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CHAPTER 17: STATISTICS
Sections:
v 17.1 Tables, Graphs, and Averages
v 17.2 Box-and-Whisker Plots
v 17.3 Variability
v 17.4 The Normal Distribution
v 17.5 Sampling
v 17.6 Confidence Intervals for Surveys and Polls
HW Sets
Set A (Section 17.1) Pages 643-645, #’s 2-14 Even.
Set B (Section 17.2) Pages 651-653, #’s 2-8 Even.
Set C (Section 17.3) Pages 658 & 659, #’s 2-14 Even.
Set D (Section 17.4) Pages 667 & 668, #’s 2-16 Even.
Set E (Section 17.5) Pages 673 & 674, #’s 2-12 Even.
Set F (Section 17.6) Pages 678 & 679, #’s 2-18 Even.
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17.1 TABLES, GRAPHS, AND AVERAGES (PAGE 639)
Objective: To display a set of data using a stem-and-leaf plot, a histogram, a frequency
polygon, or a cumulative frequency polygon and to find the mean, median, and mode.
17.1 Warm Up!
a.

Find the mean of the following numbers: 2, 37, 40, 44, 45.

b.

Does the mean found in part (a) represent the data well? Explain your answer.

c.

Is the mean of a group of numbers always, sometimes, or never a number in the group?

d.

Describe how to find the mean of n numbers.

Statistics
The subject of statistics can be divided into two parts, __________________ statistics and _____________
statistics.
_________________ statistics involves collecting, organizing, and summarizing numerical facts, called
________, about some group.
_________________ statistics involves making inferences or decisions based on the data.
Measures of Central Tendency
_________: the sum of the data divided by the number of items of data. Denoted: ____.
____________: is found by arranging the data in increasing or decreasing order. If the number of items
of data is odd, then the ____________ is the middle number in the ordered set. If the number of items of
data is even, then it is the mean of the two middle numbers.
__________: the one item of data that occurs most often. If there are two (or three or more) items of data
that occur most often, the set of data is called ___________ (or trimodal or multimodal).
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Tables and Graphs
Shown below are the mathematics scores for the 50 seniors in a Midwestern high school who took a
standardized achievement test.
480
520
670
580
500
570
700
540
690
500
520
450
570
540
620
450
460
790
580
610
550
630
460
470
510
630
510
720
490
540
690
510
500
710
520
480
750
450
670
610
320
680
530
510
350
400
400
640
430
480
To make some sense out of these scores, we can organize them into a ________- and - _________ plot.
The first digit of each score is called the _________ and the second digit is called the _________.
The result of recording the first column of scores
(480, 520, 550, 690, and 320) is shown to the right.
Notice that all the leaves for a given stem are simply
written one after the other.
Two complete stem-and-leaf plots are shown below
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Scores rearranged in increasing order

Example 1
The 12 National League baseball teams had shutouts for one season as shown in the table
below.
a.

Summarize the data in a stem-and-leaf plot.

b.

Find the mean, median, and mode.

Team
Atlanta
Chicago
Cincinnati
Houston
Los Angeles
Montreal
New York
Philadelphia
Pittsburgh
St. Louis
San Diego
San Francisco

Shutouts
4
10
13
15
24
12
22
6
11
14
9
13
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Other Ways to Organize Data
The test scores from the first example can also be organized and displayed in a _________________ with
either horizontal or vertical bars, as shown below.
Notice that the histogram with
horizontal bars looks very much
like the stem-and-leaf plot below.

Example 2
The table below gives the results of a driver-education experiment. The experiment measures
the time between the appearance of a stimulus on a screen and a student’s reaction of
depressing a brake pedal.

a.

Draw a histogram for the data.

c.

Find the mean, median, and mode.
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Frequency Tables
The test score data can also be given in a frequency table, as shown at the left below. Notice that the
column labeled “frequency” gives the numbers of scores in each class, or group, of scores. The column
labeled “cumulative frequency” on the other hand, gives the number of scores (from the entire set of
scores) less than or equal to the larges score in each class.

The table on the right is like the one on the left except it gives relative frequencies (expressed as percents).
Using the frequency tables, we can construct the frequency ____________ shown at the left below. Its
vertical axis can be labeled either as integer frequencies, as shown, or as relative frequencies in percents.
Either way, the horizontal axis of the graph shows the ___________ score for each class. Note that a
frequency polygon is usually drawn so that it begins and ends on the horizontal axis.
Using the frequency tables, we can also construct the __________________ frequency ____________
shown to the right below. Although its vertical axis can be labeled either in integers or in percents, the use
of percents is most common. The horizontal axis shows the largest score for each class.

