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54 Solutions to Exercises

6 SOLUTIONS TO EXERCISES

About these solutions

The solutions that follow were prepared by Darryl Nester. In some cases, solutions were
based on those prepared for earlier editions of BPS (and other texts); I hope that I did not
miss any subtle changes in an exercise that should have resulted in a change in the
solution. Should you discover any errors or have any comments about these solutions (or
the odd-numbered answers, in the back of the text), please report them to me:

Darryl K. Nester
Department of Mathematics,

Computer Science and Technology
Bluffton University
Bluffton, OH 45817-2104
E-mail: nesterd@luffton.edu }
www.bluffton.edu/~nesterd

Thanks to James Lapp who checked these solutions for accuracy. I should also note the
software used to prepare these solutions:

e For typesetting: TigX (Textures, from Blue Sky Software).
e For the graphs: DeltaGraph (from Red Rock Software) and Adobe Illustrator.

» For statistical analysis: primarily Minitab (Version 10 for Macintosh) and Excel.
Additionally, I used the TI-83 calculator from Texas Instruments.

Note: The solutions given to the applet exercises, and the sample output screens, were
based on the current versions of the applets at the time the solutions were written. As
revisions are made to these applets, the appearance of the output screens (and in some
cases, the answers) may change. Additionally, output screens look somewhat different on
different computers. (These screenshots were taken on a computer running Mac OS X))

Using the table of random digits

Grading SRSs chosen from Table B is complicated by the fact that students can find some
creative ways to (mis)use the table. Some approaches are not mistakes, but may lead to
different students having different “right” answers. Correct answers will vary based on

o the line in the table on which students begin (you may want to specify one if the text
does not).

e whether they start with, for example, 00 or 01.

e whether they assign multiple labels to each unit.
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o whether they assign labels across the rows or down the columns (nearly all lists in the
text are alphabetized down the columns).

Some approaches can potentially lead to wron g answers. Mistakes to watch out for include
the following:

e Students may forget that all labels must be the same length (e.g., assigning labels such
as0,1,2,...,9, 10, ... rather than 00,01,02,...).

o In assigning multiple labels, they may not give the same number of labels to all units.
For example, if there are 30 units, they may try to use up all the two-digit numbers,
thus assigning four labels to the first 10 units and only three to the remaining 20.

As an alternative to using the random digits in Table B, students can pick a random sample
by generating (pseudo-)random numbers. With many, if not all, calculators, the sequence
of random numbers produced is determined by a “seed value” (which can be specified by
the user). Rather than pointing students to a particular line of Table B, you could specify a
seed value for generating random numbers, so that all students would obtain the same
results (if all are using the same model of calculator).

On a TI-83, for example, after executing the command 0O-rand, the rand command will
produce the sequence (rounded to four decimals) 0.9436, 0.9083, 0.1467, . .. , while
1-rand initiates the sequence 0.7456, 0.8559,0.2254, ... .So to choose, say, an SRS of
size 10 from 30 subjects, use the command O-rand to set the seed, and then type
1+30*rand, and press repeatedly. Ignoring the decimal portion of the resulting
numbers, this produces the sample

29, 28, 5, 15, 13, 23, 2, 11, 30, 7

(Generally, to generate random numbers from 1 to #, use the command 1+n*rand and
ignore the decimal portion of the result.)

Using statistical software

The use of computer software or a calculator is a must for all but the most cursory
treatment of the material in this text. Be aware of the following considerations:

o Standard deviations: Students may be confused by software that gives both the
so-called “sample standard deviation” (the one used in the text) and the “population
standard deviation” (dividing by n rather than by n — 1). Symbolically, the former is
usually given as s and the latter as o (sigma), but the distinction is not always clear.
For example, many computer spreadsheets have a command such as “STDEV(...)” to
compute standard deviations, but you may need to check the manual to find out which
kind it is.

As a quick check: for the numbers 1 ,2,3,5 = 1, while ¢ = 0.8165. In general, if two

values are given, the larger one is s and the smaller is o. If only one value is given, and

n
n—1"°

it is the wrong one, use the relationship s = o
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e Stemplots: The various choices one can make in creating a stemplot (e.g., rounding or
truncating the data) have already been mentioned. Minitab opts for truncation over ﬁ
rounding, so all of the solutions in this guide show truncated-data stemplots (except for
exercises that instructed students to round). This usually makes little difference in the
overall appearance of the stemplot.

® Significant digits in these solutions: Most numerical answers in these solutions (and in
the odd-numbered answers in the back of the text) are reported to four significant
figures. In many cases, that is an absurd overrepresentation of the accuracy of those
numbers, but those digits are provided to give students a better “check” on their
answers.

