
Statistics: Definition, Importance, Limitation 

Statistics is a form of mathematical analysis that uses quantified models, representations and synopses for a given set 

of experimental data or real-life studies. Statistics studies methodologies to gather, review, analyze and draw 

conclusions from data. Some statistical measures include mean, regression analysis, skewness, kurtosis, variance and 

analysis of variance. 

Statistics is a term used to summarize a process that an analyst uses to characterize a data set. If the data set depends 

on a sample of a larger population, then the analyst can develop interpretations about the population primarily based 

on the statistical outcomes from the sample. Statistical analysis involves the process of gathering and evaluating data 

and then summarizing the data into a mathematical form. 

Statistical methods analyze large volumes of data and their properties. Statistics is used in various disciplines such as 

psychology, business, physical and social sciences, humanities, government and manufacturing. Statistical data is 

gathered using a sample procedure or other methods. Two types of statistical methods are used in analyzing data: 

descriptive statistics and inferential statistics. Descriptive statistics are used to synopsize data from a sample exercising 

the mean or standard deviation. Inferential statistics are used when data is viewed as a subclass of a specific 

population. 

 

Importance and Scope of Statistics 

(i) Statistics in Planning 

Statistics is indispensable in planning—may it be at business, economics or government level. The modern age is 

termed as the 'age of planning' and almost all organizations in the government or business or management are 

resorting to planning for efficient working and for formulating policy decisions. 

To achieve this end, the statistical data relating to production, consumption, birth, death, investment, and income are 

of paramount importance. Today efficient planning is a must for almost all countries, particularly developing 

economies for their economic development. 

(ii) Statistics in Mathematics 

Statistics is intimately related to and essentially dependent upon mathematics. The modern theory of Statistics has its 

foundations in the theory of probability which in turn is a particular branch of more advanced mathematical theory of 

Measures and Integration. Ever increasing role of mathematics in statistics has led to the development of a new branch 

of statistics called Mathematical Statistics. 

Thus, Statistics may be considered to be an important member of the mathematics family. In the words of Connor, 

"Statistics is a branch of applied mathematics which specializes in data." 

(iii) Statistics in Economics 

Statistics and Economics are so intermixed with each other that it looks foolish to separate them. DeveThe 

development modern statistical methods has led to an extensive use of statistics in Economics. 

All the important branches of Economics—consumption, production, exchange, distribution, public finance—use 

statistics for the purpose of comparison, presentation, interpretation, etc. Problem of spending of income on and by 

different sections of the people, production of national wealth, adjustment of demand and supply, effect of economic 

policies on the economy etc. simply indicate the importance of statistics in the field of economics and in its different 

branches. 

Statistics of Public Finance enables us to impose tax, to provide subsidy, to spend on various heads, amount of money 

to be borrowed or lent etc. So we cannot think of Statistics without Economics or Economics without Statistics. 

(iv) Statistics in Social Sciences 



Every social phenomenon is affected to a marked extent by a multiplicity of factors which bring out the variation in 

observations from time to time, place to place and object to object. Statistical tools of Regression and Correlation 

Analysis can be used to study and isolate the effect of each of these factors on the given observation. 

Sampling Techniques and Estimation Theory are very powerful and indispensable tools for conducting any social 

survey, pertaining to any strata of society and then analyzing the results and drawing valid inferences. The most 

important application of statistics in sociology is in the field of Demography for studying mortality (death rates), 

fertility (birth rates), marriages, population growth and so on. 

(v) Statistics in Trade 

As already mentioned, statistics is a body of methods to make wise decisions in the face of uncertainties. Business is 

full of uncertainties and risks. We have to forecast at every step. Speculation is just gaining or losing by way of 

forecasting. Can we forecast without taking into view the past? Perhaps, no. The future trend of the market can only 

be expected if we make use of statistics. Failure in anticipation will mean failure of business. 

Changes in demand, supply, habits, fashion etc. can be anticipated with the help of statistics. Statistics is of utmost 

significance in determining prices of the various products, determining the phases of boom and depression etc. Use of 

statistics helps in smooth running of the business, in reducing the uncertainties and thus contributes towards the 

success of business. 

(vi) Statistics in Research Work 

The job of a research worker is to present the result of his research before the community. The effect of a variable on 

a particular problem, under differing conditions, can be known by the research worker only if he makes use of 

statistical methods. Statistics are everywhere basic to research activities. To keep alive his research interests and 

research activities, the researcher is required to lean upon his knowledge and skills in statistical methods. 

 

Limitations of Statistics 

Statistics is a mathematical science pertaining to the collection, analysis, interpretation or explanation, and 

presentation of data. Statisticians improve the quality of data with the design of experiments and survey sampling. 

(i) Statistics does not deal with isolated measurement 

(ii) Statistics deals with only quantitative characteristics 

(iii) Statistics laws are true on average. Statistics are aggregates of facts. So single observation is not a statistics, it deals 

with groups and aggregates only. 

(iv) Statistical methods are best applicable on quantitative data. 

(v) Statistical cannot be applied to heterogeneous data. 

(vi) It sufficient care is not exercised in collecting, analyzing and interpreting the data, statistical results might be 

misleading. 

(vii) Only a person who has expert knowledge of statistics can handle statistical data efficiently. 

(viii) Some errors are possible in statistical decisions. Particularly inferential statistics involves certain errors. We do 

not know whether an error has been committed or not. 

 

Measures of Central Tendency: Mean, Median, and Mode 

A measure of central tendency is a summary statistic that represents the centre point or typical value of a dataset. 

These measures indicate where most values in a distribution fall and are also referred to as the central location of a 

distribution. You can think of it as the tendency of data to cluster around a middle value. In statistics, the three most 



common measures of central tendency are the mean, median, and mode. Each of these measures calculates the 

location of the central point using a different method. 

The mean, median and mode are all valid measures of central tendency, but under different conditions, some 

measures of central tendency become more appropriate to use than others. In the following sections, we will look at 

the mean, mode and median, and learn how to calculate them and under what conditions they are most appropriate 

to be used. 

MEAN (ARITHMETIC) 

The mean (or average) is the most popular and well-known measure of central tendency. It can be used with both 

discrete and continuous data, although its use is most often with continuous data (see our Types of Variable guide for 

data types). The mean is equal to the sum of all the values in the data set divided by the number of values in the data 

set. So, if we have n values in a data set and they have values X1, X2, X3… Xn , the sample mean, usually denoted by 

(pronounced x bar), is: 

 

This formula is usually written in a slightly different manner using the Greek capital letter, , pronounced "sigma", which 

means "sum of...". 

 

You may have noticed that the above formula refers to the sample mean. So, why have we called it a sample mean? 

This is because, in statistics, samples and populations have very different meanings and these differences are very 

important, even if, in the case of the mean, they are calculated in the same way. To acknowledge that we are 

calculating the population mean and not the sample mean, we use the Greek lowercase letter “mu", denoted as µ: 

 

The mean is essentially a model of your data set. It is the value that is most common. You will notice, however, that 

the mean is not often one of the actual values that you have observed in your data set. However, one of its important 

properties is that it minimizes error in the prediction of any one value in your data set. That is, it is the value that 

produces the lowest amount of error from all other values in the data set. 

An important property of the mean is that it includes every value in your data set as part of the calculation. In addition, 

the mean is the only measure of central tendency where the sum of the deviations of each value from the mean is 

always zero. 

MEDIAN 

The median is the middle score for a set of data that has been arranged in order of magnitude. The median is less 

affected by outliers and skewed data. In order to calculate the median, suppose we have the data below: 

 

We first need to rearrange that data into order of magnitude (smallest first): 



 

Our median mark is the middle mark — in this case, 56 (highlighted in bold). It is the middle mark because there are 5 

scores before it and 5 scores after it. This works fine when you have an odd number of scores, but what happens when 

you have an even number of scores? What if you had only 10 scores? Well, you simply have to take the middle two 

scores and average the result. So, if we look at the example below: 

 

Only now we have to take the 5th and 6th score in our data set and average them to get a median of 55.5. 

MODE 

The mode is the most frequent score in our data set. On a histogram, it represents the highest bar in a bar chart or 

histogram. You can, therefore, sometimes consider the mode as being the most popular option. An example of a mode 

is presented below: 

 

Partition Values: Quartile, Deciles, Percentiles 

Partition values or fractiles such a quartile, a decile, etc. are the different sides of the same story. In other words, these 

are values that divide the same set of observations in different ways. So, we can fragment these observations into 

several equal parts. 

QUARTILE 

Whenever we have an observation and we wish to divide it, there is a chance to do it in different ways. So, we use the 

median when a given observation is divided into two parts that are equal. Likewise, quartiles are values that divide a 

complete given set of observations into four equal parts. 

Basically, there are three types of quartiles, first quartile, second quartile, and third quartile. The other name for the 

first quartile is lower quartile. The representation of the first quartile is 'QI.' The other name for the second quartile is 

median. 



The representation of the second quartile is by 'Q2 .c The other name for the third quartile is the upper quartile. The 

representation of the third quartile is by 'Q3.' 

First Quartile is generally the one-fourth of any sort of observation. However, the point to note here is, this one-fourth 

value is always less than or equal to 'QI.' Similarly, it goes for the values of 'Q2' and 'Q3.' 

