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LO1-5
Distinguish between nominal, ordinal, interval, and ratio levels of
measurement.

LEVELS OF MEASUREMENT
Data can be classified according to levels of measurement. The level of measurement determines
how data should be summarized and presented. It also will indicate the type of statistical analysis
that can be performed. Here are two examples of the relationship between measurement and how
we apply statistics. There are six colors of candies in a bag of M&Ms. Suppose we assign brown a
value of 1, yellow 2, blue 3, orange 4, green 5, and red 6. What kind of variable is the color of an
M&M? It is a qualitative variable. Suppose someone summarizes M&M color by adding the
assigned color values, divides the sum by the number of M&Ms, and reports that the mean color is
3.56. How do we interpret this statistic? You are correct in concluding that it has no meaning as a
measure of M&M color. As a qualitative variable, we can only report the count and percentage of
each color in a bag of M&Ms. As a second example, in a high school track meet there are eight
competitors in the 400-meter run. We report the order of finish and that the mean finish is 4.5.
What does the mean finish tell us? Nothing! In both of these instances, we have not used the
appropriate statistics for the level of measurement.
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There are four levels of measurement: nominal, ordinal, interval, and ratio. The lowest, or the
most primitive, measurement is the nominal level. The highest is the ratio level of measurement.

Nominal-Level Data
For the nominal level of measurement, observations of a qualitative variable are measured and
recorded as labels or names. The labels or names can only be classified and counted. There is no
particular order to the labels.

NOMINAL LEVEL OF MEASUREMENT Data recorded at the nominal level of
measurement is represented as labels or names. They have no order. They can only be
classified and counted.
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colors of M&M milk chocolate candies is an example of the nominal level of
measurement. We simply classify the candies by color. There is no natural order. That
is, we could report the brown candies first, the orange first, or any of the other colors
first. Recording the variable gender is another example of the nominal level of measurement.
Suppose we count the number of students entering a football game with a student ID and report
how many are men and how many are women. We could report either the men or the women first.
For the data measured at the nominal level, we are limited to counting the number in each
category of the variable. Often, we convert these counts to percentages. For example, a random
sample of M&M candies reports the following percentages for each color:

To process the data for a variable measured at the nominal level, we often numerically code the
labels or names. For example, if we are interested in measuring the home state for students at
East Carolina University, we would assign a student’s home state of Alabama a code of 1, Alaska
a code of 2, Arizona a 3, and so on. Using this procedure with an alphabetical listing of states,
Wisconsin is coded 49 and Wyoming 50. Realize that the number assigned to each state is still a
label or name. The reason we assign numerical codes is to facilitate counting the number of
students from each state with statistical software. Note that assigning numbers to the states does
not give us license to manipulate the codes as numerical information. Specifically, in this example,
1 + 2 = 3 corresponds to Alabama + Alaska = Arizona. Clearly, the nominal level of measurement
does not permit any mathematical operation that has any valid interpretation.

Ordinal-Level Data
The next higher level of measurement is the ordinal level. For this level of measurement a
qualitative variable or attribute is either ranked or rated on a relative scale.

ORDINAL LEVEL OF MEASUREMENT Data recorded at the ordinal level of
measurement is based on a relative ranking or rating of items based on a defined
attribute or qualitative variable. Variables based on this level of measurement are only
ranked or counted.
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For example, many businesses make decisions about where to locate their facilities; in other
words, where is the best place for their business? Business Facilities
(www.businessfacilities.com) publishes a list of the top 10 states for the “best business climate.”
The 2016 rankings are shown to the left. They are based on the evaluation of many different
factors, including the cost of labor, business tax climate, quality of life, transportation infrastructure,
educated workforce, and economic growth potential. 

This is an example of an ordinal scale because the states are ranked in order of best to worst
business climate. That is, we know the relative order of the states based on the attribute. For
example,

http://www.businessfacilities.com/
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in 2016 Florida had the best business climate and Utah was second. Indiana was
fifth, and that was better than Tennessee but not as good as Georgia. Notice we
cannot say that Floridaʼs business climate is five times better than Indianaʼs business
climate because the magnitude of the differences between the states is not known. To put it
another way, we do not know if the magnitude of the difference between Louisiana and Utah is the
same as between Texas and Georgia.

Another example of the ordinal level measure is based on a scale that measures an attribute.
This type of scale is used when students rate instructors on a variety of attributes. One attribute
may be: “Overall, how do you rate the quality of instruction in this class?” A student’s response is
recorded on a relative scale of inferior, poor, good, excellent, and superior. An important
characteristic of using a relative measurement scale is that we cannot distinguish the magnitude of
the differences between groups. We do not know if the difference between “Superior” and “Good”
is the same as the difference between “Poor” and “Inferior.”