Example 3
Use the same table of data from Example 2 to answer the following.

a.

Draw a cumulative frequency polygon for the data.
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Example 4
Given below are the sales-tax rates, to the nearest whole percent, for the 50 states in a recent
year.
a.

Draw a frequency polygon and a cumulative frequency polygon.
% rate
0
1
2
3
4
5
6
7
8

b.

No. of
States
5
0
0
3
15
14
11
1
1

Find the mean, median, and mode(s).

Example 5
The frequency table below summarizes the numbers of siblings (brothers and sisters) for each
of the 25 students in a statistics class. For the data, find the following.
a.

mean

b.

median

c.

mode
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Example 6: Independent Work *
Find the mean, median, and mode for each set of data.
a.

The numbers of mice born in 9 different litters were:
5, 7, 6, 3, 8, 6, 4, 6, 4

b.

The numbers of items produced in 1 hour by 12 different machines were:
0, 1, 3, 5, 5, 5, 7, 9, 9, 11, 15, 99

Example 7: Independent Work *
a.
The number of trials required by 20 different puppies to learn a trick is recorded in the
stem-and-leaf plot below. Rearrange the data in increasing order, and then find the
median and the mode of the data.

b.

The stem-and-leaf plot above has just three stems (0, 1, and, 2). In order to spread out
the data more, you can draw a plot with 6 stems, as shown below. The stem 2 is used
for data from 20 to 24, while the dot below the 2 is the stem for data from 25 to 29.
The other dots have similar meanings. Complete the plot.
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Example 8: Independent Work **
The 14 American League baseball teams had total home runs for one season as shown in the
table below.
a.

To summarize the home-run data in a stem-and-leaf plot,
what stems would you use?

b.

Using your answer to part (a), draw a stem-and-leaf plot.

c.

What is the median of the data?

Example 9: Independent Work **
A 10-question true-false quiz was given to 50 students and the number of questions correct
ranged from 3 to 10, as shown in the cumulative frequency polygon below.
a.

What percent of the students had scores less than or
equal to 7?

b.

What percent of the students had scores greater
than 8?

c.

What is the median score?
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Example 10: Independent Work **
Five workers on an assembly line have hourly wages of $8.00, $8.00, $8.50, $10.50, and
$12.00.
a.

Find the mean, median, and mode.

b.

If the hourly wage of the highest paid worker is raised to $20.00 per hour, how are the
mean, median, and mode affected?

Example 11: Independent Work **
A consumer organization collected last week’s prices for a chef’s salad at 100 restaurants. The
prices are given below.
a.

Draw a frequency polygon for the
data.

b.

Calculate the mean, median, and mode using the middle price in each class as the
representative price for the class. (That is, use 350 (cents), 400, 450, 500, and so on.)
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Example 12: Independent Work ***
A pollster reports that for 100 families interviewed, the mean number of children per family
was 2.038, the median was 1.9, and the mode was 1.82. Explain why each of these figures
must be wrong.

Example 13: Independent Work ***
The table below gives data on the recommended energy intake, in kilocalories (Cal), for
average females and males in various age groups.

a.

Draw a comparative histogram showing two side-by-side bars for each of the age
groups. (See Exercise 22 on page 647 for an example of such a histogram).

b.

Write a brief description explaining what the data shows.
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17.2 BOX-AND-WHISKER PLOTS (PAGE 648)
Objective: To draw a box-and-whisker plot for a set of data and to use box-and-whisker and
stem-and-leaf plots to compare sets of data.
17.2 Warm Up!
The following data are the average low monthly temperatures (°F) for Berlin, Germany:
J F M A M J J A S O N D
26 27 32 38 46 51 55 54 48 41 33 29
a.

Find the median temperature.

b.

Find the median of those temperatures that are less than the median temperature.

c.

Find the median of those temperatures that are greater than the median temperature.

d.

Suppose the data were given in degrees Celsius rather than degrees Fahrenheit. What
differences would you expect in the answers to Exercises (a-c)?

