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10.2 Measures of Central Tendency

Sigma Notation

Definition 1. Sigma notation is a convenient way of writing long sums of terms.

4X

i=1

(2i + 3i) = (21 + 3(1)) + (22 + 3(2)) + (23 + 3(3)) + (24 + 3(4))

= 5 + 10 + 17 + 28
nX

i=1

xi = x1 + x2 + x3 + . . .+ xn

Mean SECTION 10.2   Measures of Central Tendency 513

DEFINITION Mean: Ungrouped Data
If x1, x2,c, xn is a set of n measurements, then the mean of the set of measure-
ments is given by

 3mean4 =
a

n

i= 1
xi

n
=

x1 + x2 + g + xn

n
 (1)

where

 x = 3mean4 if data set is a sample

 m = 3mean4 if data set is the population

Finding the Mean Find the mean for the sample measurements 3, 5, 1, 8, 6, 5, 4, 
and 6.

SOLUTION Solve using formula (1):

x =
a

n

i= 1
xi

n
=

3 + 5 + 1 + 8 + 6 + 5 + 4 + 6
8

=
38
8

= 4.75

Matched Problem 1 Find the mean for the sample measurements 3.2, 4.5, 
2.8, 5.0, and 3.6.

EXAMPLE 1

Fifteen customers filled out a satisfaction survey, rating the service they received 
by checking a number from 1 to 5. Here are the ratings:

5, 3, 5, 4, 4, 3, 4, 5, 5, 5, 4, 2, 5, 5, 4

To find the sum, we could simply add the 15 numbers. But there is another option. 
Note that the score 5 appears seven times, 4 appears five times, 3 appears twice, 2 
appears once, and 1 appears zero times. The sum of all 15 scores can therefore be 
obtained by multiplying each possible score xi by its frequency fi:

a
5

i= 1
xi fi = 5172 + 4152 + 3122 + 2112 + 1102 = 63

The mean of the 15 scores is

a
5

i= 1
xi fi

15
=

63
15

= 4.2

For grouped data, such as in Table 4 on page 504, we may not have the option of 
simply adding the scores; the original data set may be unavailable. Instead, we form a 
sum similar to that of the customer satisfaction survey, where each term is an xi mul-
tiplied by its frequency fi, as explained in the definition of the mean for grouped data.

DEFINITION Mean: Grouped Data
A data set of n measurements is grouped into k classes in a frequency table. If xi is 
the midpoint of the ith class interval and fi is the ith class frequency, then the mean 
for the grouped data is given by
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Example 1. Find the mean of the following set of measurements.

5 7 11 15 13 10 8 19

Example 2. The mean of 4 numbers is 90. If the mean of the first three numbers is 88, find

the fourth number.

Example 3. Suppose I buy 20 gallons of gas at a price of $3.40/gallon, and you buy 10

gallons of gas at a price of $3.10/gallon. Together, what is the average price of gas per

gallon that we’ve paid?

Example 4. Find the mean for the sample data summarized in the table below.
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Class Interval Frequency

14.5-19.5 2

19.5-24.5 4

24.5-29.5 5

29.5-34.5 6

34.5-39.5 3

39.5-44.5 1
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! CAUTION
 Note that n is the total number of measurements in the entire data 
set—not the number of classes! 

The mean computed by formula (2) is a weighted average of the midpoints of 
the class intervals. In general, this will be close to, but not exactly the same as, the 
mean computed by formula (1) for ungrouped data.

 3mean4 =
a

k

i= 1
xifi

n
=

x1 f1 + x2f2 + g + xkfk
n

 (2)

where

 n = a
k

i= 1
fi = total number of measurements

 x = 3mean4 if data set is a sample

 m = 3mean4 if data set is the population

EXAMPLE 2

 

579

Figure 1 The balance point on the 
histogram is x = 579.

Finding the Mean for Grouped Data Find the mean for the sample data sum-
marized in Table 4 on page 504.

SOLUTION In Table 1, we repeat part of Table 4, adding columns for the class mid-
points xi and the products xi fi.

Table 1 Entrance Examination Scores
Class Interval Midpoint xi Frequency fi Product xi fi

299.5–349.5 324.5 1 324.5
349.5–399.5 374.5 2 749.0
399.5–449.5 424.5 5 2,122.5
449.5–499.5 474.5 10 4,745.0
499.5–549.5 524.5 21 11,014.5
549.5–599.5 574.5 20 11,490.0
599.5–649.5 624.5 19 11,865.5
649.5–699.5 674.5 11 7,419.5
699.5–749.5 724.5 7 5,071.5
749.5–799.5 774.5 4 3,098.0

n = a
10

i = 1
fi = 100 a

10

i = 1
xi fi = 57,900.0

The average entrance examination score for the sample of 100 entering freshmen is

x =
a

k

i= 1
xi fi

n
=

57,900
100

= 579

If the histogram for the data in Table 1 (Fig. 11, Section 10.1) was drawn on 
a piece of wood of uniform thickness and the wood cut around the outside of the 
figure, then the resulting object would balance exactly at the mean x = 579, as 
shown in Figure 1.

