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A normal probability plot (NPP), often interchangeably referred to as a Q-Q plot (Quantile-Quantile
Plot), serves as an indispensable diagnostic instrument in statistical analysis. This powerful

graphical technique allows researchers to visually assess whether the values within a specific
dataset align with the expectations of a normally distributed population.

Establishing the underlying distribution of your data is frequently a mandatory prerequisite for
employing many parametric statistical tests. Consequently, utilizing the NPP is a critical first step in

the rigorous process of data exploration and validation. It provides immediate, intuitive insight into
the symmetry and tail behavior of the sample data.
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This comprehensive tutorial offers a detailed, step-by-step methodology for constructing a precise
normal probability plot for any dataset using Microsoft Excel. We will ensure absolute clarity in
both the mathematical calculation of the theoretical scores and the subsequent graphical
interpretation of the final visualization.

The Statistical Foundation of the Normal Probability Plot

The fundamental objective of the normal probability plot is to systematically compare the observed
distribution of the sample data against a theoretical standard normal distribution. When the
observed data perfectly mirrors the theoretical model, the resulting plot points will align tightly
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along a perfectly straight line. This alignment indicates that the data meets the critical assumption
of normality required by many advanced statistical procedures, such as t-tests and ANOVA
(Analysis of Variance).

This visualization method provides significantly more nuanced and actionable information than
merely reviewing descriptive summary statistics or simple histograms alone. The NPP is highly
effective at highlighting subtle deviations, particularly those occurring in the extreme ends (the
tails) or the center of the distribution, which might otherwise be easily overlooked. The assumption
of normality is not merely a technical formality; it is foundational for ensuring the reliability of
inferences drawn from these common statistical procedures.

While the terms NPP and Q-Q plot are often used interchangeably, a classic normal probability plot
specifically maps the observed data values on one axis and the corresponding theoretical Z-
Scores (or expected normal scores) on the other. This configuration facilitates a direct, visual
comparison of the data's empirical guantiles against the theoretical quantiles derived from the
standard normal curve.

Step 1: Preparing and Organizing Your Data in Excel

Before initiating any calculations, the first critical requirement is to prepare and organize the
dataset destined for analysis. For the purpose of this practical demonstration, we will utilize a
small, fictitious sample dataset containing 15 numerical observations. It is absolutely essential that
your raw data is clean, free of errors, and structured vertically within a single column in your Excel
worksheet.

Effective data organization forms the bedrock for achieving accurate statistical visualization within
Excel. In our running example, we will assume that the 15 observations are neatly contained within
cells A2 through A16. This structure ensures that subsequent calculations can reference the data
range consistently and accurately.
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A B C D E F

1 Data
2 4
3 5.6
4 7.8
5 7.9
6 9
7 9.3
8 104
9 12
10 13.4
11 14.4
12 15.6
13 18.7
14 20.1
15 20.5
16 20.9
17
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Once the observations have been successfully entered and verified, we can transition seamlessly
to the calculation phase, which involves mathematically determining the expected normal scores
corresponding to each individual data point.

Step 2: Calculating Theoretical Quantiles (Expected Z-Scores)

The derivation of the theoretical Z-Scores constitutes the most mathematically intensive
component of generating the NPP within Excel. These calculated values represent the precise
location where each data point should fall if the entire dataset were perfectly aligned with a
standard normal distribution. This complex calculation process is efficiently condensed into a
single, nested formula that executes three fundamental steps sequentially:

Determining the precise Rank of the observed value relative to all other values within the complete

dataset.
Calculating the plotting position, which estimates the cumulative probability (P) associated with that

rank.
Converting the calculated plotting position (P) into a theoretical Z-Score using the inverse standard

normal cumulative distribution function.
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We apply the following precise formula to calculate the Z-score corresponding to the first data
value, located in cell A2. This exact formula must be accurately entered into the adjacent cell, B2:

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

To fully grasp this powerful statistical calculation, it is essential to analyze the components
contained within the formula. The inner function, RANK(A2, $A$2:$A%$16, 1), establishes the
position of the value in A2 within the fixed dataset range A2:A16, applying an ascending order
designated by the '1'. The subtraction of -0.5 from the rank applies a crucial statistical adjustment
(known as the Blom plotting position), which ensures a more accurate estimation of the cumulative
probability and effectively prevents the calculation from yielding mathematically impossible
probabilities of 0 or 1. This adjusted rank is then normalized by dividing it by the total number of
observations using /COUNT(A:A), which finally produces the desired cumulative probability (P).

