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The t-distribution, frequently known as Student's t-distribution, is a cornerstone of statistical

inference. As a specialized type of continuous probability distribution, it becomes indispensable

when analyzing smaller samples or when the population standard deviation is unavailable.
Grasping its unique characteristics is crucial for performing accurate data analysis and hypothesis
testing in real-world statistical applications.

The t-distribution possesses several defining properties that distinguish it from the standard normal
curve, most notably its dependence on sample size:

It is a continuous distribution, meaning the random variable can assume any value within its
defined range.

Visually, it is bell-shaped and exhibits perfect symmetry centered around zero.

Its shape is exclusively determined by a single input parameter: the number of degrees of
freedom (df).

The distribution maintains a critical theoretical relationship: it converges toward the standard

normal distribution as the degrees of freedom increase toward infinity.

Statisticians rely heavily on the t-distribution during various hypothesis tests, particularly in

situations where the sample size is small (conventionally less than 30) or when the population
variance is estimated from the sample data. In these contexts, the t-distribution provides a more
robust and conservative estimate for calculating confidence intervals and p-values compared to the
standard Z-distribution.

Related Resource:How to Make a Bell Curve in Excel

Leveraging the T.DIST() Function for Accurate Data Generation

To truly appreciate the nuances of statistical inference, it is essential to visualize the t-distribution's
distinct shape and properties. Microsoft Excel simplifies this process considerably through its
powerful, built-in statistical function: T.DIST(). This function is designed specifically to generate the
probability values required to plot the curve accurately and efficiently.

The T.DIST() function requires three mandatory parameters, defining how the calculation is
performed. Understanding this syntax is the first step toward successful visualization:

T.DIST(x, deg_freedom, cumulative)
A detailed breakdown of each required argument demonstrates its role in defining the distribution:

x: This represents the specific t-score or value of the random variable for which the height
(probability) of the distribution curve is being calculated.
deg_freedom: This parameter must be a positive integer specifying the degrees of freedom (df)
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that characterize the specific t-distribution curve.

cumulative: This is a logical (Boolean) value. If set to TRUE, the function returns the Cumulative
Distribution Function (CDF), representing the area under the curve up to x. Crucially for plotting the
curve itself, setting this to FALSE returns the value of the probability density function (PDF).

Our immediate goal is to utilize the T.DIST() function with the cumulative argument set to FALSE
to calculate the necessary y-axis heights for the distribution curve. The following steps guide you
through setting up the data required to produce a visualization analogous to the figure below:

A B C D E F G H J
1 |df t f(t)
2| 12 4 0.001585 O
3 | -3.8 0.002301
4 3.6 0.003345 i
5 | 3.4 0.004869
& 3.2 0.007082 0.35
7 | -3 0.010283
8 2.8 0.014877 0.3
9 | 2.6 0.021406
10 2.4 0.030561 0.25
2.2 0.043184 T
12 -2 0.060224 0.2
13 | 1.8 0.082632
14 1.6 0.111174 i1
15 | 1.4 0.146149
16 1.2 0.187049 -
17 | 1 0.23223
18 0.8 0.278737 -
19 | 0.6 0.322426
20 0.4 0.358495 ,
21 -0.2 0.382365 = & = & 4 8 ; 5 i 7 5
22 0 0.390726 .
23| 0.2 0.382365 ‘

Step-by-Step Guide: Data Preparation and Chart Generation

The successful visualization of any continuous distribution hinges on preparing the underlying data
table correctly. This requires defining the critical parameter--the degrees of freedom--and
establishing a representative range of t-values (the x-axis data). Execute these sequential steps
precisely to construct your initial t-distribution graph in Excel:

Define Degrees of Freedom (df): Begin by entering your chosen degrees of freedom into cell A2.
For this tutorial, we will utilize a value of 12. This single cell will serve as an absolute reference
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point for all subsequent calculations.

Establish the X-Range (t-values): Dedicate Column B (starting in cell B2) to the range of t-
values, which represent the random variable. For a visually accurate bell curve, ensure the range
spans a wide area (e.g., from -4.0 to 4.0) and uses small, consistent increments (e.g., 0.2). This
ensures the resulting line on the chart is smooth. Fill cells B2 through B42 with this structured
range.

Calculate the Probability Density Function (PDF): In cell C2, input the formula that calculates
the height of the curve (the PDF) corresponding to the x-value in B2. The formula must be:
=T.DIST(B2, $A%$2, FALSE). Note the crucial use of absolute referencing ($A$2) for the degrees of
freedom, which prevents the reference from changing when the formula is copied. Drag the
formula handle (the small square in the corner of C2) down to C42 to autofill the remaining PDF
values.

Insert the Scatter Plot Chart: Once the data is prepared, highlight the combined range of x-
values and PDF values (B2:C42). Navigate to the INSERT tab on the Excel ribbon. Locate the
Charts group, select Scatter, and choose the option specifically titled scatter with smooth lines.
Excel will instantly generate the basic visual representation of the t-distribution curve.

