
PSYCHOLOGICAL SCALES scales.arabpsychology.com

How to do Cluster Sampling in
Pandas (With Examples)

Authored by

stats writer

December 19, 2025

RECOMMENDED CITATION

stats writer (2025). How to do Cluster Sampling in Pandas (With Examples).

PSYCHOLOGICAL SCALES. Retrieved from https://scales.arabpsychology.com/?p=107922

ARABPSYCHOLOGY.C
OM

https://scales.arabpsychology.com/?p=107922
https://scales.arabpsychology.com/?p=107922
https://scales.arabpsychology.com/?p=107922
https://scales.arabpsychology.com
https://scales.arabpsychology.com


How to do Cluster Sampling in Pandas (With Examples) 2

PSYCHOLOGICAL SCALES scales.arabpsychology.com

Introduction to Sampling Techniques and the Need for Cluster Sampling

In the realm of statistical inference and data analysis, researchers frequently rely on sampling to

glean meaningful insights about a large target population without having to analyze every single

entity. This necessity arises particularly in scenarios involving immense datasets or physically

dispersed subjects, where census-level data collection is either economically prohibitive or

logistically impossible. Sampling methodologies provide a robust framework for selecting a

representative subset--a sample--whose characteristics can then be generalized back to the entire

population with a quantifiable degree of certainty. Selecting the appropriate sampling technique is

a critical initial step, directly impacting the validity and reliability of the final conclusions drawn from

the data.

Traditional methods, such as simple random sampling or systematic sampling, require access to a

complete sampling frame--a list of every unit in the population. While highly effective when a

comprehensive list is available and the population is relatively homogeneous, these methods

become cumbersome or infeasible when the population is geographically widespread or naturally

occurs in pre-existing groupings. For instance, surveying all students in a country would require a

centralized list of every student, which is often not readily obtainable. This inherent difficulty in

enumerating and selecting individual members necessitates the adoption of more specialized

techniques designed to manage complexity and reduce survey costs.

This is where Cluster Sampling emerges as a vital tool. It is a probability sampling technique

employed when the population naturally divides into heterogeneous, non-overlapping subgroups,

or "clusters." Instead of sampling individuals, the methodology involves randomly selecting these

clusters, and then often surveying every member within the chosen clusters. This strategic

approach dramatically reduces the logistical overhead, travel costs, and time associated with data

collection, making it highly valuable for large-scale social surveys, public health research, and

market analysis conducted across vast geographical areas.

Understanding the Mechanism of Cluster Sampling

The fundamental concept behind cluster sampling rests on the assumption that the variability

between clusters is minimized, while the heterogeneity within each cluster is maximized. Ideally,

each cluster should internally represent the diversity found in the overall population. The procedure

typically begins with the definition and partitioning of the target population into exhaustive clusters.

Common examples of natural clusters include cities, schools, hospitals, or, in a data science

context, batches of transactions or specific server logs. Once these boundaries are established,

the sampling process shifts from selecting individual units to selecting the clusters themselves.

The selection of clusters is performed through a random process, ensuring that each cluster has

an equal chance of being included in the sample. This randomness is crucial for maintaining the
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unbiased nature of the probability sample. If, for example, 100 clusters exist, and a researcher

decides to select 10, those 10 clusters must be chosen without bias related to their size, location,

or inherent characteristics. In a single-stage cluster sample, once a cluster is selected, every single

unit within that cluster is included in the final sample. For instance, if a school (cluster) is selected,

every student (unit) in that school is surveyed.

It is important to distinguish cluster sampling from stratified sampling. Stratified sampling divides

the population into strata (groups that share a characteristic, like gender or income bracket) and

samples individuals from every stratum. Conversely, cluster sampling defines groups (clusters) and

samples individuals only from some of those groups. While stratification aims for homogeneity

within groups and heterogeneity between them, clustering often accepts heterogeneity within

groups while focusing the sampling effort entirely on specific, randomly selected groups. This

difference is key to understanding the statistical implications and the calculation of sampling error

associated with the two methods.

Why Use Cluster Sampling in Data Science?