Example 1
The stem-and-leaf plot below shows the ages of winners of the Academy Award for Best
Actress from 1928 to 1989. Marlee Matlin was 21 at the time that she received an Oscar for
her 1986 role in Children of a Lesser God. Since 21 is the youngest age of an Oscar-winning
actress (of the time), it is called the _______________ ______________ of the data. The
_____________ _____________ of the data is 80, Jessica Tandy’s age when she won an Oscar
for her 1989 role in Driving Miss Daisy.
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Box-and-Whisker Plots
The stem-and-leaf plot of the previous example shows 63 ages (one more than expected because there were
two winners in 1968). If these 63 ages are arranged from left to right in increasing order the median is the
32nd age in the list.
-The median of the ages to the left of the median position is called the _____________________________.
-The median of the ages to the right of the median position is called the ___________________________.

Note that the positions of the median, quartiles, and upper extreme shift as new data are added to the list.
We can display this information in a ______ and ____________ plot. To do so, we first plot the median,
quartiles, and extremes not on, but just below, a number line.

We then draw a _______ extending from the lower quartile to the upper quartile and _______________
extending from the quartiles to the extremes. We also draw a line through the box at the ____________.
The difference between the two extremes is called the ____________. The length of this interval is called
the ____________________ ___________. If you refer to the stem-and-leaf plot about the Oscars, you
will see that the 6 oldest ages are separated from the cluster of the remaining data. These 6 ages (60, 61,
61, 62, 74, and 80) are called ______________.

Example 2
The stem-and-leaf plot shows the ages of the first 41 U.S. Presidents at the time each took
office.
a.
Find the extremes and the range.
b.

Find the median and lower and upper quartiles.

c.

Are there any outliers?

d.

Draw a box-and-whisker plot.
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Outliers
Although mathematicians do not always agree on how far out an item of data must be in order to be
considered an outlier, we will define an outlier to be any item of data whose distance to the nearer quartile
exceeds _____ times the interquartile range.
For the age data, then, 1.5 × interquartile range = 1.5 × 13 = 19.5, so that any age more than 19.5 from
the box in the box-and-whisker plot on the preceding page is an outlier. We therefore ____________ the
plot by letting the whiskers include only the data that are not outliers and by using small x’s to show the
outliers.

Comparing Sets of Data
One way to make this comparison is with the back-to-back stem-and-leaf plot. When comparing sets of
data, be sure to check the S.O.C.S.
S._____________: Look for skew or symmetry.
O.____________: State if there are outliers and what they are.
C.____________: Compare medians.
S.____________: Compare interquartile ranges.

Example 3:
Compare the following data using the back-to-back box stem-and-leaf plot and box-andwhisker plot and
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Example 4:
Use the box-and-whisker plot show below. It gives the weights in pounds of the 42 players on
a high school football team.

a.

What are the extremes?

b.

What is the range?

c.

What are the lower and upper quartiles?

d.

What is the interquartile range?

e.

What is the median?

f.

Explain why the weight of 225 lb is an outlier. What are the other outliers?

Example 5: Independent Work *
a.
Recently, several states with small populations, such as Vermont, had only one
representative in the U.S. House of Representatives. On the other hand, California had
52 representatives, more than any other state. The median number of representatives
was 6, the lower quartile was 2, and the upper quartile was 10. With these facts, draw a
box-and-whisker plot. Show whiskers extending to the extremes of the data.

b.

Would Vermont’s number of representatives be an outlier? What about California?
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Example 6: Independent Work **
The mathematics and verbal SAT scores for seniors at Van Buren High School are shown in the
box-and-whisker plots below. Write a paragraph explaining what the plot tells you.
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Example 7: Independent Work ***
Use the table shown, which gives nutritional information about some of the menu items at a
restaurant.
Menu Item
Regular Salad
Chef Salad
Fish Sandwich
Chicken Sandwich
Regular Hamburger
Regular
Cheeseburger
Quarter-pound
Hamburger
Quarter-pound
Cheeseburger
Deluxe Hamburger

Calories per serving

Protein (in grams)

Carbohydrates (in
grams)

Fat (in grams)

110
230
440
490
260
310

7.1
20.5
13.8
19.2
12.3
15.0

6.2
7.5
37.9
39.8
30.6
31.2

6.6
13.3
26.1
28.6
9.5
13.8

410

23.1

34.0

20.7

520

28.5

35.1

29.2

560

25.2

42.5

32.4

a.

