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1.1 Introduction 

Medical persons, including all members of healthcare team, as Doctors, Nurses, Technicians and Auxiliary 

medical workers generally have their constant focus on an individual – the patient and his signs, symptoms, 

diagnosis, treatment and prognosis. Their continuous and very noble endeavor is always to cure the patient 



and mitigate his / her sufferings. In the course of this focus on “the individual patient”, most of us lose focus 

on two related but important aspects of health care – firstly, the population of sick and healthy persons from 

which the patient has come, and secondly, on “quantifying” the diseases, their causes, their diagnostic, 

treatment and preventive modalities. In fact, in a lighter vein, it is often said that health care providers took 

on to this profession because of their intrinsic dislike for “numerical calculations” (which they leave for the 

mathematicians), and secondly, an attitude of  contempt for dealing with large population groups (which they 

think is the purview of sociologists and political scientists). Nonetheless, in the past century, there are three 

disciplines which have assumed increasing importance in the practice of healthcare, to the extent that by now 

they have become an essential, integral part of nay medical curriculum or healthcare practice, including health 

management. These 3 sciences are : (i) epidemiology (which deals with populations and large human groups 

instead of focus on a single patient, using the same medical principles as we adopt while addressing a single 

patient) (ii) Biostatistics (which deals with mathematical quantities and their analysis and interpretation by 

way of scientific mathematical principles) and (iii) Research Methodology (which is a combination of 

principles of Epidemiology and Biostatistics and deals with searching and re-searching into various aspects 

of medicine and health and diseases, their causes, diagnosis, treatment, prognosis and prevention of disease, 

and larger researches into issues of healthcare and hospital / Health Care Establishment (HCE) management. 

In fact these 3 disciplines are like “triplet sisters”, offspring of the common mother (Medicine) and are so 

intricately interwoven that it is often difficult (even impossible) to separate them out. They are actually like 

3 different coloured strands of cotton which are intricately woven to produce a single cloth. 

Why this subject of “Epidemiology, Biostatistics & Research Methodology”? 

These triple disciplines are relatively new to the world of medicine, vis-à-vis clinical disciplines like 

Medicine, Surgery, Radiology, etc. The need to have this new group of subjects arose because of the 

increasing need for “information” in medical world – whether for planning & evaluation of health services 

or for allocation of finances for healthcare or for ascertainment of the efficacy of treatment modalities for 

disease or risk factors of diseases. Moreover, the information has to be generated using valid and reliable 

process of measurement as well as the precision of the final results has to be calculated. This entire process 

in today’s medical / healthcare world in known as “evidence based medicare / healthcare”. For example, if 

we want to start a hospital for infectious diseases in a district, we need to accurately and precisely know as 

to what is the load of various infectious diseases in the district and who are the groups who are likely to be 

more affected. Similarly, if we need a new drug to treat cancer, we have to undertake a scientifically rigorous 

trial to assess the efficacy, cost-efficiency and side effects of the new drug, vis-à-vis the already available 

treatment modality. Now, answers to these questions can not be given by the routine medical disciplines, 

whose main focus is to manage an individual patient and then move on to the next patient. It is for this reason 

pertaining to the tremendous importance of valid, reliable and precise “information and intelligence” in the 

field of healthcare that the present subject becomes very relevant for all health care personnel including health 

administrators   

This is the first unit of the subject of “Epidemiology, Biostatistics and Research Methodology” in which we 

will introduce you to the general concepts of theses disciplines.   

1.2 Objectives 

After reading this unit, students should be able to have a basic understanding of:  

 Inter-relationship between Epidemiology, Biostatistics and Health Research Methodology. 

The triple sisters (Epidemiology, Biostatistics and Research Methodology) differ from the mother 

science (medical / clinical practice) in 2 major reasons: 

 They are “population” sciences – study large number of patients / human beings compared to 

clinical practice which studies an individual – the patient 

 They are “quantitative” sciences – they convert the observations into summary figures of 

mathematical nature and calculate probabilistic estimates 



 Definition and uses of epidemiology. 

 Types of Epidemiological designs. 

 Definition, types and uses of statistics. 

 Concepts of probability, variability and population & samples 

 Basic principles (building blocks) of Medical / Health Research Methodology.  

