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9.1 Frequency Distributions and Measures of Central
Tendency

Frequency Distributions

1. A survey asked a random sample of 30 business executives for their recommendations as
to the number of college credits in management that a business major should have. The
results are shown below. Group the data into intervals and find the frequency of each
interval. Then create a frequency histogram and frequency polygon to visualize the data.
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The results are shown below. Group the data into intervals and find the frequency of
each interval.

SOLUTION The highest number in the list is 34 and the lowest is 0; one convenient way to
group the data is in intervals of size 5, starting with 0–4 and ending with 30–34. This gives
an interval for each number in the list and results in seven equal intervals of a convenient
size. Too many intervals of smaller size would not simplify the data enough, while too few
intervals of larger size would conceal information that the data might provide. A rule of
thumb is to use from 6 to 15 intervals.

First tally the number of college credits falling into each interval. Then total the tallies
in each interval as in the following table. This table is an example of a grouped frequency
distribution.
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APPLY IT 

0–4 3

5–9 4

10–14 6

15–19 8

20–24 5

25–29 3

30–34 1

Total: 30
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Grouped Frequency Distribution
College Credits Tally Frequency

The frequency distribution in Example 1 shows information about the data that might
not have been noticed before. For example, the interval with the largest number of recom-
mended credits is 15–19, and 19 executives (more than half) recommended between 10 and
24 credits, inclusive. Also, the frequency in each interval increases rather evenly (up to 8)
and then decreases at about the same pace. However, some information has been lost; for
example, we no longer know how many executives recommended 12 credits.

The information in a grouped frequency distribution can be displayed in a histogram
similar to the histograms for probability distributions in Chapter 8. The intervals determine
the widths of the bars; if equal intervals are used, all the bars have the same width. The
heights of the bars are determined by the frequencies.

A frequency polygon is another form of graph that illustrates a grouped frequency dis-
tribution. The polygon is formed by joining consecutive midpoints of the tops of the his-
togram bars with straight line segments. The midpoints of the first and last bars are joined
to endpoints on the horizontal axis where the next midpoint would appear.

Frequency Distributions

A grouped frequency distribution of college credits was found in Example 1. Draw a his-
togram and a frequency polygon for this distribution.

SOLUTION First draw a histogram, shown in red in Figure 1. To get a frequency polygon,
connect consecutive midpoints of the tops of the bars. The frequency polygon is shown in
blue.

NOTE
In this section, the heights of the
histogram bars give the frequencies.
The histograms in Chapter 8 were
for probability distributions, and so
the heights gave the probabilities.

EXAMPLE  2
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FIGURE 1

Credits Tally Frequency
0-4 3
5-9 4
10-14 6
15-19 8
20-24 5
25-29 3
30-34 1

Credits Tally Frequency
0-6 3
7-13 8
14-20 11
21-27 5
28-34 3

Note 1. You have artistic freedon in choosing the classes/intervals into which your data
is partitioned. The only rule is that the class widths must all be the same. However, the
most effective histograms have roughly 5-10 classes/intervals.

Measures of Central Tendency
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Mean The average value of a probability distribution is the expected value of the distri-
bution. Three measures of central tendency, or “averages,” are used with frequency distrib-
utions: the mean, the median, and the mode. The most important of these is the mean,
which is similar to the expected value of a probability distribution. The arithmetic mean
(the mean) of a set of numbers is the sum of the numbers, divided by the total number of
numbers. Recall from Section 1.3 that we can write the sum of n numbers
in a compact way using summation notation:

The symbol (read x-bar) is used to represent the mean of a sample.

Mean
The mean of the n numbers is

.

Bankruptcy

The table to the left lists the number of bankruptcy petitions (in thousands) filed in the
United States in the years 2004–2009. Find the mean number of bankruptcy petitions filed
annually during this period. Source: American Bankruptcy Institute.

SOLUTION Let and so on. Here, since there are six numbers.

The mean number of bankruptcy petitions filed during the given years is about
1,289,000. TRY YOUR TURN 1

As another example, the mean response for the number of college credits in manage-
ment that a business major should have, based on the sample of 30 business executives
described in Example 1, is 
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FIGURE 2

EXAMPLE  3

YOUR TURN 1 Find the mean
of the following data: 12, 17, 21, 25,
27, 38, 49.

