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Primary Disciplinary Field(s): Statistics, Research Methods, Social Sciences, Data Science,
Psychometrics

1. Core Definition

An ordinal variable is a type of categorical variable where the categories have a natural,

meaningful order or rank, but the differences between these categories are not necessarily equal
or quantifiable. This characteristic places ordinal variables beyond nominal variables, which merely
classify data without any intrinsic order, but below interval or ratio variables, which possess
guantitative differences between their values. The fundamental aspect of an ordinal variable is that
while one category can be unequivocally stated as "greater than" or "better than" another, the
magnitude of this difference remains undefined or inconsistent across the scale. For instance, in a
satisfaction survey, "very satisfied" is clearly superior to "somewhat satisfied,” but the
psychological distance between these two levels cannot be assumed to be identical to the distance
between "somewhat satisfied" and "not at all satisfied."

The categories of an ordinal variable are often represented by numerical labels, such as 1, 2, 3,
and 4, as seen in many survey scales. However, it is crucial to understand that these numbers
serve purely as arbitrary placeholders to denote rank and order, rather than possessing true
mathematical properties like those found in interval or ratio scales. Therefore, performing
arithmetic operations such as addition, subtraction, multiplication, or division on these numerical
labels is generally inappropriate and can lead to misleading interpretations. The core information
conveyed by an ordinal variable is the sequence or hierarchy of its categories, allowing for
comparisons of relative position but not of absolute magnitude or proportionality. This nuanced
distinction is central to understanding how ordinal data should be collected, analyzed, and
interpreted in various research contexts.

The concept of an ordinal variable is foundational in statistics and research methodology, as it
influences the choice of appropriate statistical tests and the validity of conclusions drawn from
data. Researchers frequently encounter ordinal data when dealing with subjective measurements,
attitudes, perceptions, or classifications that inherently possess a continuum of intensity or quality.
Recognizing the specific nature of ordinal data ensures that researchers apply methods that
respect its inherent limitations while still extracting valuable insights from ordered categorical
information. This understanding prevents common pitfalls such as misinterpreting the average of
ordinal ranks as a meaningful measure or applying parametric tests that assume equal intervals
between data points.
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2. Characteristics of Ordinal Data

Ordered Categories: The most defining characteristic of an ordinal variable is that its categories
can be logically ranked or ordered. There is a clear progression from one category to the next,
indicating a greater or lesser degree of the attribute being measured. For example, educational
attainment levels (e.g., high school, bachelor's degree, master's degree, doctorate) inherently
follow a sequence of increasing academic qualification. Similarly, socio-economic status categories
(e.g., low, middle, high income) imply a hierarchical arrangement based on economic standing.
This inherent order allows for comparisons such as "A is better than B" or "X is higher than Y,"
providing more information than purely nominal categories.

Unequal or Undefined Intervals: While the categories are ordered, the distances or intervals
between consecutive categories are not equal, known, or meaningful in a quantitative sense. Using
the example of job satisfaction ratings (not at all satisfied, slightly satisfied, mostly satisfied,
completely satisfied), the psychological jump from "not at all" to "slightly" satisfied might be
subjectively different from the jump from "mostly" to "completely" satisfied. There is no
standardized unit of satisfaction that consistently separates each level. This makes it impossible to
say that "mostly satisfied" is exactly twice as satisfied as "slightly satisfied," even if they are
numerically represented as 3 and 2. This lack of a constant interval is what fundamentally
distinguishes ordinal data from interval data.

Arbitrary Numerical Representation: When numerical labels are assigned to ordinal categories,
these numbers are arbitrary and merely serve as convenient placeholders for ranking. For
instance, a pain scale might use 1 for "mild pain," 2 for "moderate pain," and 3 for "severe pain."
Changing these to 10, 20, and 30 would still convey the same order without altering the underlying
data's meaning. The actual values of the numbers themselves do not carry quantitative
significance beyond their role in establishing rank. Consequently, arithmetic operations like
averaging these numerical labels typically yield results that are difficult to interpret meaningfully, as
they assume an interval-level measurement that ordinal data does not possess.

Rank-Based Information: Ordinal variables primarily convey information about relative position or
rank. They allow researchers to understand the order of preferences, priorities, or levels of an
attribute within a dataset. This is particularly valuable in fields like market research, where
consumer preferences might be ranked, or in medical research, where disease stages are
classified in a hierarchical manner. Although they do not provide information about the exact
maghnitude of differences, the ability to rank and compare categories is a significant improvement
over nominal variables and offers crucial insights into patterns and trends within ordered data.