Draw a stem-and-leaf plot and a box-and-whisker plot for the number of calories in one
serving of each menu item.

b.

Draw a back-to-back stem-and-leaf plot comparing grams of protein and grams of
carbohydrates (each rounded to the nearest gram).
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17.3 VARIABILITY (PAGE 653)
Objective: To find the variance and standard deviation of a set of data and to convert data to
standard values.
17.3 Warm Up!
Use these two sets of data for Exercises a-d:
A: 10, 12, 15, 18, 21, 23, 27, 30.
B: 10, 16, 17, 18, 20, 21, 24, 30.
a.

Find the range of each set of data.

b.

Find the mean of each set of data.

c.

Draw a box-and-whisker plot for each set of data.

d.

Using your plots from part (c), describe the difference between the data in set A and the
data in set B.

Variability
A ______________ is a number that describes some characteristic of a set of data. For example, the
mean, median, and mode are statistics used to describe the ___________ of a set of data, and the range
and interquartile range are statistics used to describe the ___________ of data about the center.
In this section, we will discuss other statistics that are used to describe the spread of data about the center.
These statistics are called _______________ of ________________, because they indicate the amount of
variability in the data.
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Example 1
Consider the sets of data given. Place the numbers provided in the set on the balance beam.
a.

{4, 4, 4, 4, 4}

b.

{3, 4, 4, 4, 5}

c.

{1, 3, 4, 5, 7}

All these sets have a mean of ____, the ______________ of the data increases from one set to
the next. Measuring dispersion is the topic of this section.
Example 2
Consider the algebra test scores, given below, for two classes of 25 students.

a.

Find the mean of class I and class II.

b.

Find the range of class I and class II.

c.

Compare the histograms provided.

Dispersion
Two statistics used to describe the __________ of data about the mean are called the ________________
and _________________ _________________.
The _____________, denoted _____ or _____, is the ________ of the squares of the deviations from 𝑥̅ .
Can be found by:
The _______________ __________________, denoted _____ or _____ is the positive square root of the
variance.
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d.

Find the standard deviation of Class I and Class II and compare the results to your
comparison in part (c).

Example 3
Compute the variance and standard deviation of the data set provided.
a.

{3, 5, 6, 7, 9}

b.

{1, 7, 9, 15}

Example 4
Find the mean and standard deviation for the data in the tables provided.
a.

b.

Suppose the frequency of each data
item in part (a) is doubled. What is
the effect, if any, on the mean and
standard deviation of the data?
𝑥+ = item of data
𝑓+ = frequency

3
4

6
10

7
6
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Standard Value (Z-Score)
As you will see in the next section, it is useful to convert a set of data into a related set having a mean of 0
and a standard deviation of 1. Each item of data x is converted to a ______________ ___________ z by
the formula:
Written in words, the conversion formula is:

From which you can see that the standard value (z-score) gives the number of standard deviations
between an item of data and the ________.

Example 5
The mean and standard deviations of the algebra test scores from the previous example are as
follows:
Class I: mean = 78.4, standard deviation ≈ 9.6
Class II: mean = 78.4, standard deviation ≈ 14.5
a.

For each class, give the standard value (z-score) of the scores 92 and 68.

Example 6
Janice’s MA2 class had a mean score of 71 and a standard deviation of 8 on a chapter test.
Carlos’ MA2 class had a mean score of 74 and a standard deviation of 6 on the same test. If
Janice’s and Carlos’ scores were 75 and 76 respectively, which student had the better relative
score?
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Example 7: Independent Work *
Compute the mean and standard deviation for each set of data.
a.

The number of grammatical errors of five daily French quizzes: 10, 8, 7, 5, 5

Example 8: Independent Work *
a.

Each number in row B is 10 more than the corresponding number in row A. Compare
the mean and standard deviation of each row of numbers.

b.

Estimate the mean and standard deviation of the numbers 21, 22, 23, 24, 25.

Example 9: Independent Work **
A teacher gives a test in which the average of the test scores is 68 and the standard deviation
is 14. Realizing that the test was probably too difficult, the teacher decides to scale the tests
by adding 10 points to all the scores. What is the mean and standard deviation of the scaled
test scores?
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Example 10: Independent Work **
A set of test scores has a mean of 78 and a standard deviation of 6. Give the standard value (zscore) for each of the following test scores:
a.

90

b.

75

c.

78

d.

