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The Satterthwaite Approximation is a mathematical method used to estimate the degrees of

freedom in a statistical test when the sample sizes are unequal. It is typically used in situations

where the traditional t-test cannot be applied due to unequal variances or unequal sample sizes.

The approximation calculates a more accurate estimate of the degrees of freedom, which is then

used to calculate the p-value for the test. An example of the Satterthwaite Approximation would be

using it to compare the mean test scores of two groups with unequal sample sizes and unequal

variances.

The Satterthwaite Approximation: Definition & Example

The Satterthwaite approximation is a formula used to

find the "effective degrees of freedom" in a two-sample

t-test.

It used most commonly in , which compares the means

of two independent samples without assuming that the

populations the came from have equal variances.

The formula for the Satterthwaite approximation is as

follows:

Degrees of freedom: (s12/n1 + s22/n2)2 / { + }

where:

s12, s22: The sample variance of the first and second

sample, respectively.n1, n2: The sample size of the first

and second sample, respectively.
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The following example shows how to use the

Satterthwaite approximation to calculate the effective

degrees of freedom.

Example: Calculating the Satterthwaite approximation

Suppose we want to know if the mean height of two

different plant species is equal so we go out and collect

two simple random samples of each species and

measure the height of the plants in each sample.

The following values show the height (in inches) for

each sample:

Sample 1: 14, 15, 15, 15, 16, 18, 22, 23, 24, 25, 25

Sample 2: 10, 12, 14, 15, 18, 22, 24, 27, 31, 33, 34, 34, 34

The means, variances, and sample sizes turn out to be:

x1= 19.27x2 = 23.69s12 = 20.42s22= 83.23n1 = 11n2=13

Next, we can plug in the values for the variances and

sample sizes into the Satterthwaite approximation

formula to find the effective degrees of freedom:

df = (s12/n1 + s22/n2)2 / { + }
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df = (20.42/11 + 83.23/13)2/{ + } = 18.137

The effective degrees of freedom turns out to be 18.137.

Lastly, would will find the t critical value in the t-

distribution table that corresponds to a two-tailed test

with alpha = .05 for 18 degrees of freedom:
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The t critical value is 2.101.

We would then calculate our test statistic to be:

Test statistic: (x1 - x2) / (√s12/n1 + s22/n2)

Test statistic: (19.27 - 23.69) / (√20.42/11 + 83.23/13) =
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-4.42 / 2.873 = -1.538

Since the absolute value of our test statistic (1.538) is

not larger than the t critical value, we fail to reject the

null hypothesis of the test.

There is not sufficient evidence to say that the means of

the two populations are significantly different.

The Satterthwaite Approximation in Practice

In practice, you will rarely have to calculate the

Satterthwaite approximation by hand.

Instead, common statistical software like R, Python,

Excel, SAS, and Stata can all use the Satterthwaite

approximation to calculate the effective degrees of

freedom automatically for you.
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