3. Etymology and Historical Development

The systematic classification of variables into different "scales of measurement" is largely
attributed to the American psychologist Stanley Smith Stevens. In his seminal 1946 article, "On the

Theory of Scales of Measurement," published in Science, Stevens proposed a hierarchy of four
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levels of measurement: nominal, ordinal, interval, and ratio. This framework revolutionized how
researchers conceptualized data and determined appropriate statistical analyses. Prior to Stevens'
work, the distinctions between different types of data were often less formalized, leading to
potential misapplication of statistical methods.

Stevens' contribution was born from the need to clarify the relationship between the empirical world
(the phenomena being measured) and the mathematical properties of the numbers used to
represent those phenomena. He argued that the type of scale used to measure a variable dictates
which mathematical operations are meaningful and, by extension, which statistical tests are valid.
The ordinal scale, as defined by Stevens, provided a crucial intermediate category, recognizing
that many psychological and social constructs could be ordered, even if the intervals between
those orders were not precisely quantifiable. This insight was particularly impactful for the social
sciences, where many variables, such as attitudes, opinions, and socio-economic status, inherently
exhibit ordinal properties.

Since Stevens' initial proposal, his taxonomy of measurement scales has become a cornerstone of
statistical education and research methodology across various disciplines. While there have been
debates and refinements over the years regarding the strictness of applying these scales to
statistical tests (particularly concerning the use of parametric tests on ordinal data), the
fundamental distinction of an ordinal variable--its ordered categories with undefined intervals--
remains universally accepted. The framework continues to guide researchers in making informed
decisions about data collection, variable coding, and the selection of appropriate analytical
techniques, ensuring greater rigor and validity in empirical studies.

4. Comparison with Other Scales of Measurement

To fully grasp the nature of an ordinal variable, it is essential to understand how it contrasts with
the other levels of measurement within Stevens' typology: nominal, interval, and ratio scales.

First, an ordinal variable provides more information than a nominal variable. Nominal variables

categorize data without any inherent order or ranking. Examples include gender (male, female,
non-binary), eye color (blue, brown, green), or religious affiliation (Christian, Muslim, Buddhist,
Agnostic). While both nominal and ordinal variables are categorical, the key distinction is the
absence of an ordered sequence in nominal data. You cannot say that "male" is inherently
"greater” than "female" in the same way you can say "highly satisfied" is "greater” than "moderately
satisfied." This absence of order means that nominal data can only be analyzed using frequency
counts, proportions, and non-parametric tests designed for categories without rank.

Conversely, an ordinal variable provides less quantitative information than an interval variable.

Interval variables have ordered categories with equal, meaningful intervals between successive
points on the scale, but they lack a true absolute zero point. Temperature measured in Celsius or
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Fahrenheit is a classic example: the difference between 20°C and 30°C is the same as the
difference between 30°C and 40°C (equal intervals), but 0°C does not represent the complete
absence of temperature, nor is 20°C twice as hot as 10°C. With interval data, arithmetic operations
like addition and subtraction are meaningful, allowing for the calculation of means and standard
deviations, which are generally inappropriate for ordinal data due to its unequal intervals.

Finally, an ordinal variable differs significantly from a ratio variable, which represents the highest
level of measurement. Ratio variables possess all the properties of interval variables--ordered
categories, equal intervals--and, crucially, they also have a true, meaningful absolute zero point,
indicating the complete absence of the measured attribute. Examples include height, weight,
income, or the number of children. With a true zero, ratio variables allow for all arithmetic
operations, including multiplication and division, making it meaningful to say that 10 kilograms is
twice as heavy as 5 kilograms. The lack of equal intervals and a true zero point in ordinal data
means that ratio comparisons are entirely invalid, further underscoring the limitations of treating
ordinal data as if it were higher-level quantitative data.

5. Applications and Examples

Ordinal variables are ubiquitous in various research fields, particularly within the social sciences,
health sciences, and market research, where subjective experiences, preferences, and attitudes
are frequently measured. Their ability to capture graded responses makes them invaluable for
understanding nuances that nominal variables cannot convey. One of the most common
applications is in survey research, where Likert scales are widely used. A typical Likert scale asks
respondents to rate their agreement with a statement using categories such as "Strongly
Disagree," "Disagree," "Neutral," "Agree," and "Strongly Agree." This ordered set of responses
clearly demonstrates an ordinal variable, as agreement levels are ranked, but the exact difference
in "agreement" between "Disagree" and "Neutral" is not quantifiable as a fixed unit.