70

Example 11: Independent Work **
Suppose the means for the mathematics and verbal scores on the SATs are 500 and 504
respectively, and the standard deviations are 100 and 98, respectively. If a student has a math
score of 610 and a verbal score of 580, give the standard value (z-score) of the student’s
scores.

Example 12: Independent Work ***
The mathematics achievement scores of 45 physics students are compared with the
mathematics achievement scores of 45 students selected at random. Which group of students
do you think has the following and give reasons:
a.

greater mean score

b.

greater standard deviation in its scores
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Example 13: Independent Work ***
Four people each think of an integer from 1 to 9. What are the smallest and largest possible
standard deviations of the four numbers?

Example 14: Independent Work ***
Twenty puppies were taught to sit and stay on command. Find the mean and standard
deviation of the number of trials required before they learned to do this.
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17.4 THE NORMAL DISTRIBUTION (PAGE 660)
Objective: To recognize uniform, skewed, and normal distributions, to determine for a normal
distribution the percent of data within a given interval, and to find percentiles.
17.3 Warm Up!
A researcher investigating speeds on highway 46 found that vehicles were traveling at a mean
speed of 50 mi/h with a standard deviation of 5 mi/h.
a.

Find the standard value (z-score) for a speed of 58 mi/h and interpret your answer.

b.

Find the standard value (z-score) for a speed of 48 mi/h and interpret your answer.

The table below lists the approximate probabilities of obtaining the specified numbers of
heads when a coin is tossed 8 times.
n
P(n) n P(n)
0 0.0039 5 0.2188
a.
What must be true about the sum of the probabilities in
1 0.0313 6 0.1094
the table? Verify your answer.
2 0.1094 7 0.0313
3 0.2188 8 0.0039
4 0.2734

b.

If you graphed (n, P(n)) in a coordinate plane and connected the nine points with a
smooth curve, what would be the shape of the curve?
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Shape of Distributions
As we have seen in previous sections, histograms have various shapes according to the distribution of
data.
The distribution of the last digits of 500 different telephone
numbers shown to the right is an example of a _____________
distribution.
The figure below to the left shows the distribution of precipitation
for one year in a Midwestern city is an example of a ______________
distribution with a hump at one end and a long tail at the other.
The figure below to the right shows the distribution of the time it took
children to complete a puzzle. This histogram gives the percent of
children who completed the puzzle in the indicated time interval.

Example 1
Use the figure to answer the following questions.

a.

What appears to be the mean time for the puzzle-solving experiment?

b.

If the standard deviation of the experiment is 𝑠 = 20 𝑠, approximately what percent of
the data is within 1 standard deviation of the mean?

c.

Draw a smooth curve through the tops of the rectangles.
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The Normal Distribution
A distribution that has a _______ shape is common to the graphs of all normal distributions. Such a
graph, called a ___________ ___________, reaches its maximum height at the __________. The area
under the curve is _______.
About _____% of the distribution is within 1 standard deviation of the mean.
About _____% of the distribution is within 2 standard deviations of the mean.
About _____% of the distribution is within 3 standard deviations of the mean.
Using the percentages below is called the _________________ rule.
For Example: if the puzzle-solving experiment has mean 𝑥̅ = 80 𝑠 and a standard deviation 𝑠 = 20 𝑠, then
we can fill out the following picture.

Example 2
Over the last 10 years, the mean weight 𝑥 of newborn babies in a large metropolitan hospital
has been 3.4 kg and the standard deviation s has been 0.4 kg.
a.

Use this information to sketch a normal curve showing the weights at 1, 2, and 3
standard deviations from the mean.

b.

What percent of newborns fell between 3.4kg and 4.2kg?

c.

What percent of newborns weighted less than 3.0kg?
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Example 3
The heights of US females is distributed normal has mean of 63.7 in and a standard deviation
of 2.9 in. Find the indicated probability for a randomly selected person from the distribution.

a.

Between 63.7 in and 69.5 in

b.

Between 60.8 in and 72.4 in

c.

Between 57.9 in and 66.6 in

d.

At least 66.6 in

e.

At least 57.9 in

f.

At most 69.5 in
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Example 4
A normal distribution has a mean of 125.8 and a standard deviation of 10.4. Find the indicated
probability for a randomly selected x-value from the distribution.

a.

At most 117.3

b.

At most 92.6

c.

At least 131.8

d.

