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In the realm of data science and statistical analysis, it is common practice for researchers to draw

samples from a larger population. This fundamental technique aims to extrapolate insights derived
from a manageable subset back to the entire data set, enabling efficient and meaningful
conclusions. The validity of these conclusions, however, hinges entirely on the sample being truly
representative; otherwise, the resulting inferences may be severely biased or inaccurate.

To mitigate the significant risk of non-representative selection bias, one of the most robust
methodologies available is stratified random sampling. This technique distinguishes itself from

simple random sampling by initially partitioning the entire population into distinct, homogeneous
subgroups, which are formally known as strata. Following this division, a specified quantity of
observations is randomly selected from each stratum. This systematic approach ensures the final
sample meticulously reflects the diversity, composition, and inherent proportions present in the
overall population structure.

Implementing this sophisticated sampling methodology efficiently necessitates the use of powerful
data manipulation libraries. This comprehensive tutorial is dedicated to providing a detailed, step-
by-step explanation of two distinct and highly practical methods for executing stratified random
sampling within the Python ecosystem, specifically utilizing the industry-standard pandas library.
We will thoroughly examine two critical implementation scenarios: sampling based on fixed, equal
counts per group, and sampling based on proportional representation, which preserves the original
population ratios.

Understanding the Necessity of Stratified Sampling

Understanding the critical necessity of stratified random sampling begins with acknowledging the
complex, often heterogeneous nature of real-world datasets. A given population is frequently
composed of distinct, identifiable groups that exhibit differing characteristics highly relevant to the
statistical analysis being performed. For example, if an analyst is evaluating marketing campaign
effectiveness, they might need to ensure representation across different age demographics,
geographic regions, or income brackets. These specific, definable groups serve as the
foundational basis for establishing the strata.

The primary and most significant advantage of employing this technique is the substantial
reduction in sampling error, especially when considerable variability exists between the defined
strata. By mandating that every relevant subgroup is represented in the final selection, we
effectively eliminate the chance that a simple random selection process might overlook or severely
underrepresent a critical segment of the data. This rigorous, systematic approach fundamentally
enhances the precision of our statistical estimates and provides demonstrably greater confidence
in the inferences drawn from the sample.

When integrating this technique with the pandas library, the entire process becomes highly

PSYCHOLOGICAL STATISTICS statistics.arabpsychology.com



https://en.wikipedia.org/wiki/Data_science
https://en.wikipedia.org/wiki/Statistical_analysis
https://en.wikipedia.org/wiki/Sample_(statistics)
https://en.wikipedia.org/wiki/Statistical_population
https://en.wikipedia.org/wiki/Stratified_sampling
https://pandas.pydata.org/docs/index.html
https://statistics.arabpsychology.com/?p=12379
https://statistics.arabpsychology.com
https://statistics.arabpsychology.com

Learning Stratified Sampling with Pandas: A Practical Guide

streamlined and robust. Pandas' powerful data manipulation capabilities allow the data scientist to
define strata based on one or more categorical variables and subsequently apply conditional
sampling logic independently to each resulting group. We will now transition to practical
implementation demonstrations using concrete code examples, starting with the most
straightforward case: selecting a uniform, fixed count of observations from every defined stratum.

Setting Up the Environment and Dataset for Fixed Sampling

Prior to engaging with the specific sampling mechanisms, it is essential to prepare our working
environment by importing the necessary libraries and constructing a representative synthetic
dataset. For this introductory example, we will simulate a scenario involving eight basketball
players, equally distributed across two distinct teams: Team A and Team B. This balanced setup
allows us to clearly define our strata using the 'team' column, which will be the basis for our fixed-
count selection.

The resulting dataset will contain essential player statistics, including position, number of assists,
and rebounds. This structure effectively mimics a real-world need to sample from a dataset where
key categorical fields, such as 'team’, must be equally represented in the final subset, regardless of
other factors. We utilize pandas to construct a DataFrame, which serves as the foundational data
structure for all subsequent operations and manipulations.

