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The concept of the percentile is a cornerstone of descriptive statistics, offering a powerful and

intuitive method for understanding the relative position and distribution of data points within any

large dataset. Precisely defined, the nth percentile represents the value below which n percent of

the observations fall. Crucially, calculating this metric requires the dataset to be sorted sequentially

from the minimum (lowest magnitude) to the maximum (highest magnitude) value.

Consider, for example, a large sample of standardized test scores. The 90th percentile is the

specific threshold score that separates the bottom 90% of test takers from the top 10%. This

statistical measure is invaluable across various fields for analyzing large populations, including

academic performance, income distribution, or anthropometric data. A particularly important

percentile is the 50th percentile, which is mathematically identical to the median--the central point

where exactly half (50%) of the data values lie below it and the other half lie above it.

Mastering the calculation of percentiles within the R statistical programming environment is an

essential skill for researchers and data analysts. R provides the tools necessary to efficiently

address sophisticated questions concerning data distribution, variability, and relative performance.

Percentile analysis provides definitive answers to practical inquiries, such as:

Determining Performance Benchmarks: Analysts often need to find the precise score required

for a student to be classified within the top 10% of test takers. This is solved by calculating the 90th

percentile of all scores--the crucial boundary separating the lowest 90% of results from the elite top

10%.

Identifying Central Variability: To understand the typical range of a variable, such as the heights

of students, we can determine the middle 50% of the data. This involves identifying the 75th

percentile (the upper quartile) and the 25th percentile (the lower quartile) of the height data,

thereby establishing the interquartile range (IQR).

How to Calculate Percentiles in R

Calculating Percentiles Using the quantile() Function

Within R, the process of calculating percentiles is both straightforward and highly efficient, relying

primarily on the powerful built-in function, quantile(). This command serves as the fundamental

tool for deriving sample quantiles associated with specific probability thresholds. Its core syntax is

designed for maximum flexibility, enabling users to precisely define and calculate any desired set

of percentiles.

quantile(x, probs = seq(0, 1, 0.25))

The quantile() function is controlled by two essential arguments that dictate its execution and

resulting output. A firm understanding of these parameters is crucial for accurate implementation in
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statistical analysis:

x: This required argument must be a numeric vector or a column extracted from a dataset. It is the

data structure containing the numerical observations for which the percentiles are to be calculated.

probs: This critical numeric vector specifies the probabilities (or quantiles) of interest. These

values must strictly fall between 0 and 1, inclusive (i.e., ), where 0 corresponds to the 0th

percentile and 1 corresponds to the 100th percentile. If this argument is omitted, R automatically

defaults to calculating the standard quartiles (0%, 25%, 50%, 75%, and 100%).

Finding Percentiles of a Numeric Vector

To fully grasp the capabilities of the quantile() function, we begin by applying it to a basic,

generated numeric vector. The R code snippet below details how to create a vector comprising 100

values randomly distributed between 0 and 500. Following data generation, the examples show

how to calculate several types of percentiles, ranging from common benchmarks like quartiles and

deciles, to highly customized percentile values based on specific analytical requirements.

#create vector of 100 random values uniformly distributed between 0 and 500

data <- runif(100, 0, 500)

#Find the quartiles (25th, 50th, and 75th percentiles) of the vector

quantile(data, probs = c(.25, .5, .75))

# 25% 50% 75%

# 97.78961 225.07593 356.47943

#Find the deciles (10th, 20th, 30th, ..., 90th percentiles) of the vector

quantile(data, probs = seq(.1, .9, by = .1))

# 10% 20% 30% 40% 50% 60% 70% 80%

# 45.92510 87.16659 129.49574 178.27989 225.07593 300.79690 337.84393 386.36108

# 90%

#423.28070

#Find the 37th, 53rd, and 87th percentiles

quantile(data, probs = c(.37, .53, .87))

# 37% 53% 87%

#159.9561 239.8420 418.4787
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Finding Percentiles of a Data Frame Column

In practical data science applications, empirical data is almost universally organized using the data

frame structure, where columns correspond to distinct variables. To compute percentiles for a

single variable within this structure, R provides the convenient $ operator to target the specific

column required. For demonstration, we will employ R's well-known built-in dataset, iris, which

catalogs four physical measurements (sepal and petal dimensions) across three distinct species of

iris flowers.

#view first six rows of iris dataset

head(iris)

Sepal.Length Sepal.Width Petal.Length Petal.Width Species

1 5.1 3.5 1.4 0.2 setosa

2 4.9 3.0 1.4 0.2 setosa

3 4.7 3.2 1.3 0.2 setosa

4 4.6 3.1 1.5 0.2 setosa

5 5.0 3.6 1.4 0.2 setosa

6 5.4 3.9 1.7 0.4 setosa

The objective of the next example is to isolate and calculate the 90th percentile specifically for the

Sepal.Length variable. By supplying iris$Sepal.Length as the input data (the x argument) to the

quantile() function and setting the probability argument probs = 0.9, R efficiently returns the

value below which 90% of all recorded sepal length measurements are situated.

quantile(iris$Sepal.Length, probs = 0.9)

