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Understanding the concept of moments in statistics is fundamental for analyzing the shape and
characteristics of probability distributions. Moments provide critical insights into the distribution’s
location, spread, skewness, and kurtosis. In this article, we delve into the process of calculating the
coefficient of skewness given the first four moments about the mean, illustrating each step in detail
to enhance comprehension. Whether you're a student preparing for exams or a data analyst seeking
to deepen your statistical knowledge, this comprehensive guide will clarify how to derive skewness
from moments and interpret its significance.

Introduction to Moments in Statistics

Moments are quantitative measures that describe the shape and structure of a distribution. They are
especially useful because they encapsulate essential properties such as central tendency, variability,
asymmetry, and peakedness.

What Are Moments?
- Moments about the origin: Calculated around zero, these moments help understand the raw
properties of the distribution.
- Moments about the mean: Also called central moments, these provide insight into the distribution's
shape relative to its center.

Orders of Moments and Their Significance
- First moment (about the mean): Always zero for the distribution about its mean.
- Second moment (about the mean): Variance, indicating spread or dispersion.
- Third moment (about the mean): Skewness, measuring asymmetry.
- Fourth moment (about the mean): Kurtosis, indicating the heaviness of tails or peakedness.

In our problem, the moments provided are about the mean, which simplifies calculations as they
directly relate to central moments.

Given Data and Objective

The problem states:



- First four moments about the mean: 0, 2.5, 0.7, and 18.75.

From these, our goal is to find the coefficient of skewness, which is a normalized measure of
asymmetry in the distribution.

Understanding the Moments Provided
- First moment about mean (μ₁'): 0 (by definition, the first central moment is zero).
- Second moment about mean (μ₂'): 2.5, corresponding to variance.
- Third moment about mean (μ₃'): 0.7, related to skewness.
- Fourth moment about mean (μ₄'): 18.75, related to kurtosis.

Note: The moments are centered around the mean, which simplifies the process of calculating
skewness.

Calculating the Coefficient of Skewness

The coefficient of skewness is a standardized measure defined as:

\[ \text{Skewness} = \frac{\mu_3'}{\sigma^3} \]

where:
- \( \mu_3' \) is the third central moment.
- \( \sigma \) is the standard deviation, which is the square root of the variance \( \mu_2' \).

Step-by-Step Calculation

1. Identify the Moments Needed
- \( \mu_2' \) (variance) = 2.5
- \( \mu_3' \) (third central moment) = 0.7

2. Calculate Standard Deviation (\( \sigma \))

\[ \sigma = \sqrt{\mu_2'} = \sqrt{2.5} \]

\[ \sigma \approx 1.5811 \]

3. Compute Skewness

\[ \text{Skewness} = \frac{\mu_3'}{\sigma^3} \]

Calculating \( \sigma^3 \):

\[ \sigma^3 = (1.5811)^3 \approx 3.951 \]

Now, dividing:



\[ \text{Skewness} = \frac{0.7}{3.951} \approx 0.177 \]

Result: The coefficient of skewness is approximately 0.177.

Interpreting the Coefficient of Skewness

The skewness value indicates the degree and direction of asymmetry:

- Skewness ≈ 0: Distribution is symmetric.
- Positive skewness: Distribution has a longer right tail.
- Negative skewness: Distribution has a longer left tail.
- Magnitude of skewness:
- Less than 0.5 (or -0.5): Distribution is approximately symmetric.
- Between 0.5 and 1 (or -0.5 and -1): Moderately skewed.
- Greater than 1 (or less than -1): Highly skewed.

In our case, 0.177 suggests a distribution that is approximately symmetric with a slight positive
skewness. The distribution leans slightly to the right, but the skewness is not strong enough to
indicate a significant asymmetry.

Additional Insights and Practical Applications

Understanding skewness helps in numerous statistical and practical scenarios:

- Data Distribution Analysis: Identifying whether data is symmetric or skewed helps in choosing
appropriate statistical models.
- Financial Modeling: Skewness indicates the likelihood of extreme gains or losses.
- Quality Control: Detecting skewness can signal process shifts or anomalies.
- Data Transformation: If skewness is high, data may need transformation to meet model
assumptions.

Related Measures and Considerations
- Kurtosis: Provides information on tail heaviness.
- Other Skewness Measures: Pearson’s skewness coefficients, Bowley’s coefficient, and median-
based skewness.
- Limitations: Skewness can be affected by outliers; hence, it should be interpreted with context.