DECILES 

Deciles are those values that divide any set of a given observation into a total of ten equal parts. Therefore, there are 

a total of nine deciles. These representations of these deciles are as follows — D1, D2, D3, D4, D9. 

D1 is the typical peak value for which one-tenth (1/10) of any given observation is either less or equal to DI. However, 

the remaining nine-tenths(9/10) of the same observation is either greater than or equal to the value of DI. 

PERCENTILES 

Last but not the least, comes the percentiles. The other name for percentiles is centiles. A centile or a percentile 

basically divides any given observation into a total of 100 equal parts. The representation of these percentiles or 

centiles is given as —Pl, P2, P3, P4, P99. 

P1 is the typical peak value for which one-hundredth (1/100) of any given observation is either less or equal to Pl. 

However, the remaining ninety-nine-hundredth (99/100) of the same observation is either greater than or equal to 

the value of Pl. 

This takes place once all the given observations are arranged in a specific manner i.e., ascending order. So, in case the 

data we have doesn't have a proper classification, then the representation of the pth quartile is (n + 1 )pth 

Here, 

n = total number of observations. 

p = 1/4, 2/4, 3/4 for different values of QI, Q2, and Q3 respectively. 

p = 1/10, 2/10, .... 9/10 for different values of DI, D2, D9 respectively. 

p = 1/100, 2/100, .... 99/100 for different values of Pl, P2, P99 respectively. 

Formula 

At times, the grouping of frequency distribution takes place. For which, we use the following formula during the 

computation: 

 

Here, 

l1 = lower class boundary of the specific class that contains the median. 

Ni = less than the cumulative frequency in correspondence to 11 (Post Median Class) 

Nu = less than the cumulative frequency in correspondence to 12 (Pre Median Class) 

C = Length of the median class 

The symbol 'p' has its usual value. The value of 'p' varies completely depending on the type of quartile. There are 

different ways to find values or quartiles. We use this way in a grouped frequency distribution. The best way to do it 

is by drawing an ogive for the present frequency distribution. 

Hence, all that we need to do to find one specific quartile is, find the point and draw a horizontal axis through the 

same. This horizontal line must pass through Np. The next step is to draw a perpendicular. The perpendicular comes 



up from the same point of intersection of the ogive and the horizontal line. Hence, the value of the quartile comes 

from the value of 'x' of the given perpendicular line. 

 

Measures of Variation: Range, IQR 

A measure of variation is a summary statistic that represents the amount of dispersion in a dataset. While a measure 

of central tendency describes the typical value, measures of variability define how far away the data points tend to 

fall from the centre. We talk about variability in the context of a distribution of values. A low dispersion indicates that 

the data points tend to be clustered tightly around the centre. High dispersion signifies that they tend to fall further 

away. 

In statistics, variability, dispersion, and spread are synonyms that denote the width of the distribution. Just as there 

are multiple measures of central tendency, there are several measures of variability. 

RANGE 

Let's start with the range because it is the most straightforward measure of variability to calculate and the simplest to 

understand. The range of a dataset is the difference between the largest and smallest values in that dataset. For 

example, in the two datasets below, dataset 1 has a range of 20 — 38 = 18 while dataset 2 has a range of 11 — 52 = 

41. Dataset 2 has a wider range and, hence, more variability than dataset 1. 

 

While the range is easy to understand, it is based on only the two most extreme values in the dataset, which makes 

it very susceptible to outliers. If one of those numbers is unusually high or low, it affects the entire range even if it is 

atypical. 

Additionally, the size of the dataset affects the range. In general, you are less likely to observe extreme values. 

However, as you increase the sample size, you have more opportunities to obtain these extreme values. 

Consequently, when you draw random samples from the same population, the range tends to increase as the sample 

size increases. Consequently, use the range to compare variability only when the sample sizes are similar. 

THE INTERQUARTILE RANGE (IQR) 

The interquartile range is the middle half of the data. To visualize it, think about the median value that splits the 

dataset in half. Similarly, you can divide the data into quarters. Statisticians refer to these quarters as quartiles and 

denote them from low to high as Q1, Q2, Q3, and Q4. The lowest quartile (Q1) contains the quarter of the dataset 

with the smallest values. The upper quartile (Q4) contains the quarter of the dataset with the highest values. The 

interquartile range is the middle half of the data that is in between the upper and lower quartiles. In other words, 

the interquartile range includes the 50% of data points that fall in Q2 and 

The IQR is the red area in the graph below. 



 

The interquartile range is a robust measure of variability in a similar manner that the median is a robust measure of 

centra tendency. Neither measure is influenced dramatically by outliers because they don't depend on every value. 

Additionally, the interquartile range is excellent for skewed distributions, just like the median. As you'll learn, when 

you have a normal distribution, the standard deviation tells you the percentage of observations that fall specific 

distances from the mean. However, this doesn't work for skewed distributions, and the IQR is a great alternative. 

I've divided the dataset below into quartiles. The interquartile range (IQR) extends from the low end of Q2 to the 

upper limit of Q3. For this dataset, the range is 21-39. 

 



 

 

 



 

 



 

Key Takeaways 

• Skewness, in statistics, is the degree of distortion from the symmetrical bell curve in a probability 

distribution. 

• Distributions can exhibit right (positive) skewness or left (negative) skewness to varying degree. 

• Investors note skewness when judging a return distribution because it, like kurtosis, considers the extremes of the 

data set rather than focusing solely on the average. 

Broadly speaking, there are two types of skewness: They are 

(1) Positive skewness and 

(2) Negative skewness. 

Positive skewness 

A series is said to have positive skewness when the following characteristics are noticed: 

• Mean > Median > Mode. 

• The right tail of the curve is longer than its left tail when the data are plotted through a histogram or a frequency 

polygon. 

• The formula of Skewness and its coefficient give positive figures. 

Negative skewness 

A series is said to have negative skewness when the following characteristics are noticed: 

• Mode> Median > Mode. 

• The left tail of the curve is longer than the right tail, when the data are plotted through a histogram, or a frequency 

polygon. 

• The formula of skewness and its coefficient give negative figures. 

Thus, a statistical distribution may be three types viz. 

Symmetric 

Positively skewed 

Negatively skewed 



Kurtosis 

Kurtosis is a statistical measure that defines how heavily the tails of a distribution differ from the tails of a normal 

distribution. In other words, kurtosis identifies whether the tails of a given distribution contain extreme values. 

Along with skewness, kurtosis is an important descriptive statistic of data distribution. However, the two concepts 

must not be confused with each other. Skewness essentially measures the symmetry of the distribution while 

kurtosis determines the heaviness of the distribution tails. 

In finance, kurtosis is used as a measure of financial risk. A large kurtosis is associated with a high level of risk of an 

investment because it indicates that there are high probabilities of extremely large and extremely small returns. On 

the other hand, a small kurtosis signals a moderate level of risk because the probabilities of extreme returns are 

relatively low. 

Excess Kurtosis 

An excess kurtosis is a metric that compares the kurtosis of a distribution against the kurtosis of a normal 

distribution. The kurtosis of a normal distribution equals 3. Therefore, the excess kurtosis is found using the formula 

below: 

Excess Kurtosis = Kurtosis — 3 

Types of Kurtosis 

The types of kurtosis are determined by the excess kurtosis of a particular distribution. The excess kurtosis can take 

positive or negative values as well, as values close to zero. 

1. Mesokurtic 

Data that follows a mesokurtic distribution shows an excess kurtosis of zero or close to zero. It means that if the data 

follows a normal distribution, it follows a mesokurtic distribution. 

 

2. Leptokurtic 

Leptokurtic indicates a positive excess kurtosis distribution. The leptokurtic distribution shows heavy tails on either 

side, indicating the large outliers. In finance, a leptokurtic distribution shows that the investment returns may be 

prone to extreme values on either side. Therefore, an investment whose returns follow a leptokurtic distribution is 

considered to be risky. 

 



 



Unit 2: Correlation & Regression Analysis 

 

Correlation analysis 

Correlation analysis is a statistical method used to measure the relationship between two or more variables. The 

goal of correlation analysis is to determine whether there is a relationship between two variables and if so, to what 

extent. 

Correlation analysis is typically used when we have two or more continuous variables, such as height and weight, or 

temperature and humidity. The strength and direction of the relationship between two variables can be measured 

by calculating the correlation coefficient. 

The most commonly used correlation coefficient is Pearson's correlation coefficient, which ranges from -1 to +1. A 

coefficient of +1 indicates a perfect positive correlation, while a coefficient of -1 indicates a perfect negative 

correlation. A coefficient of 0 indicates no correlation between the two variables. 

Correlation analysis can be used in a variety of fields, such as psychology, economics, and biology, to investigate the 

relationship between variables and to help make predictions or inform decision-making. However, correlation does 

not necessarily imply causation, and other factors may be responsible for the observed correlation. Therefore, it is 

important to use caution when interpreting the results of correlation analysis. 

 

The properties of correlation are as follows: 

Correlation coefficient ranges from -1 to +1: The correlation coefficient is a standardized measure that ranges from -

1 to +1. A correlation of -1 indicates a perfect negative correlation, while a correlation of +1 indicates a perfect 

positive correlation. A correlation coefficient of 0 indicates no correlation between the two variables. 

Correlation is symmetric: The correlation between two variables is always symmetric, which means that the 

correlation between variable A and variable B is the same as the correlation between variable B and variable A. 