Table 1–1 lists the frequencies of 60 student ratings of instructional quality for Professor James
Brunner in an Introduction to Finance course. The data are summarized based on the order of the
scale used to rate the instructor. That is, they are summarized by the number of students who
indicated a rating of superior (6), good (26), and so on. We also can convert the frequencies to
percentages. About 43.3% (26/60) of the students rated the instructor as good.

TABLE 1–1 Rating of a Finance Professor

Interval-Level Data
The interval level of measurement is the next highest level. It includes all the characteristics of
the ordinal level, but, in addition, the difference or interval between values is meaningful.

INTERVAL LEVEL OF MEASUREMENT For data recorded at the interval level of
measurement, the interval or the distance between values is meaningful. The interval
level of measurement is based on a scale with a known unit of measurement.

The Fahrenheit temperature scale is an example of the interval level of measurement. Suppose
the high temperatures on three consecutive winter days in Boston are 28, 31, and 20 degrees
Fahrenheit. These temperatures can be easily ranked, but we can also determine the interval or
distance between temperatures. This is possible because 1 degree Fahrenheit represents a

https://jigsaw.vitalsource.com/books/9781259924163/epub/OPS/s9ml/backmatter/glossary.xhtml#gls54


8/16/18, 2(23 PM

Page 10 of 19

constant unit of measurement. That is, the distance between 10 and 15 degrees Fahrenheit is 5
degrees, and is the same as the 5-degree distance between 50 and 55 degrees Fahrenheit. It is
also important to note that 0 is just a point on the scale. It does not represent the absence of the
condition. The measurement of zero degrees Fahrenheit does not represent the absence of heat
or cold. But by our own measurement scale, it is cold! A major limitation of a variable measured at
the interval level is that we cannot make statements similar to 20 degrees Fahrenheit is twice as
warm as 10 degrees Fahrenheit.

Another example of the interval scale
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of measurement is women’s dress sizes. Listed below is information on several
dimensions of a standard U.S. woman’s dress.

Why is the “size” scale an interval measurement? Observe that as the size changes by two
units (say from size 10 to size 12 or from size 24 to size 26), each of the measurements increases
by 2 inches. To put it another way, the intervals are the same.

There is no natural zero point for dress size. A “size 0” dress does not have “zero” material.
Instead, it would have a 24-inch bust, 16-inch waist, and 27-inch hips. Moreover, the ratios are not
reasonable. If you divide a size 28 by a size 14, you do not get the same answer as dividing a size
20 by a size 10. Neither ratio is equal to two, as the “size” number would suggest. In short, if the
distances between the numbers make sense, but the ratios do not, then you have an interval scale
of measurement.

Ratio-Level Data
Almost all quantitative variables are recorded on the ratio level of measurement. The ratio level
is the “highest” level of measurement. It has all the characteristics of the interval level, but, in
addition, the 0 point and the ratio between two numbers are both meaningful.

RATIO LEVEL OF MEASUREMENT Data recorded at the ratio level of measurement
are based on a scale with a known unit of measurement and a meaningful interpretation
of zero on the scale.

Examples of the ratio scale of measurement include wages, units of production, weight,
changes in stock prices, distance between branch offices, and height. Money is also a good
illustration. If you have zero dollars, then you have no money, and a wage of $50 per hour is two
times the wage of $25 per hour. Weight also is measured at the ratio level of measurement. If a
scale is correctly calibrated, then it will read 0 when nothing is on the scale. Further, something
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that weighs 1 pound is half as heavy as something that weighs 2 pounds.
Table 1–2 illustrates the ratio scale of measurement for the variable, annual income for four

father-and-son combinations. Observe that the senior Lahey earns twice as much as his son. In
the Rho family, the son makes twice as much as the father.

TABLE 1–2 Father–Son Income Combinations

Chart 1–3 summarizes the major characteristics
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of the various levels of measurement. The level of measurement will determine
the type of statistical methods that can be used to analyze a variable. Statistical
methods to analyze variables measured on a nominal level are discussed in Chapter
15; methods for ordinal-level variables are discussed in Chapter 16. Statistical methods to analyze
variables measured on an interval or ratio level are presented in Chapters 9 through 14.

CHART 1–3 Summary and Examples of the Characteristics for Levels of Measurement
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