2004 1597
2005 2078
2006 618
2007 851
2008 1118
2009 1474

Bankruptcies
Year Petitions Filed

Many graphing calculators have the capability of drawing a histogram. Figure 2 shows the data of
Example 1 drawn on a TI-84 Plus. See the Graphing Calculator and Excel Spreadsheet Manual avail-
able with this text.
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2. Find the mean of the data from question 1 in three ways:

(a) using the raw data,

(b) using the first frequency table, and

(c) using the second frequency table.
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true here, and is not true in most cases. Information is always lost when the data are
grouped. It is more accurate to use the original data, rather than the grouped frequency,
when calculating the mean, but the original data might not be available. Furthermore,
the mean based upon the grouped data is typically not too far from the mean based upon
the original data, and there may be situations in which the extra accuracy is not worth the
extra effort. TRY YOUR TURN 2

The formula for the mean of a grouped frequency distribution is given below.

Mean of a Grouped Distribution
The mean of a distribution, where x represents the midpoints, f the frequencies, and

is

.

The mean of a random sample is a random variable, and for this reason it is sometimes
called the sample mean. The sample mean is a random variable because it assigns a num-
ber to the experiment of taking a random sample. If a different random sample were taken,
the mean would probably have a different value, with some values more probable than oth-
ers. If another set of 30 business executives were selected in Example 1, the mean number
of college credits in management recommended for a business major might be 13.22 or
17.69. It is unlikely that the mean would be as small as 1.21 or as large as 32.75, although
these values are remotely possible.

We saw in Section 8.5 how to calculate the expected value of a random variable when
we know its probability distribution. The expected value is sometimes called the
population mean, denoted by the Greek letter In other words,

Furthermore, it can be shown that the expected value of is also equal to that is,

For instance, consider again the 30 business executives in Example 1. We found that
but the value of the average for all possible business executives, is unknown.

If a good estimate of were needed, the best guess (based on this data) is 15.93.

Median Asked by a reporter to give the average height of the players on his team, a
Little League coach lined up his 15 players by increasing height. He picked the player in
the middle and pronounced that player to be of average height. This kind of average, called
the median, is defined as the middle entry in a set of data arranged in either increasing or
decreasing order. If there is an even number of entries, the median is defined to be the mean
of the two center entries.
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NOTE
1. The midpoint of the intervals in

a grouped frequency distribution
may be values that the data can-
not take on. For example, if we
grouped the data for the 30 busi-
ness executives into the intervals
0–5, 6–11, 12–17, 18–23, 24–29,
and 30–35, the midpoints would
be 2.5, 8.5, 14.5, 20.5, 26.5, and
32.5, even though all the data are
whole numbers.

2. If we used different intervals in
Example 5, the mean would come
out to be a slightly different num-
ber. Verify that with the intervals
0–5, 6–11, 12–17, 18–23, 24–29,
and 30–35, the mean in Example
5 is 16.1.
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Calculating the Median
Odd Number of Entries Even Number of Entries

0–6 2
7–13 4

14–20 7
21–27 10
28–34 3
35–41 1

Interval Frequency

YOUR TURN 2 Find the mean
of the following grouped frequency.

Note 2. There are two different types of data, each with a different notations for the mean.
Population data is gathered from every idividual of interest (e.g. the birth weight of
every human ever), and sample data is gathered from a (hopefully) random sample taken
from the population (e.g. the birthweight of 35 randomly selected humans). Regardless,
the mean is calculated the same.

Population Sample
Mean µ x

3. Two startup companies A and B each have 5 employees. The salaries of all employees
are given below.

Company Salaries
A $24,000 $52,000 $76,000 $83,000 $144,000
B $24,000 $52,000 $76,000 $83,000 $144,000,000

(a) Compute the means of salaries at companies A and B

(b) Compute the medians of salaries at companies A and B

Definition 1. The median is defined as the middle entry in a set of data arranged in
either increasing or decreasing order. If there is an even number of entries, the median is
defined to be the mean of the two center entries.

More specifically, given n numbers arranged in order, the median is

(a) the number in position
n+ 1

2
if n is odd, and

(b) the mean of the numbers in positions
n

2
and

(n
2
+ 1

)
if n is even.

Definition 2. The mode of a data set is the value(s) that appears most frequently. When
data is summarized in a frequency table or histogram, the mode is defined as the mid-
point(s) of the class(es)/interval(s) with the highest frequency.

4. Find the median and mode of the data in question 1.
Hint: Don’t forget to sort the data.

John Adamski, PhD 2 jadamski1@fordham.edu

https://www.wolframalpha.com/input/?i=sort+3%0925%0922%0916%090%099%0914%098%0934%0921%0915%0912%099%093%098%0915%0920%0912%0928%0919%0917%0916%0923%0919%0912%0914%0929%0913%0924%0918