 

1.3 Epidemiology :  Introduction,  Definition And Uses 

 

1.3.1 Historical. The roots of “Epidemiology” can be traced back to somewhere around 400 BC, when 

Hippocrates (also known as “Father of Medicine”) had related the occurrence of human diseases to the 

environment in his treatise “On Airs, Waters and Places”. After a long lull for almost 2000 years John Graunt 

in 1662 and William Farr in the nineteenth century, revived the interest and laid the seeds of the modern 

epidemiological surveillance systems. These efforts were boosted by John Snow’s field investigations of 

cholera epidemic in London in 1850s. However, it was only after 1940 that Epidemiology really expanded 

as a modern science, with the initiation of cohort studies on risk factors for heart disease at Framingham, the 

clinical trials of anti-tubercular drugs, the preventive trial of injectable polio vaccine, the community 

intervention trials of fluoridation of water supplies, and the advent of Case-Control studies on smoking and 

lung cancer, by Sir Richard Doll and Sir AB Hill. 

1.3.2 An Overview of Epidemiology. In this regards, epidemiology seems to be a special field, and has 

expanded very fast – today almost every standard medical text book, be it Medicine, Surgery, Obstetrics & 

Gynaecology, or Paediatrics, would give a paragraph on “Epidemiology” of almost every disease. 

Epidemiology is therefore an all pervasive science and a basic tool for understanding and practice of all 

specialities of medicine. In fact, the understanding of epidemiology involves two things – firstly, the 

knowledge of the principles of Medicine; and, secondly, the knowledge of certain basic “principles” of 

epidemiology, which we shall endeavor to explain in this chapter. 

Facet Example in our essay 

What is the disease 

(Identification) 

Dengue, which presents with fever 

& bodyache 

How much is the disease 

(frequency) 

2 to 3 out of every 1000 people in 

our country 

How is the disease distributed according to :- 

 Person characteristics 

(who are the persons 

affected) 

Children, poor people 

 Place characteristics 

(where)  

Congested urban areas, slums, 

NOT in highlands 

 Time characteristics 

(when) 

immediately after monsoons 

Why and How does it occur? (what are it’s determinants) 

 What is the cause 

(etiology) 

Dengue virus 

 What are “risk factors” Living in houses where there is 

water collection around houses 

 What is it’s natural 

history 

Many recover, some turn serious 



For instance, if we, as medical person, or 

for that matter even an undergraduate medical 

student were asked to write a short essay on a 

common disease like Dengue fever, the essay 

would read something like : “ …….. Dengue is 

caused by a virus called Dengue Virus. It is 

transmitted by the bite of female Aedes mosquito. 

It manifests as an acute fever with severe 

bodyache. If untreated, many cases recover after a 

few febrile attacks but, in some, the disease may 

take a serious course. In our country out of every 

1000 people, 2 to 3 are likely to get dengue every 

year. The disease is more common among the 

children, the poor people, among foreigners tourists, 

immuno-compromised persons, and among the 

people who live in slum areas. It is commoner in 

highly urbanized areas of our country, and in urban 

slums but is not seen in highland areas. It is also 

much more common immediately after monsoons. 

It can be prevented by spraying insecticides on 

water collections especially small water collection 

around the houses and on the walls of our dwellings, 

and by proper disposal of garbage. It can be 

diagnosed by a simple blood test and can be treated 

by supportive therapy ……. “.  

If we examine the above essay, we would appreciate that we have systematically covered certain 

facets, which are summarized in above table. We would have covered up an essay in the same way for any 

other disease – IHD, HIV, Road Accidents or Neurosis.  

  The above facets according to which we consider any disease are, put together, nothing but what we 

call “EPIDEMIOLOGY”. Epidemiology is that branch of medicine which answers the issues related to all 

human health problems and diseases, the magnitude that they pose, their distribution according to persons, 

place and time, and the various factors which determine the causation, risk, prognosis, management and 

prevention of the diseases. 

1.3.3. Definition of Epidemiology:- With the above background, we can define epidemiology as 

“The study of the frequency, distribution and determinants of diseases and health related states and events 

in human populations” and the application of this knowledge in prevention, control and mitigation of these 

problems. (Greek; Epi = upon, Demos = populations, logos = scientific study). 

1.3.4 How does Epidemiology differ from Clinical practice :- Epidemiology uses the same tools 

and techniques as clinical medicine; however there are two major differences:-  

 In clinical practice the focus is on an individual, the patient; however, in epidemiology, the focus is 

on a group of human beings (patients or healthy people) which we refer to as “population”. 

 In clinical practice there is no effort at “quantifying” by converting the findings into numbers, but 

epidemiology is essentially a “quantitative” science, in which the findings are analysed after 

converting them into “frequencies” which are numerical figures that “summarise” our findings. 

1.3.5 Uses of Epidemiology :- There are a large number of uses of epidemiology, which can be broadly 

classified into 4 headings:- 

 

1.3.5.1 Uses in Health Care Management:-  

 What is it’s prognosis Untreated cases may turn serious, 

some die 

What can be done about it? (How can it be prevented or mitigated?) 

