Chapter 5: Measures of Variability (Spread)

Measures of variability describe the spread or dispersion of data points in a dataset, providing insight
into how much the data values differ from each other and the central value (e.g., mean). Understanding
variability is essential for analyzing the consistency and reliability of data.

Key Measures of Variability:
1. Range

The range is the simplest measure of variability, calculated as the difference between the maximum and
minimum values in a dataset.

Formula:
Range=Maximum value-Minimum value

Example:
Data: 4,8,15,16,23

Range=23-4=19
Key Points:

e Easy to calculate but sensitive to outliers.
e Does not provide information about the distribution of intermediate values.

2. Variance

Variance measures the average squared deviation of each data point from the mean, reflecting the
spread of the data.

Formula (for a population):
Variance (0%) = (3(xi-p)*)\N
(for a sample):

Variance (s?) = (3(xi-x")?)/(n-1)

Where:



e X =Each data value

e W =Population mean

e X =Sample mean

e N =Total number of data points in the population
e n=Total number of data points in the sample

Example:
Data: 2,4,6

Mean (x™) =4

Variance = ((2-4)* + (4-4)* + (6-4)*)/(3-1)
Variance = (4+0+4)/2=4

Key Points:

e Provides a mathematical foundation for standard deviation.
e Measured in squared units, which may not be intuitive.

3. Standard Deviation

Standard deviation is the square root of the variance, measuring the average deviation from the mean in
the same units as the data.

Formula:

Standard Deviation (o or s)=Variance\text{Standard Deviation} (o or s ) = V Variance
Example: From the previous variance calculation:

Standard Deviation=Vv 4 =2

Key Points:

e Most commonly used measure of variability.
e Directly interpretable in the context of the dataset.

4. Interquartile Range (IQR)

The IQR measures the spread of the middle 50% of the data by calculating the difference between the
third quartile (Q3 ) and the first quartile (Q1 ).

Formula:



IQR=Q3-Ql

Example:
Data: 2,4,6,8,10

Ql1=4,Q3=8
IQR=8-4=4
Key Points:

e Resistant to outliers.
e Useful for identifying data spread in skewed distributions.

5. Coefficient of Variation (CV)

The CV expresses standard deviation as a percentage of the mean, providing a relative measure of
variability.

Formula:
CV = (Standard Deviation / Mean) x 100

Example:
Data with mean 50 and standard deviation 10 :

CV = (10/50)x100 = 20%
Key Points:

e Useful for comparing variability across datasets with different units or scales.

Importance of Measures of Variability:

e Provides insight into the consistency and reliability of data.
e Helps in comparing datasets and identifying patterns.
e Crucial for risk assessment and decision-making in various fields.

Applications:
e Finance: Analyzing stock price volatility.

e Quality Control: Monitoring product variation.
e Research: Understanding the consistency of experimental results.



