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Stratified Sampling in R: A Comprehensive Tutorial

In the realm of statistics and data science, drawing a truly representative sample from a larger
population is a foundational requirement for accurate research. The primary objective of any
sampling technique is to ensure that the collected subset of data faithfully mirrors the
characteristics of the entire group, thereby enabling the derivation of strong, unbiased conclusions.

When dealing with heterogeneous populations--groups composed of distinct, identifiable
subgroups--the standard technique of simple random sampling often falls short. This is where

stratified random sampling emerges as a powerful alternative. This advanced methodology
systematically divides the total population into homogeneous subsets, commonly referred to as
strata, before executing an independent random selection within each group. This structured
approach is vital for guaranteeing that all relevant subgroups are adequately and proportionally
represented in the final dataset, significantly enhancing the precision of the resulting analysis.

This comprehensive guide is designed to walk you through the practical implementation of
stratified random sampling using the versatile statistical programming language R. We will
leverage the highly efficient functions available in the popular dplyr package, which is part of the
Tidyverse ecosystem, to efficiently manage and sample complex data frames based on predefined
group criteria. Mastering these techniques is essential for any analyst seeking robust and reliable
data extracts.

The Core Rationale for Choosing Stratified Sampling

Researchers overwhelmingly favor stratification over simpler methods, such as simple random
sampling, principally because it drastically increases the precision of statistical estimates. This
precision gain is achieved by strategically managing heterogeneity within the overall population.
By partitioning the population into strata--groups whose members share similar characteristics
relevant to the study--we minimize the internal variation (within-stratum variance) within each
subgroup. This deliberate reduction in variability translates directly into more accurate and reliable
estimates of population parameters, thus elevating the overall quality and trustworthiness of the
subsequent statistical analysis.

Furthermore, stratified sampling becomes absolutely indispensable when a population contains
certain subgroups that are inherently small or are represented disproportionately. In such
scenarios, if a simple random sample were employed, there is a high statistical risk that these
critical, smaller subgroups could be entirely overlooked or severely underrepresented. This
omission would inevitably lead to significant bias in the overall results. Stratification actively
ensures that every predefined group contributes appropriately to the overall analysis, preserving
statistical integrity across all segments. This capability also enables researchers to conduct
targeted, subgroup-specific analyses that would be statistically impossible otherwise.

The decision to implement this method usually depends on identifying a known auxiliary variable--
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in our upcoming case study, this will be the student grade level--that is strongly correlated with the
primary variable of interest (such as GPA or standardized test scores). Utilizing this highly relevant
variable for the grouping process guarantees that the created strata are genuinely homogeneous.
This careful construction maximizes the statistical advantage gained by employing this complex
sampling design, leading to superior statistical inference compared to non-stratified approaches.

Case Study Setup: Preparing Student Datain R

To clearly demonstrate the practical steps required for stratified sampling in R, we will simulate a
realistic scenario from educational research. Consider a hypothetical high school with a total
student body of 400 students. For simplicity, we assume this population is perfectly balanced
across four distinct academic levels: Freshman, Sophomore, Junior, and Senior. Our defined
research goal is to extract a total stratified sample consisting of exactly 40 students, with the strict
requirement that 10 students must be randomly selected from each of the four grade levels,
ensuring perfect equality in representation.

The crucial first step is constructing a simulated data frame, which we will name df , accurately
reflecting this student population structure. This data frame must contain both the student's grade
level (which serves as our stratification variable) and a simulated GPA score, generated using R's
normal distribution function. A vital best practice in coding is the use of set.seed(1). This
command guarantees that the sequence of random number generation is entirely reproducible,
meaning that any user running this exact code will obtain the identical starting dataset, a necessity
for collaborative research and validation.

The following R code block initializes and sets up our population data frame of 400 students:

#make this example reproducible
set.seed(1)

#create data frame
df <- data.frame(grade = rep(c('Freshman’, 'Sophomore', 'Junior’, 'Senior"), each=100),
gpa = rnorm(400, mean=85, sd=3))

#view first six rows of data frame
head(df)

grade gpa

1 Freshman 83.12064
2 Freshman 85.55093
3 Freshman 82.49311
4 Freshman 89.78584
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5 Freshman 85.98852
6 Freshman 82.53859

The resulting data frame, df , successfully contains 400 total observations, perfectly balanced with
100 entries for each grade level. This uniformity in the initial stratum sizes simplifies the
comparison between the two main stratification methods we will explore: fixed-count sampling and
proportional sampling. Understanding the distinction between these approaches is key to selecting
the correct statistical methodology for different research objectives.

Implementation 1: Fixed-Size Stratification using sample_n()

When a research methodology explicitly dictates an exact, predetermined count of observations
from every single stratum, the sanpl e_n() function, sourced from the dplyr package, is the most
appropriate and efficient tool. This specific implementation is frequently preferred in experimental
designs where achieving absolute equal representation across groups is paramount, irrespective of
the original size or distribution within the overall population. In our case study, this method ensures
we draw precisely 10 students from the Freshman stratum, 10 from Sophomore, and so on,
resulting in a final sample of exactly 40 total observations.

