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What is pooled variance?

Pooled Variance is a fundamental concept in statistics that represents the average variance across

two or more independent data sets or samples. It serves as a crucial parameter in various
techniques of statistical analysis, particularly when the goal is to compare the central tendencies of

different populations under the assumption that their underlying variability is similar. Understanding
pooled variance is essential for correctly applying inference tests like the T-test.

The core idea behind calculating the pooled variance is to obtain a single, more reliable estimate of
the common population variance, assuming that both samples were drawn from populations with
the same true variance. Since sample sizes often differ, simply averaging the sample variances
would introduce bias. Therefore, pooled variance is calculated by finding the weighted average of

the individual sample variances, where the weights are determined by the degrees of freedom
associated with each sample. This weighting ensures that larger samples contribute proportionally
more to the overall variance estimate, leading to a more robust and precise figure.

The resulting single measure, often denoted as $s_p”2$, acts as a consolidated estimate of the
variability present across all groups being compared. This pooling procedure is justified only when
we can reasonably assume the property of homogeneity of variance--that is, the populations from
which the samples are drawn possess equal variances. This assumption simplifies the statistical
model and increases the power of hypothesis testing.

Conceptualizing Pooled Variance

In practical terms, pooled variance is the weighted mean of the individual sample variances when
those variances are assumed to be estimates of the same underlying population parameter. This
concept becomes vital when performing inferential statistics, especially when comparing two or
more sets of data, such as treatment groups versus control groups in an experiment.

The term "pooled" emphasizes that we are combining or "pooling" the dispersion information from
multiple samples to yield a single, integrated estimate of the common variance between the
groups. This unified approach provides greater statistical power, provided the assumption of equal
variances holds true across the populations.

In applied statistics, pooled variance is utilized most frequently within the framework of the
independent samples T-test, which is employed to determine whether there is a statistically
significant difference between two population means. This test relies heavily on the pooled

variance estimate to calculate the test statistic and determine the associated degrees of freedom.

The Mathematical Derivation of Pooled Variance

The formal calculation of the pooled variance ($s_p”"2$) for two independent samples relies
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fundamentally on the degrees of freedom for each sample, which corrects for differences in sample
size. If $n_1% and $n_2% are the sample sizes, and $s_1"2% and $s_2"2$ are their respective
sample variances, the generalized formula is designed to ensure the estimate is unbiased and
accurate.

The pooled variance between two samples is universally denoted as $s_p”2$ and is calculated
using the following expression, which weights each sample variance by its degrees of freedom
($n_i- 19%):

sp2 = ((n1-1)s12 + (n2-1)s22) / (n1+n2-2)

The numerator in this formula sums the weighted variances, effectively combining the total sum of
squared differences from the mean for both samples. The denominator represents the total
degrees of freedom across both samples, calculated as the sum of the individual degrees of
freedom, $n_1 + n_2 - 23$. This structure ensures that the pooled variance remains an accurate,
unbiased estimator of the common population variance.

Special Case: Equal Sample Sizes

It is important to note the simplification that occurs when the sample sizes ($n_1$ and $n_2$) are
identical. When the sizes are equal, the weights applied to each sample variance become equal,
meaning the degrees of freedom factor out symmetrically.

In this specific scenario, the complex generalized formula reduces significantly to a simple
arithmetic average of the two sample variances, making the calculation much quicker while
retaining its statistical validity:

sp2 =(sl2+s22)/2

Choosing the Right Test: Pooled vs. Unpooled T-tests

The calculation of pooled variance is not mandatory for all two-sample comparisons; it depends
entirely on whether the assumption of homogeneity of variance is tenable. When we want to
compare two population means, there are two distinct statistical tests we could potentially use:

The Two-Sample T-test (Equal Variances Assumed): This test assumes the variances between
the two samples are approximately equal, meaning the T-test statistic calculation incorporates the
calculated pooled variance. This method offers maximum statistical power when the assumption
holds.

Welch's T-test (Unequal Variances Not Assumed): This test is employed when the variances
between the two samples are significantly different. If we use this test, we do not calculate the
pooled variance. Instead, we use a different formula that accounts for the unequal variances and
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adjusts the degrees of freedom, making it a more robust but generally less powerful test.

The fundamental need for pooled variance arises directly from the requirement of the standard
two-sample T-test to have a single, best estimate of the common standard deviation for the entire
test.

Practical Guideline: The Rule of Thumb for Equal Variances

Determining whether the variances are sufficiently similar to justify pooling often involves statistical
testing, but in routine statistical analysis, a practical heuristic is commonly applied:

Rule of Thumb: If the ratio of the larger sample variance ($s_{max}*2$) to the smaller sample
variance ($s_{min}*2$) is less than 4, then we can proceed under the assumption that the
population variances are approximately equal and utilize the two-sample T-test with pooled
variance.

This rule helps avoid potential inflation of Type | error rates that can occur if one pools vastly
different variances. For instance, suppose sample 1 has a variance of 24.5 and sample 2 has a
variance of 15.2. We must calculate the ratio of the larger sample variance to the smaller sample
variance:

Ratio Calculation: 24.5/15.2 =1.61

Since this ratio (1.61) is less than 4, we could assume that the variances between the two groups
are sufficiently close for the assumption of equal variances to hold. Thus, we would use the two-
sample T-test, which requires us to calculate the pooled variance.

Detailed Calculation Example

To solidify understanding, let's execute a detailed calculation of the pooled variance using specific
sample data, ensuring we adhere to the weighted formula structure.

Sample 1 Parameters:

Sample size $n_{1} = 40%
Sample variance $s_{1}{2} = 18.5%

Sample 2 Parameters:

Sample size $n_{2} = 38%
Sample variance $s_{2}{2} = 6.7$
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We utilize the weighted formula for pooled variance: $s_{p}*{2} = ( (n_{1}-1)s_{1}{2} +
(n_{2}-1)s_{2}M2} ) / (n_{1}+n_{2}-2)$.

Substitute values: $s_{p}*{2} = ( (40-1) times 18.5 + (38-1) times 6.7 ) / (40+38-2)$
Simplify numerator and denominator: $s_{p}*{2} = (39 times 18.5 + 37 times 6.7 ) / (76)$
Final calculation: $s_{p}{2} = (721.5 + 247.9 ) / 76 approx 12.755%

The calculated pooled variance is 12.755.

Interpreting the Weighted Average

A key characteristic of the pooled variance calculation is that the result must always lie between
the two original sample variances. In this example, the resulting value of 12.755 sits between 18.5
and 6.7, confirming the calculation's validity.

Furthermore, observe how the final pooled variance (12.755) is closer to the larger original
variance (18.5) than the smaller one (6.7). This skew is expected because Sample 1 had a slightly
larger size (40 versus 38), and more significantly, a much larger original variance. The weighting
mechanism correctly prioritizes the sample that contributed more to the overall variability estimate.

This weighted average confirms its role as the most precise, consolidated estimate of the common
population variance, enabling researchers to proceed confidently with inferential testing.

Further Resources: Utilize this external tool to automatically calculate the pooled variance

between two samples and verify your manual computations.
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