Beyond attitudinal scales, ordinal variables are prevalent in many other contexts. In the health
sector, pain scales (e.g., mild, moderate, severe), disease staging (e.g., Stage |, Stage Il, Stage IlI
cancer), or functional ability ratings (e.g., completely independent, needs some assistance, fully
dependent) are all examples of ordinal data. These classifications provide crucial information about
the progression or severity of a condition, guiding treatment decisions without necessarily implying
that the progression from Stage | to Stage Il is quantitatively identical to the progression from
Stage Il to Stage Il in terms of objective biological change. Similarly, in education, student

performance might be categorized as "Fail," "Pass," "Merit," or "Distinction," representing an

ordered hierarchy of achievement.

Further examples include customer satisfaction ratings (e.g., 1-star to 5-star reviews, as mentioned
in the source content), where a 4-star rating is better than a 2-star rating but not necessarily twice
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as good. Socioeconomic status, often categorized into "low," "middle,” and "high" classes, also
constitutes an ordinal variable, providing a ranking of social standing without specifying the precise
monetary or resource difference between each class. These diverse applications highlight the
practical importance of ordinal variables in capturing complex social and biological phenomena
where precise quantification of intervals is either impossible or irrelevant, yet the order of
categories holds significant meaning for interpretation and decision-making.

6. Measurement and Statistical Analysis

The unique properties of ordinal variables dictate the appropriate statistical methods for their
analysis, primarily focusing on rank-based or non-parametric approaches. When summarizing
ordinal data, descriptive statistics that rely on order are most suitable. The mode, which represents
the most frequently occurring category, is always appropriate for ordinal data, as it simply identifies
the category with the highest count. The median is also highly suitable for ordinal data, as it
identifies the central value in an ordered dataset, effectively dividing the data into two halves. For
example, if respondents rate their political ideology on a 5-point scale from "very liberal" to "very
conservative," the median would indicate the ideology of the 'middle' respondent. However, the
arithmetic mean (average) is generally inappropriate for ordinal data because it assumes equal

intervals between categories, which is a property that ordinal scales inherently lack. Calculating a
mean for ordinal data can produce a value that falls between categories, lacking clear
interpretability, and misleadingly suggesting a quantitative midpoint that does not truly exist.

For inferential statistics, which aim to draw conclusions about a population based on a sample,
non-parametric tests are the preferred choice for ordinal variables. These tests do not assume a

specific distribution for the data or require equal intervals between categories. Common non-
parametric tests include: the Mann-Whitney U test (for comparing two independent groups on an

ordinal variable), the Wilcoxon signed-rank test (for comparing two related groups on an ordinal

variable), and the Kruskal-Wallis H test (for comparing three or more independent groups). For

examining the association between two ordinal variables, Spearman's rank correlation coefficient
(rho) is commonly used, as it measures the strength and direction of a monotonic relationship
between the ranks of two variables, rather than their raw values.

More advanced statistical techniques, such as ordinal regression (also known as ordered logit or

ordered probit models), are specifically designed to model the relationship between an ordinal
dependent variable and one or more independent variables. These models are particularly useful
when researchers want to predict or explain the likelihood of an outcome falling into one category
versus another, given the ordered nature of the dependent variable. While the strict adherence to
non-parametric methods is often recommended, there are ongoing debates, particularly in social
science, about the robustness of parametric tests (like ANOVA) when applied to ordinal data,
especially if the number of categories is large and the underlying distribution is approximately
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normal. However, the conservative and statistically sound approach generally favors methods that
align with the true measurement level of ordinal data.

7. Debates and Criticisms

Despite the clear theoretical distinctions laid out by Stevens, the practical application and statistical
analysis of ordinal variables have been subjects of considerable debate among statisticians and
researchers. A primary point of contention revolves around the practice of treating ordinal data,
particularly from Likert scales, as if it were interval data. Many researchers, especially in disciplines
like psychology and education, routinely calculate means, standard deviations, and employ
parametric tests such as t-tests and ANOVA on aggregated Likert-scale data. The argument often
made for this practice is that if an ordinal scale has a sufficient number of categories (e.g., five or
more), and if the distribution of responses approximates normality, the results obtained from
parametric tests are robust enough to provide meaningful insights, even if the strict assumption of
equal intervals is violated.

