
wilcoxon signed rank test python
wilcoxon signed rank test python is an essential non-parametric statistical method used to
compare paired samples to determine if their population mean ranks differ. This test is particularly
useful when the assumptions of the paired t-test, such as normality, are not met. In Python,
implementing the Wilcoxon signed rank test is straightforward thanks to libraries like SciPy, which
provide built-in functions to perform this analysis efficiently. This article explores the fundamental
concepts behind the Wilcoxon signed rank test, demonstrates how to execute the test using Python,
and discusses interpretation of the results. Additionally, it covers practical considerations such as
assumptions, advantages, and limitations of the test. Readers will also find sample code snippets and
examples to facilitate understanding and application in real-world data analysis scenarios. The
content is designed to aid data scientists, statisticians, and researchers seeking to leverage Python
for rigorous non-parametric hypothesis testing.
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Understanding the Wilcoxon Signed Rank Test
The Wilcoxon signed rank test is a non-parametric statistical hypothesis test used to compare two
related samples, matched samples, or repeated measurements on a single sample to assess whether
their population mean ranks differ. Unlike parametric tests, it does not assume that the differences
between pairs are normally distributed, making it ideal for data that violates normality assumptions.
This test is often used as an alternative to the paired Student's t-test when the data is ordinal or not
normally distributed.

Concept and Purpose
The Wilcoxon signed rank test evaluates whether the median difference between paired observations
is zero. It ranks the absolute differences between paired values, assigns signs based on the direction
of the difference, and sums these signed ranks to calculate the test statistic. The key advantage is its
ability to detect differences in the location of paired samples without relying on strict distributional
assumptions.



When to Use the Wilcoxon Signed Rank Test
This test is appropriate under the following conditions:

Data are paired or matched, such as pre-test and post-test measures on the same subjects.

The differences between pairs are symmetric but not necessarily normally distributed.

The measurement scale is at least ordinal.

The sample size is relatively small or the data contain outliers that could affect parametric
tests.

Performing the Wilcoxon Signed Rank Test in Python
Python provides efficient tools to perform the Wilcoxon signed rank test, primarily through the SciPy
library, which is widely used for scientific and statistical computing. The function scipy.stats.wilcoxon
allows users to conduct the test easily on paired data.

Installing Required Libraries
Before performing the Wilcoxon signed rank test in Python, ensure that the SciPy library is installed. It
can be installed using pip if not already available:

pip install scipy

Using scipy.stats.wilcoxon Function
The wilcoxon function requires two arrays representing the paired samples or a single array of
differences. It calculates the test statistic and the corresponding p-value to assess statistical
significance.

Basic syntax example:

Import the function: from scipy.stats import wilcoxon1.

Prepare two paired data arrays: x and y2.

Call the function: stat, p = wilcoxon(x, y)3.



Code Example
Consider an example where the before and after measurements of a treatment are compared:

Define the paired samples:1.

Execute the Wilcoxon signed rank test:2.

Interpret the results based on the p-value.3.

This practical approach enables quick hypothesis testing for paired data in Python.

Interpreting the Results of the Wilcoxon Signed Rank
Test
Understanding the output of the Wilcoxon signed rank test is crucial for making informed statistical
decisions. The primary outputs are the test statistic and the p-value, each providing insight into the
relationship between paired samples.

Test Statistic
The test statistic represents the sum of the signed ranks of the differences between paired
observations. While the exact value depends on the data, lower values typically indicate less evidence
against the null hypothesis, whereas higher values suggest a significant difference between pairs.

P-Value and Significance
The p-value indicates the probability of observing the data, or something more extreme, assuming
the null hypothesis is true. A small p-value (commonly less than 0.05) suggests rejecting the null
hypothesis, indicating a significant difference between the paired samples. Conversely, a large p-
value means insufficient evidence to conclude a difference.

Reporting Results
When reporting the results of a Wilcoxon signed rank test in Python, include:

The test statistic value.

The p-value.

The direction of the difference (if applicable).

An interpretation of whether the results support rejecting the null hypothesis.



Assumptions and Limitations of the Test
While the Wilcoxon signed rank test is robust, it operates under specific assumptions and has
limitations that users should be aware of to ensure valid results.

Assumptions

The paired differences are symmetrically distributed around the median.

The pairs are independent of each other.

The measurement scale is at least ordinal.

The data do not contain a large number of tied ranks or zero differences that could affect the
test’s power.

Limitations
Despite its flexibility, the Wilcoxon signed rank test has some limitations:

It is less powerful than parametric tests when the normality assumption holds.

It cannot be used for unpaired samples; for such cases, the Mann-Whitney U test is appropriate.

Handling of zero differences requires careful consideration, as they are typically excluded from
analysis.

Large numbers of ties reduce the accuracy of the test statistic.

Practical Applications of the Wilcoxon Signed Rank
Test
The Wilcoxon signed rank test in Python is widely applied across various fields where paired or
matched sample comparisons are necessary. Its non-parametric nature makes it versatile for many
real-world datasets.



Fields of Application

Medical Research: Comparing pre-treatment and post-treatment measurements to evaluate
effectiveness.

Psychology: Assessing changes in behavior or responses before and after interventions.

Education: Measuring student performance improvements across different testing periods.