In the digital world, data frequently arrives pre-clustered. Analyzing customer behavior across

different geographic regions, tracking system performance across various server nodes, or

studying transaction patterns grouped by retail location are all instances where the data naturally

forms clusters. When working with analytical tools like Pandas DataFrames, implementing cluster

sampling allows data scientists to simulate real-world surveys efficiently or to manage incredibly

large datasets by processing only a representative fraction of the cluster groups, rather than

attempting to filter individual records across the entire dataset. This efficiency is particularly

relevant when performing machine learning on distributed systems, where minimizing data transfer

and processing latency is paramount.

The primary benefit of applying cluster sampling within a Pandas environment is computational

efficiency. Imagine a DataFrame containing billions of records, categorized by millions of unique

identifiers (e.g., specific store locations). Instead of loading and filtering the entire DataFrame to

perform simple random sampling, a cluster approach allows the analyst to first identify a limited set

of clusters (the store locations), and then load only the data associated with those selected

clusters. This approach significantly reduces memory usage and processing time, making

preliminary analysis and rapid prototyping feasible even on standard computing infrastructure.

Furthermore, cluster sampling simplifies the logistics of data handling when dealing with complex

data storage formats. If data is stored in partitioned databases (where partitions naturally act as

clusters), selecting a sample by cluster means querying only specific partitions, rather than

performing computationally expensive table-wide scans. For data analysis using Python libraries

like Pandas and NumPy, this translates directly into cleaner, faster, and more scalable code. The

ARABPSYCHOLOGY.C
OM

https://en.wikipedia.org/wiki/Stratified_sampling
https://pandas.pydata.org/docs/
https://pandas.pydata.org/docs/
https://pandas.pydata.org/docs/
https://numpy.org/
https://scales.arabpsychology.com/?p=107922
https://scales.arabpsychology.com
https://scales.arabpsychology.com


How to do Cluster Sampling in Pandas (With Examples) 4

PSYCHOLOGICAL SCALES scales.arabpsychology.com

ability to define and randomly select these clusters using powerful array manipulation tools

provided by NumPy is central to its seamless implementation in a data science workflow.

Setting Up the Pandas DataFrame Environment (Scenario)

To illustrate the practical application of cluster sampling using Python, we will construct a

hypothetical scenario involving a city tour company. This company runs multiple tours daily and

wishes to gather feedback on customer experience. Analyzing every single customer across all

tours requires considerable effort. Instead, the company decides to employ cluster sampling: they

treat each tour group as a cluster, randomly select a few tour groups, and survey all customers

within those selected groups.

Our objective is to create a representative DataFrame that mimics this population data structure.

We need two primary fields: a cluster identifier (the 'tour' number, ranging from 1 to 10) and the

observational data ('experience' rating, simulating scores given by customers). By establishing 10

distinct tour groups, each containing 20 customers, we create a population of 200 total

observations. This structure allows us to demonstrate how the cluster selection process isolates

entire groups of records based on the shared 'tour' identifier.

The following setup code utilizes the NumPy library for array generation and random number

creation, ensuring that the generated 'experience' scores are normally distributed around a mean

(location) of 7, simulating typical customer satisfaction data. The use of a fixed random seed is a

critical practice in data analysis, ensuring that the experiment is reproducible, meaning anyone

running this exact code will generate the identical starting dataset. This foundational step

guarantees the integrity of our subsequent sampling demonstration.

Step 1: Preparing Data and Ensuring Reproducibility

The initial coding segment focuses on importing the necessary libraries--Pandas for data structure

management and NumPy for efficient numerical computation. We must set the random seed to

zero using

np.random.seed(0)

. This command freezes the state of the pseudo-random number generator, a necessary step for

any published code example or production script requiring verifiable results. Without this crucial

line, every execution would yield a slightly different set of experience ratings, making the results

analysis inconsistent.

The DataFrame creation logic is contained within a single statement, utilizing
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np.repeat

to generate the cluster labels (10 tours repeated 20 times each, totaling 200 rows) and

np.random.normal

to populate the experience scores. This programmatic construction of the dataset is far more

efficient than manual data entry and provides a clear, scalable structure for our sampling

demonstration. The resulting DataFrame, named

df

, is the complete population from which we will draw our cluster sample.