Correlation is affected by outliers: Correlation can be affected by outliers, which are data points that are far away 

from the rest of the data. Outliers can artificially inflate or deflate the correlation coefficient and can lead to 

erroneous conclusions. 

Correlation does not imply causation: Correlation does not imply causation, which means that just because two 

variables are correlated, it does not necessarily mean that one causes the other. Other factors may be responsible 

for the observed correlation. 

Correlation is affected by scale: Correlation is affected by the scale of measurement of the variables. For example, if 

one variable is measured in inches and the other variable is measured in centimeters, the correlation coefficient will 

be affected by the difference in scale. 

Correlation can be influenced by sample size: The correlation coefficient can be influenced by sample size, with 

larger sample sizes leading to more accurate estimates of the true correlation between variables. 

Correlation is not affected by the units of measurement: Correlation is a unitless measure, which means that it is 

not affected by the units of measurement used for the variables. For example, the correlation between height and 

weight will be the same whether height is measured in inches or centimeters. 

 

Karl Pearson's coefficient of correlation: 

Karl Pearson's coefficient of correlation, also known as Pearson's correlation coefficient or simply Pearson's r, is a 

measure of the linear relationship between two continuous variables. Pearson's r ranges from -1 to +1, with a value 



of +1 indicating a perfect positive correlation, a value of 0 indicating no correlation, and a value of -1 indicating a 

perfect negative correlation. 

Pearson's correlation coefficient is calculated as the covariance between the two variables divided by the product of 

their standard deviations. The formula for Pearson's r is: 

r = ( Σ (xi - x) (yi - y) ) / ( (n - 1) * s_x * s_y ) 

where: 

Σ represents the sum of the values 

xi is the value of variable x for observation i 

x is the mean of variable x 

yi is the value of variable y for observation i 

y is the mean of variable y 

n is the number of observations 

s_x is the standard deviation of variable x 

s_y is the standard deviation of variable y 

Pearson's correlation coefficient is widely used in many fields of research, including psychology, biology, economics, 

and engineering, to measure the strength and direction of the relationship between two continuous variables. 

However, Pearson's r only measures linear relationships and may not capture non-linear relationships or 

relationships between variables that are not normally distributed. 

 

There are several assumptions associated with Pearson's correlation coefficient: 

Linearity: The relationship between the two variables being correlated should be linear, which means that the 

relationship should be roughly equal across the range of both variables. 

Normality: Both variables should be normally distributed, or at least approximately normally distributed. This is 

important because Pearson's correlation coefficient assumes that the variables are normally distributed. 

Homoscedasticity: Homoscedasticity refers to the assumption that the variance of the two variables should be 

roughly equal across the range of both variables. 

Independence: The observations of the two variables being correlated should be independent of each other. In 

other words, the value of one variable should not depend on the value of the other variable. 

Outliers: Pearson's correlation coefficient is sensitive to outliers, which can lead to inaccurate estimates of the 

correlation coefficient. Therefore, it is important to check for outliers before using Pearson's correlation coefficient. 

Range of scores: Pearson's correlation coefficient is also sensitive to the range of scores of the two variables being 

correlated. If the range of scores is too narrow, it may be difficult to detect a relationship between the two variables. 

 

Violations of these assumptions can affect the accuracy and interpretation of Pearson's correlation coefficient. 

Therefore, it is important to check for these assumptions before using Pearson's correlation coefficient and to 

consider alternative methods of analysis if any of these assumptions are violated. 

 

Spearman's rank correlation coefficient 



Spearman's rank correlation coefficient is a non-parametric measure of the monotonic relationship between two 

variables. It is often used as an alternative to Pearson's correlation coefficient when the assumption of normality is 

not met, or when the relationship between the variables is not linear. 

Spearman's rank correlation coefficient is based on the ranks of the data, rather than the actual values. The formula 

for Spearman's rank correlation coefficient is: 

 

 

Spearman's rank correlation coefficient ranges from -1 to +1, with a value of +1 indicating a perfect positive 

monotonic relationship, a value of 0 indicating no monotonic relationship, and a value of -1 indicating a perfect 

negative monotonic relationship. 

The assumptions for using Spearman's rank correlation coefficient are less stringent than those for Pearson's 

correlation coefficient. Spearman's rank correlation coefficient does not assume that the data are normally 

distributed, and it is less sensitive to outliers. However, Spearman's rank correlation coefficient assumes that the 

relationship between the variables is monotonic, rather than linear. 

Spearman's rank correlation coefficient is commonly used in fields such as psychology, social sciences, and biology to 

measure the relationship between two variables when the assumptions for using Pearson's correlation coefficient 

are not met. 

 

Assumptions of Spearman’s Rank Correlation: 

Spearman's rank correlation coefficient is a non-parametric measure of correlation and therefore, does not make 

any assumptions about the distribution of the data. However, there are some assumptions related to the use of 

Spearman's rank correlation coefficient, which are: 

 

Independence: The observations of the two variables being correlated should be independent of each other. In 

other words, the value of one variable should not depend on the value of the other variable. 

Monotonicity: The relationship between the two variables should be monotonic, which means that the relationship 

should be either strictly increasing or decreasing. The strength of the monotonic relationship is measured by the 

Spearman's rank correlation coefficient. 

Rankability: The two variables should be capable of being ranked. This means that there should be no ties in the 

data or that the ties should be resolved using appropriate methods. 



Outliers: Although Spearman's rank correlation coefficient is less sensitive to outliers compared to Pearson's 

correlation coefficient, outliers can still influence the results. Therefore, it is important to check for outliers before 

using Spearman's rank correlation coefficient. 

It is important to note that Spearman's rank correlation coefficient does not measure causality, and a significant 

correlation does not necessarily mean that there is a causal relationship between the two variables. Therefore, it is 

important to use caution when interpreting the results of Spearman's rank correlation coefficient. 

 

 

Regression analysis 

Regression analysis is a statistical method used to examine the relationship between a dependent variable and one 

or more independent variables. The goal of regression analysis is to develop a model that can accurately predict the 

values of the dependent variable based on the values of the independent variables. 

 

There are two main types of regression analysis: simple linear regression and multiple linear regression: 

Simple linear regression involves one independent variable and one dependent variable. The goal is to determine the 

linear relationship between the two variables and develop a linear equation that can be used to predict the value of 

the dependent variable based on the value of the independent variable. 

 

Multiple linear regression involves two or more independent variables and one dependent variable. The goal is to 

determine the linear relationship between the dependent variable and all the independent variables together, and 

develop a linear equation that can be used to predict the value of the dependent variable based on the values of the 

independent variables. 

 

Regression analysis uses statistical measures such as the coefficient of determination (R-squared), which indicates 

the proportion of variation in the dependent variable that can be explained by the independent variables, and the 

coefficients of the independent variables, which indicate the magnitude and direction of the effect of each 

independent variable on the dependent variable. 

 

Regression analysis can be used in many different fields, including economics, finance, social sciences, engineering, 

and biology, to name a few. It is a powerful tool for making predictions and understanding the relationships between 

variables. 

 

Fitting a regression line involves finding the equation of a line that best fits the data points in a scatter plot. The 

regression line represents the linear relationship between the independent variable and the dependent variable. The 

line can then be used to make predictions about the value of the dependent variable for a given value of the 

independent variable. 

 

The equation of a regression line can be written as: 

 

Y = a + bX 

 



Where Y is the dependent variable, X is the independent variable, a is the intercept, and b is the slope of the line. 

The slope of the line (b) represents the change in Y for every unit change in X, while the intercept (a) represents the 

value of Y when X is equal to zero. 

 

To fit a regression line, various methods can be used, including the method of least squares. The method of least 

squares involves minimizing the sum of the squared differences between the actual values of the dependent variable 

and the predicted values of the dependent variable from the regression line. 

 

Interpreting the results of a regression analysis involves several steps. First, the coefficient of determination (R-

squared) should be calculated, which is a measure of how well the regression line fits the data. R-squared ranges 

from 0 to 1, with values closer to 1 indicating a better fit. 

 

Second, the coefficients of the regression line should be examined. The slope coefficient (b) indicates the direction 

and strength of the relationship between the independent variable and the dependent variable. A positive slope 

coefficient indicates a positive relationship, while a negative slope coefficient indicates a negative relationship. The 

intercept coefficient (a) represents the value of the dependent variable when the independent variable is equal to 

zero. 

 

Third, the significance of the coefficients should be evaluated using hypothesis testing. The null hypothesis is that 

the coefficient is equal to zero, indicating no relationship between the independent variable and the dependent 

variable. If the p-value associated with the coefficient is less than the level of significance (usually 0.05), the null 

hypothesis can be rejected, and it can be concluded that the coefficient is significantly different from zero. 

 

Finally, the regression line can be used to make predictions about the value of the dependent variable for a given 

value of the independent variable. The predicted value of the dependent variable can be calculated by plugging the 

value of the independent variable into the regression equation. 

 

Simple linear regression: 

Simple linear regression is a type of regression analysis that involves only one independent variable and one 

dependent variable. The goal of simple linear regression is to establish a linear relationship between the two 

variables and develop a linear equation that can be used to predict the value of the dependent variable based on the 

value of the independent variable. 

The equation of a simple linear regression line can be written as: 

Y = a + bX 

Where Y is the dependent variable, X is the independent variable, a is the intercept, and b is the slope of the line. 

