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The ability to accurately assess the distribution of a dataset is fundamental to statistical inference.

When analyzing data in Excel, one of the most effective visual tools for determining if data

approximates a normal distribution is the normal probability plot (NPP). This step-by-step guide

details the process of creating a clean, valid normal probability plot directly within Excel, ensuring

that your statistical visualizations are robust and easy to interpret.

A normal probability plot (NPP) is a specialized graphical technique used to assess whether a

set of observations could plausibly have come from a population following a normal distribution.

The plot compares the observed data points against the theoretical quantiles of the standard

normal distribution. Essentially, it plots the value of the data point against its expected Z-score if

the data were perfectly normal. If the points fall roughly along a straight line, it confirms that the

values in a dataset are indeed roughly normally distributed.

While advanced statistical packages offer direct tools for generating these plots, Microsoft Excel

requires a manual, formula-driven approach to calculate the theoretical Z-scores necessary for

plotting. This tutorial breaks down the calculation and visualization process, starting with data

preparation and culminating in a final, interpretable graph.
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Step 1: Create and Order the Dataset

The first crucial step is setting up your raw data within the Excel environment. For the purpose of

demonstration, we will begin by creating a synthetic dataset. This process involves entering all

data points into a single column. It is important to note that while the dataset does not need to be

manually sorted initially, the formula we use in the next step relies on ranking, which implicitly

handles the ordering required for the probability plot.

Let's establish our example dataset, comprising 15 arbitrary values, placed in Column A:

Ensure your data is contiguous, meaning there are no empty cells between your observations.

Accurate cell ranging is essential for the calculation of Z-values, as the subsequent formulas will

reference the total count and relative ranks within this range. We will use the range A2:A16 for our

15 data points.

Step 2: Calculate the Theoretical Z-Values

The core of creating an NPP lies in calculating the theoretical Z-value (or standard normal quantile)
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that corresponds to each data point's rank within the sorted dataset. This calculation essentially

determines where a data point should fall if the data perfectly followed a standard normal

distribution (mean 0, standard deviation 1).

We utilize a specific formula that incorporates three key Excel functions: NORM.S.INV, RANK, and

COUNT. The NORM.S.INV function retrieves the inverse of the standard normal cumulative

distribution, requiring a probability input. This probability is derived from the rank of the data point,

adjusted using the formula (Rank - 0.5) / N, where N is the total count of observations. The

subtraction of 0.5 (often known as the plotting position adjustment) ensures better symmetry and

stability in the plot, particularly for smaller sample sizes.

The following formula, entered into cell B2, calculates the Z-value corresponding to the first data

value in A2:

=NORM.S.INV((RANK(A2, $A$2:$A$16, 1)-0.5)/COUNT(A:A))

Let's break down the formula components:

RANK(A2, $A$2:$A$16, 1): This determines the rank of the value in cell A2 within the entire data

range ($A$2:$A$16). The 1 specifies ascending order, meaning the smallest value gets rank 1.

-0.5: This is the continuity correction (plotting position) applied to the rank.

/COUNT(A:A): This divides the adjusted rank by the total number of data points, yielding the

cumulative probability. Note that using COUNT(A:A) or COUNT($A$2:$A$16) works, provided the

cell range accurately reflects the sample size (N).

NORM.S.INV(...): This converts the calculated cumulative probability into the corresponding

theoretical standard normal quantile, or Z-value.

After entering the formula in cell B2, we utilize the fill handle to copy this calculation down to every

cell in Column B, corresponding to the respective data points in Column A (B2:B16). Remember

that using absolute references ($A$2:$A$16) for the range is essential so that the range does not

shift when copied. The resulting calculation creates a paired set of data: the observed value (X-

axis potential) and the theoretical quantile (Z-value, Y-axis potential).ARABPSYCHOLOGY.C
OM
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Step 3: Generating the Normal Probability Plot

With the necessary theoretical quantiles calculated, the next stage involves visualizing the

relationship between the raw data and these Z-values. The resulting visualization is the normal

probability plot.

The key to generating this plot correctly in Excel is selecting the data pairs in the correct order and

choosing the appropriate chart type. The observed data values must map to the X-axis, and the

calculated theoretical quantiles (the Z-values) must map to the Y-axis.

First, highlight the cell range containing both your data and your calculated Z-values. In our

example, this is the range A2:B16. Note that Excel automatically assigns the leftmost column (A)

to the X-axis and the subsequent column (B) to the Y-axis when inserting a Scatter plot.
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Once the data is highlighted, navigate to the Insert tab on the top ribbon. Within the Charts

section, select the first option under Scatter (Scatter with only Markers).

