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What is Statistics? 

Statistics is a mathematical science including methods of collecting, organizing and 

analyzing data in such a way that meaningful conclusions can be drawn from them. In 

general, its investigations and analyses fall into two broad categories called descriptive 

and inferential statistics. 

Descriptive statistics deals with the processing of data without attempting to draw any 

inferences from it. The data are presented in the form of tables and graphs. The 

characteristics of the data are described in simple terms. Events that are dealt with 

include everyday happenings such as accidents, prices of goods, business, incomes, 

epidemics, sports data, population data. 

Inferential statistics is a scientific discipline that uses mathematical tools to make 

forecasts and projections by analyzing the given data. This is of use to people employed 

in such fields as engineering, economics, biology, the social sciences, business,  

Introduction to Population and Sample 

A population often consists of a large group of specifically defined elements. For 

example, the population of a specific country means all the people living within the 

boundaries of that country. 



 

Usually, it is not possible or practical to measure data for every element of the 

population under study. We randomly select a small group of elements from the 

population and call it a sample. Inferences about the population are then made on the 

basis of several samples. 

 

Example 1 

A company is thinking about buying 50,000 electric batteries from a manufacturer. It will 

buy the batteries if no more that 1% of the batteries are defective. It is not possible to 

test each battery in the population of 50,000 batteries since it takes time and costs 

money. Instead, it will select few samples of 500 batteries each and test them for 

defects. The results of these tests will then be used to estimate the percentage of 

defective batteries in the population. 

 

Quantitative and Qualitative Data 

Data is quantitative if the observations or measurements made on a given variable of a 

sample or population have numerical values. 

Example: height, weight, number of children, blood pressure, current, voltage. 

Data is qualitative if words, groups and categories represents the observations or 

measurements. 

Example: colors, yes-no answers, blood group. 

Quantitative data is discrete if the corresponding data values take discrete values and it 

is continuous if the data values take continuous values. 

Example of discrete data: number of children, number of cars. 

Example of continuous data: speed, distance, time, pressure. 

VARIABLES 

Variable is a characteristic that varies from one individual member of population to 

another individual. Variables such as height and weight are measured by some type of 

scale, convey quantitative information and are called as quantitative variables. Sex and 

eye colour give qualitative information and are called as qualitative variables. 



 

 

STATISTICS: DESCRIPTIVE AND INFERENTIAL STATISTICS 

Descriptive statistics try to describe the relationship between variables in a sample 

or population. Descriptive statistics provide a summary of data in the form of 

mean, median and mode. Inferential statistics use a random sample of data taken 

from a population to describe and make inferences about the whole population. It 

is valuable when it is not possible to examine each member of an entire 

population.  

Descriptive statistics 

The extent to which the observations cluster around a central location is described 

by the central tendency and the spread towards the extremes is described by the 

degree of dispersion. 

Measures of central tendency 

The measures of central tendency are mean, median and mode.[6] Mean (or the 

arithmetic average) is the sum of all the scores divided by the number of scores. 

Mean may be influenced profoundly by the extreme variables. For example, the 

average stay of organophosphorus poisoning patients in ICU may be influenced by 

a single patient who stays in ICU for around 5 months because of septicaemia. The 

extreme values are called outliers. The formula for the mean is 
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Mean,  

where x = each observation and n = number of observations. Median[6] is defined 

as the middle of a distribution in a ranked data (with half of the variables in the 

sample above and half below the median value) while mode is the most frequently 

occurring variable in a distribution. Range defines the spread, or variability, of a 

sample.[7] It is described by the minimum and maximum values of the variables. If 

we rank the data and after ranking, group the observations into percentiles, we can 

get better information of the pattern of spread of the variables. In percentiles, we 

rank the observations into 100 equal parts. We can then describe 25%, 50%, 75% 

or any other percentile amount. The median is the 50th percentile. The interquartile 

range will be the observations in the middle 50% of the observations about the 

median (25th -75th percentile). Variance[7] is a measure of how spread out is the 

distribution. It gives an indication of how close an individual observation clusters 

about the mean value. The variance of a population is defined by the following 

formula: 

 

where σ2 is the population variance, X is the population mean, Xi is the ith element 

from the population and N is the number of elements in the population. The 

variance of a sample is defined by slightly different formula: 