The slope of the line (b) represents the change in Y for every unit change in X, while the intercept (a) represents the 

value of Y when X is equal to zero. 

To fit a simple linear regression line, the method of least squares is commonly used. The method of least squares 

involves minimizing the sum of the squared differences between the actual values of the dependent variable and the 

predicted values of the dependent variable from the regression line. 

The coefficient of determination (R-squared) is a measure of how well the regression line fits the data. R-squared 

ranges from 0 to 1, with values closer to 1 indicating a better fit. R-squared represents the proportion of the total 

variation in the dependent variable that is explained by the independent variable. 



The slope coefficient (b) indicates the direction and strength of the relationship between the independent variable 

and the dependent variable. A positive slope coefficient indicates a positive relationship, while a negative slope 

coefficient indicates a negative relationship. The intercept coefficient (a) represents the value of the dependent 

variable when the independent variable is equal to zero. 

The significance of the coefficients can be evaluated using hypothesis testing. The null hypothesis is that the 

coefficient is equal to zero, indicating no relationship between the independent variable and the dependent variable. 

If the p-value associated with the coefficient is less than the level of significance (usually 0.05), the null hypothesis 

can be rejected, and it can be concluded that the coefficient is significantly different from zero. 

The regression line can be used to make predictions about the value of the dependent variable for a given value of 

the independent variable. The predicted value of the dependent variable can be calculated by plugging the value of 

the independent variable into the regression equation. However, it is important to note that predictions made 

outside the range of the independent variable used to fit the regression line may not be accurate. 

 

Multiple linear regression 

Multiple linear regression is a type of regression analysis that involves more than one independent variable and one 

dependent variable. The goal of multiple linear regression is to establish a linear relationship between the 

dependent variable and multiple independent variables and develop a linear equation that can be used to predict 

the value of the dependent variable based on the values of the independent variables. 

 

The equation of a multiple linear regression line can be written as: 

 

Y = a + b1X1 + b2X2 + ... + bnxn 

 

Where Y is the dependent variable, X1, X2, ..., Xn are the independent variables, a is the intercept, and b1, b2, ..., bn 

are the coefficients of the independent variables. The coefficients represent the change in Y for every unit change in 

the respective independent variable, holding all other independent variables constant. 

 

To fit a multiple linear regression line, the method of least squares is commonly used. The method of least squares 

involves minimizing the sum of the squared differences between the actual values of the dependent variable and the 

predicted values of the dependent variable from the regression line. 

 

The coefficient of determination (R-squared) is a measure of how well the regression line fits the data. R-squared 

ranges from 0 to 1, with values closer to 1 indicating a better fit. R-squared represents the proportion of the total 

variation in the dependent variable that is explained by the independent variables. 

 

The significance of the coefficients can be evaluated using hypothesis testing. The null hypothesis is that the 

coefficient is equal to zero, indicating no relationship between the independent variable and the dependent variable, 

holding all other independent variables constant. If the p-value associated with the coefficient is less than the level 

of significance (usually 0.05), the null hypothesis can be rejected, and it can be concluded that the coefficient is 

significantly different from zero. 

 



Note: The regression line can be used to make predictions about the value of the dependent variable for a given set 

of values of the independent variables. The predicted value of the dependent variable can be calculated by plugging 

the values of the independent variables into the regression equation. However, it is important to note that 

predictions made outside the range of the independent variables used to fit the regression line may not be accurate. 

Additionally, it is important to ensure that the independent variables are not highly correlated with each other, as 

this can lead to issues with multicollinearity. 

Properties of Regression Coefficients 

Regression coefficients have several properties that are important to understand when interpreting the results of a 

regression analysis. Some of the key properties are: 

Sign: The sign of the coefficient indicates the direction of the relationship between the independent variable and the 

dependent variable. A positive coefficient indicates a positive relationship, while a negative coefficient indicates a 

negative relationship. 

Magnitude: The magnitude of the coefficient indicates the strength of the relationship between the independent 

variable and the dependent variable. A larger coefficient indicates a stronger relationship, while a smaller coefficient 

indicates a weaker relationship. 

Standard error: The standard error of the coefficient measures the precision of the estimate. A smaller standard 

error indicates a more precise estimate, while a larger standard error indicates a less precise estimate. 

Confidence interval: The confidence interval provides a range of values within which the true value of the coefficient 

is likely to fall with a certain level of confidence (usually 95%). A narrower confidence interval indicates a more 

precise estimate, while a wider confidence interval indicates a less precise estimate. 

T-statistic: The t-statistic is a measure of the significance of the coefficient. A larger absolute value of the t-statistic 

indicates a more significant coefficient, while a smaller absolute value of the t-statistic indicates a less significant 

coefficient. 

P-value: The p-value indicates the probability of observing a coefficient as extreme as the one calculated, assuming 

the null hypothesis that the true value of the coefficient is zero. A smaller p-value indicates a more significant 

coefficient, while a larger p-value indicates a less significant coefficient. 

Multicollinearity: The presence of multicollinearity (high correlation between independent variables) can lead to 

unstable and unreliable coefficient estimates. In such cases, it may be necessary to use alternative methods such as 

regularization or dimensionality reduction. 

It is important to consider these properties when interpreting regression coefficients, as they can provide valuable 

insights into the strength, precision, and significance of the relationship between the independent variable and the 

dependent variable. 

 

Relationship between Regression and Correlation: 

 Regression analysis is used to predict the value of the dependent variable based on the values of one or 

more independent variables. 

 Correlation analysis is used to determine the degree of association or relationship between two or more 

variables. 

 The coefficient of correlation (r) is often used to assess the strength and direction of the linear relationship 

between the independent and dependent variables in a regression analysis. 

 The coefficient of correlation (r) ranges from -1 to 1, with values closer to -1 indicating a strong negative 

linear relationship, values closer to 1 indicating a strong positive linear relationship, and values close to 0 

indicating little or no linear relationship. 

 Regression and correlation are complementary statistical techniques that can be used together to examine 

the relationship between variables. 



 

Difference between Regression and Correlation: 

Regression and correlation are two statistical techniques that are often used together to examine the relationship 

between variables. Here are the key differences between regression and correlation: 

 

Purpose: The purpose of regression analysis is to develop a mathematical equation that can be used to predict the 

value of the dependent variable based on the values of one or more independent variables. In contrast, the purpose 

of correlation analysis is to determine the degree of association or relationship between two or more variables. 

 

Directionality: Regression analysis involves the dependent variable and one or more independent variables, and it 

attempts to identify a functional relationship between them. Correlation analysis examines the association between 

two or more variables without specifying the direction of the relationship. 

 

Causality: Regression analysis can be used to determine the cause-and-effect relationship between the dependent 

and independent variables. Correlation analysis, however, cannot determine causality; it only indicates whether a 

relationship exists between two variables. 

 

Values: The output of regression analysis is a set of regression coefficients that represent the relationship between 

the dependent and independent variables. The output of correlation analysis is the correlation coefficient (r), which 

represents the strength and direction of the association between two variables. 

 

Linearity: Regression analysis assumes that the relationship between the dependent and independent variables is 

linear. Correlation analysis does not make this assumption and can detect both linear and non-linear relationships. 

 

Overall, regression analysis is used to predict the value of the dependent variable based on the values of one or 

more independent variables, while correlation analysis is used to determine the degree of association or relationship 

between two or more variables. 

Feature Regression Analysis Correlation Analysis 

Purpose Predict the value of dependent variable(s) Determine the degree of association 

Directionality Dependent and independent variables Two or more variables 

Causality Can determine cause-and-effect Cannot determine causality 

Values Regression coefficients Correlation coefficient (r) 

Linearity Assumption Assumes linear relationship Can detect both linear and non-
linear relationships 

 



Time Series Analysis: Concept, Additive and Multiplicative models 

Time series analysis is a statistical method used to analyze and forecast data that is collected over time. It is a useful 

tool for understanding the behaviour of a variable over time and for making predictions about the future values of 

the variable. 

In time series analysis, two commonly used models are additive and multiplicative models. These models are used to 

describe the relationship between the observed data and time. 

 

Component of Time Series 

The components of a time series are the different sources of variation or patterns that are present in the data over 

time. These components can help to explain the underlying structure of the time series and can be used to develop 

models for forecasting future values. 

There are generally four main components of a time series: 

Trend: The trend component represents the long-term behaviour or direction of the time series. It reflects the 

underlying pattern or tendency of the series to increase or decrease over time. The trend can be linear, non-linear, 

or even irregular, depending on the nature of the data. 

Seasonality: The seasonality component refers to the regular and repeating patterns of variation that occur at fixed 

intervals of time within a year or over multiple years. These patterns can be daily, weekly, monthly, quarterly, or 

annually. Examples of seasonality include increased sales during holiday seasons, higher temperatures in summer, 

and lower temperatures in winter. 

Cyclical Variation: The cyclical component of the time series refers to the patterns of variation that occur over a 

period of several years or even decades. These patterns are typically driven by economic, political, or social factors 

that affect the overall level of the series. Cyclical variation is often confused with seasonal variation but is 

fundamentally different since it does not occur at regular intervals of time. 

Irregular Variation: The irregular component, also known as the residual component, refers to the random or 

unpredictable fluctuations that are left after the trend, seasonality, and cyclical components have been accounted 

for. These fluctuations can arise due to factors such as measurement error, sampling error, or other random events 

that affect the series. 

