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How to Use Excel to Demonstrate the Central Limit Theorem

The Central Limit Theorem (CLT) is one of the most fundamental concepts in statistics, providing a

powerful theoretical basis for inferential statistics. It posits that, regardless of the shape of the
original population distribution, the distribution of the sample means will tend toward a normal
distribution as the sample size increases. Specifically, the theorem applies when dealing with a
large set of independent and identically distributed random variables. Understanding and applying

the CLT is crucial for tasks like hypothesis testing and constructing confidence intervals, making it
essential for analysts and researchers to know how to calculate its parameters using tools like
Microsoft Excel.

Introduction to the Central Limit Theorem (CLT)

The core principle of the Central Limit Theorem is truly remarkable: it states that the sampling

distribution of a sample mean is approximately normal, provided the sample size ($n$) is
sufficiently large, typically $n ge 30$. This holds true even if the underlying population distribution

is highly skewed or non-normal. This characteristic allows statisticians to use the properties of the
well-understood normal distribution to make robust inferences about population parameters based

solely on sample data. Without the CLT, statistical analysis of many real-world datasets--which
often do not follow a perfect normal distribution--would be significantly more complex and
unreliable.

This theorem provides the critical link between descriptive statistics (characteristics of the sample)
and inferential statistics (conclusions about the population). When we calculate the mean of a
sample, we are not just getting a single value; we are observing one instance drawn from a
potential distribution of all possible sample means. The CLT assures us that this theoretical
distribution of means, known as the sampling distribution, will exhibit properties mirroring the

classic bell curve, simplifying the calculation of probabilities related to the sample mean.

To effectively utilize the CLT in practical applications, such as in Excel, we must first confirm that
our samples meet the fundamental requirements: they must be independent, and they must be
drawn from an identically distributed population. Furthermore, the selection of an adequate sample
size is paramount. While the standard threshold is often cited as 30, this minimum size may need
adjustment depending on the severity of the non-normality or skewness present in the original
population data.

Key Principles and Mathematical Properties of the CLT

The Central Limit Theorem dictates specific, predictable mathematical relationships between the

population distribution and the resulting sampling distribution of the means. These relationships

define the center and spread of the resulting normal curve, allowing precise calculations.
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The sampling distribution will possess the following definitive properties:

The mean of the sampling distribution ($mu_{bar{x}}$) will be exactly equal to the mean of the
population distribution ($mu$):

(bar{x}) = (mu)

This property is exceptionally useful because it implies that the average of all possible sample
means serves as an unbiased estimator for the true population mean. When estimating the
population mean using a sample, we know that, on average, our estimator will be correct.

The standard deviation of the sampling distribution, referred to as the standard error of the mean
($sigma_{bar{x}}$), will be equal to the standard deviation of the population ($sigma$) divided by
the square root of the sample size ($n%$):

(sigma_{bar{x}}) = (sigma/ sqrt{n})

The standard error quantifies the variability or precision of the sample mean estimate. Crucially,
this formula illustrates the relationship between sample size and precision: as the sample size
($n$) increases, the standard error decreases. This confirms the intuitive idea that larger samples
yield more precise estimates of the population mean, resulting in a narrower and taller normal
distribution curve for the sample means.

Calculating Sampling Distribution Parameters in Excel

To demonstrate the application of the Central Limit Theorem, let us consider a practical example

where we use Excel to determine the characteristics of a sampling distribution. Suppose we have

an unknown population distribution, but we know its parameters: the population mean ($mu$) is 8,
and the population standard deviation ($sigma$) is 4. We plan to draw samples of size ($n$) 15

from this population. While a sample size of 15 is technically less than the typical 30 required for
strict normality convergence, we will proceed with the calculation for demonstration purposes,
acknowledging that the approximation to a normal curve is stronger with larger $n$.

We can use straightforward Excel formulas to determine both the mean and the standard error
(standard deviation of the sampling distribution) for samples of size 15. These calculations are
foundational steps before calculating probabilities.

The calculation is visualized here:
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A B C D
1 Population mean 8
2 |Population standard deviation 4
3 Sample size 15
4
5 |Mean of sampling distribution 8 =B1
6 |Standard deviation of sampling distribution  1.0328 =B2/SQRT(B3)
7
8
9
10
11
12
13
14
15

Following the first property of the CLT, the mean of the sampling distribution ($mu_{bar{x}}$) is
simply equal to the mean of the population distribution ($mu$), which remains 8. For the standard
error ($sigma_{bar{x}}$), we divide the population standard deviation ($sigma=4$) by the square
root of the sample size ($n=15%). In Excel, this calculation is performed using the formula: (= 4 /
text{SQRT}(15)). The resulting standard error is approximately 1.0328. This value represents the
standard variability expected between sample means when drawing repeated samples of size 15

from the original population.

Using NORM.DIST() for Probability Calculations (Less Than)

Once the parameters of the sampling distribution are established (mean = 8, standard error =
1.0328), we can use the normal distribution to answer specific probability questions related to

sample means. For instance, if a population has a mean of 8 and a standard deviation of 4, what is

the probability that a random sample of size 15 has a mean less than or equal to 7? This requires
calculating the cumulative density function (CDF) up to $X=7$.

To tackle this in Excel, we employ the powerful NORM.DIST() function, which is designed to
calculate probabilities related to the normal distribution. The syntax for this function is critical for

proper execution:

NORM.DIST(x, mean, standard_dev, cumulative)

The arguments must be supplied as follows:

x: This is the specific sample mean value you are testing (in our case, 7).
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mean: This must be the expected mean of the sampling distribution (the population mean, 8).
standard_dev: This is the standard error of the mean (the calculated value, 1.0328).

cumulative: This is a logical value. TRUE returns the cumulative distribution function (CDF), which
calculates the probability of being less than or equal to $x$. FALSE returns the probability density
function (PDF), which calculates the height of the curve at $x$. For probability calculations
concerning 'less than or equal to', we must always use TRUE.