 How can it be diagnosed Blood test 

 How can it be treated Supportive therapy 

 How can it be prevented Insectide spray, proper disposal of 

peri-domestic wastes, mosquito 

nets 

Principal Uses of Epidemiology 

 In Health Care Management 

 In Understanding the disease process 

 In Public Health Practice 

 In Clinical and preventive practice 

 



(a) Making a Community Diagnosis :-  In clinical 

settings, the clinician makes a clinical diagnosis before proceeding 

to manage the case. In health care of large community, the health 

provider must make a “Community Diagnosis” by epidemiological 

methods to obtain information on the 

important health problems and their associated socio-demographic characteristics, quantifying and 

summarizing them. Only thereafter relevant health care for the community can be organized. 

(b) Planning and Evaluation of Health Services :- Any planning process will need accurate 

information about the socio-demographic profile, the diseases, the facilities, communications etc. Similarly, 

while evaluating a health programme, we will again need current information about  various diseases and 

compare it with the “baseline” state that existed when we started the programme. This quantified and 

summarized information is available only through epidemiological steps. 

(c) Developing Health Policies :-   Since Epidemiology is indispensable for making assessment of 

community “diagnosis” and “needs”  and  the fact that it provides “ evidence based” decisions about the risks 

for the individuals and communities, due to various risk factors, makes it a key discipline for developing 

Public Health Policies.   

 

1.3.5.2 Uses in Understanding the Disease Process : 

 (a) Study of the Natural History of Diseases :- what we know today of the natural course of 

HIV or Lung -TB or any human disease has been possible due to systematic observations on hundreds and 

thousands of patients and describing the summarized findings from the observations on these large number 

of patients, which is only possible by  epidemiological methods. 

 (b) Searching for the Causes and Risk Factors of Diseases : - How do we say that smoking is 

a cause of IHD (Heart Disease)? Or, obesity is a risk factor for diabetes? It is by observing thousands of obese 

and non-obese people and following them forward to see what percentage in each group develops diabetes 

(cohort epidemiologic approach) or else by asking hundreds of IHD people compared to hundreds of healthy 

people about smoking history (case-control epidemiologic approach). 

 (c) Historic study of rise and fall of diseases :- Small pox rose to its peak, killed millions and 

was finally eradicated; plague almost vanished after killing huge proportions of humanity and then again 

reappeared. Epidemiological studies of such rise and fall of diseases are essential to understand the various 

factors which can be effectively utilized in preventing the occurrence or re-emergence of other diseases. 

 (d) To Identify Syndromes:- The idea of “syndrome” is that two or more different medical 

phenomena (constellation of signs / symptoms) occur more frequently together than can be accounted for by 

simply a “chance” association. It is only after obtaining data on hundreds of patients from various countries 

about signs & symptoms of a related nature, through epidemiological methods, that we are able to put the 

pieces of information together and identify “syndromes” and their etiological factors. For instance, till 1920s, 

peptic ulcer was thought to be a single entity. Based on collection of large scale epidemiological data (from 

death certificates and surgical records) and its analysis according to sex, social class, anatomical site and 

time-related trends the two entities, viz, duodenal and peptic ulcer were clearly distinguished. More recently, 

obesity, central obesity, raised blood pressure, impaired glucose tolerance and raised triglycerides / low HDL-

Cholesterol were all identified individually as CHD risk factors; however, only after studying the data from 

large number of subjects, in a consolidated manner, it was observed that these tend to cluster together more 

frequently than can be expected simply due to chance, and were given the name “Metabolic Syndrome”.  

 

1.3.5.3 Uses in Public Health practice 

 (a) Investigations of Epidemics and Other Field Investigations : While epidemiology, 

today, is involved in practically all aspects of medicine and health care, the fact remains that it originally 

started as the science dealing with investigations of epidemics and  even today, this remains one of the most 

important duties of the epidemiologists. 



 (b) Surveillance for Diseases :- In addition to investigations of epidemics, disease 

surveillance was another important function for which epidemiology came into being. Today, we have huge 

national & international  surveillance systems which all essentially involve epidemiological principles of 

information generation, consolidation, analysis and interpretation. 

 (c) Making Projections:- Quite often we hear that there will be so many million cases of 

IHD in our country by 2025 and so on! How are these projections made? They are actually mathematical 

models developed by epidemiologists after collecting data from large populations for the past many years 

and then developing the mathematical models to calculate what is likely to occur in future. 

 (d) Assessing the Programmes for Mass Screening for Diseases :- Based on epidemiological 

principles of “diagnostic test assessment”, the mass screening programmes (as cancer detection programmes) 

are planned and subsequently evaluated for their effectiveness in large population groups. 