Summary

By analyzing the given moments about the mean, we've successfully calculated the coefficient of
skewness to be approximately 0.177. This indicates a distribution that is nearly symmetric but
slightly skewed to the right. Recognizing such characteristics is vital for proper data interpretation,



choice of statistical methods, and understanding the underlying phenomena of the dataset.

Conclusion

Calculating skewness from moments is a fundamental skill in statistics that offers deep insights into
the nature of data distributions. The process involves understanding the moments, computing the
standard deviation, and applying the skewness formula. This example demonstrates how the third
central moment and variance combine to reveal the distribution's asymmetry, a critical aspect in
data analysis, modeling, and decision-making.

Whether working with theoretical distributions or real-world data, mastering the calculation and
interpretation of skewness empowers analysts and researchers to make informed conclusions and
build robust models.

Frequently Asked Questions

What are the first four moments about the mean provided in
the problem?
The first four moments about the mean are 0, 2.5, 0.7, and 18.75.

How is the coefficient of skewness calculated using moments?
The coefficient of skewness can be calculated using the third central moment (μ₃) divided by the
standard deviation cubed, i.e., Skewness = μ₃ / σ³.

Which moments are used to determine the skewness in this
problem?
The second and third moments about the mean are used, with the second moment related to
variance (σ²) and the third moment (μ₃) for skewness calculation.

What is the formula for the coefficient of skewness based on
moments?
The coefficient of skewness is given by γ₁ = μ₃ / (μ₂)^(3/2), where μ₂ is the second central moment
(variance) and μ₃ is the third central moment.

Calculate the coefficient of skewness given the moments: μ₂ =
2.5, μ₃ = 0.7.
Skewness = μ₃ / (μ₂)^(3/2) = 0.7 / (2.5)^(3/2) = 0.7 / (2.5 √2.5) = 0.7 / (2.5 1.58) ≈ 0.7 / 3.95 ≈
0.177. Therefore, the coefficient of skewness is approximately 0.177.



Additional Resources
First Four Moments About Mean Of A Distribution Are 0, 2.5, 0.7 And 18.75. Find Coefficient Of
Skewness

The first four moments about the mean of a distribution are fundamental statistical measures that
provide deep insights into the shape, spread, and asymmetry of data. In this context, the given
moments are 0, 2.5, 0.7, and 18.75, which describe specific characteristics of a distribution. Among
these, the third moment about the mean is particularly crucial for understanding skewness— a
measure of the asymmetry of the distribution. This article delves into the significance of moments,
the calculation of skewness, and a detailed step-by-step analytical approach to deriving the
coefficient of skewness from the provided moments.

---

Understanding Moments About the Mean

What Are Moments in Statistics?

In probability and statistics, moments are quantitative measures that describe various aspects of a
distribution's shape and characteristics. They are calculated based on the data's deviations from a
central point, usually the mean, and serve as foundational tools for analyzing the properties of a
dataset or a probability distribution.

The n-th moment about the mean is mathematically expressed as:

\[ \mu'_n = E\left[(X - \mu)^n \right] \]

where:

- \( E \) denotes the expected value,
- \( X \) is the random variable,
- \( \mu = E[X] \) is the mean of \( X \),
- \( n \) is the order of the moment.

These moments provide insights into various features:

- First moment (\( \mu'_1 \)): Always zero when taken about the mean, as it measures the average
deviation from the mean.
- Second moment (\( \mu'_2 \)): Variance, indicating the spread or dispersion of the distribution.
- Third moment (\( \mu'_3 \)): Skewness, indicating the asymmetry.
- Fourth moment (\( \mu'_4 \)): Kurtosis, reflecting the peakedness or flatness.



Significance of the First Four Moments

- First Moment (Mean): Indicates the central location of the distribution.
- Second Moment (Variance): Measures the variability or dispersion around the mean.
- Third Moment (Skewness): Quantifies asymmetry— whether the distribution leans more to the right
(positive skew) or left (negative skew).
- Fourth Moment (Kurtosis): Provides information about tails and outliers, indicating whether the
data has heavy tails or is more peaked than a normal distribution.

In the problem at hand, the moments are given about the mean, with the following values:

| Moment | Value |
|---------|--------|
| 1st | 0 |
| 2nd | 2.5 |
| 3rd | 0.7 |
| 4th | 18.75 |

---

Deciphering the Given Moments

Interpreting the Moments

The provided moments are:

- First moment about mean: 0 (by definition, always zero)
- Second moment about mean: 2.5
- Third moment about mean: 0.7
- Fourth moment about mean: 18.75

Since the first moment about the mean is zero, this confirms that these are moments about the mean
(centered moments). The second moment (variance) is 2.5, indicating the spread of data. The third
moment (0.7) signifies some degree of skewness, and the fourth moment (18.75) relates to kurtosis.