The outermost function, NORM.S.INV function, takes this derived cumulative probability (P) as its

input and returns the corresponding theoretical Z-Score from the standard normal distribution. This
output is the expected normal score we require for the plot. After entering the formula correctly into
cell B2, it must be copied down the column through B16. Critically, verify that the range reference
for the dataset ($A$2:$A$16) remains an absolute reference (fixed), while the reference to the
individual data point (A2) dynamically adjusts for each subsequent row (A3, A4, etc.).
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A B C D E F G H
1| Data [Z-Values
2 4 =NORM.S.INV((RANK(A2, SAS2:5AS516, 1)-0.5)/COUNT(A:A))‘
3 5.6 -1.28155
4 7.8 -0.96742
5 7.9 -0.72791
6 9 -0.5244
7 9.3 -0.34069
8 10.4 -0.16789
9 12 0
10 13.4 0.167894
11 14.4 0.340695
12 15.6 0.524401
13 18.7 0.727913
14 20.1 0.967422
15 20.5 1.281552
16| 208 | 1.833915
17
18
19
20
21
22
23
24
25
26

Step 3: Generating the Scatter Plot Visualization

With the observed data values secured in Column A and their precisely calculated theoretical Z-
Scores ready in Column B, we possess all the necessary components to construct the normal
probability plot utilizing Excel's robust charting capabilities. The visualization process begins by
highlighting the entire relevant data range, encompassing both the raw observations and the
calculated theoretical scores. For our example, this designated cell range is A2:B16.
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A B C D E F G

1 Data Z-Values

2 4 -1.83391
3 5.6 -1.28155
4 7.8 -0.96742
5 7.9 -0.72791
6 9 -0.5244
7 9.3 -0.34069
8 10.4 -0.16789
9 12 0
10 13.4 0.167894
11 14.4 0.340695
12 15.6 0.524401
13 18.7 0.727913
14 20.1 0.967422
15 20.5 1.281552
16 20.9 1.833915
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Once the data is highlighted, navigate to the top ribbon menu and select the Insert tab. Within the
Charts grouping, it is imperative to choose the Scatter chart type. Specifically, select the first
option, "Scatter with only Markers." This choice is crucial because a normal probability plot
requires the display of discrete points representing the corresponding pairs of quantiles, rather
than continuous lines, which would misrepresent the data comparison.
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Excel will immmediately generate a basic graphical representation. By default, the x-axis typically
displays the ordered observed data values (Column A), while the y-axis displays their
corresponding theoretical quantiles (Column B). To elevate the plot's clarity, professionalism, and
informational value, you should dedicate time to customizing the chart elements. This includes
adjusting the chart title, clearly labeling the axes (e.g., "Observed Data Values" versus "Theoretical
Normal Quantiles"), and refining the overall visual aesthetics to ensure the plot is maximally

informative for its intended audience.

PSYCHOLOGICAL STATISTICS statistics.arabpsychology.com



https://statistics.arabpsychology.com/?p=10759
https://statistics.arabpsychology.com
https://statistics.arabpsychology.com

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

Chart Title
25
2
°
15
[ ]
1 (]
°
0.5 °
°
°
0 °
0 5 1® 15 20 25
0.5 °
°
1 [ ]
°
1.5
°
2
25
Normal Probability Plot
2.5
2
@
1.5
(O]
1 Q@
Q@
0.5 @
2 0l
3 0 @
> (0]
N @
-0.5 @
Q@
1 @
@
-1.5
Q@
2
2.5
0 5 10 15 20 25

Data Values

PSYCHOLOGICAL STATISTICS statistics.arabpsychology.com



https://statistics.arabpsychology.com/?p=10759
https://statistics.arabpsychology.com
https://statistics.arabpsychology.com

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

Interpreting Deviations in the Normal Probability Plot

The interpretation of a normal probability plot is highly straightforward and intuitive, relying on
visual assessment. The core principle is simple: if the majority of the plotted data points adhere
closely to a roughly straight line--ideally approximating a 45-degree reference line--then the
underlying dataset can be confidently considered to be approximately normally distributed. This

straight line visually represents the perfect alignment between the empirical observed guantiles
and the expected theoretical quantiles.