By understanding and modelling the different components of a time series, analysts can develop effective 

forecasting models that take into account the underlying structure of the data. 

Additive and Multiplicative Models: 

An additive model assumes that the observed data is the sum of several components, each of which varies 

independently over time. These components include a trend component, a seasonal component, and a random or 

noise component. The trend component represents the long-term behaviour of the series, while the seasonal 

component captures the periodic fluctuations in the series. The random or noise component represents the random 

fluctuations in the data that are not accounted for by the trend or seasonal components. Mathematically, an 

additive model can be expressed as: 

Y = T + S + C + I 

where Y is the observed data at time t, T is the trend component at a time, S is the seasonal component at a time, 

and I is the random or noise component at time t. 

 

A multiplicative model, on the other hand, assumes that the observed data is the product of several components, it 

also assumes that the effect of one component is proportional to the others. These components include a trend 



component, a seasonal component, and a random or noise component. Mathematically, a multiplicative model can 

be expressed as: 

 

Y = T * S * C * I 

where Y is the observed data at time t, T is the trend component at a time, S is the seasonal component at a time, 

and I is the random or noise component at time t. 

The choice of whether to use an additive or multiplicative model depends on the nature of the time series data. If 

the variation in the data is proportional to the level of the data, then a multiplicative model is appropriate. If the 

variation in the data is independent of the level of the data, then an additive model is appropriate. 

Both additive and multiplicative models can be used for forecasting future values of the time series. The choice of 

model depends on the specific characteristics of the time series data and the goals of the analysis. 

 

Trend Analysis 

Trend analysis is a method used to analyze and forecast trends in time series data. One common approach to trend 

analysis is the least squares method, which involves fitting a line (or curve) to the data that minimizes the sum of the 

squared differences between the predicted values and the observed values. 

The Least Squares method is a statistical technique used to find the best-fit line or curve that represents the 

relationship between two variables. It is commonly used in linear regression analysis, but can also be used for non-

linear regression analysis. 

 

In simple linear regression analysis, we are interested in finding the line that best represents the relationship 

between a dependent variable (Y) and an independent variable (X). The line is determined by finding the values of 

the slope (b) and the intercept (a) that minimize the sum of the squared differences between the predicted values of 

Y and the actual values of Y. 

The equation for the line is given by: 

Y = a + bX 

where Y is the dependent variable, X is the independent variable, a is the intercept, and b is the slope. 

To find the values of a and b that minimize the sum of the squared differences, we can use the following formulas: 

b = (n∑XY - ∑X∑Y) / (n∑X^2 - (∑X)^2) 

a = (∑Y - b∑X) / n 

where n is the number of observations, ∑XY is the sum of the products of X and Y, ∑X and ∑Y are the sums of X and Y, 

respectively, and ∑X^2 is the sum of the squares of X. 

Once we have determined the values of a and b, we can use the equation of the line to predict future values of Y. 

 

In non-linear regression analysis, the least squares method can be used to find the best-fit curve that represents the 

relationship between the variables. The curve can take many different forms, depending on the specific pattern 

observed in the data. The values of the parameters in the equation of the curve are determined by minimizing the 

sum of the squared differences between the predicted values of Y and the actual values of Y. 

Overall, the least squares method is a powerful tool for analyzing relationships between variables and making 

predictions based on those relationships. However, it is important to be aware of the assumptions underlying the 

method and to interpret the results carefully. 



Assumptions of Least Squares Method 

The least squares model relies on several assumptions in order to produce accurate results. These assumptions 

include: 

Linearity: The relationship between the dependent variable and the independent variable(s) should be linear. This 

means that the change in the dependent variable should be proportional to the change in the independent 

variable(s). 

Independence: The observations should be independent of each other. This means that the value of one observation 

should not be influenced by the value of any other observation. 

Homoscedasticity: The variance of the errors (i.e., the difference between the predicted values and the actual 

values) should be constant across all levels of the independent variable(s). This means that the spread of the errors 

should be the same for all values of the independent variable(s). 

Normality: The errors should be normally distributed. This means that the distribution of the errors should be 

symmetrical around zero. 

Outliers: The data should not contain any outliers that have a significant impact on the results. Outliers are 

observations that are significantly different from the other observations and can have a large influence on the 

estimated coefficients. 

It is important to check these assumptions before using the least squares model to make predictions. Violations of 

these assumptions can lead to inaccurate results and biased predictions. If any of these assumptions are violated, it 

may be necessary to use a different modelling approach or to transform the data in order to meet the assumptions. 

 

Applications in business decision-making: 

The least squares method is widely used in business decision-making because it can be applied to a variety of 

scenarios where there is a need to analyze the relationship between variables and make predictions based on that 

relationship. Some of the applications of the least squares method in business decision-making include: 

Forecasting: The least squares method can be used to forecast future values of a variable based on historical data. 

This is useful in scenarios where there is a need to predict sales, demand, or other key performance indicators. 

Pricing: The least squares method can be used to analyze the relationship between pricing and sales. This can help 

businesses to determine the optimal price point that maximizes revenue and profitability. 

Quality control: The least squares method can be used to analyze the relationship between quality control measures 

and defects. This can help businesses to identify the key factors that contribute to defects and to develop strategies 

to improve quality control. 

Marketing: The least squares method can be used to analyze the relationship between marketing activities (e.g., 

advertising, promotions) and sales. This can help businesses to optimize their marketing spend and to develop more 

effective marketing campaigns. 

Financial analysis: The least squares method can be used to analyze the relationship between financial variables 

(e.g., revenue, expenses, profits) and to make predictions about future financial performance. 

Overall, the least squares method is a powerful tool for business decision-making because it allows businesses to 

analyze the relationships between variables and to make predictions based on those relationships. This can help 

businesses to make more informed decisions and to optimize their operations for maximum efficiency and 

profitability. 

 

Index Number and meaning 



Index numbers are a statistical measure used to track changes in the value of a variable over time or across different 

groups. They are typically used to measure changes in the price level, but can also be used to measure changes in 

other variables such as output, employment, and population. 

An index number is a measure of the relative change in the value of a variable compared to a base period or base 

year. The base period is typically set to 100 and the index number for subsequent periods is expressed as a 

percentage of the base period. 

For example, suppose the price of a basket of goods in the base year was $100 and in the current year it has risen to 

$120. The index number for the current year would be 120, indicating a 20% increase in prices compared to the base 

year. 

Index numbers are useful because they allow us to compare changes in the value of a variable over time or across 

different groups, even if the absolute values of the variable are not comparable. For example, the price of a basket of 

goods in one country may be higher than the price of the same basket of goods in another country, but we can use 

index numbers to compare changes in prices over time within each country. 

Index numbers can also be used to calculate inflation rates, which is the rate at which the general price level is 

increasing. Inflation is calculated by taking the percentage change in the index number for a particular period and 

subtracting the percentage change in the index number for the previous period. 

Overall, index numbers are a valuable tool for measuring changes in the value of a variable over time or across 

different groups. They allow us to compare changes in the value of a variable, even if the absolute values are not 

comparable, and can provide useful insights into economic trends and patterns. 

 

The key features of index numbers include: 

Relative measure: Index numbers are a relative measure of change, meaning that they measure the change in the 

value of a variable relative to a base period or base year. 

Base period or base year: Index numbers are calculated relative to a base period or base year. The base period or 

base year is usually set to 100, and the index number for subsequent periods is expressed as a percentage of the 

base period. 

Aggregation: Index numbers can be aggregated to provide an overall measure of change. For example, the 

Consumer Price Index (CPI) aggregates price changes for a basket of goods and services to provide an overall 

measure of inflation. 

Weighting: Index numbers can be weighted to reflect the importance of different components. For example, the CPI 

assigns weights to different categories of goods and services based on their relative importance in the average 

consumer's budget. 

Time series analysis: Index numbers can be used to analyze changes in a variable over time. This can help to identify 

trends and patterns, and to make forecasts about future values of the variable. 

Cross-sectional analysis: Index numbers can be used to compare changes in a variable across different groups. For 

example, the GDP deflator can be used to compare changes in the general price level across different countries. 

Overall, index numbers are a useful tool for measuring changes in the value of a variable over time or across 

different groups. They provide a relative measure of change, can be aggregated and weighted to reflect the 

importance of different components, and can be used for time series analysis and cross-sectional analysis. 

 

There are various types of index numbers, each designed to measure changes in different variables. Here are some 

of the most common types: 



Price Index Numbers: These measure changes in the price of goods and services over time. Examples include the 

Consumer Price Index (CPI), Producer Price Index (PPI), and Wholesale Price Index (WPI). 

Quantity Index Numbers: These measure changes in the quantity of goods and services produced over time. 

Examples include the Industrial Production Index (IPI) and the Retail Sales Index (RSI). 

Value Index Numbers: These measure changes in the total value of goods and services produced over time. 

Examples include the Gross Domestic Product (GDP) deflator, which measures changes in the price level of all goods 

and services produced in a country. 

Cost of Living Index Numbers: These measure changes in the cost of living over time. Examples include the 

Consumer Price Index for All Urban Consumers (CPI-U) and the Consumer Price Index for Urban Wage Earners and 

Clerical Workers (CPI-W). 