Finally, we use the

df.head()

command to inspect the first few rows of the generated population data. This verification step

confirms that the data structure is correctly formed, showing the 'tour' identifier alongside the

randomly generated 'experience' rating. This structure sets the stage for the core operation:

selecting only a subset of these 'tour' identifiers and extracting all associated customer records.

import pandas as pd

import numpy as np

#make this example reproducible

np.random.seed(0)

#create DataFrame

df = pd.DataFrame({'tour': np.repeat(np.arange(1,11), 20),

'experience': np.random.normal(loc=7, scale=1, size=200)})

#view first six rows of DataFrame

df.head()

tour experience

1 1 6.373546

2 1 7.183643

3 1 6.164371

4 1 8.595281
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5 1 7.329508

6 1 6.179532

Step 2: Selecting Random Clusters Using NumPy

The essence of cluster sampling lies in the random selection of the groups themselves. In our

scenario, we have 10 potential clusters (Tour IDs 1 through 10), and the requirement is to

randomly select 4 of these tours. The NumPy library provides the highly versatile

np.random.choice()

function, which is perfectly suited for this task. This function allows us to specify the population

from which to choose (the cluster IDs), the desired sample size (4), and whether replacement

should be allowed.

The line

clusters = np.random.choice(np.arange(1,11), size=4, replace=False)

executes the core sampling logic.

np.arange(1,11)

creates the array of available cluster identifiers (1, 2, ..., 10). By setting

size=4

, we instruct NumPy to pick exactly four IDs. Crucially, the parameter

replace=False

ensures that once a cluster ID is chosen, it cannot be chosen again, guaranteeing four unique tour

groups for our survey. The resulting array, stored in the

clusters

variable, now contains the unique identifiers of the four tour groups that constitute our cluster

sample.
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This step effectively transitions the focus from the population of 200 customers to the four

randomly selected clusters. The power of this approach is evident in its simplicity: we did not need

to iterate through or analyze any of the 200 individual customer records yet; we only needed the

list of 10 cluster labels. This principle is what drives the logistical and computational efficiency

inherent in cluster sampling, particularly when dealing with massive datasets where the cluster

keys are easily identifiable.

Step 3: Extracting the Sampled Data

Once the random cluster identifiers are selected, the next step is to use these identifiers to filter the

original Pandas DataFrame and extract all corresponding customer records. Since we are

performing single-stage cluster sampling, every member belonging to the selected clusters must

be included in the final sample. Pandas offers powerful boolean indexing capabilities that make this

extraction process highly intuitive and fast.

The core filtering operation is executed by the line

cluster_sample = df.isin(clusters)]

. The

.isin()

method checks the 'tour' column of the original DataFrame (

df

) against the list of randomly selected cluster IDs stored in the

clusters

variable. This generates a boolean mask--a series of True/False values where True indicates that

the row's 'tour' ID matches one of the selected cluster IDs. Applying this mask to the DataFrame (

df

) returns a new DataFrame containing only the rows (customers) that belong to the chosen tours.

This new DataFrame,

cluster_sample
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, represents the final statistical sample.

Viewing the head of this new sample DataFrame confirms that all extracted records share the

same cluster ID (in the example output, the initial rows all belong to Tour 3, one of the selected

clusters). This confirms that we have successfully isolated entire clusters of data, fulfilling the

definition of a cluster sample. The second block of code below provides the full execution

sequence for cluster selection and subsequent data extraction.

#randomly choose 4 tour groups out of the 10

clusters = np.random.choice(np.arange(1,11), size=4, replace=False)

#define sample as all members who belong to one of the 4 tour groups

cluster_sample = df.isin(clusters)]

#view first six rows of sample

cluster_sample.head()

tour experience

40 3 5.951447

41 3 5.579982

42 3 5.293730

43 3 8.950775

44 3 6.490348

#find how many observations came from each tour group

cluster_sample.value_counts()

10 20

6 20

5 20

3 20

Name: tour, dtype: int64

Analyzing and Validating the Cluster Sample Results

The final step in this process involves validating that the sampling procedure yielded the expected

result: a collection of observations drawn exclusively from the four randomly selected clusters. The

last command in the code block,

cluster_sample.value_counts()
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, performs this validation by counting the number of observations (customers) associated with each

'tour' ID within the resulting

cluster_sample

DataFrame. This output clearly shows which tour groups were selected and confirms the

consistency of the cluster sizes.

From the specific output generated by the fixed seed in this example, we observe the following

distribution of customers within the final cluster sample:

Tour Group #10 contributed 20 customers to the sample.