Upon completion of these four steps, your Excel sheet should clearly display the structured data
alongside a preliminary chart visualizing the calculated distribution, as illustrated below:

A B £ D E F G H J K
df t f(t) .
P e Chart Title
-3.8| 0.002301 045
-3.6| 0.003345
-3.4| 0.004869
-3.2| 0.007082
-3| 0.010283
-2.8| 0.014877
-2.6| 0.021406
-2.4| 0.030561
-2.2| 0.043184
-2{ 0.060224
-1.8| 0.082632
-1.6] 0.111174
-1.4| 0.146149
-1.2| 0.187043
-1| 0.23223
-0.8| 0.278737
-0.6| 0.322426
-0.4| 0.358495
-0.2| 0.382365
_ 0| 0.390726
23| 0.2| 0.382365
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Adjusting Chart Appearance for Professional Presentation

While the technical plotting is complete, standard Excel formatting rarely meets the rigorous
aesthetic requirements of professional statistical reports. Key adjustments are typically needed,
such as repositioning the y-axis and refining chart elements like gridlines and titles, to produce a
clean, publication-ready graphic.

The default placement of the vertical axis (Y-axis) often crosses the plot at x=0, which can obscure
the center of the distribution. To reposition the Y-axis so it frames the left edge of the data area
(e.g., to the left of x = -4), follow this procedure:

Right-click directly on the X-axis (Horizontal Axis). A context menu will appear; select Format Axis.
Within the formatting pane, locate the setting Vertical axis crosses. Change the default setting to
Axis Value and input a value safely outside the current x-range, such as -5. This action visually
shifts the vertical axis to the far left of the chart area, improving clarity.

Format Axis x

AXIS OPTIONS *  TEXT OPTIONS
; A —
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

Maximum axis value

Display units Mone -

Further aesthetic refinements involve customizing chart titles, labels, and background elements.
Click anywhere inside the chart area to reveal the green plus sign (+) in the upper right corner,
which accesses the Chart Elements menu. Use this menu to remove unnecessary default
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elements, such as gridlines, for a cleaner look, and add descriptive axis titles. Standard statistical
notation requires labeling the horizontal axis as t (the t-score or random variable) and the vertical
axis as f(t) (representing the probability density function). The result of these customizations should

mirror the professional output shown here:
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Visualizing the Impact of Degrees of Freedom

A highly instructive use of this technique is plotting multiple t-distribution curves on a single graph.
This comparative visualization clearly demonstrates how the shape of the distribution is altered by
changes in the degrees of freedom (df). This comparison is vital for understanding the concept of

asymptotic convergence to the normal curve.

To achieve this comparison, simply add new columns to your data table, each representing a
distinct value for the degrees of freedom. For example, we can create two additional distributions:
one with df = 6 (a low value) and another with df = 60 (a high value), allowing us to observe the
contrast effectively. Ensure you apply the T.DIST() formula correctly for each new column,
referencing the newly defined df value in the formula.
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A B C D E F G
df ot i) ' 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
) -3 0.005395 -3 0.015492
8 _ -2.8 0.009384 -2.8 0.020533
G 2.6 0.01531 -2.0/ 0.027286
10 _ -2.4 0.024259 -2.4 0.036308
11 -2.2 0.0372382 -2.2 0.048280
12 _ -2 0.055491 -2 0.004036
13 -1.8 0.079884 -1.8 0.084445
14 _ -1.6/ 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 0.2359968 -1 0.223142
18 _ -0.8 0.287447 -0.8 0.2608434
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

To integrate a newly calculated distribution curve--for instance, the one corresponding to df = 6--
into the existing chart, you must utilize the Select Data feature in Excel. Assuming the PDF values
for this new series have been calculated in an adjacent column (e.g., Column G), follow these
steps:

Right-click anywhere inside the current chart boundary and choose the Select Data option from the
context menu.

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

Specify the new series by selecting the cells containing the X Values (the original t-values) and the
Y Values (Column G, the newly calculated PDF values for df=6). Click OK to successfully integrate
this second curve into the visualization.

The updated graph will now display both distribution curves simultaneously, providing an
immediate visual comparison that highlights the effect of varying degrees of freedom:
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Interpreting the Effects of Degrees of Freedom

The ability to overlay multiple t-distribution curves is perhaps the most powerful instructional use of
this graphing technique. This visual comparison solidifies the fundamental statistical relationship
between sample size (reflected by degrees of freedom) and the curve's resulting shape. This
understanding is paramount for accurately performing t-tests and constructing confidence intervals:

A higher number of degrees of freedom results in a more leptokurtic (peaked) and narrow

distribution, demonstrating a strong convergence toward the standard normal distribution.
Conversely, a lower number of degrees of freedom creates a platykurtic (flattened) curve
characterized by "fatter tails." These fatter tails signify a greater probability density in the extremes,
which mathematically accounts for the increased uncertainty inherent in smaller sample sizes.

The theoretical underpinning of the t-distribution states that the curve achieves perfect congruence
with the standard normal distribution only when the degrees of freedom approaches infinity.

Advanced Aesthetic Modifications and Customization

Beyond the standard axis adjustments, Excel provides a comprehensive suite of customization
tools, allowing the user to tailor the graphical output precisely to presentation needs. Fine-tuning
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these aesthetic elements ensures the statistical message is delivered clearly and professionally.
Key elements that can be modified for advanced presentation purposes include:

Adjusting the font, size, and color of the overall chart title.

Customizing the appearance of the tick marks and labels on both the horizontal and vertical axes.
Toggling the visibility and color of background gridlines.

Changing the background color or applying a specific fill pattern to the chart area.

Modifying the line color, thickness, and style used to render the distribution curve itself.

The flexibility of Excel's charting engine allows for significant aesthetic fine-tuning, ensuring the
final graphic accurately and attractively conveys the necessary statistical information, regardless of
the target audience or medium.

Find more Excel tutorials on Statology here.
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