Stock Market Index Numbers: These measure changes in the value of stocks traded on a stock exchange. Examples 

include the Dow Jones Industrial Average (DJIA) and the Standard & Poor's 500 Index (S&P 500). 

Quality Index Numbers: These measure changes in the quality of goods and services over time. Examples include the 

Hedonic Price Index (HPI) used to measure changes in the quality of consumer goods. 

Overall, index numbers are a valuable tool for measuring changes in various variables over time. The choice of index 

number depends on the variable being measured and the purpose of the analysis. 

 

Index numbers have various uses in different fields. Some common uses of index numbers include: 

Economic analysis: Index numbers are used to measure changes in economic variables over time, such as inflation, 

production, and employment. They help to identify trends, patterns, and fluctuations in the economy. 

Business planning: Index numbers are used in business planning to forecast future values of variables, such as sales, 

costs, and profits. They can help businesses to make informed decisions about production, pricing, and investments. 

Investment analysis: Index numbers are used to evaluate the performance of investments, such as stocks, bonds, 

and mutual funds. They help to compare the returns on different investments over time and across different 

markets. 

Marketing research: Index numbers are used in marketing research to measure consumer behavior and preferences. 

For example, the Consumer Confidence Index (CCI) is used to measure consumer sentiment and spending habits. 

Government policy-making: Index numbers are used by governments to monitor and evaluate the effectiveness of 

policies, such as fiscal and monetary policies. They help to identify the impact of policies on the economy and 

society. 

Overall, index numbers are a valuable tool for measuring changes in various variables over time. They provide a 

relative measure of change, can be aggregated and weighted to reflect the importance of different components, and 

can be used for time series analysis and cross-sectional analysis. 

 

Price, quantity, and volume indices are constructed differently depending on the variable being measured. Here 

are the basic steps for constructing each type of index: 

 

Price Index: Price indices measure changes in the price of goods and services over time. To construct a price index, 

follow these steps: 

 Select a base year and a basket of goods and services that represent the typical consumption patterns of a 

population. 

 Collect prices for each item in the basket in the base year. 



 Repeat the process for subsequent years. 

 Calculate the price index for each year by dividing the total cost of the basket in that year by the total cost of 

the basket in the base year, then multiplying by 100.  

Quantity Index: Quantity indices measure changes in the quantity of goods and services produced over time. To 

construct a quantity index, follow these steps: 

 Select a base year and a set of goods and services that represent the typical production patterns of an 

industry or economy. 

 Collect data on the quantity of each item produced in the base year. 

 Repeat the process for subsequent years. 

 Calculate the quantity index for each year by dividing the total quantity of each item produced in that year 

by the total quantity of each item produced in the base year, then multiplying by 100. 

Volume Index: Volume indices measure changes in the value of goods and services produced over time, adjusting for 

changes in price. To construct a volume index, follow these steps: 

 Select a base year and a set of goods and services that represent the typical production patterns of an 

industry or economy. 

 Collect data on the quantity and price of each item produced in the base year. 

 Repeat the process for subsequent years. 

 Calculate the value of each item produced in each year by multiplying the quantity by the price. 

 Calculate the volume index for each year by dividing the total value of all items produced in that year by the 

total value of all items produced in the base year, then multiplying by 100. 

Overall, constructing price, quantity, and volume indices involves collecting data on the relevant variable and 

comparing it over time relative to a base year or period. The resulting index provides a useful measure of change in 

the variable over time, adjusting for changes in price or quantity. 

 

Fixed base and chain base methods are two different approaches for constructing index numbers. Here's a brief 

explanation of each method: 

Fixed Base Method: In the fixed base method, the index is calculated relative to a fixed base year. The prices or 

quantities of the items in the basket are collected for the base year, and then the same basket of items is priced or 

quantified for each year under consideration. The index is calculated by dividing the cost or quantity of the basket in 

each year by the cost or quantity of the basket in the base year and multiplying by 100. For example, if the base year 

is 2010 and the cost of the basket of goods in 2015 is $500 and in 2020 is $600, the index for 2015 would be 

calculated as (500/1000) x 100 = 50, and the index for 2020 would be calculated as (600/1000) x 100 = 60. 

Chain Base Method: In the chain base method, the index is calculated relative to the preceding year instead of a 

fixed base year. This method is used to link together different base years, creating a continuous series of index 

numbers that account for changes in the composition of the basket of goods and services over time. The prices or 

quantities of the items in the basket are collected for the first year under consideration, and the index is calculated 

relative to that year. In the second year, a new basket of goods and services is chosen, and the index is calculated 

relative to the previous year's basket. This process is repeated for each subsequent year, with each year's basket 

being linked to the previous year's basket. For example, if the base year is 2010 and the index for 2015 is 120 and the 

index for 2020 is 150, the index for 2015 is calculated as (120/100) x 100 = 120 and the index for 2020 is calculated 

as (150/120) x 100 = 125. 

 

Overall, the choice of fixed base or chain base method depends on the nature of the data and the purpose of the 

index. The fixed base method is useful when comparing changes in prices or quantities over time relative to a fixed 

point, while the chain base method is useful for creating a continuous series of index numbers that reflect changes in 

the composition of the basket over time. 



Probability theory is a branch of mathematics that deals with the study of random events and phenomena. It 

provides a framework for understanding and analysing uncertain situations, enabling us to make informed decisions 

in the face of uncertainty. 

The basic concepts of probability theory include events, outcomes, sample space, probability, and random variables. 

An event is a set of outcomes of an experiment, while an outcome is a possible result of the experiment. The sample 

space is the set of all possible outcomes of the experiment, and the probability is a measure of the likelihood of an 

event occurring. 

Random variables are used to model uncertain quantities in probability theory. They are variables whose values 

depend on the outcome of a random experiment. For example, the number of heads obtained when flipping a coin is 

a random variable. 

The three main types of probability are classical probability, empirical probability, and subjective probability. 

Classical probability is used when all outcomes of an experiment are equally likely, and empirical probability is based 

on observations and experiments. Subjective probability is based on personal judgments and opinions. 

Probability theory has many applications, including in statistics, finance, engineering, and computer science. It is 

used to model and analyze various real-world phenomena, such as the behavior of stock prices, the reliability of 

machines, and the spread of infectious diseases. 

 

The theory of probability is based on a set of fundamental concepts and principles, including: 

 Sample space: The set of all possible outcomes of a random experiment. 

 Event: A subset of the sample space representing a particular outcome or set of outcomes. 

 Probability measure: A function that assigns a numerical value between 0 and 1 to each event, representing 
the likelihood of that event occurring. 

 Probability distribution: A function that describes the probabilities of all possible outcomes in a random 
experiment. 

 Independence: Two events are independent if the occurrence of one event does not affect the likelihood of 
the other event occurring. 

 Conditional probability: The probability of an event given that another event has occurred. 

 Bayes' theorem: A formula for calculating the probability of an event based on prior knowledge or 
information. 

The theory of probability has numerous applications in various fields, including statistics, finance, engineering, 
physics, and computer science. It is used to model and analyse a wide range of phenomena, such as the behaviour of 
stock prices, the likelihood of natural disasters, and the spread of infectious diseases. 
 



Hypothesis testing is a statistical method that allows researchers to make conclusions about population parameters 

based on data collected from a sample. The purpose of hypothesis testing is to determine whether an assumption 

about a population parameter is likely to be true or false based on the sample data. In this section, we will discuss the 

different components of hypothesis testing in detail. 

Hypothesis testing is a statistical method used to determine whether a particular hypothesis about a population 

parameter is likely to be true or false. It involves making an assumption about a population parameter, collecting data, 

and then using statistical tests to determine whether the data support or refute the hypothesis. 

 

Steps in Hypothesis Testing: 

Null Hypothesis and Alternative Hypothesis 

The first step in hypothesis testing is to state the null hypothesis (H0) and the alternative hypothesis (Ha). The null 

hypothesis is the assumption that there is no significant difference between a population parameter and a specific 

value, whereas the alternative hypothesis is the assumption that there is a significant difference between a population 

parameter and a specific value. 

For example, let's say we are interested in determining whether the mean height of a population of people is different 

from a specific value, such as 170 cm. The null hypothesis in this case would be that the mean height of the population 

is equal to 170 cm (H0: µ = 170), and the alternative hypothesis would be that the mean height of the population is 

not equal to 170 cm (Ha: µ ≠ 170). 

 

Significance Level 

The next step is to set the significance level (alpha), which is the probability of rejecting the null hypothesis when it is 

true. The significance level is typically set at 0.05 or 0.01, which means that there is a 5% or 1% chance of rejecting the 

null hypothesis when it is true. 

 

Type I and Type II Errors 

Before we move on to the next steps, it's essential to understand the concept of Type I and Type II errors. Type I error 

occurs when we reject the null hypothesis when it is true, whereas Type II error occurs when we accept the null 

hypothesis when it is false. The probability of Type I error is denoted by alpha, whereas the probability of Type II error 

is denoted by beta. 

 

Test Statistics 

The next step in hypothesis testing is to calculate the test statistic, which is a measure of how far the sample estimate 

is from the hypothesized value. The test statistic depends on the type of hypothesis test being conducted. For example, 

if we are conducting a t-test, the test statistic would be calculated using the t-distribution. 

 

P-Value 

The p-value is the probability of obtaining a sample result as extreme or more extreme than the one observed if the 

null hypothesis is true. It measures the strength of evidence against the null hypothesis. The p-value is compared to 

the significance level (alpha) to determine whether to reject or fail to reject the null hypothesis. 