 

1.3.5.4 Uses in Clinical and Individualized Preventive Practice :-  

(a) Assessing the effectiveness of treatment and preventive modalities:-

 Any treatment modality, be it a drug, surgical intervention, or else 

any preventive modality (vaccine, immunoglobulin preparation, 

chemoprophylactic drug, lifestyle change, personal protective measure, etc.) 

has to be evaluated through the epidemiological approach of “Randomized 

Controlled Blinded Trial” (RCT or Clinical trial) before it can be taken up in 

clinical usage. 

(b) Assessing Prognosis:- Epidemiological studies on a large 

sample of patients, using the “cohort” approach are essential for evaluating 

the role of a prognostic factor in predicting the outcome of a disease. 

(c) Assessing the effectiveness of  diagnostic procedures:-Any new 

diagnostic procedure, as a new laboratory test or a radiological test or even a 

clinical algorithm has to be evaluated for its diagnostic accuracy as well as 

utility, by studying it on a adequately large sample of patients who are all also 

subjected to the gold-standard test, based on epidemiological principles of 

“diagnostic test evaluation studies”. 

(d) Assisting in Clinical decision making:- Modern 

epidemiological methods as “clinical decision trees” are being increasingly 

used in clinical practice for taking decisions regarding optimum clinical 

management of individual patients. 

1.3.6 Broad Classification of Epidemiological Designs. 

Epidemiological designs or “epidemiological method”, also referred to as the 

 “Research Design” in research methodology can be broadly classified as: 

(a) Descriptive Epidemiology: In these epidemiological studies, we do not start 

 with any pre-formed hypothesis. Our objective is to collect data and describe a disease (or any health 

related phenomena) in terms of its frequency (magnitude, i.e., “how much”), and its distribution according 

to various characteristics (variables) related to personal, time and place. These studies are performed in a 

single group of subjects and there is no attempt to make “comparisons” between two groups. At the end of 

the study, we may generate certain “hypotheses” regarding the possible role of a particular variable as a 

risk factor, or as a treatment / preventive factor for a disease, but such hypothesis has to be proved by 

subsequent “analytical” studies, by making comparisons. 

(b) Analytical Epidemiology: In these studies, we start with a specific hypothesis, which is to be tested in 

the study. In contrast to descriptive studies, in analytical studies, there are 2 groups which are to be 

compared – one with the hypothesized factor and the other group without the hypothesized factor an d 

then comparisons are made between the 2 groups regarding the “outcome” (which may be either the 

occurrence of a disease in case the hypothesized factor is a risk factor for disease, or else it may be the 

SUMMARY BOX : DEFINITION & USES 

Definition :- Study of Frequency, Distribution and 

determinants of diseases and health problems in 

human populations and it’s application in prevention, 

control and mitigation of health problems. 

Uses 

1. In Health care management 

 Making Community Diagnosis 

 Planning & Evaluation of Health Services 

 Developing Health Policies 

2. Understanding Disease Process 

 Studying natural history of diseases 

 Searching for Causes & Risk factors 

 Historic studies of rise and fall of diseases 

 Identification of Syndromes 

3. Uses in Public health practice 

 Investigations of Epidemics 

 Surveillance for Diseases 

 Making Projections for Future 

 Disease Screening Programmes 

4. Assisting in Clinical Practice 

 Assessing Effectiveness of Treatment Modalities 

 Assessing Effectiveness of Preventive modalities 

 Studying Prognostic factors 

 Studying Effectiveness of diagnostic Modalities 

 Assisting in Clinical decision making 



successful treatment /prevention of a disease in case the hypothesized factor is a treatment or preventive 

modality). Analytical epidemiological studies may be of further two types; 

 (i) Experimental (Interventional) studies : In these studies, the epidemiologist herself creates two 

groups by doing a random allocation of the study subjects, thus creating a situation of “experiment” 

on human beings. She then gives the “exposure” to one group, while the other group is kept as 

comparison (control) group. Classical example is the clinical trial undertaken for testing the efficacy 

of new drugs. 

 (ii) Observational Analytical Studies: In these studies, the epidemiologist does not create the two 

groups but rather studies and compares two groups which have already been created by nature and 

compares them. For example, we take two naturally created groups – smokers and non-smokers and 

compare them regarding the occurrence of diseases like heart disease. Now, depending on how these 

groups are assembled and information is collected, these studies may be of two broad types: 

  (aa) Cohort studies: In these studies, the epidemiologist starts with a group which has the 

“exposure” (as smokers) and another comparison (control) group which does not have the 

exposure (e.g., non-smokers) and then follows up the two groups forward in time, 

observing for the occurrence of the disease (as heart diseases) in the two groups, thereby 

making comparisons. 