 

where s2 is the sample variance, x is the sample mean, xi is the ith element from the 

sample and n is the number of elements in the sample. The formula for the 

variance of a population has the value ‘n’ as the denominator. The expression 

‘n−1’ is known as the degrees of freedom and is one less than the number of 

parameters. Each observation is free to vary, except the last one which must be a 

defined value. The variance is measured in squared units. To make the 

interpretation of the data simple and to retain the basic unit of observation, the 

square root of variance is used. The square root of the variance is the standard 

deviation (SD).[8] The SD of a population is defined by the following formula: 
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where σ is the population SD, X is the population mean, Xi is the ith element from 

the population and N is the number of elements in the population. The SD of a 

sample is defined by slightly different formula: 

 

where s is the sample SD, x is the sample mean, xi is the ith element from the 

sample and n is the number of elements in the sample. 

 

 

 

 

 

 

Example of mean, variance, standard deviation: 

 

 



Normal distribution or Gaussian distribution 

Most of the biological variables usually cluster around a central value, with 

symmetrical positive and negative deviations about this point. The standard normal 

distribution curve is a symmetrical bell-shaped. In a normal distribution curve, 

about 68% of the scores are within 1 SD of the mean. Around 95% of the scores 

are within 2 SDs of the mean and 99% within 3 SDs of the mean. 

 

 

Skewed distribution 

It is a distribution with an asymmetry of the variables about its mean. In a 

negatively skewed distribution [Figure 3], the mass of the distribution is 

concentrated on the right of Figure 1. In a positively skewed distribution [Figure 

3], the mass of the distribution is concentrated on the left of the figure leading to a 

longer right tail. 
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Figure 3 

Curves showing negatively skewed and positively skewed distribution 

Inferential statistics 

In inferential statistics, data are analysed from a sample to make inferences in the 

larger collection of the population. The purpose is to answer or test the hypotheses. 

A hypothesis (plural hypotheses) is a proposed explanation for a phenomenon. 

Hypothesis tests are thus procedures for making rational decisions about the reality 

of observed effects. 

Probability is the measure of the likelihood that an event will occur. Probability is 

quantified as a number between 0 and 1 (where 0 indicates impossibility and 1 

indicates certainty). 

In inferential statistics, the term ‘null hypothesis’ (H0 ‘H-naught,’ ‘H-null’) 

denotes that there is no relationship (difference) between the population variables 

in question.[9] 

Alternative hypothesis (H1 and Ha) denotes that a statement between the variables 

is expected to be true.[9] 

The P value (or the calculated probability) is the probability of the event occurring 

by chance if the null hypothesis is true. The P value is a numerical between 0 and 1 

and is interpreted by researchers in deciding whether to reject or retain the null 

hypothesis [Table 3]. 

Table 3 

P values with interpretation 
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If P value is less than the arbitrarily chosen value (known as α or the significance 

level), the null hypothesis (H0) is rejected [Table 4]. However, if null hypotheses 

(H0) is incorrectly rejected, this is known as a Type I error. Further details 

regarding alpha error, beta error and sample size calculation and factors 

influencing them are dealt with in another section of this issue by Das S et al. 

PARAMETRIC AND NON-PARAMETRIC TESTS 

Numerical data (quantitative variables) that are normally distributed are analysed 

with parametric tests. 

Two most basic prerequisites for parametric statistical analysis are: 

• The assumption of normality which specifies that the means of the sample 

group are normally distributed 

• The assumption of equal variance which specifies that the variances of the 

samples and of their corresponding population are equal. 

However, if the distribution of the sample is skewed towards one side or the 

distribution is unknown due to the small sample size, non-parametric statistical 

techniques are used. Non-parametric tests are used to analyse ordinal and 

categorical data. 

Parametric tests 

The parametric tests assume that the data are on a quantitative (numerical) scale, 

with a normal distribution of the underlying population. The samples have the 

same variance (homogeneity of variances). The samples are randomly drawn from 

the population, and the observations within a group are independent of each other. 

The commonly used parametric tests are the Student's t-test, analysis of variance 

(ANOVA) and repeated measures ANOVA. 

 

 

ASSIGNMENTS: 
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What is statistics?explain various types of variables. 

How numerical data can evaluate P value with interpartion? 

 