At least 153.7

e.

Between 124 and 145.6

f.

Between 99.8 and 112.3
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Percentiles
Sometimes a set of data is arranged in ascending order and divided into _______ equal parts. The 99
points that divide the data are called _________________. These are often used in reporting scores on a
standardized test.
If you score at the 70th percentile, for instance, you know that 70% of all people taking the test had a score
less than or equal to yours. Similarly, the 25th percentile separates the bottom 25% of the test scores.
The _____ percentile, _____ percentile (the median), and _____ percentile are also called the
____ quartile, the _____ quartile, and the _____ quartile. As the diagram below shows, the quartiles
divide the population into quarters.

Example 5
The scores on a standardized test are normally distributed with mean 𝑥 = 50 and standard
deviation 𝑠 = 10.
a.

Find the 90th percentile

b.

Find the 60th percentile

Example 6
At a track meet, the race times for a 100 m dash are normally distributed with mean 11.8 s and
standard deviation 0.5 s.
a.

What percent of entrants finished with a time greater than 12s

b.

If the top 5% received awards, what race time did an entrant need to receive an award?
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Example 7: Independent Work *
On a standardized aptitude test, scores are normally distributed with mean 𝑥 = 100 and
standard deviation 𝑠 = 10. Find the percent of scores that are:

a.

less than 95

b.

greater than 115

c.

between 90 and 110

d.

between 105 and 125

Example 8: Independent Work *
At a very large factory, employees must report to work at 8 A.M. The arrival times of the
employees are normally distributed with mean 7:52 A.M. and standard deviation 4 min.

a.

On a typical day, what percent of the employees are late?

b.

What percent of the employees arrive between 7:59 and 8:00 A.M.?

c.

What percent of the employees arrive before 7:45 A.M?
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Example 9: Independent Work **
A manufacturer makes ball bearings that must have diameters between 17.0 mm and 18.0
mm. Quality control procedures indicate that the bearings produced have a mean diameter of
17.6 mm and a standard deviation of 0.3 mm. What percent of these ball bearings fail to meet
the specifications?

Example 10: Independent Work **
Suppose that in a large school district, the standardized mathematics test scores have a mean
of 500 and a standard deviation of 100. Find the score at:
a.

the 80th percentile

b.

the first quartile

Example 11: Independent Work **
The professor teaching a large freshman course decides to give a grade of A to the top 10% of
the final exam scores and a grade of B to the next 30%. If the mean score was 72 and the
standard deviation was 9, what were the minimum scores needed for an A and a B?
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Example 12: Independent Work ***
A 2L beverage bottle is filled from a machine that fills the bottle with a mean of 2.01 L and a
standard deviation of 0.002 L.
a.

What percent of the bottles actually contain more than 2 L of beverage?

b.

Ten percent of the bottles contain less than ______ L?

c.

Eighty percent of the bottles contain more than ______ L?

Example 13: Independent Work ***
The reaction times for a particular task are normally distributed with a mean of 0.92 s and a
standard deviation of 0.24 s. A reaction time in excess of 1.2 s is considered too slow. What
percent of the people tested had reaction times that were too slow?
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17.5 SAMPLING (PAGE 669)
Objective: To recognize different types of sampling procedures, to identify their limitations, and
to estimate population characteristics based on samples.
17.5 Warm Up!
a.

Suppose you are the manager at a factory that manufactures nails. Do you think that
every nail should be inspected for flaws? Explain your answer.

b.

Can you think of a situation in which it might be advisable to inspect every
manufactured item?

Sampling
In statistics, the word __________________ does not necessarily refer to people. It is the entire set of
individuals or objects in which we are interested.
A subset of the population is called a ____________, and the number of objects in it is called the
______________ ________.
The process of selecting a sample that is representative of the total population is called ______________.
Sampling theory is the branch of statistics that deals with the questions that arise when a sample is taken.
Some questions that come up in Sampling Theory are:
How should the sample be selected?
How large should the sample size be?
How reliable are the conclusions drawn from the sample?
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Types of Samples
____________________ sampling: easy to reach members of a population are selected.
Ex: A quality control inspector who inspects the top few apples in several crates to determine the percent
of the fruit that is bruised. The resulting sample is _______ representative of all apples because apples
near the bottom are more likely to be bruised.
____________________ sampling: when one or more experts select a representative sample using their
subjective judgment. It is quite likely that no two experts will agree on what is truly “representative.”
____________________ sampling: conclusions are based on voluntary responses.
Ex: Phoned responses to questions that are broadcasted on live television or radio. Usually only those
who feel strongly about an issue will respond. Another problem with questionnaires is that the questions
may be _____________.
___________ ____________ sampling: every element of the population has an equal and independent
chance of being chosen.
Ex: flipping a coin, drawing names, computer random generated list.
_______________ ____________ sampling: the entire population is broken into groups, called _______,
chosen because the individuals in each stratum have some common property.
Ex: You might have two strata (male and female) or four strata (freshmen, sophomores, juniors, and
seniors). The only requirement for choosing strata is that you know what ____________ of the entire
population each stratum represents. You then take a simply random sample of each stratum and combine
the results.