If the p-value is less than alpha, we reject the null hypothesis and conclude that the alternative hypothesis is true. If 

the p-value is greater than alpha, we fail to reject the null hypothesis. 

Confidence Intervals 



Another way of testing hypotheses is to use confidence intervals. A confidence interval is a range of values that is likely 

to contain the true population parameter with a certain degree of confidence. The degree of confidence is typically 

set at 95% or 99%. If the hypothesized value falls outside the confidence interval, we reject the null hypothesis. 

 

Conclusion 

In conclusion, hypothesis testing is a statistical method used to test whether a hypothesis about a population 

parameter is likely to be true or false based on the sample data. The process involves stating the null hypothesis and 

the alternative hypothesis, setting the significance level, calculating the test statistic, determining the p-value, and 

drawing a conclusion. The choice of the hypothesis test and the method used to interpret the results depend on the 

nature of the data and the research question being investigated. 

 

Null Hypothesis 

In statistical hypothesis testing, the null hypothesis (H0) is a hypothesis that represents the status quo or the current 

state of knowledge. It is often a statement that there is no significant difference between a population parameter and 

a specific value or that there is no relationship between two variables. 

For example, if we are interested in testing whether a new medication is effective in reducing blood pressure, the null 

hypothesis would be that the new medication is not effective, and there is no significant difference in blood pressure 

between the group that received the medication and the group that did not receive it. 

The null hypothesis is tested against an alternative hypothesis (Ha), which is a hypothesis that represents the opposite 

of the null hypothesis. In the example above, the alternative hypothesis would be that the new medication is effective, 

and there is a significant difference in blood pressure between the two groups. 

The purpose of testing the null hypothesis is to determine whether there is enough evidence to reject it in favor of the 

alternative hypothesis. If the data collected provides enough evidence to reject the null hypothesis, then the 

alternative hypothesis is accepted. If the data does not provide enough evidence to reject the null hypothesis, then it 

is accepted. 

It is important to note that failing to reject the null hypothesis does not mean that the null hypothesis is true. It simply 

means that there is not enough evidence to reject it. Therefore, the null hypothesis is always considered the default 

assumption until evidence to the contrary is presented. 

 

Alternative hypothesis 

In statistical hypothesis testing, the alternative hypothesis (Ha) is a hypothesis that represents the opposite of the null 

hypothesis (H0). It is often a statement that there is a significant difference between a population parameter and a 

specific value or that there is a relationship between two variables. 

For example, if we are interested in testing whether a new medication is effective in reducing blood pressure, the 

alternative hypothesis would be that the new medication is effective, and there is a significant difference in blood 

pressure between the group that received the medication and the group that did not receive it. This is the opposite of 

the null hypothesis, which states that the new medication is not effective and there is no significant difference in blood 

pressure between the two groups. 

The purpose of testing the alternative hypothesis is to determine whether there is enough evidence to reject the null 

hypothesis in favor of the alternative hypothesis. If the data collected provides enough evidence to reject the null 

hypothesis, then the alternative hypothesis is accepted. If the data does not provide enough evidence to reject the 

null hypothesis, then it is accepted. 

It is important to note that the alternative hypothesis is often more specific than the null hypothesis. For example, the 

alternative hypothesis may state that the population parameter is greater than or less than a specific value, whereas 



the null hypothesis may only state that the population parameter is equal to a specific value. This specificity helps to 

guide the statistical test and provides more precise conclusions. 

In summary, the alternative hypothesis represents the hypothesis that is being tested against the null hypothesis in 

statistical hypothesis testing. It is often a statement that there is a significant difference or relationship between two 

variables, and the purpose of testing it is to determine whether there is enough evidence to reject the null hypothesis. 

 

Types of Error in Hypothesis: 

In statistical hypothesis testing, there are two types of errors that can occur: Type I error and Type II error. 

 

Type I error occurs when the null hypothesis (H0) is rejected when it is actually true. This means that the statistical 

test concludes that there is a significant difference or relationship between two variables when there is not. Type I 

error is also known as a false positive. 

For example, if a researcher concludes that a new medication is effective in reducing blood pressure (rejects the null 

hypothesis) when in fact it is not effective (null hypothesis is true), then this would be a Type I error. 

The probability of making a Type I error is denoted by the Greek letter alpha (α) and is usually set at 0.05 or 0.01, 

which represents the level of significance of the statistical test. 

 

Type II error occurs when the null hypothesis (H0) is not rejected when it is actually false. This means that the statistical 

test concludes that there is no significant difference or relationship between two variables when there is. Type II error 

is also known as a false negative. 

For example, if a researcher concludes that a new medication is not effective in reducing blood pressure (fails to reject 

the null hypothesis) when in fact it is effective (alternative hypothesis is true), then this would be a Type II error. 

The probability of making a Type II error is denoted by the Greek letter beta (β) and depends on various factors, 

including the sample size, the effect size, and the level of significance of the test. 

In statistical hypothesis testing, it is important to minimize both Type I and Type II errors, but it is not always possible 

to do so simultaneously. The balance between these two types of errors is often a trade-off, and researchers must 

carefully consider the costs and consequences of each type of error when interpreting the results of a statistical test. 

 

Testing of Hypothesis: 

1. Small-Scale Test 

2. Large-Scale Test 

Small sample tests are statistical tests that are used when the sample size is small (typically less than 30) and the 

population standard deviation is unknown. These tests rely on the t-distribution, which is a distribution that takes into 

account the added uncertainty due to the small sample size. 

Some of the common small sample tests include: 

t-test: A t-test is a statistical test used to test a hypothesis about a population mean when the population standard 

deviation is unknown. It is used when the sample size is small (typically less than 30) and the population standard 

deviation is unknown. 

 



Paired t-test: A paired t-test is a statistical test used to test the difference between two means when the two samples 

are paired. It is used when the sample size is small (typically less than 30) and the population standard deviation is 

unknown. 

Small sample tests are typically less powerful than large sample tests because of the added uncertainty due to the 

small sample size. However, they are appropriate when the sample size is small, and the population standard deviation 

is unknown. It is important to choose the appropriate test based on the research question and the type of data being 

analysed to ensure accurate and reliable results. 

 

Large sample tests are statistical tests that are used when the sample size is sufficiently large (typically more than 30) 

and the population standard deviation is known or estimated. These tests rely on the central limit theorem, which 

states that the distribution of the sample mean approaches a normal distribution as the sample size increases. 

 

Some of the common large sample tests include: 

Z-test: A Z-test is a statistical test used to test a hypothesis about a population mean when the population standard 

deviation is known. It is used when the sample size is large (typically more than 30) and the population standard 

deviation is known or can be estimated from a previous study. 

Chi-square test: A chi-square test is a statistical test used to test the independence between two categorical variables. 

It is used when the sample size is large, and the expected cell frequency is at least 5. 

F-test: An F-test is a statistical test used to test the equality of variances between two or more groups. It is used when 

the sample size is large, and the population standard deviation is known or can be estimated from a previous study. 

One-sample z-test: A one-sample z-test is a statistical test used to test a hypothesis about a population mean when 

the population standard deviation is known. It is used when the sample size is large (typically more than 30) and the 

population standard deviation is known or can be estimated from a previous study. 

Large sample tests are typically more powerful than small sample tests because they are less affected by sampling 

variability. However, they also require larger sample sizes to be reliable, and they may not be appropriate when the 

population standard deviation is unknown or when the distribution of the data is highly skewed. 

 

t-test, F-test, Z-test, and Chi-square test are commonly used statistical tests in hypothesis testing. Here's an 

overview of each test: 

t-test: A t-test is a statistical test used to compare the means of two groups. It is used when the sample size is small 

(less than 30) or the population standard deviation is unknown. The t-test calculates a t-value, which is used to 

determine whether the difference between the means is statistically significant. 

F-test: An F-test is a statistical test used to compare the variances of two or more groups. It is used when the sample 

size is large (greater than 30) and the population standard deviation is known. The F-test calculates an F-value, which 

is used to determine whether the variances are statistically significant. 

Z-test: A Z-test is a statistical test used to compare a sample mean to a known population mean. It is used when the 

sample size is large (greater than 30) and the population standard deviation is known. The Z-test calculates a Z-score, 

which is used to determine whether the difference between the sample mean and population mean is statistically 

significant. 

Chi-square test: A chi-square test is a statistical test used to determine whether there is a significant association 

between two categorical variables. It is used when the data are categorical, and the sample size is large. The chi-square 

test calculates a chi-square statistic, which is used to determine whether the association between the two variables is 

statistically significant. 



Each of these tests has different assumptions and requirements, and the choice of test depends on the research 

question and the type of data being analyzed. It is important to choose the appropriate test to ensure accurate and 

reliable results. 

 

Business Analytics: 

Business analytics is the process of using data analysis techniques and statistical methods to extract insights from 

business data and use them to make informed decisions. It involves gathering and analyzing data from a variety of 

sources, including financial data, customer data, market trends, and operational data. 

The concept of business analytics is to help organizations make better decisions by providing them with a deeper 

understanding of their business operations and performance. It helps organizations identify trends, patterns, and 

relationships in their data, which can be used to develop strategies, improve operations, and optimize decision-

making. 

