
BUSINESS STATISTICS BBA UNIT-III 2ND SEM 

Dr. Kajarii Roy, Professor, MBA Department, Somany Institute of Technology and Management,     1  
Haryana. 
 

UNIT-III:  Correlation and Regression: Meaning of correlation, types of correlation – positive 

and negative correlation, simple, partial and multiple correlation, methods of studying 

correlation; scatter diagram, graphic and direct method; properties of correlation co-efficient, 

rank correlation, coefficient of determination, lines of regression, co-efficient of regression, 

standard error of estimate. 

Correlation 

Correlation is used to test relationships between quantitative variables or categorical variables. In 

other words, it’s a measure of how things are related. The study of how variables are correlated 

is called correlation analysis. 

 

Some examples of data that have a high correlation: 

 Your caloric intake and your weight. 

 Your eye color and your relatives’ eye colors. 

 

Some examples of data that have a low correlation (or none at all): 

 A dog’s name and the type of dog biscuit they prefer. 

 The cost of a car wash and how long it takes to buy a soda inside the station. 

 

Correlations are useful because if you can find out what relationship variables have, you can 

make predictions about future behavior. Knowing what the future holds is very important in the 

social sciences like government and healthcare. Businesses also use these statistics for budgets 

and business plans. 

 

Scatter Diagram 

A scatter diagram is a diagram that shows the values of two variables X and Y, along with the 

way in which these two variables relate to each other. The values of variable X are given along 

the horizontal axis, with the values of the variable Y given on the vertical axis. For purposes of 

drawing a scatter diagram, and determining the correlation coefficient, it does not matter which 

of the two variables is the X variable, and which is Y. 

Later, when the regression model is used, one of the variables is defined as an independent 

variable, and the other is defined as a dependent variable. In regression, the independent variable 

X is considered to have some effect or influence on the dependent variable Y. Correlation 

methods are symmetric with respect to the two variables, with no indication of causation or 

direction of influence being part of the statistical consideration. A scatter diagram is given in the 

following example. The same example is later used to determine the correlation coefficient. 

 

Types of Correlation 

The scatter plot explains the correlation between the two attributes or variables. It represents how 

closely the two variables are connected. There can be three such situations to see the relation 

between the two variables – 

https://www.statisticshowto.datasciencecentral.com/what-are-quantitative-variables-and-quantitative-data/
https://www.statisticshowto.datasciencecentral.com/what-is-a-categorical-variable/
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 Positive Correlation – when the value of one variable increases with respect to another. 

 Negative Correlation – when the value of one variable decreases with respect to another. 

 No Correlation – when there is no linear dependence or no relation between the two 

variables. 

 

 

Correlation Coefficient  

A correlation coefficient is a way to put a value to the relationship. Correlation coefficients have 

a value of between -1 and 1. A “0” means there is no relationship between the variables at all, 

while -1 or 1 means that there is a perfect negative or positive correlation (negative or positive 

correlation here refers to the type of graph the relationship will produce). 

The most common correlation coefficient is the Pearson Correlation Coefficient. It’s used to test 

for linear relationships between data.  

The correlation coefficient, r, is a summary measure that describes the extent of the statistical 

relationship between two interval or ratio level variables. The correlation coefficient is scaled so 

that it is always between -1 and +1. When r is close to 0 this means that there is little relationship 

between the variables and the farther away from 0 r is, in either the positive or negative 

direction, the greater the relationship between the two variables. 

The two variables are often given the symbols X and Y. In order to illustrate how the two 

variables are related, the values of X and Y are pictured by drawing the scatter diagram, graphing 

combinations of the two variables. The scatter diagram is given first, and then the method of 

determining Pearson’s r is presented. In presenting the following examples, relatively small 

sample sizes are given. Later, data from larger samples are given. 

The most common formula is the Pearson Correlation coefficient used for linear dependency 

between the data set. The value of the coefficient lies between -1 to +1. When the coefficient 

comes down to zero, then the data is considered as not related. While, if we get the value of +1, 

then the data are positively correlated and -1 has a negative correlation. 