Finance: Analyzing paired financial indicators across different time points or conditions.

Advantages in Data Science and Analytics
The Wilcoxon signed rank test's compatibility with Python makes it a valuable tool for data scientists
who require robust non-parametric methods integrated within data analysis workflows. It
complements other statistical techniques and enhances the rigor of hypothesis testing in exploratory
and confirmatory data analysis.

Frequently Asked Questions

What is the Wilcoxon Signed Rank Test in Python used for?
The Wilcoxon Signed Rank Test in Python is a non-parametric statistical test used to compare two
related samples or repeated measurements on a single sample to assess whether their population
mean ranks differ. It is often used as an alternative to the paired t-test when the data cannot be
assumed to be normally distributed.

How do I perform a Wilcoxon Signed Rank Test in Python
using SciPy?
You can perform the Wilcoxon Signed Rank Test in Python using the `scipy.stats.wilcoxon` function.
For example: `from scipy.stats import wilcoxon; stat, p = wilcoxon(sample1, sample2)` where
`sample1` and `sample2` are paired samples or measurements.

Can the Wilcoxon Signed Rank Test handle zero differences in
Python's implementation?
Yes, in Python's SciPy implementation, zero differences between paired samples are automatically
excluded from the analysis when performing the Wilcoxon Signed Rank Test, as these do not
contribute to the test statistic.



What are the assumptions required for the Wilcoxon Signed
Rank Test in Python?
The Wilcoxon Signed Rank Test assumes that the paired differences are symmetric about the median.
It does not assume normality of the data. The data should be paired and come from the same
population or matched samples.

How can I interpret the p-value from the Wilcoxon Signed
Rank Test in Python?
The p-value from the Wilcoxon Signed Rank Test indicates the probability of observing the data if the
null hypothesis (that the median difference between pairs is zero) is true. A small p-value (typically <
0.05) suggests rejecting the null hypothesis, indicating a significant difference between paired
samples.

Is it possible to perform a one-sided Wilcoxon Signed Rank
Test in Python?
Yes, the `scipy.stats.wilcoxon` function allows specifying the `alternative` parameter to perform one-
sided tests. You can set `alternative='greater'` or `alternative='less'` to test for directional
hypotheses.

Additional Resources
1. Applied Nonparametric Statistical Methods with Python
This book explores various nonparametric statistical techniques, including the Wilcoxon signed rank
test, with practical applications in Python. It provides step-by-step guidance on implementing tests
using popular libraries such as SciPy and statsmodels. Readers will benefit from real-world datasets
and code examples that enhance understanding of when and how to apply these methods effectively.

2. Python for Statistical Analysis: Methods and Applications
Focusing on statistical analysis in Python, this book covers a wide range of hypothesis tests, including
the Wilcoxon signed rank test. It introduces readers to data handling, visualization, and statistical
inference using Python tools. The book is ideal for data scientists and researchers who want to
deepen their knowledge of nonparametric testing techniques.

3. Nonparametric Statistics in Python: Theory and Practice
This comprehensive guide dives into the theory behind nonparametric tests like the Wilcoxon signed
rank test and demonstrates their implementation in Python. It balances statistical theory with
practical coding examples, helping readers to understand assumptions, applications, and
interpretation of results. The book also covers other related tests, making it a valuable resource for
statistical analysis.

4. Data Science with Python: Statistical Testing and Inference
Designed for data scientists, this book covers statistical testing methods essential for data analysis,
including the Wilcoxon signed rank test. It emphasizes practical application using Python libraries and
includes case studies to illustrate the importance of nonparametric tests in real data scenarios. The
book provides insights into selecting appropriate tests and interpreting output effectively.



5. Hands-On Statistical Analysis with Python
This hands-on guide focuses on implementing statistical tests in Python, with detailed chapters on
nonparametric methods such as the Wilcoxon signed rank test. It includes exercises and projects that
encourage active learning through coding. The book is suitable for beginners and intermediate users
aiming to strengthen their statistical programming skills.

6. Python Statistical Methods: From Basics to Advanced Tests
Covering fundamental and advanced statistical methods, this book provides a thorough treatment of
nonparametric tests including the Wilcoxon signed rank test. It guides readers through the theory,
assumptions, and Python implementations with clear examples. The book also discusses performance
considerations and best practices for statistical programming.

7. Introduction to Nonparametric Statistics with Python
This introductory text offers a clear explanation of nonparametric statistics and how to apply them
using Python. It specifically addresses the Wilcoxon signed rank test, providing code snippets and
practical examples. Suitable for students and practitioners, the book helps readers build a solid
foundation in nonparametric analysis.

8. Statistical Hypothesis Testing Using Python
Focusing on hypothesis testing frameworks, this book covers both parametric and nonparametric
tests including the Wilcoxon signed rank test. It teaches how to formulate hypotheses, run tests in
Python, and interpret results correctly. The text includes numerous examples and exercises designed
to reinforce learning.

9. Practical Guide to Nonparametric Testing with Python
This practical guide centers on nonparametric testing methods with an emphasis on Python
implementations. It covers the Wilcoxon signed rank test in detail, explaining when and why to use it.
The book also provides tips for troubleshooting and validating results, making it a useful resource for
applied statisticians.
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