Example 1
State whether the sampling procedure described is an example of (a) convenience sampling,
(b) judgment sampling, (c) sampling by questionnaire, (d) simple random sampling, or (e)
stratified random sampling. Mention any limitations that the sampling procedure might have.
a.

A television rating organization mails questionnaires to subscribers of a television
magazine. On the basis of responses to this questionnaire, it names the most popular
shows.

b.

A popular financial magazine would like to survey the techniques of successful
managers. A managerial consultant is asked to select a group of 50 successful managers
to participate in the survey.
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c.

A manufacturing company would like to determine the approximate market share of a
certain product. A representative of the company is asked to stand in front of a certain
grocery store and ask the first 100 people who go into the store whether they use the
product.

d.

A television cable company with 20,000 subscribers would like to determine its most
popular services. To do so, the company’s computer is programmed to select 1000
subscribers at random. What these subscribers watch is then electronically monitored.

Example 2
Southbrook High School has 960 students and 40 teachers. The school newspaper interviews
60 students and 12 teachers to see whether they favor changing a school policy. The results
are given in the table below.
a.

Estimate the percent of the school
population favoring change.
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Example 3: Independent Work *
State any errors that you think might occur in the sampling situation discussed.
a.

A senator explains a vote in favor of a new bill by stating that 60% of the mail received
favored the bill.

b.

A radio talk show host invites listeners to telephone the station and talk about their
feelings on a proposed highway to be built in their country.

Example 4: Independent Work **
In Farmington High School, there are 360 ninth- or tenth-grade students and 320 eleventh- or
twelfth-grade students. A poll shows that 12 out of 40 ninth- or tenth-grade students intend
to vote for Lacey as student council president. It also shows that 24 out of 40 eleventh- or
twelfth-grade students intend to vote for Lacey. Estimate the percent of the student body
favoring Lacey.
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Example 5: Independent Work **
Estimate the total number of years of service of 200 factory workers based on a sample size of
n = 5 where the years of service reported are 15, 8, 20, 5, 12.

Example 6: Independent Work **
The State Conservation Department wants to estimate the number of deer in a mountainous
area. It captures and tags 80 deer and then releases them. Later it captures 156 deer and
finds that 12 are tagged. Estimate the number of deer in the area.

Example 7: Independent Work ***
Use the table provided, which gives both the distribution (by class) of students at a small
college and the responses of 25 randomly selected members of teach class to one survey
question about meals.
a.

Estimate the percent of the student body pleased with
the meals at the college.
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17.6 CONFIDENCE INTERVALS FOR SURVEYS AND POLLS (PAGE 674)
Objective: To use a sample proportion to find a confidence interval for the corresponding
population proportion
17.6 Warm Up!
Suppose that 6 batteries out of a sample of 500 taken from a shipment were defective.
a.

Estimate the percent of defective batteries in the entire shipment.

b.

Can you be certain that your estimate in part (a) is accurate? Explain.

You know that about 68% of a distribution is within 1 standard deviation of the mean. Let
your estimate in part (a) represent the mean and use 0.5% as the standard deviation.
c.

There is a 68% likelihood that the percent of defective batteries is:
more than _______ and less than _______.

d.

If you increase the number of batteries in a sample, will your estimate likely become
more accurate, less accurate, or equally accurate?