 (ab) Case-Control Studies: In these studies, the epidemiologist starts by collecting a group 

of subjects who have already developed the outcome or disease (e.g., heart disease) and 

another comparison group of similar subjects but who do not have the disease and 

thereafter obtains the data regarding history of exposure (e.g., smoking) from the two 

groups and makes comparisons. 

Activity 1.1 

You are working at an “Executive” level  in a private health care organisation. Your CEO has 

asked you to do a preliminary work-up of a project which aims at establishing “Outreach Diabetes 

Clinics” in a small township of population 5 lakhs, where a 200 – bedded basic speciality hospital 

of your organisation is also functioning for past 3 years. Give a list of Epidemiological variables, 

according to the headings of person, place and time related variables, regarding which you will 

collect the data, for initial planning of the diabetes clinics. 

 

 

 

 



  

1.4  Overview Of Bio-Statistics 

1.4.1  General Introduction to Biostatistics.  have been a number of humorous references to statistics. 

Someone has said about statistics : “Lies, damn lies and statistics----“; while another one jokingly says 

“Statistics is like a bikini – what it reveals is interesting but what it conceals is vital!” It is no secret that 

medical persons do not like statistics, but, believe it or not, statistics is an essential tool for doctors. Basic 

statistical knowledge is essential for carrying out research in health related fields and for critical 

understanding of the medical literature. Many medical journals require a high level of statistical 

sophistication from their authors. Statistics provides a user friendly summary of the information in terms of 

charts and tables. It tests a hypothesis and provides conclusions. It also compares information from different 

groups – for example, outcomes of those receiving a new drug with those receiving placebo. Statistics also 

helps in predicting how likely an event (like death, disease, recovery or survival) is for a particular patient.  

 Statistical considerations play a role even in taking routine, day-to-day decisions. If, during rainy 

season, the weather forecast for the day says that the chances (probability) of raining are 50%, then we will 

certainly take our umbrella or raincoat with us. On the other hand, if the forecast says that the chances of 

raining are 0.1%, then we do not care to take out our umbrella or rain coats. Thus, an estimate of probability 

or chance (in this example, of likely occurrence of rain) has helped us take a decision. Similarly, when a 

EXHIBIT – 1 : HOW JOHN SNOW INITIATED THE DISCIPLINE OF EPIDEMIOLOGY – 

THE INVESTIGATIONS OF CHOLERA EPIDEMIC IN LONDON 

John Snow is known as the Founding- Figure of modern Epidemiology. In fact, he was, by profession, 

an Anaesthesiologist and is famous for administering anaesthesia to Queen Victoria during her 

delivery. However, he had qualities of being an astute observer and analyst of the phenomena that were 

happening around him, a quality so essential to be a good epidemiologist. Between 1849 to 1855, 

London was reeling badly under a massive epidemic of Cholera. Some reports said that there was not a 

single house which did not have a case of cholera. That time, nobody (including some famous 

epidemiologists as William Farr) believed that cholera could be transmitted through contaminated 

water and food; they believed that it was transmitted due to “bad air” (miasma theory). John Snow 

meticulously and painstakingly collected the data regarding the occurrence of cholera cases and related 

if to the overall population, thus converting the observed numbers into a “frequency”. He further 

described this data according to various person related variables (age, sex, social status), time 

(frequency according to month / week) and place ( place of residence, place of work, etc.).  

That time, there were 2 private companies which were supplying drinking water to London – 

Southwark & Vauxhall Company and Lambeth Company. Snow noticed that there was a very high 

incidence (almost 10 times higher) of cholera cases among households which were getting their water 

supply from Southwark and Vauxhall Company. Thus, based on his very scientific and meticulous 

descriptive epidemiology, he developed the hypothesis that cholera may be transmitted by water which 

was contaminated in case of Southwark company. He than carried out a survey of River Thames from 

where both the companies were drawing water and realized that while Lambeth company was drawing 

water from a location in river which was  quite upstream, the Southwark company was drawing water 

from much downstream, at a point which was downstream to the place in which the sewage of the 

town was being discharged into the river. He finally persuaded the authorites to stop the water supply 

from Southwark company and the results were striking – the cholera occurrence came down soon 

thereafter. It will be worth noting that the causative bacteria of cholera (Vibrio Cholerae) was 

discovered much later, in 1885, by Sir Robert Koch. Snow thus performed all the elements of 

epidemiology – defining the disease, counting it and transforming the counts into a frequency measure, 

describing the disease according to person, place and time, developing a hypothesis, conducting 

analytical epidemiology by comparing the affected population with not affected (or less affected 

population), establishing the possible cause of the disease and finally giving the proof by doing an 

experimental study (stopping the water supply from the suspected company). He thus laid the 

foundations of modern Epidemiology. 