Matched Problem 2  Compute the mean for the grouped sample data listed in 
Table 2.
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Median

Example 5. The following two sets of data give the salaries of the 6 employees at a small

startup company before and after the CEO is given a raise.

1. 42,000 64,000 64,000 82,000 82,000 96,000

2. 42,000 64,000 64,000 82,000 82,000 650,000

Calculate the mean, median, and mode for each set of data.

Example 6. Consider the following set of measurements.

16 22 26 28 40 46 x

Depending on x, what are the possible values of the median?
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descending order. Some sets of measurements, for example, 5, 7, 8, 13, 21, have a 
middle element. Other sets, for example, 9, 10, 15, 20, 23, 24, have no middle ele-
ment, or you might prefer to say that they have two middle elements. For any number 
between 15 and 20, half the measurements fall above the number and half fall below.

DEFINITION Median: Ungrouped Data
1. If the number of measurements in a set is odd, the median is the middle measure-

ment when the measurements are arranged in ascending or descending order.
2. If the number of measurements in a set is even, the median is the mean of the 

two middle measurements when the measurements are arranged in ascending 
or descending order.

Finding the Median Find the median salary in the preceding list of seven salaries.

SOLUTION Arrange the salaries in increasing order and choose the middle one: 

Salary
$34,000
 36,000
 36,000
 40,000
 48,000
 56,000
156,000

 —  Median ($40,000) 
 

    —  Mean ($58,000)

In this case, the median is a better measure of central tendency than the mean.

Matched Problem 3 Add the salary $100,000 to those in Example 3 and com-
pute the median and mean for these eight salaries.

EXAMPLE 3

The median, as we have defined it, is easy to determine and is not influenced by 
extreme values. Our definition does have some minor handicaps, however. First, if 
the measurements we are analyzing were carried out in a laboratory and presented 
to us in a frequency table, we may not have access to the individual measurements. 
In that case we would not be able to compute the median using the above definition. 
Second, a set like 4, 4, 6, 7, 7, 7, 9 would have median 7 by our definition, but 7 does 
not possess the symmetry we expect of a “middle element” since there are three mea-
surements below 7 but only one above.

To overcome these handicaps, we define a second concept, the median for 
grouped data. To guarantee that the median for grouped data exists and is unique, we 
assume that the frequency table for the grouped data has no classes of frequency 0.

DEFINITION Median: Grouped Data
The median for grouped data with no classes of frequency 0 is the number such 
that the histogram has the same area to the left of the median as to the right of the 
median (see Fig. 2).

Figure 2 The area to the left of 
the median equals the area to the 
right.
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Shapes of distributions

Mean µ compared to median m Distribution

µ < m left-skewed

µ = m symmetric

µ > m right-skewed

Mode
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Finding the Median for Grouped Data Compute the median for the grouped 
data in Table 3.

SOLUTION First we draw the histogram of the data (Fig. 3). The total area of the 
histogram is 15, which is just the sum of the frequencies, since all rectangles have a 
base of length 1. The area to the left of the median must be half the total area—that 
is, 15

2 = 7.5. Looking at Figure 3, we see that the median M lies between 6.5 and 
7.5. Thus, the area to the left of M, which is the sum of the blue shaded areas in 
Figure 3, must be 7.5:112132 + 112112 + 112122 + 1M - 6.52142 = 7.5

Solving for M gives M = 6.875. The median for the grouped data in Table 3 is 6.875.

EXAMPLE 4

Table 3
Class Interval Frequency

3.5–4.5 3
4.5–5.5 1
5.5–6.5 2
6.5–7.5 4
7.5–8.5 3
8.5–9.5 2

4 5 6 7 8 9

1

2

3

4

Figure 3

! CAUTION  The area of the leftmost rectangle in Figure 3 is 112132 = 3  
because the base of the rectangle is 1 and the height is 3. The 

base is equal to the width of the class interval and the height is the frequency of that 
class. See Matched Problem 4. 

Matched Problem 4  Find the median for the grouped data in the following 
table:

Class Interval Frequency

3.5–5.5 4
5.5–7.5 2
7.5–9.5 3

  9.5–11.5 5
11.5–13.5 4
13.5–15.5 3

Mode
A third measure of central tendency is the mode.

DEFINITION Mode
The mode is the most frequently occurring measurement in a data set. There may 
be a unique mode, several modes, or, if no measurement occurs more than once, 
essentially no mode.
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Example 7. Find the mode(s) for each of the following sets of data.

A: 69 54 59 52 53 66 70 52 70 60

B: 60 60 57 69 52 56 52 50 54 54

C: 61 57 70 84 52 62 80 71 81 89
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