Relating Moments to Distribution Parameters

While moments themselves are raw measures, they can be transformed into standardized measures,
such as skewness and kurtosis, to facilitate comparison across different datasets or distributions.

---



Calculating the Coefficient of Skewness

What Is Skewness?

Skewness is a measure of the asymmetry of the probability distribution of a real-valued random
variable. It indicates whether data points tend to be more spread out on one side than the other.

- Positive skewness: Distribution tail extends more to the right.
- Negative skewness: Distribution tail extends more to the left.
- Zero skewness: Symmetrical distribution.

The coefficient of skewness is a normalized measure, allowing comparison across different datasets.

Standard Formula for Skewness

The most common formula for the coefficient of skewness (γ₁) using moments is:

\[
\boxed{
\text{Skewness} = \gamma_1 = \frac{\mu'_3}{(\mu'_2)^{3/2}}
}
\]

where:

- \( \mu'_3 \) is the third central moment,
- \( \mu'_2 \) is the second central moment (variance).

Since the third and second moments are given, this formula provides a straightforward path to
compute skewness.

---

Step-by-Step Calculation

Given data:

- \( \mu'_2 = 2.5 \)
- \( \mu'_3 = 0.7 \)

Applying the formula:

\[
\text{Skewness} = \frac{0.7}{(2.5)^{3/2}}



\]

Calculating the denominator:

1. Compute \( (2.5)^{3/2} \):

\[
(2.5)^{3/2} = \left( (2.5)^{1/2} \right)^3
\]

2. Find \( (2.5)^{1/2} \):

\[
\sqrt{2.5} \approx 1.58
\]

3. Cube this value:

\[
(1.58)^3 \approx 1.58 \times 1.58 \times 1.58 \approx 3.94
\]

Now, compute skewness:

\[
\text{Skewness} \approx \frac{0.7}{3.94} \approx 0.177
\]

Result: The coefficient of skewness is approximately 0.177.

---

Interpretation of the Result

A skewness value of approximately 0.177 suggests a distribution that is slightly positively skewed.
This means that the distribution has a longer tail on the right side, but the asymmetry is not
pronounced. In practical terms, most data points cluster around the mean, with a modest extension
towards higher values.

The magnitude of skewness provides insights into the nature of the data:

- Close to zero (e.g., ±0.2): Distribution is roughly symmetric.
- Between 0.2 and 0.5: Slight skewness.
- Greater than 0.5: Moderate skewness.
- Greater than 1: High skewness.

In this case, the distribution displays a mild positive skewness, which could influence statistical
modeling, hypothesis testing, and decision-making processes based on this data.



---

Implications and Applications

Understanding the skewness is crucial in many real-world scenarios:

- Financial markets: Skewness impacts risk assessment.
- Quality control: Identifying asymmetries in process data.
- Environmental studies: Distribution of pollutants or natural phenomena.
- Machine learning: Feature engineering often involves addressing skewness for better model
performance.

Knowing that the skewness is approximately 0.177 can help statisticians and analysts decide
whether data transformations (like logarithmic or Box-Cox transformations) are necessary to
normalize data before further analysis.

---

Limitations and Considerations

While the calculation provides valuable insights, some caveats are essential:

- The moments provided are about the mean, which assumes the data or distribution is centered.
- Higher moments (like kurtosis) can influence the interpretation of skewness, especially in
distributions with heavy tails.
- The approximation assumes the moments are accurately estimated; in real datasets, sampling
variability can affect these measures.
- Skewness alone does not capture all aspects of distribution shape; it should be considered
alongside kurtosis and other descriptive statistics.

---

Conclusion: The Significance of the Skewness Value

In summary, based on the first four moments provided, the coefficient of skewness is approximately
0.177, indicating a distribution that is slightly positively skewed. This subtle asymmetry suggests
that while most data points are concentrated around the mean, there is a slight tendency for larger
values to occur more frequently or extend further to the right.

Understanding skewness is vital across various disciplines, from finance to engineering, as it
influences statistical inference, modeling, and decision-making. The calculation exemplifies how
moments serve as powerful tools for summarizing and interpreting the intrinsic characteristics of
data distributions, enabling analysts and researchers to develop more nuanced insights into their
datasets.



---

Final thoughts: Recognizing the importance of moments and their relationship to distribution shape
helps statisticians and data scientists make more informed choices. The approximate skewness of
0.177 indicates a nearly symmetric distribution with a slight tilt, a subtlety that could be critical in
applications requiring precise modeling or risk assessment.
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