The specific formula used in Excel for this problem is shown below, substituting our calculated

parameters:
A B @ 4 D
1 Population mean
2 Population standard deviation 4
3 Samplesize 15
4
5 Mean of sampling distribution 8 =B1
6 Standard deviation of sampling distribution  1.0328 =B2/SQRT(B3)
7
8 P(x=7) 0.1665 =NORM.DIST(7, B5, B6, TRUE)
9
10
11
12
13
14
15

Executing the function NORM.DIST() with the values (7, 8, 1.0328, TRUE) yields a probability of
0.1665. This output signifies that, for a population with the given parameters, there is a 16.65%
chance that a randomly selected sample of size 15 will have a mean value that is 7 or less. This

calculation relies entirely on the convergence property guaranteed by the Central Limit Theorem.

Calculating Upper Tail Probabilities (Greater Than)

Often, statistical questions require us to find the probability that a sample mean is greater than a
certain value. Since the NORM.DIST() function calculates the cumulative area from the far left up
to $x$ (the 'less than' probability), we must leverage the complement rule for upper tail
probabilities. Because the total area under the normal distribution curve is exactly 1 (or 100%), the
probability of a sample mean being greater than $x$ is calculated as $1$ minus the probability of it

being less than or equal to $x$.

The general formula for finding the probability $P(bar{x} > x)$ is therefore: 1 - NORM.DIST(X,
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mean, standard_dev, TRUE).

Using our previous example, let's find the probability that a given sample size of 15 has a mean
greater than 7. We already know $P(bar{x} le 7)$ is 0.1665. We subtract this value from 1 to find
the area in the upper tail of the distribution.

The following formula demonstrates how to implement this calculation in Excel:

A B C o \ B
1 |Population mean 8
2 Population standard deviation 4
3 |Sample size 15
4
5 Mean of sampling distribution 8 =B1
6 |Standard deviation of sampling distribution  1.0328 =B2/SQRT(B3)
7
8 P(x<7) 0.1665 =NORM.DIST(7, B5, B6, TRUE)
9 |P(x>7) 0.8335 =1-NORM.DIST(7, B5, B6, TRUE)
10
11
12
13
14
15

The result of this calculation is $1 - 0.1665 = 0.8335$. This means that there is an 83.35% chance
that a random sample of size 15 will yield a mean value greater than 7. This technique of using the
complement rule is standard practice when dealing with the CDF functions in statistics software
and spreadsheet applications.

Determining Probabilities Between Two Values

The most complex, yet common, type of probability question involves finding the likelihood that a
sample mean falls within a specific range, i.e., between two values, $x_1$ and $x_2$. For
example, what is the probability that the sample mean falls between 7 and 9?

To determine $P(x_1 < bar{x} < x_2)$, we must calculate the cumulative area up to the larger
number ($x_2$%$) and subtract the cumulative area up to the smaller number ($x_1%$). This
subtraction isolates the area under the normal distribution curve that lies exclusively between the

two points.

The generalized formula for calculating probabilities within a range is: NORM.DIST(larger
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number) - NORM.DIST(smaller number).

Applying this to our specific example, where we seek $P(7 < bar{x} < 9)$, we use $x_2 = 9% and
$x_1 = 7%. We must calculate the cumulative probability up to 9 and subtract the cumulative
probability up to 7, using the consistent mean (8) and standard error (1.0328) derived from the
Central Limit Theorem.

The following formula shows the Excel implementation required to find this range probability:

A B C A\
1 Population mean 8
2 | Population standard deviation 4
3 Sample size 15
4
5 Mean of sampling distribution 8 =B1
6 Standard deviation of sampling distribution  1.0328 =B2/SQRT(B3)
7
8 P(x<7) 0.1665 =NORM.DIST(7, B5, B6, TRUE)
9 P(x>7) 0.8335 =1-NORM.DIST(7, B5, B6, TRUE)
10 P(75x<9) 0.6671 =NORM.DIST(9, B5, B6, TRUE)-NORM.DIST(7, B5, B6, TRUE)
11
12
13
14

Y
oo

This calculation yields the probability of the sample mean falling between 7 and 9. Given the
symmetry of the normal distribution around the mean (8), and since 7 and 9 are equidistant from
the mean, we expect a highly reliable result. This final example illustrates the full utility of
combining the theoretical power of the CLT with the computational efficiency of Excel's statistical

functions to solve complex inferential problems.

Summary of Central Limit Theorem Application

In summary, applying the Central Limit Theorem in Excel transforms complex probability scenarios
into straightforward function calls. The critical steps involve first determining the standard error of
the mean by dividing the population standard deviation by the square root of the sample size. This
standard error, along with the population mean, defines the parameters of the resulting sampling
distribution, which the CLT guarantees will be approximately normal for large samples.

By meticulously setting up the arguments within the NORM.DIST() function, we can calculate
probabilities for various regions of the sampling distribution, whether they are lower-tail
probabilities ($P(bar{x} le x)$), upper-tail probabilities ($P(bar{x} > x)$), or probabilities for a
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specific interval ($P(x_1 < bar{x} < x_2)$). Mastery of these simple Excel techniques allows users
to move beyond theoretical understanding and perform powerful statistical inference using readily
available data and tools.

The reliability of these calculations hinges on the fundamental assurance provided by the CLT: that
even when faced with populations whose underlying distributions are unknown or non-normal, the
means of sufficiently large samples will adhere to the predictable, mathematically sound structure

of the normal distribution. This principle remains cornerstones of statistical practice across all
scientific and business domains.
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