This extra accuracy is a double-edged sword, however, because a student might have a
correct answer that does not agree with all the digits in the printed answer. This might
occur (rarely, I hope) because my answer is wrong, but it also might occur because of
rounding, differences in software accuracy, or use of an approximation. For example,
in reporting binomial probabilities for exercises in Chapter 13, T have listed four or five
answers for some problems: exact answers and Normal approximations (with or
without the continuity correction, and computed with software or using Table A). In
the answers at the back of the text, only one answer is given, so that students may have
to be satisfied with being close.

® Quartiles and five-number summaries: Methods of computing quartiles vary between
different packages. Some use the approach given in the text (that is, Q, is the median
of all the numbers below the location of the overall median, etc.), while others use a
more complicated approach. For the numbers 1,2, 3,4, for example, we would have
Q) = 1.5 and Q3 = 2.5, but Minitab reports these as 1.25 and 2.75, respectively.

In these solutions (and the odd-numbered answers in the back of the text), I opted to
report five-number summaries as they would be found using the text’s method. Because
I used Minitab for most of the analysis in these solutions, I wrote a Minitab macro to
compute quartiles the BPS way. This and other macros are available on my Web site.

e Boxplots: Some programs that draw boxplots use the convention that the “whiskers”
extend to the lower and upper deciles (the 10th and 90th percentiles) rather than to the
minimum and maximum. The information conveyed by such a boxplot is essentially
the same as by those described and used in the text; if students use such software, point
out that they can still draw the same conclusions about the underlying distribution.




Chapter 1 Solutions

1.1. (a) The individuals are vehicles (or “cars™). (b) The variables are make/model

i (categorical), vehicle type (categorical), transmission type (categorical), number of cylinders
; (quantitative), city MPG (quantitative), and highway MPG (quantitative).

1.2. Possible categorical variables: year in school, gender, major. Possible quantitative
variables: age (years), time watching TV (hours), time in class (hours), time sleeping
(hours), time studying (hours—or perhaps minutes).

1.3. (a) The given percents add m
up to 61.6%, so the remaining 35_;
38.4% of the audience listens ’€30_5
to other formats. (b) The bar 8 25';
graph is shown on the right. Ez"?
(c) A pie chart could be used £ 154
(provided “Other format” is & 107 H
included), because these percents 55
represent nonoverlapping parts 0 [LINLINLIN rl_:IuI:I ul:lui:lrl;lljj T ';111;1
of a single whole (the radio <& 0§\ @"’\\Q & \é\‘z\. 3& S & S
listening audience). 0{\3} § Q\Q*@ Q§Q° (}5} Q§Q° é\\?*e é@& é\;{f ,bQQ‘
Note: In the bar graph, the é\‘b bQ\\QP Q§ 0&\ ,OQC’ b§5’ §Q \@)
“Other format” bar has been & ¥ & ‘\4;‘\(' N @Y N
placed at the beginning, so that @3 S <
the bars are decreasing in height Format

from left to right. Some students might instead place it at the end; in fact, they could choose
to rearrange the bars in any order they wish (e.g., alphabetically).

1.4. (a) A pie chart is not appropriate because ; —
these numbers do not represent nonoverlap- 7': — .
ping portions of a single group. In fact, they o) 6
are not even percents—they are average counts S 5
of drinks consumed. (b) The bar graph is g 41
. © 34
shown on the right. 5 3
Z 27
14
0 IQ[%I%'T\I\I*I*
F LT FT & ES
TE L LS &
& & A ¥
\g: \.)\\Q; Vv

Student group
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58 s wo-Chapter 1 Picturing Distributions with Graphs ::

1.5. A pie graph could also be made, but ] _ — — —
the relative heights of the bars are easier 120004 —
to compare than the relative sizes of the é 10000
“slices” of the pie. 2 gooo]

The most likely explanation for the g 6000 :
lower weekend numbers is that, when a £ 4000 :
birth is “planned” (either by inducement or 2 -
cesarean section), it is usually scheduled 2000”;
for a weekday —perhaps more due to the 0 Sun T Mon T Tuos T Wed IThursl i T Sat
preferences of the physician or midwife.

1.6. With the intervals 14.0-159, 16.0-179, 14 ;
etc., the histogram should look like the one 12 ]
on the right. When asked to make intervals 104 “
that are 2 minutes wide, some students might o
fail to read the rest of the instructions and %’_ 8
use 14-16, 16-18, etc., which causes con- £ o
fusion about where to place the three states 4
(Minnesota, Mississippi, and Oklahoma) that 2 j
fall on an interval boundary. If a student’s 0

14 16 18 20 22 24 26 28 30 32

histogram looks different from this one, that . .
Average travel time {(minutes)

may be the reason.