The following Python script initializes the DataFrame. Note the specific arrangement: four players
are assigned to Team A and four players are assigned to Team B. This initial balance makes the
fixed-count sampling method, where we aim for equal representation, logically and computationally
straightforward to execute and verify.

import pandas as pd

#create DataFrame representing 8 players across two teams
df = pd.DataFrame({'team’: ,

'position’;

‘assists':

'rebounds": })

#view DataFrame structure
df

team position assists rebounds
0AG511

1AG78

2AF710
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3AG86
4BF56
5BF79
6BC66
7BC910

Method 1: Stratified Sampling Using Fixed Counts

The first widely used implementation of stratified random sampling requires selecting an
identical, predetermined number of observations from every defined stratum. Continuing with our
basketball scenario, we may decide that our final required sample size is four players, specifically
demanding exactly two players from Team A and two players from Team B. This fixed-count
approach is invaluable because it strictly controls the size of each stratum in the final sample,
matching the exact specifications set by the analyst for comparative purposes.

To accomplish this precise selection in pandas, we leverage the powerful sequential combination
of the groupby() method immediately followed by the apply() method. Grouping the initial
DataFrame by the 'team' column effectively and logically partitions the data into the two necessary
strata. The subsequent invocation of the appl y() function executes a custom, user-defined
operation--in this case, random sampling--on each of the separate, isolated groups.

The core sampling logic is contained within the | anbda function passed to appl y(), which
explicitly directs pandas to call the . sanpl e(2) method on the current group ("x’). The inclusion of
the gr oup_keys=Fal se argument is essential to ensure that the grouping column (‘team’) is not
retained as an index in the final resulting DataFrame, thereby maintaining a standard and clean
output structure. This methodology guarantees that exactly two random members are reliably
drawn from the A stratum and exactly two random members are drawn from the B stratum.

Executing the following code snippet performs the desired stratified selection, resulting in a sample
where the composition is guaranteed to be 50% Team A and 50% Team B. This parity holds true
even if the teams were unequally sized in the original population (a scenario we will address next),
demonstrating the forced equality of the fixed-count method.

df.groupby('team’, group_keys=False).apply(lambda x: x.sample(2))

team position assists rebounds
0AG511

3AG86

6BC66

5BF79
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As clearly evidenced by the output, the resulting stratified sample successfully includes exactly two
players from Team A and two players from Team B. This fixed-count method is exceptionally
effective when the primary objective is to maintain strict equality across strata, or when the analyst
requires a specific, mandated number of observations from each group to facilitate robust
comparative analysis.

Method 2: Stratified Sampling Based on Proportional Allocation

While fixed-count sampling offers control, the method often deemed most statistically sound is
proportional allocation. This sophisticated technique ensures that the representation of each
stratum in the final sample is directly proportionate to its actual size within the original population.
For example, if 75% of the total population belongs to Stratum B, then 75% of the final generated
sample must also be randomly drawn from Stratum B. This crucial characteristic ensures that the
natural imbalance or distribution found in the source data is meticulously preserved within the
sample.

To accurately illustrate this technique, we must first modify and redefine our dataset to deliberately
introduce a significant imbalance, reflecting a more complex and realistic data distribution. In this
updated scenario, we will assume Team A has a smaller overall presence, accounting for 2 players
(or 25% of the population), while Team B substantially dominates the roster with 6 players (or 75%
of the population). The total population size remains constant at 8 players.

