.2. The equation is weight = 80 — 6 x days; the intercept is 80 g (the initial weight), and the
slope is —6 grams/day.

5.3. Note that the means, standard deviations, and correlation were previously computed in
the solution to Exercise 4.10. (a)_The means and standard deviations are x = 3.5 and
sy = 1.3784 ranges, and y = 31.3 and s, = 16.1328 days. The correlation is r = 0.9623.
Therefore, the slope and intercept of the regression line are (respectively)
b=r2 21126 and a=j— b= —8.088,
Sx
so the regression equation is y = —8.088 + 11.26x. (b) Obviously, the software result should
be the same.

54. See also the solutions to Exercises 4.4

and 4.12. (a) The scatterplot is shown 5 :igzj . ]
on the right. (b) The regression equation % ] >

is y = 201.2 + 24.026x. (c) The slope £ 1300+ .

tells us that on the average, metabolic rate f_g 1200 .

increases by about 24 cal/day for each 8 1100_? .

additional kilogram of body mass. (d) For § 1000 2

x = 45 kg, the predicted metabolic rate is e ]

y == 1282.3 cal/day. 1)1 S —

30 35 40 45 50 55
Lean body mass (kg)

5.5. A correlation close to 1 (or —1) means a strong linear relationship, so the points in the
DMS/SRD scatterplot fall close to the regression line, so predictions based on the line are
accurate. With a smaller correlation, the points are more widely spread around the line, so a
prediction based on the line is less accurate.
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96 Chapter 5  Regression
5.6. (a) Scatterplot at right. Regression gives 170
3 = 132.45+40.402x (Minitab output below). £, * ’
The plot suggests a curved pattern, so a g 150; . . . ¢ .
linear formula is not appropriate for making o 140 ~_.—___________'_,___,_____———-
predictions. (b) 72 = 0.0182. This confirms ° 50 ] . . .
what we see in the graph: this line does a 2 E
. . . . = 3 L ]
poor job of summarizing the relationship. o :fg 1 ¢
g 110
100-']"‘["*T"‘l"'lﬁ'
12 16 20 24 28
. Mlmtab output Plants per acre (thousands)
The regression equation is Yield = 132 + 0.402 Plants
Predictor Coef Stdev t-ratio P
Constant 132.45 14.91 8.89 0.000
Plants 0.4020 0.7625 0.53 0.606
s = 16.57 R-sq = 1.8% R-sq(adj) = 0.0%
5.7. (a) Using the regression equation § = —8.088 + Ranges Days Residual
11.26x, the predicted values and residuals are given () () ¥ y—3
in the table on the right. (b) Depending on the 1 4 3.1754 08246

21 257018 —4.77018
33 369649 —39649
41 36.9649 40351
43 36.9649 6.0351
46 482281 —2.2281

amount of rounding, the sum is either O or very close
to 0. (¢) The correlation between x and the residuals
is no more than 0.00]17 regardless of the amount of
rounding.

[T S

5.8. (a) Below, left. (b) No; the pattern is curved, so a linear formula is not the appropriate
choice for prediction. (¢) For x = 10, we estimate ¥ = 11.058 — 0.01466(10) = 10.91, so
the residual is 21.00 — 10.91 = 10.09. The sum of the residuals is —0.01. (d) The first two
and last four residuals are positive, and those in the middle are negative. Plot below, right.
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5.9. (a) Any point that falls exactly on the regression line will not increase the sum of squared
vertical distances (which the regression line minimizes). Any other line—even if it passes
through this new point—will necessarily have a higher total sum of squares. Thus the
regression line does not change. Possible output is shown on the following page, left. The
correlation changes (increases) because the new point reduces the relative scatter about
the regression line. (That is, the distance of the points above and below the line remains
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the same, but the spread of the x values increases.) (b) Influential points are those whose
x coordinates are outliers; this point is on the right side, while all others are on the left.

Possible output is shown below, right.

spoists » 1) Corretation coefficient » 0.9656
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£ Oraw e ) Show mesn X & mean ¥ finys

5.10. See also the solation to Exercise 5.4.
(a) Point A lies above the other points;

that is, the metabolic rate is higher than we

expect for the given body mass. Point B
lies to the right of the other points; that is,
it is an outlier in the x (mass) direction,
and the metabolic rate is lower than we

wquld expect. (b) In the plot, the solid line

is the regression line for the original data.

The dashed line slightly above that includes

Point A; it has a very similar slope to the
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original line, but a slightly higher intercept, because Point A pulls the line up. The third line
includes Point B, the more influential point; because Point B is an outlier in the x direction,

it “pulls” the line down so that it is less steep.

5.11. See also the solution to Exercise 4.5.

(a) The scatterplot (with regression lines) is

shown on the right. (b) The correlation is

r = 0.4765 with all points. It rises slightly

to 0.4838 with the outlier removed; this

is too small a change to consider the out-
lier influential for correlation. (¢) With all
points, ¥ = 4.73 4 0.3868x (the solid
line), and the prediction for x = 76 is
34.13%. With Hawaiian Airlines removed,

¥ = 10.88 + 0.2495x (the dotted line), and
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the prediction is 29.84%. This difference in prediction—and the visible difference in the two
lines—indicates that the outlier is influential for regression.