 



patient with acute pain in abdomen comes to us with lower abdominal pain without fever, vomiting or any 

specific tenderness at McBurney’s point (a point in the right lower part of abdomen), we do not operate on 

him/her since the chances (probability) of the patient having appendicitis are very low; say just 1 in a 1000. 

On the other hand, if all these signs and symptoms are present, we immediately operate because now the 

chances of acute appendicitis are very high, say 90%. Note that in the first instance, though the probability 

of the patient having appendicitis is very low, still there is a chance that he may be having appendicitis and 

still we are not operating on him; similarly, in the second situation, there are still some (10%) chances that 

the patient may not be having appendicitis and still we are operating on him and he may develop operative 

complications like post-operative sinuses. Thus, inadvertently, it is “statistical” knowledge of the probability 

of our patient having or not having appendicitis (based on clinical presentation) that we take a decision 

whether to operate or not operate. 

 

1.4.2 Definitions. 

(a) Statistics is essentially a “quantitative” science, i.e., it deals with mathematical quantities or numbers. 

The word statistics is derived from Latin word status meaning “how the things stand to be”. In the simplest 

of the definitions of statistics, it is defined as: ‘The science of collecting, collating, summarizing, analyzing, 

presenting and interpreting data’. Statistics is also closely related to the word “datum” which means “a 

collection of quantitative facts for purpose of analysis and interpretation”. The term “Statistics” is used in a 

plural sense. In contrast, the term “statistic” is used in a singular sense and indicates a single piece of 

information expressed in a numerical form, as age of a person in years. It is also used in statistical sciences 

to denote a singular value calculated from a sample of subjects, as the mean Haemoglobin value of pregnant 

women, as ascertained by studying a sample of pregnant women. This “statistic” (as calculated from a 

sample) gives us the estimate of a “parametre” which is the value which is likely to exist in the total large 

population (e.g., the actual value of average haemoglobin in the large population of millions of pregnant 

women, from which this sample was taken). 

(b) Biostatistics: Biostatistics is the application of statistical principles and methods to “Biological Sciences” 

(bio meaning life and statistics meaning quantities and measurements). Within the overall discipline of 

Biostatistics, there are 3 closely related terms which are often used as follows: 

(i) Medical Statistics which denotes application of statistics to the field of medicine, including patient 

management as well as overall health care management 

(ii) Clinical statistics, which involves statistical applications in patient care settings as diagnosis, prognosis, 

treatment and clinical decision making 

(iii) Health Statistics, which involves statistical tools and techniques in context of public health (i.e., health 

matters of large population groups and communities), as surveys, surveillance data, statics regarding 

morbidity, mortality and disability collected and published by national / state agencies, demographic data 

and data from vital events. However, there is no clear cut demarcation between the above 3 branches and the 

3 terms may be used in place of other by different authorities. 

1.4.3  Why Statistics? 

There are 3 basic reasons as to why we should be dealing with statistics, especially in the field of healthcare, 

as follows: 

(a) Phenomena of Variability: Often we say that people who are tall (e.g., more than 180 cm height) have 

higher risk of developing low backache. Now, just suppose that all human beings in this world were 

having a height of 170 cms, right from birth to death, whether male or female. If that was the case, then 

there was no need of measuring height of various persons because the height of every person would be 

170 cms and obviously, there would have been no relationship of height with backache or with any other 

disease, since all human beings would have been 170 cms, no shorter and no taller. This fact that all 

living beings, especially humans, are different from each other in respect of a large number of 

characteristics, is called “variability”. Not only between human beings, but within the same person, there 

is variability; for example, the blood pressure of the same person is likely to vary at different times within 



24 hours. It is this concept of “variability” that makes statistics important because we need to “measure” 

different human beings in respect of various characteristics (called as “variables”), to make an 

assessment of the usual or average value of that characteristic in a given human population. In fact,  

“variable (s)” is / are the starting point of all activities in epidemiology, biostatistics and research 

methodology. As we shall see, in the ultimate analysis, everything in epidemiology, biostatistics and 

research methodology finally converges to the description of, and relationship between variables. A 

variable is defined as any quality or numerical magnitude of any attribute, which can be measured 

quantitatively and which is likely to assume a different value in two human beings (i.e., it is likely to 

“vary”). There are millions of variables. For instance, sex (gender) is a variable since it is likely to have   

different value (either male or female) in two consecutive human beings. Blood pressure, age, colour of 

eyes and so on and so forth are all variables. 