The following code generates the new DataFrame, confirming the required unequal distribution
necessary for rigorously testing the accuracy of the proportional sampling method. This imbalance
is fundamentally critical, because if we were to incorrectly use the fixed-count sampling method
(Method 1) here, we would severely distort the true population ratio, inevitably leading to biased
statistical estimates regarding the characteristics of the teams.

import pandas as pd

#create DataFrame with unequal representation (2 A, 6 B)
df = pd.DataFrame({'team": ,

'position’:

‘assists'’:,

'rebounds": })

#view DataFrame
df

team position assists rebounds
0AG511
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1AG78
2AF710
3AG86
4BF56
5BF79
6BC66
7BC910

Based on this revised population structure, we clearly observe that 2 out of 8 players (25%) are on
Team A, and 6 out of 8 players (75%) are on Team B. Our defined goal is to select a specific total
sample size, N, which we set to 4. We must ensure these proportions are perfectly maintained in
the final selection: 25% of 4 (i.e., 1 player) must be drawn from Stratum A, and 75% of 4 (i.e., 3
players) must be drawn from Stratum B.

Implementation of Proportional Stratified Sampling

To correctly implement proportional sampling, we must dynamically calculate the precise sample
size required for each stratum based on its relative contribution to the entire population. This
calculation involves first determining the fractional size of the total DataFrame that each group
represents, and then multiplying this derived fraction by the desired overall sample size, N. Since
sample sizes must always be defined as integers, we integrate functionality from the NumPy
library to handle intelligent mathematical rounding.

We explicitly define our desired total sample size, N, as 4. The complex | anbda function performs
the necessary proportional calculation: N * len(x) / len(df). In this expression, | en(x)
represents the size of the current stratum (Team A or Team B), and | en( df) is the total population
size (8). This result is then carefully rounded to the nearest integer using np. ri nt () to accurately
determine the exact number of observations required for the sample from that specific stratum.

The full operation chain involves several key steps: 1) rigorously grouping the data; 2) applying the
proportional sampling logic to dynamically determine the subgroup counts; 3) executing the
random sample within each defined group; 4) using . sanpl e(frac=1) to randomly shuffle the
resulting DataFrame (as gr oupby operations often maintain group order); and 5) finally, resetting
the index for a clean and standard final output structure.

import numpy as np

#define total sample size desired
N=4

#perform stratified random sampling using proportions
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df.groupby('team’, group_keys=False).apply(lambda X:
x.sample(int(np.rint(N*len(x)/len(df))))).sample(frac=1).reset_index(drop=True)

team position assists rebounds
OBF79
1BG86
2BC66
3AG78

Examining the final output confirms the complete success of the proportional sampling method.
The resulting sample of four players includes one player from Team A and three players from
Team B. This precise composition perfectly maintains the original population proportions: Team A
represents 25% (1/4) of the sample, which exactly matches its 25% representation in the total
population (2/8). Correspondingly, Team B represents 75% (3/4) of the sample, perfectly mirroring
its 75% presence in the full dataset (6/8).

Conclusion and Further Exploration in Statistical Inference

We have successfully demonstrated two distinct, yet fundamentally critical, methodologies for
implementing stratified random sampling utilizing the pandas library. The first approach, which

relies on fixed counts, is optimally suited for scenarios where the analyst requires an exact,
controlled number of observations from each group, typically for formal experimental designs or
comparative studies where mandatory equal group sizes are a prerequisite.

The second approach, proportional allocation, is generally the preferred standard in descriptive
statistics and large-scale survey analysis. This method minimizes selection bias by guaranteeing
that the sample structure accurately and faithfully represents the inherent distribution and relative
size of the population's strata. Mastering both the fixed count and the proportional approach
provides a data scientist with a robust and versatile toolkit for exercising precise control over
sample selection for any project.

The ability to correctly and efficiently implement these sophisticated sampling techniques is
foundational to reliable statistical inference and sound data analysis. By skillfully leveraging the

collective power of pandas groupby() and apply() methods, even the most complex sampling

requirements can be met efficiently and accurately within the flexible Python ecosystem.

Additional Resources for Advanced Sampling

For those interested in exploring other advanced and specialized sampling techniques commonly
used in data analysis, the following resources provide detailed explanations on how to select
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different types of samples using pandas:

How to Perform Cluster Sampling in Pandas
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