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Understanding how to calculate and analyze a sampling distribution is arguably one of the most

fundamental concepts in modern statistical inference. A sampling distribution does not describe

the population itself, but rather represents the probability distribution of a particular statistic--such

as the mean--derived from numerous random samples taken from a single underlying population.

By simulating this distribution, we gain crucial insight into the stability and variability of sample

statistics.

This comprehensive tutorial offers a structured, step-by-step guide on how to simulate, analyze,

and visualize sampling distributions using Microsoft Excel. By leveraging built-in statistical

functions, we can effectively demonstrate complex theoretical principles, such as the Central Limit

Theorem, through practical data simulation. This process transforms abstract concepts into

tangible results that are easy to manipulate and understand.

We will walk through the entire simulation lifecycle, ensuring that you can replicate these results for

any population parameters or sample sizes. Our workflow is designed to cover the following

essential stages of analysis, moving from data generation to probabilistic conclusions:

Generating the raw data required for a robust sampling distribution simulation.

Calculating the empirical statistics (mean and standard deviation) for each sample.

Visually inspecting the resulting distribution using appropriate charts, such as a histogram.

Calculating and comparing the empirical parameters against theoretical expectations predicted by

statistical theorems.

Determining specific probabilities related to the calculated sample means, which is a core function

of inferential statistics.

Generating Simulated Data for the Sampling Distribution

To effectively demonstrate the creation of a sampling distribution, we must first simulate a large

dataset representing repeated sampling. For this demonstration, we will generate 1,000

independent samples, where the size of each sample (n) is set to 20. We will assume the

underlying population follows a normal distribution with a specified population mean (µ) of 5.3 and

a population standard deviation (σ) of 9.

We can efficiently generate this substantial volume of data in Excel by pairing the inverse

cumulative distribution function with a random number generator. The function NORM.INV is ideal

for this purpose, as it takes a uniform random probability (generated by the RAND() function) and

converts it into a value drawn from the specified normal distribution. To begin, enter the following

formula into cell A2 of your worksheet:

=NORM.INV(RAND(), 5.3, 9)
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Once the formula is entered, the next step is to replicate it across the entire required range. Click

on cell A2 and use the fill handle (the small plus sign in the bottom right corner) to drag this formula

horizontally across 20 columns (extending to column T) and vertically down 1,000 rows (down to

row 1001). This action instantly creates the simulated dataset, which should span the range

A2:T1001, providing a total of 20,000 data points.

It is vital to recognize the structure of this generated data: each complete row in the range

A2:T1001 represents one independent sample of size 20. Every single value within these cells is

drawn from the specified normal population (Mean = 5.3, Standard Deviation = 9). The image

below illustrates the result of this data generation process:

Calculating the Sample Means for the Distribution

The core objective of simulating a sampling distribution of the mean is to collect and analyze the

means of the individual samples. Therefore, the logical next step after data generation is to

calculate the sample mean for each of the 1,000 samples we just created. This entire collection of

1,000 means will constitute the empirical sampling distribution we wish to analyze.

To calculate the sample mean for the first sample (located in Row 2, spanning A2 through T2), we

use Excel's built-in AVERAGE function. Input the following formula into cell U2 of your

spreadsheet. This column (Column U) will serve as the storage location for our resulting sampling

distribution data:

=AVERAGE(A2:T2)

Once the formula is correctly entered in U2, use the fill handle again. Instead of dragging, you can

simply double-click the handle at the bottom right corner of cell U2. Since the adjacent data

(A2:T1001) is already filled, Excel will automatically copy this formula down to all 1,000 rows,
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populating the range U2 through U1001. Column U now holds the mean value derived from every

single sample generated in the previous step.

A quick inspection of the results in Column U highlights the inherent variability that exists in

random sampling. For instance, you might observe that the first sample yielded a mean of 7.56,

while the second sample might result in a mean of 10.97. This fluctuation is normal and illustrates

how individual sample means vary around the true population mean, leading us toward the

eventual analysis of the distribution's shape and spread.