The selection process is elegantly managed using a streamlined two-step pipe sequence in R.
First, after ensuring the dplyr library is loaded, the command gr oup_by( gr ade) is executed. This
function logically partitions the entire data frame df into distinct subsets based on the unique
values found in the categorical variable 'grade'. Once this grouping is established, the subsequent
command, sanpl e_n(si ze=10), is applied independently and sequentially to each of these newly
formed groups. This workflow guarantees that the resulting sampled data frame, strat _sanpl e,
contains the required fixed count (10) of selections per group.

The following code executes the fixed-size stratified random selection using the power of the
piping operator (%%:

library(dplyr)

#obtain stratified sample
strat_sample <- df %>%
group_by(grade) %>%
sample_n(size=10)

#find frequency of students from each grade
table(strat_sample$grade)

Freshman Junior Senior Sophomore
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As confirmed by the frequency output generated by the t abl e() function, the resulting sample
perfectly adheres to the strict stratification criteria. Every stratum--Freshman, Sophomore, Junior,
and Senior--contributed an identical count of 10 observations, unequivocally demonstrating the
successful application of the fixed-count sampling methodology. This technique is especially
valuable in experimental design and comparative studies where balanced treatment groups are
required to maximize statistical power and ensure reliable comparisons across all categories.

Implementation 2: Proportional Stratification using sample_frac()

In direct contrast to the fixed-size approach, many research projects necessitate a proportional
allocation, where the size of the sample drawn from each stratum must be mathematically relative
to that stratum's size within the overall population. For this specific requirement, the
sanpl e_frac() function from dplyr is the correct utility. This method is critical for maintaining the
demographic ratios and prevalence of each stratum in the final sample, a necessity for certain
types of large-scale inferential statistics and survey analysis.

If, for instance, a researcher decides to sample 15% (expressed as 0.15) of the students from
every grade level, the efficient sanpl e_frac() function automatically performs the percentage
calculation based on the base size of each grouped stratum. Because our initial population
contained 100 students per grade, sampling 15% from each group yields 15 students per stratum,
resulting in a total of 60 students in the final stratified random sample. Employing this

proportional method is essential when accurately reflecting the population structure is a priority, as
it minimizes the need for complex analytical weighting later in the process.

The following code snippet illustrates the use of sanpl e_frac() to select 15% of the observations
from each grade level:

library(dplyr)

#obtain stratified sample
strat_sample <- df %>%
group_by(grade) %>%
sample_frac(size=.15)

#find frequency of students from each grade
table(strat_sample$grade)

Freshman Junior Senior Sophomore
15151515

PSYCHOLOGICAL STATISTICS statistics.arabpsychology.com



https://en.wikipedia.org/wiki/Statistical_population
https://en.wikipedia.org/wiki/Stratified_sampling
https://statistics.arabpsychology.com/?p=12412
https://statistics.arabpsychology.com
https://statistics.arabpsychology.com

Stratified Sampling in R: A Comprehensive Tutorial

The resulting frequency table confirms that exactly 15 observations were drawn from every
category, verifying the functionality of sanpl e_frac() for proportional allocation. A key advantage
of this function becomes evident when the initial strata sizes are unequal (e.g., 50 Freshmen and
150 Seniors). In such cases, sanpl e_frac(si ze=. 15) would automatically and accurately adjust
to select 15% from the respective base size of each stratum, ensuring the resulting sample
maintains a structure that perfectly mirrors the original population distribution.

Summary of Best Practices and R Efficiency

The choice between using sanpl e_n() and sanpl e_frac() must be entirely driven by the specific
demands of the study and the inherent characteristics of the sampling frame. If the research design
requires a mathematically precise, fixed count from every subgroup--a common necessity for
balanced experimental groups or direct comparison studies--then sanpl e_n() is the indispensable
tool. Conversely, if the objective is to meticulously preserve the relative proportions of the strata
exactly as they exist in the overall population, then sanpl e_frac() provides the correct
mechanism for proportional stratified random sampling.

The remarkable efficiency with which complex sampling tasks like stratification are executed in R is
largely thanks to the sophisticated design philosophy underpinning the dplyr package. Its
utilization of the piping operator (%% is crucial, allowing for a highly readable and sequential
execution of data manipulation steps. This process typically begins with grouping the data
(group_by()) and seamlessly flows into the final random selection (sanmple_n() or
sampl e_frac()), effectively streamlining what would be a significantly more cumbersome and
error-prone process when relying solely on base R functions. Analysts must always confirm that
the final sample size derived from these operations is statistically adequate for supporting
subsequent inferential procedures.

Regardless of the specific function chosen, there are several universal best practices that must be
adhered to. First, ensure that the stratification variable is correctly defined and that the random
sampling performed within each stratum is carried out without replacement (which is the default
behavior for both sanpl e_n() and sanpl e_frac()), unless the experimental design explicitly
demands otherwise. Furthermore, setting a random seed (e.g., set.seed()) for the initial
simulation or sampling process remains a critical practice for maintaining code reproducibility,
which is paramount when sharing code, validating results, or ensuring consistency across different
analytical environments.

Further Reading and Related Sampling Methods

For researchers and students eager to delve deeper into alternative statistical sampling techniques
or explore advanced R implementations, the following resources provide valuable context and
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extended knowledge:

Types of Sampling Methods
Cluster Sampling in R
Systematic Sampling in R
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