Critics, however, contend that this approach is fundamentally flawed and can lead to misleading
conclusions. They emphasize that averaging ordinal ranks lacks true interpretability, as the
numerical distance between "agree" and "strongly agree" is not guaranteed to be equivalent to any
other two adjacent points on the scale. For instance, an average of 3.5 on a 1-5 Likert scale might
represent a point between "neutral" and "agree," but this numerical average does not correspond
to a tangible, measurable quantity of agreement. Furthermore, the violation of the equal-interval
assumption can affect the power and Type | error rates of parametric tests, potentially leading to
incorrect inferences about population parameters. These critics strongly advocate for the
consistent use of non-parametric methods, which are specifically designed for ranked data and do
not impose the assumption of equal intervals, thereby ensuring greater statistical validity.

Another area of discussion involves the interpretation of "interval" versus "ordinal" in ambiguous
cases. Some argue that certain ordinal scales, particularly those with a large number of categories
or those carefully constructed through psychometric methods, might approximate interval
properties closely enough for practical purposes. However, without empirical evidence or
theoretical justification for equal intervals, assuming interval-level measurement remains a strong
methodological assumption. The debate highlights the tension between theoretical rigor and
practical expediency in research. While the most conservative approach is to always treat ordinal
data as such, researchers must weigh the implications of their choices, understanding the potential
trade-offs between statistical power, interpretability, and adherence to measurement scale
assumptions. This ongoing discourse underscores the importance of careful consideration of
variable types in all stages of research design and analysis.

PSYCHOLOGICAL SCALES scales.arabpsychology.com



https://en.wikipedia.org/wiki/Likert_scale
https://scales.arabpsychology.com/?p=33443
https://scales.arabpsychology.com
https://scales.arabpsychology.com

Ordinal Variable

8. Advantages and Limitations

Ordinal variables offer distinct advantages in research, particularly in fields where precise
guantitative measurement is difficult or impossible. One significant advantage is their utility in
capturing subjective experiences, attitudes, and perceptions, which are often best expressed along
a continuum of ordered categories. Surveys and questionnaires, for instance, heavily rely on
ordinal scales (like Likert scales or satisfaction ratings) to gather nuanced data that is more
informative than simple yes/no responses but does not demand the precision of interval or ratio
data. This ease of data collection and the ability to represent complex psychological constructs in
an ordered manner make ordinal variables an indispensable tool for researchers exploring human
behavior, opinions, and preferences.

Furthermore, ordinal variables provide more information than nominal variables, allowing for rank-
based comparisons and the identification of trends or hierarchies within a dataset. This added layer
of detail enables researchers to establish relative positions, such as identifying a preferred option
or a higher level of agreement, which can be crucial for decision-making in various contexts, from
policy formulation to product development. Their flexibility means they can be adapted to a wide
range of phenomena where a clear sense of "more" or "less" exists, even if the exact magnitude of
difference cannot be ascertained, thereby extending the scope of what can be systematically
studied.

Despite these advantages, ordinal variables come with inherent limitations that must be
acknowledged during analysis and interpretation. The most critical limitation stems from the lack of
equal intervals between categories, which restricts the types of mathematical operations and
statistical tests that can be appropriately applied. As discussed, calculating means or using
parametric tests designed for interval/ratio data can lead to misinterpretations and invalid
conclusions. This constraint often means that researchers must resort to less powerful non-
parametric statistical methods, which, while appropriate, might not detect subtle effects or
relationships that could be uncovered with higher-level data.

Another limitation is the difficulty in precisely interpreting the "distance" or "magnitude" of
differences between categories. While we know that "very good" is better than "good,” we cannot
qguantify by how much. This lack of precise quantification can sometimes hinder the depth of
analysis, making it challenging to draw conclusions about the intensity or strength of a particular
attribute beyond its relative rank. Moreover, combining or transforming ordinal data can be
complex without making strong assumptions about the underlying distribution or the nature of the
intervals. Researchers must therefore carefully consider these limitations when designing studies
involving ordinal variables, ensuring that their chosen analytical methods are consistent with the
true measurement properties of their data to maintain scientific rigor and avoid erroneous
conclusions.
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