(b) Concept of Population versus Sample: Continuing with the above example of height, suppose that 

we want to make an estimate of the average height of adult males in our country. Now, ideally for making 

this estimate, we should measure the height of all adult males in India (which would be more than 300 

million subjects) and then calculate the average height. Quite naturally, we don’t do it and we need not 

do that. What we would do is that we will take a “sample” of, say, 1000 adult males and make an estimate 

of the average height. This is the second very important concept where statistics is required – the fact 

that we actually study “samples” and based on the findings of the sample, we make estimates about the 

total population. It is on the basis of statistical principles that we decide as to how large a sample should 

be studied to get meaningful results and secondly, the manner in which the sample be drawn from the 

population so that it is “representative” of the population.  

(c) Concepts of probability: As explained above, we nearly always study a sample but draw conclusions 

(based on the result of this sample) about the “population” from which the sample has been drawn. Now, 

the result from this sample may not be exactly the same as the reality which exists in the population, and 

even if we draw repeated samples from the same population, the results may be different from each other 

as well as different from the reality which exists in the population, simply due to a phenomena known 

as  “sampling error” or “sample to sample variation” or “random error” or more simply “chance”. We 

have to therefore make a “probabilistic” estimate of how different the result from our sample is likely to 

be from the truth which exists in the total population. This is from where the concepts and procedures 

involved with the laws of probability, so deeply rooted in statistics, become a major consideration.  

1.4.4 Overview of “Probability”. In fact, “probability” is the fundamental concept on which statistics 

is based. In other words, statistics is all about probabilities. When we speak of the probability of 

something happening, we are referring to the likelihood or chances of it happening. Generally, 

probability is a fraction, a decimal, or even a percent, which is denoted by the letter “P”; e.g.,  

• The probability that if a coin if tossed, then head will come is 1 in 2 or 50% or 0.5 

• The probability that it will rain is 30%; thus P = 30% or 0.3 or  3 in 10. 

 There are four basic principles or laws of probability: 

1. The probability of an event that cannot occur is 0 (impossible event). 

2. The probability of an event that must occur is 1 (certain event). 

3. Every probability is a number between 0 and 1 inclusive. 

4. The sum of the probabilities of all possible outcomes of an experiment is 1. 

1.4.5  Types of Statistics. 

Very broadly, Statistical approach can be divided into two broad groups: 

 Descriptive Statistics: When statistical procedures are used to describe the data, to make a meaningful sense out 

of it, for making decisions, it is called “Descriptive Statistics”, which may be of three types: 

o Tabular Descriptions: This entails summarizing the data in the form of contingency tables. 

o Graphical Descriptions: This includes presenting the data in the form of graphics as line diagrams, Bar 

diagrams, histograms, etc. 



o Description of summary figures: As calculating the mean, median, mode and standard deviation from the 

data obtained, with a view to describe the central value and the “spread” of data. 

 Inferential statistics: In Inferential statistics, we draw inferences about the “population” from which the study 

sample was drawn, based on the calculations made from the sample data. (Note that in descriptive statistics, we 

do not make any attempt to draw inferences about the population from which our current sample (which has given 

us the data) was drawn. Inferential statistics is of two broad types: 

o Estimation: When we estimate the possible value in the total population (i.e., the “parametre”), based on the 

findings from a sample (i.e., the “statistic”), e.g., if our mean value of haemoglobin from a sample comes 

out as 10 g / dL, we calculate a range with a level of confidence (e.g., 95% Confidence Interval as 9 to 11 g 

/ dL) which means that we are 95% confident that the real value of average haemoglobin in the total 

population would be between 9 to 11 g / dL. It also means, more technically, that if we study 100 repeated 

samples from the same population, 95 of these 100 samples will give us mean haemoglobin results between 

9 to 11 g / dL. 

o Hypothesis Testing: Suppose we developed a hypothesis that tobacco smoking is a risk factor for causing 

lung cancer. To test this hypothesis we selected 100 male cases of lung cancer and found that 90 of them 

gave a history of smoking. We also collected a comparison group of 100 healthy males of same age and 

found that 10% of them gave history of smoking. So, clearly, 90% lung cancer patients and only 10% adults 

give history of smoking. Thus smoking apparently leads to 9 times increased risk (90% versus 10%) of lung 

cancer. But our conclusion is not final – from statistical point of view our real job starts now! What about 

the large populations from whom these samples have been drawn – a large population of millions of lung 

cancer patients and another large population of billions of healthy persons. How confident are we that in 

those 2 large populations also, the percentage of smokers in lung cancer population is much higher than in 

the large population of healthy persons. What is the “probability” of the real state of affairs being different 

in the two large populations as  compared to what we have seen in our samples? It is here that statistics 

undertakes “hypothesis testing” by way of various tests of significance to calculate the probability of random 

error (also called as “chance” or sampling error or sample to sample variation) having played a role in getting 

results in our sample which are different from the reality that exists in the large population.. 