1.7. (a) The applet creates a histogram with 23 classes. (b) It is possible to get to one class
ranging from 1.20 to 27.30 (not a very useful histogram). (¢) The most classes the applet
will allow is 46; the largest class has 5 observations. (d) Choices will vary; anything from
about 10 to 30 classes is reasonable.

1.8. The distribution is roughly symmetric. Based on the histogram, the center is near 23
minutes, and the spread is from 14 to 31.9 minutes. If we look at the actual data, we find
that the center (median) is 23.4 minutes, and the times range from 15.5 to 30.9 minutes. See
also the solution to Exercise 1.6.

1.9. (a) Women in the District of Columbia are more likely to be career-oriented. (In general,
we might expect that women in large cities are less likely to be married. The states consist
of some large cities mixed with smaller towns and rural areas, but D.C. is essentially
one big city.) (b) The midpoint is between 24% and 26%: the first three bars represent
(respectively) 5, 7, and 14 states, so the 26th state is included in the third bar. The spread is
from 20% to 34% (ignoring the outlier).
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rate of about $100 to $200 per year. Vear

1.13. (a) The individuals are the students.
1.14. (c) Either a pie chart or a bar graph would be appropriate.

1.15. (c) Sex is a categorical variable, and college debt is a quantitative variable.
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1.10. See also the solution to Exercise 1.8. In the stemplot, the 26th obser- 15] 59
vation is underlined. The midpoint is 23.4 minutes, and the times range 16
from 15.5 to 30.9 minutes. s %79
19
201017889
21|28
22| 01333499
231 445669
4 241 01266
‘ 2510012569
i 26| 689
| 27| 39
] 28
i 291 12
4 30| 69
! 1.11. The distribution is somewhat right-skewed, although with the United 0[4
1 States (a high outlier) removed, the remaining data are relatively symmet- 0] 66777888
; ric. The center (median) is $1954 per person; aside from the U.S., health } }léggg
care spending ranges from $419 to $3809 per person. 21012334
2| 578899
31 000!
3188
4
4
5
517
1.12. (a) The time plot is shown on the right. 60001
(b) After adjusting for inflation, tuition and §
fees have increased, apart from a slight :é 5000
dip in the late 1970s. (c) There are no s 4000_:
outliers in the plot. As noted in (b), charges :%
decreased at the beginning of this time 7g3°0°‘.
period. From about 2000 to 2004, costs & 2000
increased more rapidly (about $200 to $500 Z
per year) before returning to the previous 100297‘5' 1980 1985 1990 1995 2000 2005,

1.16. (b) People with the same zip code live in the same area, but one cannot compute (for

example) an “average zip code.”

1.17. (b) The tick marks are 4 units apart, the first bar begins at 20%, and there are 2 bars
between each tick.
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1.18. (a) With a range of 0 to 97, we should make a stemplot with the tens digit as the stem
and the ones digit as the leaf, using all stems from 0 to 9.

1.19. (a) The lowest percent is 6.8% (a stem of 6, with leaf 0.8).

1.20. (b) “Skewed to the left” means that distribution trails off toward lower numbers. (Note
that in a stemplot, the lower numbers are at the top of the list.)

1.21. (a) There are 51 numbers represented in the stemplot, so the center (median) is the 26th
number. Counting from the start of the list, the 26th leaf is the third “8” on the stem “12”
(Of course, one can also count up from the end of the list.)

1.22. (c) These housing prices are (fairly sharply) right-skewed. ‘
1.23. (a) The individuals are medical students. (b) The data set has five variables. Of those,
three (medical school, sex, and specialty) are categorical, and the other two (age and

USMLE) are quantitative.

1.24. (a) Type of wood is categorical. (b) Type of water repellent is categorical. (c) Paint
thickness is quantitative. (d) Paint color is categorical. (€) Weathering time is quantitative.

1.25. (a) The given percents add up to 95%, 20]
50 5% must be some other color. (b) The » 1M —
bar graph shown includes the “Other colors” E 154 ]
category, although some students might leave g
it off. With the “Other” category, a pie chart % 10}
could be used because these percents show €
parts of a whole (if we assume, as we did in g 5
part (a), that a car can be only one color). o 6 H l—l
¥ 1 1 T j I 1
Ff o €& S
g @&
& &

Car color
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