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deviation o cannot be located by eye on most density curves. The mean and |
median are equal for symmetric density curves, but the mean of a skewed curve
is located farther toward the long tail than is the median.

The Normal distributions are described by bell-shaped, symmetric, uni-
modal density curves. The mean u and standard deviation o completely specify
the Normal distribution N(u, o). The mean is the center of symmetry, and o is
the distance from u to the change-of-curvature points on either side.

To standardize any observation x, subtract the mean of the distribution
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FIGURE 1.33 Histogram of
StubHub! price per seat for tickets
to the Missouri-Texas football
game on October 18, 2008, with a
density estimate, for Example
1.45. One outlier with a price per
seat of $883 was deleted.
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Additional data on the type and location of the seats

This led us to speculation. e 133

may explain more about the prices than we see 1n
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The overall pattern of a dis
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density curve give proportions of observations for the distribution.

The mean p (balance
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and then divide by the standard deviation. The resulting z-score z = (x — u)/o
says how many standard deviations x lies from the distribution mean. All Nor-
mal distributions are the same when measurements are transformed to the
standardized scale. In particular, all Normal distributions satisfy the 68-95-

99.7 rule.

If X has the N(u,o) distribution, then the standardized variable Z =
(X — w)/o has the standard Normal distribution N(0, 1). Proportions for
any Normal distribution can be calculated by software or from the standard
Normal table (Table A), which gives the cumulative proportions of Z < z for

many values of z.

The adequacy of a Normal model for describing a distribution of data is
best assessed by a Normal quantile plot, which is available in most statistical
software packages. A pattern on such a plot that deviates substantially from a
straight line indicates that the data are not Normal.

SECTION 1.3 Exercises

For Exercises 1.101 and 1.02, see page 57; for
Exercises 1.103 and 1.104, see page 58; for Exercises 1.105

and 1.106, see page 63; and for Exercises 1.107 and 1.108,
see page 64.

1.109 Sketch some normal curves.

(a) Sketch a normal curve that has mean 10 and standard
deviation 3.

(b) On the same x axis, sketch a normal curve that has
mean 20 and standard deviation 3.

(c) How does the normal curve change when the mean is
varied but the standard deviation stays the same?
1.110 The effect of changing the standard deviation.

(a) Sketch a normal curve that has mean 10 and standard
deviation 3.

(b) On the same x axis, sketch a normal curve that has
mean 10 and standard deviation 1.

(¢) How does the normal curve change when the

tandard deviation is varied but the mean stays the same?

L.111 Know your density. Sketch density curves that
might describe distributions with the following shapes:

(a) Symmetric, but with two peaks (that is, two strong
clusters of observations).

(b) Single peak and ~s;}cewed to the left.

2 H
1.112 Do women talk more? Conventional wisdom
suggests that women are more talkative than men. One
study designed to examine this stereotype collected data

on the speggh of 42 women and 37 men in the United
States.3> T TALK

(a) The mean number of words spoken per day by the
women was 14,297 with a standard deviation of 6441. Use
the 68-95-99.7 rule to describe this distribution.

(b) Do you think that applying the rule in this situation is
reasonable? Explain your answer.

(¢) The men averaged 14,060 words per day with a
standard deviation of 9065. Answer the questions in parts
(a) and (b) for the men.

(d) Do you think that the data support the conventional
wisdom? Explain your answer. Note that in Section 7.2 we
will learn formal statistical methods to answer this type of
question.

1.113 Data from Mexico. Refer to the previous
exercise. A similar study in Mexico was conducted with
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FIGURE 5.6 The Normal
probability calculation for .
Example 5.9. The difference in
times going to campus and .
returning from campus X-Y)is
Normal with mean 2 minutes and
standard deviation 8.94 minutes.
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For Exercise 5.1, see page 299;

5.7 What is wrong
the following scenar1os.

(a) If the variance of apo
of the mean
population will be 10/4/30.

for Exercises 5.2 and 5.3, see

302; for Exercise 5.4, see page
f??lge 304; and for Exercise 5.6, see page 306.
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5.8 What is wrong? Explain what is wrong 11
the following statements.
(a) Forlargen, the distribution of
approximately Normal.