 

https://www.statisticshowto.datasciencecentral.com/probability-and-statistics/correlation-coefficient-formula/
https://www.statisticshowto.datasciencecentral.com/probability-and-statistics/correlation-coefficient-formula/#Pearson
https://www.statisticshowto.datasciencecentral.com/wp-content/uploads/2012/10/pearson-2-small.png
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Where, n = Quantity of Information 

Σx = Total of the First Variable Value 

Σy = Total of the Second Variable Value 

Σxy = Sum of the Product of & Second Value 

Σx2 = Sum of the Squares of the First Value 

Σy2 = Sum of the Squares of the Second Value 

 

In statistical research, the Sample Correlation Coefficient is given by: 

rxy = Sxy/SxSy 

Where Sx and Sy are the sample standard deviations, and Sxy is the sample covariance. 

 

Population Correlation Coefficient  

The population correlation coefficient uses σx and σy as the population standard deviations and 

σxy as the population covariance. 

rxy = σxy/σxσy 

The Spearman Rank-Order Correlation Coefficient 

The Spearman’s Correlation Coefficient, represented by ρ or by rR, is a nonparametric measure of 

the strength and direction of the association that exists between two ranked variables. It determines 

the degree to which a relationship is monotonic, i.e., whether there is a monotonic component of the 

association between two continuous or ordered variables. 

Monotonicity is “less restrictive” than that of a linear relationship. Although monotonicity is not 

actually a requirement of Spearman’s correlation, it will not be meaningful to pursue Spearman’s 

correlation to determine the strength and direction of a monotonic relationship if we already know 

the relationship between the two variables is not monotonic. 

On the other hand if, for example, the relationship appears linear (assessed via scatterplot) one 

would run a Pearson’s correlation because this will measure the strength and direction of any linear 

relationship. Monotonicity – 

 

https://www.toppr.com/guides/business-mathematics-and-statistics/correlation-and-regression/
https://www.toppr.com/guides/maths/linear-programming/linear-programming-problem/
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Ranking of the Data 

We must rank the data under consideration before proceeding with the Spearman’s Rank 

Correlation evaluation. This is necessary because we need to compare whether on increasing one 

variable, the other follows a monotonic relation (increases or decreases regularly) with respect to it 

or not. 

Thus, at every level, we need to compare the values of the two variables. The method 

of ranking assigns such ‘levels’ to each value in the dataset so that we can easily compare it. 

 Assign number 1 to n (the number of data points) corresponding to the variable values in the 

order highest to lowest. 

 In the case of two or more values being identical, assign to them the arithmetic mean of the 

ranks that they would have otherwise occupied. 

 

The formula for the Spearman rank correlation coefficient is: 

 
   

Regression Analysis 

 

Regression analysis is a set of statistical processes for estimating the relationships between 

a dependent variable and one or more independent variables.  Most common m 

Regression analysis includes several variations, such as linear, multiple linear and nonlinear. The 

most common models are simple linear and multiple linear. Nonlinear regression analysis is 

commonly used for more complicated data sets in which the dependent and independent 

variables show a nonlinear relationship. 

 

Linear regression analysis is based on six fundamental assumptions: 

1. The dependent and independent variables show a linear relationship between the slope 

and the intercept. 

2. The independent variable is not random. 

3. The value of the residual (error) is zero. 

4. The value of the residual (error) is constant across all observations. 

5. The value of the residual (error) is not correlated across all observations. 

6. The residual (error) values follow the normal distribution. 

Simple linear regression is a model that assesses the relationship between a dependent variable 

and an independent variable. The simple linear model is expressed using the following equation: 

Y = α + βX + ϵ 

  

https://www.toppr.com/guides/reasoning-ability/number-ranking-time-sequence/ranking-sequence/
https://www.toppr.com/guides/maths/data-handling/arithmetic-mean/
https://en.wikipedia.org/wiki/Estimation_theory
https://en.wikipedia.org/wiki/Dependent_variable
https://en.wikipedia.org/wiki/Independent_variable
https://www.statisticshowto.datasciencecentral.com/wp-content/uploads/2015/01/rank-correlation-coefficient-formula.jpg
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Where: 

 Y – Dependent variable 

 X – Independent (explanatory) variable 

 α – Intercept 

 β – Slope 

 ϵ – Residual (error) 

Regression Line 

The Regression Line is the line that best fits the data, such that the overall distance from the line 

to the points (variable values) plotted on a graph is the smallest. In other words, a line used to 

minimize the squared deviations of predictions is called as the regression line. 

There are as many numbers of regression lines as variables. Suppose we take two variables, say 

X and Y, then there will be two regression lines: 

 Regression line of Y on X: This gives the most probable values of Y from the given values of 

X. 