Comparing Theoretical vs. Actual Sampling Distribution Parameters

With the 1,000 sample means compiled in Column U, we can now calculate the descriptive

statistics for this simulated sampling distribution. These empirical statistics--the overall mean and

standard deviation of the sample means--are critical for comparison against established statistical

theory. This comparison serves as a powerful validation of the simulation process.

To compute the final descriptive statistics for the entire dataset in Column U, you will use simple

Excel functions like AVERAGE and STDEV.S (or STDEV.P, depending on whether you treat the

1,000 samples as a population or a sample, though STDEV.S is generally safer). Use the following
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functions to summarize the data in column U:

According to the highly important Central Limit Theorem (CLT), the expected mean of the sampling

distribution must closely approximate the population mean (µ). Since our simulation used a

population mean of 5.3, our calculated sampling mean of 5.367869 demonstrates a remarkably

strong alignment with this theoretical expectation, providing evidence of a successful simulation.

Similarly, the CLT dictates the expected spread of the sampling distribution, known as the standard

error of the mean. This theoretical value is calculated by dividing the population standard deviation

(σ) by the square root of the sample size (√n). In our scenario, the theoretical standard error is 9 /

√20, which approximates 2.012. Our simulated standard deviation--the empirical standard error--

was calculated as 2.075396. The closeness of this value to 2.012 confirms that our simulation

accurately captures the theoretical spread of sample means.

Visualizing the Sampling Distribution with a Histogram

While numerical analysis confirms the theoretical predictions, visualization provides immediate

clarity regarding the shape and characteristics of the generated sampling distribution. Creating a

histogram is the most effective way to display the frequency distribution of the 1,000 sample

means.

To generate the chart, first select the data for the sample means located in Column U (the range

U2:U1001). Next, navigate to the Insert tab on the Excel ribbon. Within the Charts section, locate

and click on the Statistics Chart icon, then choose the Histogram option. Excel will automatically

bin the data and generate the visualization based on the frequencies of the sample means.
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The resulting histogram below provides a clear, visual confirmation of the simulation's validity:

Crucially, as predicted by the Central Limit Theorem (Link 2/5), the sampling distribution of the

means exhibits a classic, symmetrical bell-shape. It is clearly centered closely around the

population mean of 5.3. The histogram visually confirms that the vast majority of sample means

cluster tightly near the center, demonstrating that most samples are representative of the

underlying population.

However, by analyzing the tails of the distribution, we can also observe the natural variation

inherent in the sampling process. The far ends of the distribution show that, occasionally, some

random samples yielded relatively extreme means--for example, some greater than 10 or less than

0. This visualization clearly maps the probability of obtaining these less common outcomes.

Calculating Probabilities Based on Sample Means

The primary applied utility of the sampling distribution is to calculate the probability of obtaining a

specific range of values for a sample mean, given known population parameters and the sample

size. This is essential for hypothesis testing and confidence interval construction.

For instance, let us pose the question: What is the probability that a random sample of size 20
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yields a sample mean (Link 2/5) less than or equal to 6? We can calculate this probability directly

from our simulated data set in Column U by counting how many of our 1,000 samples satisfy this

condition and then dividing by the total number of samples.

We use a combination of the COUNTIF and COUNT functions in Excel to perform this empirical

calculation. Enter the following formula into a blank cell:

=COUNTIF(U2:U1001, "<=6")/COUNT(U2:U1001)

Based on our 1,000 simulations, the probability that the sample mean is less than or equal to 6 is

determined to be approximately 0.638 (or 63.8%). This result provides a strong empirical

estimation of the theoretical probability.

This empirical result typically aligns very closely with the value calculated using precise theoretical

tools, such as an online Sampling Distribution Calculator, which applies the Z-score transformation

and the standard normal distribution tables. The image below shows how a theoretical calculation

yields a similar result, confirming the accuracy of our simulation:
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Further Statistical Resources

To deepen your understanding of these core statistical concepts and their practical application in

various fields, explore the following educational resources:

An Introduction to Sampling Distributions

Sampling Distribution Calculator

An Introduction to the Central Limit Theorem
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