Conversely, any substantial or systematic deviation from this reference line serves as a strong
indicator that the distribution of the observed data differs significantly from the expected normal
curve. For instance, in the plot generated using our sample data, we can readily observe that the
data values noticeably curve away from linearity, particularly pronounced at the extreme ends, or
"tail ends." This pronounced curvature strongly suggests that the data exhibits characteristics
inconsistent with true normality, potentially possessing either heavier tails (platykurtic) or lighter
tails (leptokurtic) than the ideal normal distribution.

Specific patterns of deviation displayed on the NPP are powerful diagnostic tools, revealing the
exact nature of the non-normality present in the data:

S-Shaped Curve: This pattern frequently suggests issues related to kurtosis, indicating that the
data possesses tails that are either too heavy or too light compared to the standard normal
distribution.

Curvature Only at the Extremes: This type of deviation often points primarily to the influence of a
few significant outliers located at the boundaries of the dataset.

Bow or Banana Shape: This shape is generally indicative of skewness (asymmetry). If the points
systematically curve upward at the high end, it strongly suggests the data is positively skewed
(skewed right).

Supplementing Visual Inspection with Formal Normality Tests

While the normal probability plot is an excellent, efficient, and powerful diagnostic instrument, it is
fundamentally a method of visual inspection and relies, to a degree, on subjective judgment. It is
crucial to understand that the NPP does not, in itself, constitute a formal statistical hypothesis test.

Its primary utility lies in providing a quick, intuitive means to visually verify whether a dataset's
shape aligns sufficiently with the normal curve, which is essential for validating assumptions prior
to running parametric statistical tests.

However, whenever a rigorous, quantifiable proof of normality is mandated--such as in formal
academic research, quality control environments, or regulatory reporting--researchers must always
complement the visual plot analysis with a formal statistical normality test. The two most widely
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recognized and utilized formal tests are the Shapiro-Wilk test, which is generally preferred and

more powerful for smaller sample sizes, and the Kolmogorov-Smirnov test, often applied to large
datasets.

If your analytical requirements necessitate a definitive p-value to objectively test the null
hypothesis (that your data is normally distributed), seeking dedicated statistical software packages

such as R, SPSS, or specialized add-ins for Excel is highly recommended. These packages offer
far more robust and accurate testing capabilities than manual calculations or built-in, limited Excel
functions.

Further Resources for Statistical Mastery

To deepen your expertise in statistical visualization, data diagnostics, and the assumptions
underlying inferential statistical analysis, we recommend exploring advanced tutorials and practical

guides focusing on the following related topics:

Detailed interpretation of various Q-Q plot and NPP deviation patterns.

Advanced techniques for calculating and understanding skewness and kurtosis metrics in Excel.
Effective utilization of the Data Analysis ToolPak for generating comprehensive descriptive
statistics.

Understanding the differences and appropriate uses of the Shapiro-Wilk test versus the

Kolmogorov-Smirnov_test.

PSYCHOLOGICAL STATISTICS statistics.arabpsychology.com



https://en.wikipedia.org/wiki/Kolmogorov%E2%80%93Smirnov_test
https://en.wikipedia.org/wiki/Normal_distribution
https://en.wikipedia.org/wiki/Statistical_analysis
https://en.wikipedia.org/wiki/Shapiro%E2%80%93Wilk_test
https://en.wikipedia.org/wiki/Kolmogorov%E2%80%93Smirnov_test
https://statistics.arabpsychology.com/?p=10759
https://statistics.arabpsychology.com
https://statistics.arabpsychology.com