98 Chapter 5 Regression

5.12. (a) The regression equation is y = —43.81 4+ 0.1302x. (b) With x = 1027 thousand boats,
we predici about 90 manatee deaths (y = 89.87). Assuming conditions in 2007 were similar
to the previous 30 years, this is a fairly reliable prediction because of the strong linear
association visible in the scatterplot. (¢) With x = 0 boats, our prediction is the intercept:

y = —43.81 manatee deaths. A negative number of deaths makes no sense, unless we are
making a horror film called “Attack of the Zombie Manatees.” -

Note: The fact that we frust our prediction in (b) does not guarantee that it is exactly
right. In fact, the actual number of manatee deaths in 2007 was 73—quite a bit lower than
our prediction (90 deaths). However, the point (1027, 73) fits reasonably well with the other
points in the scatterplot; it just happens to be on the “edge” of the scatterplot, rather than
in the center (next to the regression line).

b

Minitab outpnt

The regression equation is Kills = - 43.8 + 0.130 Boats
Predictor Coef Stdev t-ratio P
Constant -43.812 5.717 ~-7.66 0.000
Boats 0.130164 0.007822 16.64 0.000

s = 7.445 R-sq = 90.8Y% R-sq(adj) = 90.5%

5.13. A student’s intelligence may be a lurking variable: stronger students (who are more
likely to succeed when they get to college) are more likely to choose to take these math
courses, while weaker students may avoid them. Other possible answers might be variations
on this idea; for example, if we believe that success in college depends on a student’s
self-confidence, and perhaps confident students are more likely to choose math courses.

5.14. Possible lurking variables include the IQ and socioeconomic status of the mother, as
well as the mother’s other habits (drinking, diet, etc.). These variables are associated with
smoking in various ways, and are aiso predictive of a child’s 1Q.

Note: There may be an indirect cause-and-effect relationship at work here: some studies
have found evidence that over time, smokers lose IQ points, perhaps due to brain damage
caused by free radicals from the smoke. So perhaps smoking mothers gradually grow less
smart, and are less able to nurture their children’s cognitive development.

5.15. Social status is a possible lurking variable: children from upper-class families can more
easily afford higher education, and they would typically have had better preparation for
college as well. They may also have some advantages when seeking employment, and have
more money should they want to start their own businesses.

This could be compounded by racial distinctions: some minority groups receive worse
educations than other groups, and prejudicial hiring practices may keep minorities out of
higher-paying positions.

It counld also be that some causation goes the other way: people who are doing well in
their jobs might be encouraged to pursue further education.

5.16. Age is probably the most important lurking variable: married men would generally be
older than single men, so they would have been in the workforce longer, and therefore had
more time to advance in their careers.
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5.17. (b) The line passes through (or near) the point (110, 60).

5.18. (c) The line is clearly positively sloped.

5.19. (¢) The slope is the coefficient of x.

5.20. (a) The slope is $100/yr, and the intercept is $500 (his beginning balance).

5.21. (b) Age at death and packs per day are negatively associated. In other words, the more
one smokes, the shorter one’s life.

5.22. (a) This is what the slope of the regression line tells us.

5.23. (b) ¥y = 6.4 4+ 0.93(100) = 6.4 + 93 = 99.4 cm.

5.24. (a) The slope and the correlation always have the same sign.

5.25. (c) The regression line explains 95% of the variation in height.

5.26. (b) One can also guess this by considering the slope between the first two points: y
changes by about —40 when x changes by about —10. The only slope that is even close

to that is 2.4. Alternatively, note that when x = 50 cm, the data suggests that y should be
about 160 cm, and only the second equation gives a result close to that.

5.27. (a) The slope is 0.0138 minutes per me- 7
ter. On the average, if the depth of the dive 6.5
is increased by one meter, it adds 0.0138 8 6—
minutes (about 0.83 seconds) to the time é 55
spent underwater. (b) When D = 200, = 54
the regression formula estimates DD to be £ 457
5.45 minutes. (c) To plot the line, compute g 4
DD = 3.242 minutes when D = 40 meters, 3.54
and DD = 6.83 minutes when D = 300 3 0 T i

r e e
50 100 150 200 250 300

meters. Depth of dive (meters)

5.28. (a) The slope (1.507) says that, on the average, BOD rises (falls) by 1.507 mg/l
for every 1 mg/! increase (decrease) in TOC. (b) When TOC = 0 mg/l, the predicted
BOD level is —55.43 mg/l. This must arise from extrapolation; the data used to find this
regression formula must not have included values of TOC near 0.

5.29. See also the solution to Exercise 4.45. (a) The regression equation is y =
—0.126 + 0.0608x. For x = 2.0, this formula gives 3 = —0.0044. (A student who uses
the numbers listed under “Coef” in the Minitab output might report the predicted brain
activity as —0.0045.) (b) This is given in the Minitab output as “R-sq™: 77.1%. The linear
relationship explains 77.1% of the variation in brain activity. (¢) Knowing that r? = 0.771,