303; for Exercise 5.5, see
n of ¥ changes

chof

observed values will ‘

(b) The 68-95-99.7 rule says that % should be within
u £ 20 about 95% of the time.

(c) The central limit theorem states that for large #, y s
approximately Normal.

5.9 Generating a sampling distribution. Let’s
illustrate the idea of a sampling distribution in the case of
a very small sample from a very small population. The
population is the 10 scholarship players currently on your
men’s basketball team. For convenience, the 10 players
have been labeled with the integers 0 to 9. For each player,
the total amount of time spent (in minutes) on Facebook
during the last month is recorded in the table below.

Player 0 1 2 3 4 5 6 7 8 9
370 290 358 366 323 319 358 309 327 368

Total Time (min)

The parameter of interest is the average amount of time
on Facebook. The sample is an SRS of size n = 3 drawn
from this population of players. Because the players are
labeled 0 to 9, a single random digit from Table B chooses
one player for the sample.

.. (a) Find the mean of the 10 players in the population.
This is the population mean .

-~ (b) Use Table B to draw an SRS of size 3 from this

- population (Note: you may sample the same player’s time
- more than once). Write down the three times in your
_ sample and calculate the sample mean . This statistic is
an estimate of w.

Repeat this process 10 times using different parts of
‘ble B. Make a histogram of the 10 values of Z. You are
nistructing the sampling distribution of %.

) Is the center of your histogram close to u? Would it
loser to x the more times you repeated this sampling
ess? Explain.

Total sleep time of college students. In

ple 5.1, the total sleep time per night among
students was approximately Normally distributed
€an u = 7.02 hours and standard deviation

5 hours. Suppose you plan to take an SRS of size
0.and compute the average total sleep time.

t is the standard deviation for the average

e 95 part of the 68-95-99.7 rule to describe the
ty of this sample mean.

s the probability that your average will be
ours?
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5.11 Determining sample size. Recall the previous
exercise. Suppose you want to use a sample size such that
about 95% of the averages fall within 5 minutes of the ’
true mean u = 7.02. P

(a) Based on your answer to part (b) in Exercise 5.8,
should the sample size be larger or smaller than 200?
Explain.

(b) What standard deviation of the average do you need
such that about 95% of all samples will have a mean
within 5 minutes of u?

(¢) Using the standard deviation calculated in part (b),
determine the number of students you need to sample.

5.12 Songs on an iPod. An iPod has about 10,000 songs.
The distribution of the play time for these songs is highly
skewed. Assume that the standard deviation for the
population is 280 seconds.

(a) What is the standard deviation of the average time
when you take an SRS of 10 songs from this population?

(b) How many songs would you need to sample if you i
wanted the standard deviation of ¥ to be 15 seconds?

5.13 Bottling an energy drink. A bottling company uses
a filling machine to fill cans with an energy drink. The
cans are supposed to contain 250 milliliters (ml). The
machine, however, has some variability, so the standard
deviation of the size is ¢ = 3 ml. A sample of 6 cans is
inspected each hour for process control purposes, and
records are kept of the sample mean volume. If the process
mean is exactly equal to the target value, what will be the
mean and standard deviation of the numbers recorded?

5.14 Play times for songs on an iPod. Averages of
several measurements are less variable than individual
measurements. Suppose the true mean duration of the
play time for the songs in the iPod of Exercise 5.12 is
350 seconds.

(a) Sketch on the same graph the two Normal curves, for
sampling a single song and for the mean of 10 songs.

(b) What is the probability that the sample mean differs
from the population mean by more than 19 seconds when
only 1 song is sampled?

(c) How does the probability that you calculated in part
(b) change for the mean of an SRS of 10 songs?

5.15 Can volumes. Averages are less variable than
individual observations. Suppose that the can volumes in
Exercise 5.13 vary according to a Normal distribution. In
that case, the mean ¥ of an SRS of cans also has a Normal
distribution.