Tour Group #6 contributed 20 customers to the sample.

Tour Group #5 contributed 20 customers to the sample.

Tour Group #3 contributed 20 customers to the sample.

Since each original cluster contained exactly 20 members, and we randomly selected four clusters,

the final sample size is 80 total customers (4 clusters multiplied by 20 members per cluster). The

value_counts

output confirms that the selected clusters were 3, 5, 6, and 10, and that all members from these

tours were successfully included. This successful extraction confirms the functional implementation

of single-stage cluster sampling using Pandas and NumPy, providing a clean subset of data ready

for subsequent statistical analysis, such as calculating the mean experience rating or performing

hypothesis testing.

Advantages and Limitations of the Method

The primary advantage of cluster sampling, particularly when executed using efficient data tools

like Pandas, is the significant reduction in logistical complexity and cost. By focusing resources on

a limited number of defined clusters, organizations save time and money that would otherwise be

spent enumerating or physically collecting data from a widely dispersed population. This method is

highly effective for exploratory studies or when the goal is a rapid, high-level assessment of a large

population where perfect precision is secondary to operational feasibility. Furthermore, it naturally

aligns with partitioned data architectures, optimizing data pipeline performance.

However, cluster sampling is not without its statistical limitations. The most critical drawback is the

potential for increased sampling error, often referred to as the design effect. Because individuals
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within a cluster are often more similar to each other than individuals selected purely at random

(e.g., customers on the same tour might share biases due to the tour guide or weather), the

sample may suffer from a lack of independence. This homogeneity within clusters can lead to

standard errors that are higher than those produced by simple random sampling of the same size.

Researchers must account for this clustering effect during analysis by using specialized statistical

methods appropriate for clustered data, rather than relying on methods designed for independent

samples.

Therefore, while cluster sampling provides an excellent trade-off between cost and statistical rigor

for large-scale operations, analysts must carefully weigh the trade-offs. If the population clusters

are highly uniform, the method performs well. If the clusters themselves are highly diverse and

internally homogeneous--meaning one cluster is drastically different from another--the risk of

introducing significant bias is higher. Proper implementation requires careful definition of clusters

that maximize within-cluster heterogeneity to ensure the resulting sample provides reliable grounds

for statistical inference about the broader population.

Understanding Different Types of Sampling Methods

Stratified Sampling in Pandas

Systematic Sampling in Pandas

Cluster sampling in Pandas is a powerful method for handling large populations where identifying

and selecting individual members is complex. This technique involves randomly selecting natural

groupings, or clusters, like households or schools, and then surveying or analyzing all units within

those chosen clusters. This method is highly valuable for managing large-scale statistical efforts

and can be effectively implemented in Python using the statistical capabilities provided by libraries

integrated with DataFrames.

Researchers often take samples from a population and use the data from the sample to draw

conclusions about the population as a whole.

One commonly used sampling method is cluster sampling, in which a population is split into

clusters and all members of some clusters are chosen to be included in the sample.

This tutorial explained how to perform cluster sampling on a pandas DataFrame in Python.

Further Exploration of Sampling Techniques

The concepts demonstrated here form the cornerstone of practical sampling in data science.

Beyond single-stage cluster sampling, analysts frequently encounter multi-stage cluster sampling,
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where, after selecting the primary clusters (e.g., cities), a second stage of random sampling is

applied within the chosen clusters (e.g., selecting specific neighborhoods within the selected

cities). Understanding the mathematical foundation of these techniques is crucial for correctly

interpreting results and calculating confidence intervals for population estimates.

For those seeking to expand their knowledge beyond clustering, exploration of alternative

probability sampling methods is recommended. Techniques like stratified sampling, as mentioned

earlier, offer superior precision when the population can be meaningfully partitioned into

homogeneous groups based on key variables. Systematic sampling, another robust method,

involves selecting elements at regular intervals from an ordered list, providing simplicity while often

maintaining good representation, assuming no underlying periodicity in the data structure.

Mastery of these sampling techniques, coupled with the proficiency in using libraries like Pandas

for manipulation and NumPy for randomized selection, is essential for any professional working

with large-scale data in Python. These skills empower data scientists to transform overwhelming

population data into manageable, representative samples, enabling robust and computationally

feasible statistical analysis.
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