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Relative Frequency

Primary Disciplinary Field(s): Statistics; Probability Theory; Data Analysis

1. Core Definition and Context

Relative frequency, often termed empirical probability, is a fundamental statistical measure used to

quantify the occurrence rate of a specific outcome within a defined set of trials or observations.

Fundamentally, it expresses the frequency of an event as a fraction or proportion of the total

number of observations, providing insight into the likelihood of that event happening based purely

on historical data or experimental results. It serves as an estimate of the true underlying

probability of an event occurring in a theoretical sense. The concept is central to the frequentist

interpretation of probability, where probability is defined by the limiting value of the relative

frequency as the number of trials increases indefinitely.

The distinction between raw frequency and relative frequency is crucial for statistical interpretation.

While raw frequency simply enumerates the count of times an event occurred (e.g., 6 wins),

relative frequency normalizes this count by dividing it by the total size of the sample or population

(e.g., 6 wins out of 10 games, resulting in 0.6). This normalization allows for meaningful

comparisons across different sample sizes, making relative frequency a vital tool in descriptive

statistics and inferential statistics alike. If a sports team wins 6 out of 10 games, their raw

frequency of winning is 6; however, stating the relative frequency as 60% (or 0.6) immediately

contextualizes their performance against the entirety of the season played.

Mathematically, the relative frequency of an event E is calculated by dividing the number of times

the event occurred, denoted N(E), by the total number of observations or trials conducted, denoted

N(T). This simple calculation yields a value that must always fall between 0 and 1 (inclusive). A

relative frequency of 0 indicates the event never occurred in the observed sample, while a relative

frequency of 1 indicates the event occurred in every trial. Because it is derived directly from

empirical observation, relative frequency is essential for constructing empirical distributions and

histograms in data visualization and analysis.

2. Calculation and Formula

The calculation of relative frequency is straightforward but forms the basis of many complex

statistical analyses. For any given event, the formula is defined as:

Relative Frequency (RF) = (Frequency of Event) / (Total Number of Observations)

If we consider a finite sample space $S$ and an event $E$, let $n_E$ be the count of occurrences

of $E$, and $n_T$ be the total number of observations. Then, the relative frequency is $RF(E) =
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n_E / n_T$. This ratio is often multiplied by 100 to express the result as a percentage, which can

aid in readability and interpretation, especially when communicating results to non-specialists.

Consider an extensive example involving polling data. If a survey asks 500 voters about their

preferred candidate, Candidate A, and 210 respondents choose Candidate A, the raw frequency is

210. The total number of observations is 500. The relative frequency is calculated as $210 / 500 =

0.42$. This indicates that 42% of the sampled population preferred Candidate A. Furthermore, the

calculation of relative frequency tables, which list the relative frequencies for all possible outcomes

in the sample space, allows statisticians to quickly characterize the distribution of categorical or

grouped numerical data. This tabular presentation is fundamental in visualizing how observations

are distributed across different categories.

The precision of the calculated relative frequency depends directly on the sample size. As

mandated by the Law of Large Numbers, as the total number of observations ($n_T$) increases,

the calculated relative frequency tends to converge toward the true, theoretical probability of the

event. This convergence principle solidifies the role of relative frequency as a robust estimator of

probability in real-world experimentation and data gathering.

3. Relationship to Theoretical Probability

While relative frequency is inherently derived from observed data (making it an empirical measure),

it maintains a critical relationship with theoretical probability, which is derived from mathematical

principles and logical deduction about the nature of events (e.g., assuming a fair coin has a

theoretical probability of 0.5 for heads). Relative frequency is often used to approximate or test the

theoretical probability in practical settings.

In classical probability theory, the probability of an event occurring is often defined a priori based

on the ratio of favorable outcomes to the total number of equally likely outcomes. For instance,

rolling a standard six-sided die has a theoretical probability of 1/6 for any single face. However, if a

person rolls the die 100 times, the observed relative frequency for rolling a '3' might be 15/100

(0.15), which is slightly different from the theoretical value (0.1667). The frequentist school of

thought posits that the true probability is the limit of the relative frequency as the number of trials

approaches infinity.

This interplay between the empirical and the theoretical highlights when relative frequency is most

useful. If the underlying process is unknown or too complex for theoretical calculation (such as

predicting rainfall or stock market movement), relative frequency derived from large historical

datasets provides the only practical estimate of probability. Conversely, if the theoretical probability

is known (as in controlled experiments or simple games of chance), the calculated relative

frequency serves as a crucial check for randomness, fairness, or the presence of bias in the

physical process generating the data. Significant deviation between the relative frequency and the
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theoretical probability often prompts investigation into experimental error or systematic bias.

