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How to Generate a t-Distribution Graph in Excel Easily

While many statistical software packages handle complex calculations and visualizations
automatically, Microsoft Excel remains an essential tool for quick, accessible statistical graphing.
Creating a t-distribution graph in Excel is a straightforward process that allows users to visualize
critical probability concepts. This visual aid is invaluable, particularly when performing hypothesis
tests using small sample sizes, where the t-distribution is most frequently applied.

This comprehensive guide will walk you through the steps required to generate a clean, accurate t-
distribution curve, from inputting parameters to refining the chart's aesthetics. Understanding how
to construct this graph provides a powerful visual representation of your statistical data, enabling
clearer interpretation of t-test results and the probabilities associated with calculated t-values.

Understanding the t-Distribution

The Student's t-distribution is a fundamental concept in inferential statistics. It is categorized as a
type of continuous probability distribution, essential for estimating population parameters when the

sample size is small or when the population standard deviation is unknown. Unlike the normal
distribution, the shape of the t-distribution changes based on a single, critical parameter: the
degrees of freedom.

This distribution possesses several key mathematical properties that define its unique form and
function in statistical analysis. These characteristics highlight why it is often chosen over the
standard normal distribution in specific testing scenarios, particularly those involving limited
observations.

A t-distribution is a type of continuous probability distribution. It has the following properties:

It is continuous, meaning the variable can take on any value within a defined range.
It is bell-shaped and symmetric around zero, with a mean of zero.
It is defined by one parameter: the number of degrees of freedom (df).

The t-distribution gradually converges to the standard normal distribution as the number of degrees

of freedom increases towards infinity.

The t-distribution is often used in various hypothesis tests when sample sizes are small (n < 30) in

place of the normal distribution, providing a more conservative and accurate estimate under
conditions of uncertainty regarding the population variance.

How to Make a Bell Curve in Excel

Visualizing the t-Distribution: Introducing the T.DIST() Function

Visualizing the shape of the t-distribution is critical for developing statistical intuition. Fortunately,
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Excel simplifies this process by providing the powerful built-in statistical function, T.DIST(). This
function calculates probabilities related to the t-distribution based on specified inputs, enabling us
to plot the curve accurately.

The T.DIST() function uses three arguments to determine the output value, specifying whether you

need the density (for plotting) or the cumulative probability. Understanding these parameters is the
first step toward successful graphing.

T.DIST(x, deg_freedom, cumulative)
Here is a breakdown of the required arguments for the T.DIST function:

X: This is the specific numerical value for the random variable along the t-axis for which you want
to calculate the probability density.

deg_freedom: This integer value is the single parameter that defines the shape of the t-
distribution. It represents the number of degrees of freedom (df).

cumulative: This is a logical value (TRUE or FALSE). When set to TRUE, the function returns the
value for the cumulative density function (CDF). When set to FALSE, it returns the value for the

probability density function (PDF), which is necessary to plot the curve itself.

To demonstrate this functionality, we will now proceed with the steps necessary to create the
typical bell-shaped t-distribution graph similar to the example shown below, using a standard range
of t-values and a fixed number of degrees of freedom.
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1 |df t f(t)
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Step-by-Step Guide: Generating a Single t-Distribution Curve

To create a detailed t-distribution graph in Excel, we must first structure our data correctly. This
involves defining the degrees of freedom and establishing a sufficient range of x-values (t-values)
to plot the smooth, continuous curve. We will perform the following steps sequentially:

Enter the Number of Degrees of Freedom (df). In cell A2, input your chosen degrees of freedom.
For this instructional example, we will use a value of 12. This value will determine the precise
shape (peakedness and tail thickness) of our resulting distribution.

Create the Range of x-Values (t-values). The t-distribution typically spans from -4 to +4 for most
statistical visualization purposes. Create a column (starting in B2) containing this continuous range.
We recommend using small increments (e.g., 0.2 or less) from -4 to 4 across cells B2 through B42
to ensure the curve is smooth and aesthetically pleasing.

Calculate the Probability Density Function (PDF). We now use the T.DIST() function to
generate the y-values (density). In cell C2, type the formula =T.DIST(B2, $A$2, FALSE). The use
of absolute referencing ($A$2) ensures the degrees of freedom parameter remains fixed when

copying the formula. Use the autofill handle (the + sign) in the bottom right of cell C2 and drag it
down to fill the values for all cells in the corresponding range (C2 through C42).
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Generate the Initial Chart. Highlight the two columns containing your X-values (B2:B42) and the
corresponding PDF values (C2:C42). Click the INSERT tab on the Excel ribbon. In the Charts
group, select Scatter (X, Y) and then choose the option for Scatter with Smooth Lines. The
resulting chart will display the basic t-distribution curve.

Upon completing step 4, the initial chart will appear. While mathematically correct, its visual
presentation might need slight adjustments to align with standard statistical graph aesthetics. The
following image illustrates the chart generated before advanced formatting:
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Refining Aesthetics: Customizing the Chart Appearance

Excel often defaults to placing the Y-axis (vertical axis) in the middle of the graph, intersecting the
X-axis at zero, and it usually includes distracting background gridlines. To achieve a professional,
textbook-like appearance, we must adjust the position of the vertical axis and clean up extraneous
visual elements.

The primary adjustment involves ensuring the Y-axis originates to the left of the entire distribution
curve, typically by forcing it to cross the X-axis at a negative value far outside the main plot area.

Adjusting the Vertical Axis Position. Right-click directly on the X-axis (horizontal axis) of the
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chart. Select Format Axis from the context menu. Under the section detailing axis options, locate
the setting labeled Vertical axis crosses. Change the selection to Axis Value and input a value like
-5. Since our plotted x-range only extends down to -4, setting the axis crossing at -5 successfully
pushes the Y-axis off the main plot area to the left edge of the chart.