ARABPSYCHOLOGY.C
OM

https://scales.arabpsychology.com/?p=106643
https://scales.arabpsychology.com
https://scales.arabpsychology.com


How to Create a Normal Probability Plot in Excel (Step-by-Step) 7

PSYCHOLOGICAL SCALES scales.arabpsychology.com

This action immediately generates the initial visualization of the normal probability plot:

The x-axis displays the ordered data values and the y-axis displays their corresponding theoretical
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Z-values. While the plot is functionally complete, best practice dictates improving the visual

aesthetics for clearer presentation.

Step 4: Enhancing Plot Readability

A raw chart output from Excel often lacks the necessary labels and polish for professional

reporting. It is highly recommended to modify the chart elements to ensure the visualization is clear

and self-explanatory.

Key customization steps include:

Title Modification: Change the default title ("Chart Title") to something descriptive, such as

"Normal Probability Plot for Sample Data."

Axis Labels: Add axis titles. The X-axis should be labeled "Observed Data Values," and the Y-axis

should be labeled "Theoretical Standard Normal Quantiles (Z-values)."

Adding the Reference Line: Although Excel doesn't have a direct NPP template, you can

simulate the 45-degree reference line (the line representing perfect normal distribution) by adding a

linear trendline to the scatter plot. This trendline acts as the visual benchmark against which your

data points are compared. If the data were perfectly normal, the trendline would pass through all

points.

Feel free to modify the title, axes, and labels to make the plot more aesthetically pleasing and

statistically informative:
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Interpreting the Normal Probability Plot

Interpretation of the normal probability plot is a visual exercise based on a single guiding principle:

consistency with linearity. If the data values fall consistently along the theoretical straight line (the

reference line), then the dataset is strongly indicative of being drawn from a normal distribution.

Deviations from this straight line signal departures from normality. Different types of deviations

suggest specific distribution characteristics:

S-Shape Curve: Often indicates that the data is either too heavy-tailed or too light-tailed compared

to the normal model (kurtosis issues).

Curvature at Both Ends (Tails): When points deviate significantly at the extremes, but remain

linear in the middle, it suggests that the tails of the distribution are heavier or lighter than those of a

true normal curve.

Consistent Bowing (Upward or Downward): Usually implies skewness in the data (asymmetry).

Upward bowing suggests right-skewness, while downward bowing suggests left-skewness.

In our specific plot above we can see that the values tend to deviate noticeably from the straight

line, particularly at the low and high tail ends. This pattern suggests that our sample data is likely

not derived from a perfectly normal distribution, possibly exhibiting heavier tails than expected
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under a theoretical normal model.

Limitations of Visual Normality Assessment

While the normal probability plot is an invaluable tool for visual inspection and initial data

exploration, it is crucial to recognize its limitations. The interpretation is inherently subjective, and

what appears "roughly straight" to one analyst might not to another, especially with smaller sample

sizes where random variation can mimic non-normality.

For situations requiring formal statistical rigor--such as assumption checks for regression analysis,

ANOVA, or t-tests--a visual check alone is often insufficient. Therefore, the NPP should be used as

a supplementary tool alongside formal quantitative assessments.

Next Steps: Formal Normality Testing

If the visual assessment provided by the normal probability plot raises concerns about the normal

distribution assumption, or if the statistical analysis demands a quantified measure of distribution

similarity, a formal normality test is required. These tests provide a p-value that quantifies the

evidence against the null hypothesis that the data is normally distributed.

Popular formal normality tests include:

The Shapiro-Wilk test (generally preferred for smaller samples, N < 50).

The Kolmogorov-Smirnov test (often used but less powerful than Shapiro-Wilk).

The Anderson-Darling test (gives more weight to the tails of the distribution).

Although Excel does not natively support these highly specialized normality tests through simple

functions, advanced users often rely on third-party add-ins or specific macros to run these

procedures. If you are seeking a formal quantitative assessment beyond the visual confirmation

provided by the NPP, consult documentation on how to perform a normality test in Excel using

specialized methods or external software packages.

Summary of the Excel Process

Creating a reliable normal probability plot in Excel involves precise handling of the data and

formulas. The process moves beyond simple plotting to calculate the underlying theoretical

quantiles, which is the necessary bridge between raw data and the standard normal curve.

The essential steps are summarized below:

Input your raw data into a single column.

C a l c u l a t e  t h e  t h e o r e t i c a l  Z - v a l u e s  ( q u a n t i l e s )  u s i n g  t h e  s p e c i f i c
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`NORM.S.INV((RANK(...)-0.5)/COUNT(...))` formula in an adjacent column.

Select both columns, ensuring data (X) is left and Z-values (Y) is right.

Insert a standard Scatter plot.

Add a linear trendline to serve as the critical benchmark for linearity.

Mastering this technique allows statisticians and analysts to quickly gain visual insight into the

distributional characteristics of any dataset before proceeding with inferential statistical procedures

that rely on the assumption of normality.
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