4. Key Characteristics and Properties

Relative frequencies possess several inherent properties that make them valuable statistical tools,

primarily stemming from their nature as normalized counts. These properties ensure consistency

and mathematical tractability when used in probability distributions.

Boundedness: The relative frequency of any event $E$, denoted $RF(E)$, must always satisfy $0

le RF(E) le 1$. It cannot be negative, nor can it exceed 1 (or 100%), as the number of successful

outcomes can never be less than zero or greater than the total number of trials.

Summation to Unity: If a set of outcomes $E_1, E_2, dots, E_k$ represents the entire sample

space (i.e., they are mutually exclusive and exhaustive), the sum of their individual relative

frequencies must equal 1. This property mirrors the axiom of probability stating that the sum of

probabilities of all possible outcomes must be 1. This characteristic is particularly important in

constructing probability distributions.

Additivity for Disjoint Events: For two mutually exclusive (disjoint) events $A$ and $B$, the

relative frequency of $A$ or $B$ occurring is the sum of their individual relative frequencies: $RF(A

cup B) = RF(A) + RF(B)$. This additive property allows for the calculation of complex probabilities

by aggregating simpler, observed frequencies.

Consistency and Estimation: As the sample size increases, relative frequency acts as a

consistent and unbiased estimator of the true population probability, reinforcing its utility in

inferential statistics, especially when attempting to generalize findings from a sample to a larger

population.

These properties solidify relative frequency as a measure that adheres to the fundamental axioms

of probability, allowing statistical conclusions drawn from empirical data to align seamlessly with

established theoretical frameworks. The robust mathematical foundation ensures that analyses

based on relative frequency are reliable, provided the sampling methodology is sound.

5. Applications in Data Analysis and Inference

Relative frequency is not merely a descriptive statistic; it is a foundational element used across

numerous statistical applications, driving both data visualization and complex inferential tests.

5.1 Descriptive Statistics and Visualization

In descriptive statistics, relative frequency is essential for creating frequency distributions,

particularly for categorical data or binned numerical data. When relative frequencies are plotted

against the categories or bins, the result is a relative frequency histogram or distribution curve.

Unlike simple frequency histograms, which can be misleading if sample sizes vary greatly, relative

ARABPSYCHOLOGY.C
OM

https://scales.arabpsychology.com/?p=34630
https://scales.arabpsychology.com
https://scales.arabpsychology.com


Relative Frequency 5

PSYCHOLOGICAL SCALES scales.arabpsychology.com

frequency plots provide a normalized view of the data distribution, allowing analysts to compare the

shape and central tendency of different datasets regardless of their total size. This normalization is

crucial in quality control, market research, and demographic analysis.

5.2 Inferential Statistics and Hypothesis Testing

In inferential statistics, relative frequency forms the basis for estimating population parameters. For

example, in a binomial distribution context, the observed relative frequency of success is used as

the point estimate for the population proportion ($p$). Furthermore, relative frequencies are utilized

extensively in non-parametric tests, such as the chi-squared test for independence, where the

observed relative frequencies across different categories are compared against expected relative

frequencies derived from a null hypothesis. Significant discrepancies between observed and

expected relative frequencies lead to the rejection of the null hypothesis, indicating that observed

relationships are likely not due to random chance.

6. Limitations and Potential Biases

While relative frequency is a powerful and intuitive measure, its reliance on observed data

introduces certain limitations and potential sources of bias that statisticians must carefully manage.

The primary limitation stems from the inherent uncertainty associated with finite sampling. When

the sample size ($n_T$) is small, the calculated relative frequency may fluctuate widely and often

poorly approximates the true underlying probability. For example, if a team plays only two games

and wins one, the relative frequency of winning is 0.5. This result is highly volatile and cannot

reliably predict future performance across a full season. As the sample size grows, the fluctuations

decrease, but relying on relative frequency from small datasets can lead to erroneous conclusions.

Furthermore, relative frequency estimates are highly susceptible to sampling bias. If the process of

observation or data collection is flawed, the resulting relative frequency will not be representative of

the true population or process. For instance, if a survey aiming to gauge national opinion is

conducted only in wealthy urban areas, the calculated relative frequency of specific political views

will be skewed, reflecting only the biased sample rather than the target population. Addressing

these biases requires rigorous adherence to proper sampling techniques, such as random

sampling or stratified sampling, to ensure the observed frequencies accurately reflect the system

under study.

Finally, relative frequency does not inherently provide information about the long-term risk or

variance associated with the event, only its observed likelihood within the studied period. While it

estimates the probability, it does not provide confidence intervals or margins of error without further

statistical calculation. Therefore, presenting relative frequency often requires supplemental

statistics (like standard error or confidence intervals) to convey the reliability and precision of the
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estimate.
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