Format Axis x

AXIS OPTIONS ™  TEXT OPTIONS
; s —
SO =E M

4 AXIS OPTIONS

Bounds
Minimum 5.0 Auto
Maxirmurn 3.0 Auto
Units
Major 1.0 Auto
Minor 0.2 | Auto

Vertical axis crosses

Automatic

* Ayis value -5

Mawimum axis value

Display units MNone -

Adding Titles and Removing Gridlines. Click inside the chart. The Chart Elements button (a
green + sign) will appear in the top right corner. Click it to manage various chart elements. You can
uncheck Gridlines if you prefer a clean background and check Axis Titles to label the axes
appropriately. In this specific example, we choose to label the x-axis as t and the y-axis as f(t), and
remove the default chart title entirely. The picture below shows the end result of these professional
aesthetic modifications:
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Comparative Analysis: Plotting Multiple t-Distributions

A powerful analytical technique is plotting several t-distribution curves on a single graph. This
facilitates direct visual comparison, highlighting how drastically the shape of the distribution
changes based on different values for the degrees of freedom (df). This comparison is crucial for

understanding the impact of sample size on statistical inference.

To display multiple curves, you must calculate the PDF values for each desired degrees of
freedom in new, separate columns, using the same set of x-values. For this demonstration, we can
calculate and compare distributions for df = 6 and df = 60, alongside our original df = 12 curve.
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A B C D E F G

1laf Tt fit) ' df ot fit)

2 _ a0 -4 0.000294 il -4 0.004055
3 _ -3.8 0.000553 -3.8/ 0.005245
4 -3.6) 0.00102 -3.6 0.006823
5 _ -3.4 0.001842 -3.4 0.008925
i _ -3.2  0.00325 -3.2 0.011732
i _ -3 0.005395 -3 0.015492
8 _ -2.8 0.009384 -2.8 0.020533
e _ 2.6 0.01531 -2.00 0.027286
10 _ -2.4 0.024259 -2.4 0.036308
11 _ -2.2 0.037282 -2.2 0.048286
12 _ -2 0.055491 -2 0.004036
13 _ -1.8 0.079884 -1.8 0.084445
14 _ -1.60 0.111087 -1.6. 0.110349
15 _ -1.4 0.145044 -1.4 0.142308
16 _ -1.2 0.192731 -1.2 0.180268
17 _ -1 0.235968 -1 0.223142
18 _ -0.8 0.287447 -0.8 0.268434
19 _ -0.6 0.331026 -0.6! 0.312123
20 _ -0.4 0.36629 -0.4 0.349054
21 _ -0.2  0.38929 -0.2 0.373935
22 _ 0 0.397284 0 0.382733
23 0.2 0.38929 0.2 0.373935

After successfully calculating the data for the new distributions (e.g., using =T.DIST(B2, $E$2,
FALSE) for df=6), we must add these new data series to our existing scatter chart.

To add a new distribution curve to the graph, follow these steps:

Right-click inside the chart area. Click Select Data to open the data source management dialog
box.

Under Legend Entries (Series), click the Add button to define a new data series.

Specify the range for the X Values (which remains Column B, the t-values) and the corresponding
Y Values (e.g., Column F for df=6). Click OK. The new curve will be accurately overlaid onto the
chart.

This resulting comparative chart clearly illustrates the variance in distribution shape based on the
degrees of freedom:
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Interpreting the Effects of Degrees of Freedom

The overlaid visualization confirms the theoretical behavior of the t-distribution. Since the degrees
of freedom (df) are directly tied to the sample size (df = n-1), these visual differences demonstrate
the relationship between data availability and statistical certainty.

Analyzing the graph reveals a crucial pattern concerning the distribution's shape:

The higher the degrees of freedom (df=60 in the example), the more narrow and highly peaked the
curve becomes. This indicates that the estimates are more precise, concentrating probability mass
tightly around the mean.

Conversely, the lower the degrees of freedom (df=6 in the example), the more flattened out the
curve will be, and the "fatter" the tails of the graph become. Fatter tails represent increased
variance and a higher probability of observing extreme values, acknowledging the greater
uncertainty inherent in smaller samples.

As the degrees of freedom approaches infinity, the curve will converge seamlessly to the standard
normal distribution curve. This is why statistical tests for large samples often use the Z-distribution

instead of the t-distribution.
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This visual demonstration reinforces the fundamental principle that the t-distribution is a family of
distributions, each defined by its degrees of freedom, necessary for providing accurate confidence
intervals and hypothesis tests in applied statistics.

Advanced Customization Options for Professional Graphs

Beyond the fundamental adjustments of axis placement and gridlines, Excel offers extensive
options for modifying the aesthetic appeal of your statistical graphs. Utilizing these customization
tools ensures that your chart is not only mathematically correct but also visually compelling and
appropriate for professional presentations or reports.

Through the Chart Tools tabs (Design and Format) that appear when the chart is selected, you can
fine-tune nearly every element of the visualization. Consider refining the following features for
optimal graph appearance:

Modify the size, font, and color of the title, if you choose to include one, to match organizational
branding.

Adjust the size, font, and color of the axes labels and the legend entries for enhanced readability.
Customize the background fill and border color of the overall chart area and the plot area.

Modify the color, thickness, and style of the curve itself for each series, allowing for distinct visual
separation between distributions with different degrees of freedom.

Choose whether or not to display tick marks along the axes and specify their position (inside,
outside, or crossing).

Depending on your specific reporting requirements, Excel provides significant flexibility to modify
the chart, making it a highly versatile tool for statistical visualization despite its general-purpose
nature.

Find more Excel tutorials on arabpsychology here.
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