Business analytics can be applied to a variety of business functions, including marketing, sales, operations, finance, 

and human resources. It involves using various analytical tools such as predictive modelling, data visualization, data 

mining, and machine learning to analyze data and generate insights. 

The process of business analytics involves several stages, including data collection, data preparation, data analysis, 

and data visualization. In the data collection stage, relevant data is collected from various sources and stored in a 

centralized database. In the data preparation stage, the data is cleaned, transformed, and organized in a way that is 

suitable for analysis. In the data analysis stage, various statistical methods and analytical tools are used to analyze the 

data and identify patterns and trends. Finally, in the data visualization stage, the insights generated from the data 

analysis are presented in a visually appealing format, such as charts, graphs, and dashboards. 

Overall, the concept of business analytics is to help organizations make data-driven decisions that lead to better 

business outcomes. By analyzing data and generating insights, businesses can identify areas for improvement, make 

better decisions, and gain a competitive advantage in the market. 

 

Application of Business Analytics: 

Business analytics has many applications across different industries and business functions. Some of the common 

applications of business analytics include: 

Marketing: Business analytics can be used to analyze customer behavior, identify buying patterns, and develop 

targeted marketing campaigns. By understanding customer preferences and behavior, businesses can create 

personalized marketing strategies and improve customer engagement. 

Sales: Business analytics can be used to analyze sales data, identify trends, and forecast future sales. By understanding 

customer behavior and market trends, businesses can optimize sales strategies and improve revenue. 

Operations: Business analytics can be used to optimize supply chain management, production planning, and inventory 

management. By analyzing operational data, businesses can identify inefficiencies and improve processes to reduce 

costs and improve productivity. 

Finance: Business analytics can be used to analyze financial data, identify trends, and forecast future performance. By 

understanding financial trends and patterns, businesses can make informed decisions about investments, budgeting, 

and risk management. 

Human resources: Business analytics can be used to analyze workforce data, identify talent gaps, and optimize hiring 

and retention strategies. By understanding employee behavior and preferences, businesses can create a more 

engaged and productive workforce. 



Risk management: Business analytics can be used to analyze data related to risks, such as fraud, cybersecurity, and 

compliance. By identifying potential risks and developing mitigation strategies, businesses can protect themselves 

from potential losses and reputational damage. 

 

Overall, the application of business analytics can help businesses improve decision-making, optimize processes, and 

gain a competitive advantage in the market. By analyzing data and generating insights, businesses can create more 

efficient and effective operations, improve customer satisfaction, and increase profitability. 

 

Descriptive analytics 

Descriptive analytics is a branch of business analytics that involves analyzing historical data to understand patterns, 

trends, and insights. It helps to summarize and describe the characteristics of a particular dataset or population, 

providing information about what has happened in the past. 

Descriptive analytics includes a variety of statistical methods and techniques, such as mean, median, mode, standard 

deviation, and correlation analysis. These methods are used to describe and summarize the characteristics of a dataset, 

such as the average value, the spread of the data, and the relationship between different variables. 

 

Some common applications of descriptive analytics include: 

Business performance analysis: Descriptive analytics can be used to analyze historical financial data and identify 

trends in revenue, costs, and profits. It can help businesses understand their performance over time and make 

informed decisions about future investments. 

Customer behavior analysis: Descriptive analytics can be used to analyze customer data and identify patterns in their 

behavior, such as purchase history, product preferences, and demographic information. It can help businesses 

understand their customers and develop targeted marketing strategies. 

Operations analysis: Descriptive analytics can be used to analyze operational data, such as production output, 

inventory levels, and quality control data. It can help businesses identify inefficiencies and areas for improvement in 

their operations. 

Risk analysis: Descriptive analytics can be used to analyze historical data related to risks, such as fraud, cyber attacks, 

and natural disasters. It can help businesses understand the likelihood and impact of these risks and develop mitigation 

strategies. 

 

Overall, descriptive analytics provides a valuable foundation for other branches of business analytics, such as 

predictive and prescriptive analytics. By understanding patterns and trends in historical data, businesses can make 

more informed decisions and improve their performance over time. 

 

 

 

Predictive analytics 

Predictive analytics is a branch of business analytics that uses statistical modelling and machine learning techniques 

to analyze data and make predictions about future outcomes. It involves using historical data to identify patterns and 

trends, and then using these insights to make predictions about what is likely to happen in the future. 



Predictive analytics involves a range of techniques, such as regression analysis, decision trees, and neural networks. 

These techniques are used to build predictive models that can be used to forecast future events, identify trends, and 

make recommendations. 

 

Some common applications of predictive analytics include: 

Sales forecasting: Predictive analytics can be used to analyse sales data and identify trends in customer behavior, such 

as changes in buying patterns or preferences. This information can be used to forecast future sales and optimize sales 

strategies. 

Customer churn prediction: Predictive analytics can be used to analyse customer data and identify factors that are 

likely to lead to customer churn, such as low engagement or dissatisfaction. This information can be used to develop 

retention strategies and improve customer loyalty. 

Fraud detection: Predictive analytics can be used to analyse transactional data and identify patterns of fraudulent 

activity. This information can be used to detect and prevent fraud in real-time. 

Supply chain optimization: Predictive analytics can be used to analyse supply chain data and identify potential 

bottlenecks or inefficiencies. This information can be used to optimize production and logistics processes. 

Risk management: Predictive analytics can be used to analyse data related to risks, such as credit risk or cybersecurity 

risk. This information can be used to identify potential risks and develop mitigation strategies. 

 

Overall, predictive analytics provides businesses with the ability to make more informed decisions based on insights 

about future events. By identifying patterns and trends in historical data, businesses can forecast future outcomes, 

make better predictions, and optimize their operations to achieve better results. 



μ

2 =
(x μ)2

n
2 =

x 2

n
μ2

s
2

s2 =
(x x )2

n 1
s2 =

x 2
( x)2

n
n 1

s

s

n

s2
1

n1
+
1

n2

 

 
 

 

 
 

s1
2

n1
+
s2
2

n2



μ

μ

μ

t =
x μ0

s

n

μ

μ μ

μ μ

μ μ

μ μ

x = 0.0508

s2 =
(x x )2

n 1
=
(0.051 0.0508)2 + (0.0505 0.0508)2 + etc...

6
= 9.15 10 7

s = s2 = 9.56 10 4

t =
x μ0

s

n

=
0.0508 0.05
9.56 10 4

7

= 2.17

μ

μ μ

μ μ μ μ μ μ



t =
x 1 x 2

s2
1

n1
+
1

n2

 

 
 

 

 
 

t =
x 1 x 2

s1
2

n1
+

s2
2

n2

 

 
 

 

 
 

μ μ

μ μ

μ μ

μ μ

t =
x 1 x 2

s1
2

n1
+

s2
2

n2

 

 
 

 

 
 

=
700 668

212

12
+
302

6

= 2.342

2
=

(O E)2

E



2
=

(O E)2

E
=
(143 155.25)2

155.25
+
(60 51.75)2

51.75
+
(55 51.75)2

51.75
+
(18 17.25)2

17.25
= 2.519

2
=

(O E)2

E
=
(1 2.778)2

2.778
+ 2

(2 2.778)2

2.778

 

 
 

 

 
 + 4

(3 2.778)2

2.778

 

 
 

 

 
 + 2

(4 2.778)2

2.778

 

 
 

 

 
 = 2.72

#1+#3
#1+#2 +#3 +#4

 

 
 

 

 
 

#1+#3
#1+#2 +#3 +#4

 

 
 

 

 
 #1+#2( )

E =
(#1+#3 )(#1+#2 )

#1+#2 +#3 +#4
=
(row total)(column total)

grand total

2
=

(O E)2

E



E =
(row total)(column total)

grand total
=
(495)(490)

1960
=123.75

2
=

(O E)2

E
=
(113 123.75)2

123.75
+
(113 124)2

124
+
(110 124.26)2

124.26
+ etc...= 91.73

P(A and B) = P(A) P(B)

P(A or B) = P(A) + P(B) P(A and B)

P(A |B) =
P(A and B)

P(B)
P(A |B) =

P(B | A) P(A)

P(B)



0.5 0.5 0.5 = 0.125 = P(A and B) = P(2 children = bb and 1st child bb)
P(B) = P(1st child = bb) = 0.5

P(2 children = bb |  1st child bb) = P(A |B) =
P(A and B)

P(B)
=

0.125

0.5
0.25

P(A |B) =
P(B | A) P(A)

P(B)
P(S = Z |W = Zz) = 0.5
P(W = Zz) = 0.7
P(S = Z) = (0.7 0.5) + (0.3 1) = 0.65

P(W = Zz | S = Z) =
0.5 0.7

0.65
= 0.538

P(X = m) =
n! pm (1 p)(n m )

m! (n m)!

P(1 boy of 5 children) =
5! 0.51 0.54

1! (4)!
= 0.15625

P(X = m) =
e np (n p)m

m!





 



 
 
 
 
 
 
 

 

Normal Distribution 

Bernoulli Distribution 



 
 

 
 
 
 
 
 
 
 
 

 
 
 
 

Binomial Distribution 

Poisson Distribution 



 

 
 
 
 
 
 

 
 
 

Exponential Distribution 

Gamma Distribution 



 
 

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 

Beta Distribution 

Uniform Distribution 



 

 

Log Normal Distribution 


