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Learning Percentiles: A Python Tutorial with Examples

The nth percentile of a dataset is a cornerstone concept in descriptive statistics, crucial for

understanding data distribution and identifying relative standing within a population or sample.
Fundamentally, the percentile defines the numerical value below which a specified percentage of
observations fall. When all values within the group are meticulously sorted from the lowest to the
highest, the percentile serves as a precise cutoff point, effectively dividing the data into defined
segments.

To illustrate this statistical measure, consider a standardized testing scenario: if a test-taker
achieves a score that places them in the 90th percentile, this does not mean they scored 90%
correct. Rather, it signifies that their raw score surpasses the scores of 90% of all other
participants. Conceptually, the 90th percentile is the exact value that separates the bottom 90% of
all observed data points from the top 10%. Calculating these statistical metrics quickly and
accurately is absolutely essential for modern Python-based data analysis and scientific computing
workflows.

Fortunately, the Python ecosystem is equipped with highly optimized libraries designed specifically
for numerical operations. For robust percentile calculation, the primary tool is the powerful NumPy
library. Specifically, the highly efficient and mathematically rigorous function nunpy. percenti | e()

has become the standard for performing this task, offering speed and flexibility across various data
structures, from simple lists to complex multi-dimensional arrays.

The Foundation: Mastering nunpy. percentile() Syntax and Parameters

The NumPy library forms the computational bedrock of numerical computing in Python, providing
optimized structures like the N-dimensional array and fast mathematical functions. The
percentil e() function is particularly robust, capable of handling large arrays and addressing
various complexities associated with data distribution and interpolation, making it indispensable for
statisticians and data scientists alike who require precise statistical measurements.

Understanding the core syntax of this function is the first step toward successful implementation. It
requires two mandatory arguments to successfully perform the calculation, establishing both the
data source and the target percentile value(s). The fundamental structure is remarkably simple yet
highly versatile, enabling calculations for single percentiles or collections of percentiles
simultaneously.

numpy.percentile(a, q)

The parameters required for execution are formally defined as follows, ensuring clarity regarding
the input expectations for this critical function:

a: This parameter represents the input array or data container. This must be an array-like object--
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such as a standard Python list, a tuple, or, most commonly, a native NumPy array--for which the
statistical percentile measurement is desired.

g: This designates the percentile or a sequence of percentiles that the function should compute.
Crucially, this value must be expressed as an integer or a list of integers ranging inclusively from O
to 100, aligning with the standard definition of percentiles.

The subsequent sections of this tutorial will systematically demonstrate how to leverage this
foundational function across different contexts, beginning with straightforward one-dimensional
arrays and progressing toward more sophisticated structured data housed within the Pandas
DataFrame object.

Practical Application 1: Calculating Percentiles for Simple Arrays

When initiating a statistical exploration, one often begins with raw numerical data contained within
a simple list or a single-dimension array. In this scenario, the direct application of
nunpy. percentil e() offers the most efficient and clear path to calculating required percentile
values. The process always begins by importing the necessary libraries, followed by defining or
generating the sample data that will be subjected to analysis.

For demonstration purposes, the example below simulates a typical dataset by generating an array
comprising 100 random integers distributed uniformly between 0 and 500. We first seek to
determine a single, specific percentile (the 37th) and then proceed to calculate multiple percentiles
simultaneously, specifically targeting the key quartiles (the 25th, 50th, and 75th percentiles) which
are essential metrics for summarizing data dispersion.

A notable best practice employed here is the setting of the random seed (np. random seed(0)).
This crucial step ensures that the pseudo-random data generated is identical every time the code
is executed, guaranteeing that the example remains fully reproducible and allowing readers or
collaborators to verify the exact calculated results without variation.

import numpy as np

#make this example reproducible
np.random.seed(0)

#create array of 100 random integers distributed between 0 and 500
data = np.random.randint(0, 500, 100)

#find the 37th percentile of the array
np.percentile(data, 37)

173.26
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#Find the quartiles (25th, 50th, and 75th percentiles) of the array
np.percentile(data, )

array()
The output array clearly provides the first quartile (Q1), the median (Q2, or 50th percentile), and
the third quartile (Q3) respectively. This demonstrates the capacity of the function to return a series

of calculated values efficiently when provided with a list of target percentiles, which is highly
advantageous for comprehensive descriptive statistics and summarizing data spread.

Integrating NumPy with Structured Data: Pandas Columns

In professional data science environments, raw data is rarely analyzed in simple arrays; instead, it
is typically organized into structured tables using the highly prevalent Pandas DataFrame object.

Although Pandas provides its own native quantile methods, the nunpy. percentil e() function
remains perfectly viable and often utilized for calculations on specific DataFrame columns.