#90%

#6.9

Finding Percentiles of Several Data Frame Columns Simultaneously

Analysts frequently encounter scenarios where they must compute the same specific percentile

across several numerical columns within a single data frame. Although iterating through each

column manually with quantile() is feasible, it is highly inefficient for large-scale analysis. A

significantly more robust and elegant approach involves utilizing R's powerful family of iteration

tools, particularly the apply() function. The apply() function is perfectly suited for systematically

applying a defined function--in this instance, the quantile() function--across the margins (either

rows or columns) of an array or matrix.
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The following code sequence demonstrates this vectorized technique. We start by creating a

subset data frame, named small_iris, which includes only the four quantitative measurement

variables. Next, we invoke apply(), using the margin argument 2 to instruct the function to

operate column-wise. We embed an anonymous function within apply() that calculates the 90th

percentile for every column sequentially. This method dramatically streamlines the complex

calculation process required for efficient multivariate statistical analysis.

#define columns we want to find percentiles for

small_iris<- iris

#use apply() function to find 90th percentile for every column

apply(small_iris, 2, function(x) quantile(x, probs = .9))

#Sepal.Length Sepal.Width Petal.Length Petal.Width

# 6.90 3.61 5.80 2.20

Finding Percentiles by Group

Conditional calculation is a frequent necessity in statistical reporting, often requiring metrics to be

computed for distinct subgroups within a dataset. To efficiently calculate percentiles based on

categories in R statistical programming, we rely on the advanced data manipulation tools offered

by the dplyr library, a foundational package within the Tidyverse ecosystem. The group_by()

function is pivotal to this process, as it partitions the data frame into logical subsets defined by the

unique levels of a specified categorical variable.

The subsequent code illustrates how to derive the 90th percentile of the Sepal.Length

measurement, calculated independently across the three distinct Species found within the iris

dataset. This procedure involves chaining the group_by() function with the summarise() function.

The summarise() step then applies the quantile() calculation to each group separately, yielding

a clean summary table that clearly displays the 90th percentile value corresponding to each

species.

#load dplyr library

library(dplyr)

#find 90th percentile of Sepal.Length for each of the three species

iris %>%

group_by(Species) %>%

summarise(percent90 = quantile(Sepal.Length, probs = .9))

# A tibble: 3 x 2

https://en.wikipedia.org/wiki/Percentile
https://www.r-project.org/
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# Species percent90

#

#1 setosa 5.41

#2 versicolor 6.7

#3 virginica 7.61

This powerful grouping methodology is readily expandable to compute percentiles for numerous

variables concurrently across all defined subgroups. By simply embedding multiple percentile

calculations within the summarise() argument, we can produce a comprehensive summary. This

summary effectively reveals how the distribution of all four physical metrics--Sepal Length, Sepal

Width, Petal Length, and Petal Width--varies between the distinct iris species specifically at the

90th percentile threshold. This serves as an exceptionally powerful technique for comparative

statistical analysis.

iris %>%

group_by(Species) %>%

summarise(percent90_SL = quantile(Sepal.Length, probs = .9),

percent90_SW = quantile(Sepal.Width, probs = .9),

percent90_PL = quantile(Petal.Length, probs = .9),

percent90_PW = quantile(Petal.Width, probs = .9))

# A tibble: 3 x 5

# Species percent90_SL percent90_SW percent90_PL percent90_PW

#

#1 setosa 5.41 3.9 1.7 0.4

#2 versicolor 6.7 3.11 4.8 1.51

#3 virginica 7.61 3.31 6.31 2.4

Visualizing Percentiles in R

Creating a Cumulative Distribution Plot

While the standard R base package lacks a single function explicitly named for percentile

visualization, analysts can effectively create plots of the empirical cumulative distribution function

(ECDF). This visualization method clearly illustrates the fundamental relationship between the raw

data values and their corresponding percentiles. ECDF plots are highly valuable because they

demonstrate the cumulative accumulation of data across the entire range of observed values.

The script presented below utilizes core R plotting commands to construct a clear line graph. The
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methodology involves plotting the sorted data values (mapped to the Y-axis) against their fractional

rank (mapped to the X-axis, which represents the percentile). The resulting smooth curve allows

for easy interpretation: any specific point on the line directly indicates the magnitude of the value

associated with that particular percentile. We apply this powerful visualization technique to analyze

the distribution of the Sepal.Length variable from the iris dataset.

n = length(iris$Sepal.Length)

plot((1:n - 1)/(n - 1), sort(iris$Sepal.Length), type="l",

main = "Visualizing Percentiles",

xlab = "Percentile",

ylab = "Value")

The generated plot immediately below illustrates the empirical cumulative distribution for sepal

lengths. This visualization enables the rapid, visual identification of crucial percentile benchmarks.

For instance, tracing the curve to where the X-axis (Percentile) reaches 0.5 allows us to instantly

identify the corresponding Y-value (Value), which precisely represents the median, or 50th

percentile, sepal length.
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Additional Resources for R Data Manipulation

To significantly advance your proficiency in R statistical programming and complex data

management, especially when tackling sophisticated data structures and iterative calculations, we

recommend examining the following highly relevant resources:

A Guide to apply(), lapply(), sapply(), and tapply() in R

Create New Variables in R with mutate() and case_when()

https://www.r-project.org/
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