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Describing Data:
Numerical Measures

Chapter 3
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GOALS

1. Calculate the arithmetic mean, weighted mean, 

median, mode, and geometric mean.

2. Explain the characteristics, uses, advantages, and 

disadvantages of each measure of location.

3. Compute and understand quartiles, deciles, and percentiles.
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Numerical Descriptive Measures

Measures of Location

⚫ Arithmetic Mean

⚫ Weighted Mean

⚫ Median

⚫ Mode

⚫ Geometric Mean

Measures of Dispersion

⚫ Range

⚫ Mean Deviation

⚫ Variance

⚫ Standard Deviation
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Population Mean

For ungrouped data, the population mean is the 

sum of all the population values divided by the 

total number of population values:
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EXAMPLE – Population Mean
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Sample Mean

⚫ For ungrouped data, the sample mean 

is the sum of all the sample values 

divided by the number of sample 

values:
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EXAMPLE – Sample Mean
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Properties of the Arithmetic Mean

1. Every set of interval-level and ratio-level data has a 
mean.

2. All the values are included in computing the mean.

3. The mean is unique.

4. The sum of the deviations of each value from the 
mean is zero.
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Weighted Mean

⚫ The weighted mean of a set of numbers X1, 

X2, ..., Xn, with corresponding weights w1, 

w2, ...,wn, is computed from the following 

formula:
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EXAMPLE – Weighted Mean

The Carter Construction Company pays its hourly 

employees $16.50, $19.00, or $25.00 per hour. 

There are 26 hourly employees, 14 of which are paid 

at the $16.50 rate, 10 at the $19.00 rate, and 2 at the 

$25.00 rate. What is the mean hourly rate paid the 

26 employees?
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The Median

The Median is the midpoint of the values 

after they have been ordered from the 

smallest to the largest.

⚫ There are as many values above the median as below 

it in the data array.

⚫ For an even set of values, the median will be the 

arithmetic average of the two middle numbers.



12

Properties of the Median

1. There is a unique median for each data set.

2. It is not affected by extremely large or small 
values and is therefore a valuable measure of 
central tendency when such values occur.

3. It can be computed for ratio-level, interval-
level, and ordinal-level data.

4. It can be computed for an open-ended 
frequency distribution if the median does not 
lie in an open-ended class. 
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EXAMPLES  - Median

The ages for a sample of five 

college students are:

21, 25, 19, 20, 22

Arranging the data in ascending 

order gives: 

19, 20, 21, 22, 25. 

Thus the median is 21.

The heights of four basketball 

players, in inches, are: 

76, 73, 80, 75

Arranging the data in ascending 

order gives: 

73, 75, 76, 80.  

Thus the median is 75.5
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The Mode

⚫ The mode is the value of the observation 

that appears most frequently.
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Example - Mode
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Mean, Median, Mode Using Excel

Table 2–4 in Chapter 2 shows the prices of the 80 vehicles sold last 

month at Whitner Autoplex in Raytown, Missouri. Determine the mean 

and the median selling price. 

The mean and the median selling prices are reported in the following 

Excel output. There are 80 vehicles in the study. So the calculations 

with a calculator would be tedious and prone to error.
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Mean, Median, Mode Using Excel
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The Relative Positions of the Mean, 
Median and the Mode
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The Geometric Mean

⚫ Useful in finding the average change of percentages, 

ratios, indexes, or growth rates over time.

⚫ Has a wide application in business and economics 

because we are often interested in finding the percentage 

changes in sales, salaries, or economic figures, such as 

the GDP, which compound or build on each other. 

⚫ Will always be less than or equal to the arithmetic mean. 

⚫ Defined as the nth root of the product of n values. 

⚫ The formula for the geometric mean is written:
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EXAMPLE – Geometric Mean

The return on investment earned by Atkins 

construction Company for four successive 

years was: 30 percent, 20 percent, 40 percent, 

and 200 percent. What is the geometric mean 

rate of return on investment?
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Percentiles - Example

Listed below are the commissions earned last month 
by a sample of 15 brokers at Salomon Smith 
Barney’s Oakland, California, office. Salomon Smith 
Barney is an investment company with offices 
located throughout the United States.

$2,038 $1,758 $1,721 $1,637 

$2,097 $2,047 $2,205 $1,787 

$2,287 $1,940 $2,311 $2,054 

$2,406 $1,471 $1,460

Locate the median, the first quartile, and the third 
quartile for the commissions earned.
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Percentiles – Example (cont.)

Step 1: Organize the data from lowest to largest value

$1,460 $1,471 $1,637 $1,721

$1,758 $1,787 $1,940 $2,038

$2,047 $2,054 $2,097 $2,205

$2,287 $2,311 $2,406
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⚫ The standard deviation is the most widely used 
measure of dispersion. 

⚫ Alternative ways of describing spread of data include 
determining the location of values that divide a set of 
observations into equal parts. 

⚫ These measures include quartiles, deciles, and 
percentiles.

Other Measures of Dispersion: 
Quartiles, Deciles and Percentiles
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⚫ Let Lp refer to the location of a desired percentile.  If we wanted to 
find the 33rd percentile we would use L33 and if we wanted the 
median, the 50th percentile, then L50. 

⚫ The number of observations is n. To locate the median, its 
position is at (n + 1)/2. We could write this as 

(n + 1)(P/100), where P is the desired percentile.

Percentile Computation
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Percentiles – Example (cont.)

Step 2: Compute the first and third quartiles. Locate L25 

and L75 using:
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Percentiles – Example (Minitab)
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Percentiles – Example (Excel)