 Regression line of X on Y: This gives the most probable values of X from the given values of 

Y. 

The algebraic expression of these regression lines is called as Regression Equations. There will 

be two regression equations for the two regression lines. 

The correlation between the variables depend on the distance between these two regression lines, 

such as the nearer the regression lines to each other the higher is the degree of correlation, and 

the farther the regression lines to each other the lesser is the degree of correlation. 

The correlation is said to be either perfect positive or perfect negative when the two regression 

lines coincide, i.e. only one line exists. In case, the variables are independent; then the 

correlation will be zero, and the lines of regression will be at right angles, i.e. parallel to the X 

axis and Y axis. 

Regression Analysis – Multiple linear regression 

Multiple linear regression analysis is essentially similar to the simple linear model, with the 

exception that multiple independent variables are used in the model. The mathematical 

representation of multiple linear regression is: 

Y = α + βX1 + γX2 + δX3 + ϵ 

  

Where: 

https://businessjargons.com/regression-equation.html
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 Y – Dependent variable 

 X1, X2, X3 – Independent (explanatory) variables 

 α  – Intercept 

 β, γ, δ – Slopes 

 ϵ – Residual (error) 

 Multiple linear regression follows the same conditions as the simple linear model. However, 

since there are several independent variables in multiple linear analysis, there is another 

mandatory condition for the model: 

 Non-collinearity: Independent variables should show a minimum of correlation with 

each other. If the independent variables are highly correlated with each other, it will be 

difficult to assess the true relationships between the dependent and independent variables. 

 

Ordinary Least Squares Estimation 

The idea of Simple Linear Regression is finding those parameters α and β for which the error term 

is minimized. To be more precise, the model will minimize the squared errors: indeed, we do not 

want our positive errors to be compensated by the negative ones, since they are equally penalizing 

for our model. 

 

 

This method is known as ordinary least squares (OLS) method.  

Let’s demonstrate those optimization problems step by step. If we reframe our squared error sum 

as follows: 

 

 

We can set our optimization problem as follows: 
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So let’s start with β: 

 

 

Knowing that the sample covariance between two variables is given by: 
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And knowing that the sample correlation coefficient between two variables is equal to: 

 

We can reframe the above expression as follows: 

 

The same reasoning holds for  α: 

 

Once obtained those values of α and β which minimize the squared errors, our model’s equation 

will look like that: 

 

 

To sum up, you can consider the OLS as a strategy to obtain, from your model, a ‘straight line’ 

which is as close as possible to your data points. Even though OLS is not the only optimization 

strategy, it is the most popular for this kind of tasks, since the outputs of the regression (that are, 

coefficients) are unbiased estimators of the real values of alpha and beta. Indeed, according to the 

Gauss-Markov Theorem, under some assumptions of the linear regression model (linearity in 

parameters, random sampling of observations, conditional mean equal to zero, absence of 

multicollinearity, homoskedasticity of errors), the OLS estimators α and β are the Best Linear 

Unbiased Estimators (BLUE) of the real values of α and β. 
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Coefficient of determination 

The coefficient of determination (R² or r-squared) is a statistical measure in a regression model 

that determines the proportion of variance in the dependent variable that can be explained by 

the independent variable. In other words, the coefficient of determination tells one how well the 

data fits the model (the goodness of fit). 

Mathematically, the coefficient of determination can be found using the following formula: 

 

Where: 

 SSregression – the sum of squares due to regression (explained sum of squares) 

 SStotal –  the total sum of squares 

Although the terms “total sum of squares” and “sum of squares due to regression” seem 

confusing, the variables’ meanings are straightforward. 

The total sum of squares measures the variation in the observed data (data used in regression 

modeling). The sum of squares due to regression measures how well the regression model 

represents the data that were used for modeling. 

Standard Error of Estimate 

Let us consider yest as the estimated value of y for a given value of x. This estimated value can be 

obtained from the regression curve of y on x (see Linear regression ). From this, the measure of 

the scatter about the regression curve is supplied by the quantity: 

  

The above equation is called the Standard Error of Estimate of y on x. it is important to note that 

this Standard Error of Estimate has properties analogous to those of standard deviation.  

https://corporatefinanceinstitute.com/resources/knowledge/modeling/independent-variable/
http://denninginstitute.com/modules/dau/stat/regression/linregsn/linregsn_frm.html
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