The integration is seamless because a Pandas Series (which represents a single column within a
DataFrame) inherently behaves much like a NumPy array. Therefore, to apply the NumPy
function, one simply needs to select the desired column using standard DataFrame indexing and
pass this resulting Series object as the primary input argument a to the percentil e() function.
This strategy is particularly useful when maintaining consistency in workflows that rely heavily on
NumPy for other mathematical or statistical computations.

The following code block first constructs a representative sample DataFrame containing three
variables (var 1, var 2, and var 3). It then demonstrates the calculation of the 95th percentile,
focusing exclusively on the data contained within the column labeled var 1, showcasing the precise
syntax needed to bridge the functionality between the two primary Python data science libraries.

import numpy as np
import pandas as pd

#create DataFrame

df = pd.DataFrame({'varl": ,

'var2": ,

'var3" })

#find 95th percentile of varl column
np.percentile(df.varl, 95)

34.1
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The resulting value of 34.1 accurately signifies the 95th percentile for the var 1 column, confirming
that 95% of the data entries in that specific variable are numerically less than or equal to this value.
This confirms that NumPy functions are easily adaptable for column-wise analysis within the
Pandas framework, offering valuable flexibility to data analysts who may prefer the array-centric
approach for specific calculations.

The Pandas Way: Efficient Quantile Calculation with Dat aFr ane. quanti | e()

While NumPy provides the fundamental calculation engine, the Pandas library offers a more
idiomatic and often more concise method specifically tailored for structured data: the powerful
Dat aFr ane. quanti | e() function. This method is the preferred tool for calculating statistical

guantiles, including percentiles, across multiple columns simultaneously within a DataFrame,
significantly enhancing the speed of exploratory data analysis.

A critical distinction between the two libraries lies in their input scale: unlike nunpy. percentil e(),
which expects the percentile value (q) to be an integer between 0 and 100, pandas. quanti | e()
requires the input to be a fractional value between 0 and 1. Consequently, to determine the 95th
percentile using the Pandas method, one must pass the floating-point value . 95 to the function
rather than the integer 95, ensuring mathematical consistency with quantile standards.

The efficiency of the Pandas method is particularly evident when it is called on an entire
DataFrame without specifying a single column. In this default mode, the function automatically
iterates through every numerical column present in the structure, calculates the requested quantile
for each, and returns the results compiled neatly into a new Pandas Series, indexed distinctly by
the original column names. This capability significantly streamlines the process of calculating
multiple descriptive statistics in wide datasets, reducing the need for iterative calculations.

import numpy as np
import pandas as pd

#create DataFrame

df = pd.DataFrame({'varl" ,
var2': ,

'var3" })

#find 95th percentile of each column
df.quantile(.95)

varl 34.10
var2 14.55
var3 14.65
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#find 95th percentile of just columns varl and var2
df]l.quantile(.95)

varl 34.10
var2 14.55

As demonstrated in the second part of the code shippet, analysts can easily restrict the calculation
to a specific subset of columns by utilizing standard Pandas indexing (e.g., df ] ) before chaining
the . quant il e() method. This high degree of flexibility and integrated output structure solidifies
Pandas as the superior tool when executing quantile calculations on complex, tabular data
structures.

Advanced Considerations: Understanding Interpolation Methods

A subtle but statistically critical aspect of percentile calculation involves the method of interpolation
used, particularly in cases where the mathematically derived percentile position falls precisely
between two existing data points. Since standard percentile definitions often require a single
resulting value, an estimation method must be applied to determine the exact cutoff point. Both
NumPy and Pandas handle this estimation, but they implement slightly different default methods,
which, though minor, can lead to discrepancies, especially when analyzing smaller datasets.

By default, nunpy. percentil e() utilizes a method known as linear interpolation. This approach
calculates the percentile by assuming a linear relationship between the two nearest data points.
However, both libraries are designed to be flexible, allowing users to override this default behavior
by passing an explicit i nt er pol at i on parameter to the function call, enabling greater control over
statistical outcomes.

The common options available for interpolation are diverse, reflecting various statistical
philosophies: 'lower', which selects the lower of the two bounding data points; ‘higher', which
selects the upper point; 'nearest’, which chooses the closest data point; 'midpoint’, which calculates
the average of the two bounding points; and the default, 'linear'. Choosing the statistically
appropriate interpolation method is vital for ensuring accuracy, particularly when dealing with small
samples or discrete distributions where data points are fixed integers. For most general purposes
and large datasets used in typical descriptive statistics, the default linear interpolation used by both
Pandas and NumPy is generally acceptable, offering a reliable balance between computational
simplicity and precision.

In conclusion, mastering percentile calculation in Python requires a clear understanding of the
input scale distinction--the 0-100 scale used by nunpy. percentil e() versus the 0-1 fractional
scale used by pandas. quanti | e() . Integrating these two powerful tools correctly is fundamental
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for seamless and effective statistical analysis in any modern data science workflow.
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