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The Central Limit Theorem is a fundamental statistical concept that states that the sample means

from a large enough sample size will approximately follow a normal distribution, regardless of the

underlying population distribution.

In R, the Central Limit Theorem can be applied through the use of simulation and statistical

functions. By generating multiple random samples from a population and calculating their means,

the resulting distribution can be compared to a normal distribution using visualizations and

statistical tests. This allows for the validation of the Central Limit Theorem and its application in

real-world scenarios.

Some examples of the Central Limit Theorem's use in R include estimating population parameters,

testing hypotheses, and constructing confidence intervals. For instance, in market research, a

sample mean can be used to estimate the average income of a population, and the Central Limit

Theorem can be applied to determine the likelihood of this estimate being accurate. Additionally, in

quality control, the Central Limit Theorem can be used to assess the variability of a process and

make decisions for process improvement. Overall, the Central Limit Theorem is a powerful tool in

statistical analysis and its application in R allows for its widespread use in various fields.

Apply the Central Limit Theorem in R (With Examples)

The central limit theorem states that the of a sample

mean is approximately normal if the sample size is large

enough, even if the population distribution is not

normal.

The central limit theorem also states that the sampling

distribution will have the following properties:

1. The mean of the sampling distribution will be equal to

the mean of the population distribution:

x = µ
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2. The standard deviation of the sampling distribution

will be equal to the standard deviation of the population

distribution divided by the sample size:

s = σ/ n

The following example demonstrates how to apply the

central limit theorem in R.

Example: Applying the Central Limit Theorem in R

Suppose the width of a turtle's shell follows a with a

minimum width of 2 inches and a maximum width of 6

inches.

That is, if we randomly selected a turtle and measured

the width of its shell, it's equally likely to be any width

between 2 and 6 inches.

The following code shows how to create a dataset in R

that contains the measurements of shell widths for

1,000 turtles, uniformally distributed between 2 and 6

inches:

#make this example reproducible

set.seed(0)
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#create random variable with sample size of 1000 that is

uniformally distributed

data <- runif(n=1000, min=2, max=6)

#create histogram to visualize distribution of turtle shell

widths

hist(data, col='steelblue', main='Histogram of Turtle

Shell Widths')

Notice that the distribution of turtle shell widths is not

normally distributed at all.
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Now, imagine that we take repeated random samples of

5 turtles from this population and measure the sample

mean over and over again.

The following code shows how to perform this process

in R and create a histogram to visualize the distribution

of sample means:

#create empty vector to hold sample means

sample5 <- c()

#take 1,000 random samples of size n=5

n = 1000

for (i in 1:n){

sample5 = mean(sample(data, 5, replace=TRUE))

}

#calculate mean and standard deviation of sample

means

mean(sample5)

4.008103

sd(sample5)

0.5171083
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#create histogram to visualize sampling distribution of

sample means

hist(sample5, col ='steelblue', xlab='Turtle Shell Width',

main='Sample size = 5')

Notice that the sampling distribution of sample means

appears normally distributed, even though the

distribution that the samples came from was not

normally distributed.

Also notice the sample mean and sample standard

deviation for this sampling distribution:
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x?: 4.008s: 0.517

Now suppose we increase the sample size that we use

from n=5 to n=30 and recreate the histogram of sample

means:

#create empty vector to hold sample means

sample30 <- c()

#take 1,000 random samples of size n=30

n = 1000

for (i in 1:n){

sample30 = mean(sample(data, 30, replace=TRUE))

}

#calculate mean and standard deviation of sample

means

mean(sample30)

4.000472

sd(sample30)

0.2003791

#create histogram to visualize sampling distribution of
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sample means

hist(sample30, col ='steelblue', xlab='Turtle Shell Width',

main='Sample size = 30')

The sampling distribution is once again, but the sample

standard deviation is even smaller:

s: 0.200

This is because we used a larger sample size (n = 30)

compared to the previous example (n = 5) so the
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standard deviation of sample means is even smaller.

If we keep using larger and larger sample sizes, we'll

find that the sample standard deviation gets smaller

and smaller.

This illustrates the central limit theorem in practice.

Additional Resources

The following resources provide additional information

about the central limit theorem:
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