Making Deductions about Samples
When you know all the relevant information about a population, you can use probability theory to make
deductions about a sample. In everyday situations, samples often take the form of a survey or poll.
For example: suppose that in a recent state poll of 100 randomly selected voters, 56 indicated that they
were going to vote in favor of Proposition 1. Now, 100 voters are not very many compared with an entire
state’s voting population. If 560 out of 1000 had favored Proposition 1 instead of just 56 out of 100, we
could be more _____________ of the poll’s result.
The question is, how close is the sample proportion favoring Proposition 1 to the population proportion
favoring it?
Let p = population proportion having a given characteristic
3 = sample proportion having a given characteristic.
Let 𝒑
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Example 1
Find 𝑝.
a.

If a poll of 15 doctors shows that 12 recommend daily exercise.

b.

If 76 out of 200 voters surveyed say that they favor candidate Smith.

Confidence Intervals
You can see from Example 1 that 𝑝̂ will vary from sample to sample and will depend partly on the sample
size n.
Three things about the values of 𝑝̂
1. The values of 𝑝̂ are _______________ distributed.
2. The mean of this distribution is ___.
3. The standard deviation of this distribution is approximately 6
Because 𝑝̂ is normally distributed, we can apply the 68%-95%-99.7% normal rule from section 6.4.
3 . This interval in which p lies 95% of the time is
95% of the time, p is within 2 standard deviations of 𝒑
called a ______ ________________ ______________ and is given by:
𝑝̂ − 2 × (𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝑑𝑒𝑣𝑖𝑎𝑡𝑖𝑜𝑛) < 𝑝 < 𝑝̂ + 2 ×(𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝑑𝑒𝑣𝑖𝑎𝑡𝑖𝑜𝑛)
𝑝̂ − 2E

𝑝̂ (1 − 𝑝̂ )
𝑝̂ (1 − 𝑝̂ )
< 𝑝 < 𝑝̂ + 2E
𝑛
𝑛

Example 2
Suppose that 56 out of 100 voters polled favor Proposition 1. What is the 95% confidence
interval for p, the unknown proportion of the population favoring Proposition 1?
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Example 3
Suppose that 560 out of 1000 voters polled favor Proposition 1. Find a 95% confidence
interval for p.

Confidence Intervals cont…
Sometimes a 95% confidence interval is not enough. In testing new medical drugs or procedures, a ___%
confidence interval may be required before the new drug or procedure is approved for general use. This
high confidence interval is based on p being within 3 standard deviation of 𝑝̂ :
𝑝̂ − 3 × (𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝑑𝑒𝑣𝑖𝑎𝑡𝑖𝑜𝑛) < 𝑝 < 𝑝̂ + 3 ×(𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝑑𝑒𝑣𝑖𝑎𝑡𝑖𝑜𝑛)
𝑝̂ − 3E

𝑝̂ (1 − 𝑝̂ )
𝑝̂ (1 − 𝑝̂ )
< 𝑝 < 𝑝̂ + 3E
𝑛
𝑛

Example 4
A new medically approved wheelchair was judged to be an improvement over a standard
wheelchair by 320 out of 400 patients in a survey.
a.

Find a 99% confidence interval for p, the proportion of the wheelchair-using population
for whom the new wheelchair would be an improvement.

b.

The manufacturer of the standard wheelchair claims that 72% of patients prefer the
new medically approved wheelchair. What would you say to that?
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Example 5: Independent Work *
Find 𝑝 and the standard deviation of 𝑝. Also, give a 95% confidence interval for p, the
proportion of the entire population having the indicated characteristic.
a.

7 out of 10 dentists surveyed recommend Smile toothpaste.

b.

36 out of 100 voters surveyed favor Proposition 4.

c.

25 out of 400 flashbulbs tested were defective.

Example 6: Independent Work *
Find a 99% confidence interval for p.
a.

Of 1000 adults randomly selected for reading tests, 30 were illiterate.

b.

Of 100 workers surveyed, 9 have been promoted.

c.

Of 250 students interviewed, 200 prefer tennis to racquetball.

Example 7: Independent Work *
If you wish to halve the standard deviation of 𝑝, you must multiply the sample by what?
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Example 8: Independent Work **
After conducting a poll, a national magazine reported in an article that 64% of the 1000 voters
surveyed approved a proposed law. The article also reported a “margin of error of plus or
minus 3 percentage points.” Is this 3% margin of error associated with a 95% or 99%
confidence interval?

Example 9: Independent Work ***
In a poll of 240 college freshman, 144 said that they exercise regularly. Find both a 95% and a
99% confidence interval for p, the proportion of the population of college freshman who
exercise regularly.
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ANSWERS
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