1.4.6  Uses of Statistics: With the above background, we can enumerate the major uses of Biostatistics as 

follows: 

 To  assist in clinical decision making by developing probabilistic estimates regarding diagnosis and treatment 

modalities. 

 To assist in identifying the scale of measurements of various variables proposed to be studied in epidemiology 

and research methodology, and plan for their analysis. 

 To collate and describe the data, according to tables, graphics and descriptive statistics as mean, median and 

standard deviation, thereby simplifying huge collections of data and assisting in decision making. 

 To draw a range in which the “normal” population for a given variable is likely to fall. 

 To assist in calculating the optimum sample size for an epidemiological / research study. 

 To assist in deciding on the most appropriate sampling method to select the sample of study from the population. 

 To draw inferences regarding the large population, based on the result obtained from the sample. 



 To develop probabilistic estimates of the role of chance (random error or sampling error or sample to sample 

variations) in having given us results from a sample, which may be different from the reality that exists in the 

large populations from which the samples have been drawn 

 

Check your progress - 1 

1. (Note that in this question, more than one choice is possible). The common fibre which unites 

Epidemiology, Biostatistics and Health Research Methodology (Group – 1) on one hand and also 

differentiates them from clinical practice (Group – 2) on the other hand, is that in Group – 1 there is: (a) 

Essential requirement of calculating the “p” value (b) Need to deal with large population / groups of human 

beings (c) requirement of dealing with health problems in a quantifiable manner (d) No requirement of using 

medical or clinical methods (e) Requirement to have elements of social sciences 

2. Which of the following facet of any given disease will NOT be covered under the epidemiological 

description of that disease:  (a) Frequency / magnitude of that disease (b) Distribution of the disease according 

to person, place and time related variables (c) Severe complications experienced by an individual patient (d) 

Risk factors for the disease (e) Effectiveness of various treatment modalities for that disease. 

3. Epidemiological studies which start with a view to test a pre-formed hypothesis regarding the possible role 

of a variable as risk factor for a disease and proceed by comparing a sample of persons with the disease of 

interest with a sample of persons without the disease, as regards the frequency of the putative risk factor in 

the 2 groups are:  (a) Descriptive studies (b) Clinical Trials (c) Experimental designs (d) Case Control studies 

(e) Cohort studies  

4. In a clinical trial to assess the efficacy of a new drug to treat hypertension (raised blood pressure) as 

compared to the existing treatment regimen (control group), which of the following will NOT be a function 

of Biostatistics:  (a) Calculating the sample size of patients in each of the 2 groups (b) Defining how blood 

pressure will be measured in the subjects (c) selecting the correct method of sampling of the subjects (d) 

Developing random numbers to allocate the subjects into intervention and control group (e) calculating the 

probability of the new treatment being better than the existing treatment 

5. In Biostatistics, during analysis of the data, we: (a) calculate the “statistic” from the sample and estimate 

the “parametre” in the population based on this statistic (b) calculate the “parametre” from the sample and 

estimate the “statistic” in the population based on this parametre (c) calculate both, the “statistic” as well as 

the “parametre” from the sample data itself (d) Calculate neither statistics nor the parametre (e) Always 

undertake “hypothesis testing” from the data obtained from the sample.  

 

1.5  Overview Of Health Research Methodology 

  

The question that we may, quite intuitively, ask is that we are all very well qualified and 

experienced; we can conduct research pretty well, with our capability to execute research improving with 

increasing experience in medical practice or healthcare administration. Why should we have text books or 

training curriculum in “Medical Research Methodology”. In Fact, medical research methodology (often 

referred to as “Clinical epidemiology” to make it more attractive to the clinicians) is nothing but an extension 

Activity 1.2 
Describe, in detail, a common activity which happens in your day to day life in which you study a 

“sample” but make estimate about the “population”  (Hints : Buying rice from grocery store; tasting 

food before serving). 

 

 

 

 



of the wise clinician’s  or medical administrator’s intuitively explorative faculties. However, such an 

extension of this faculty (of educated thinking, observing, analyzing and reasoning) as well as the 

understanding of essential principles and methods of research does not occur simultaneously and concurrent 

to the learning and practice of medicine. For instance, history of medicine is replete with examples, wherein 

results based on unscientifically conducted research (gastric freezing, blood letting, “tape-seton’ and so on) 

have been applied, only to cause harm to the patients, just because they were based on unscientific research 

methods. It therefore needs, in addition to our qualifications and experience in medicine or healthcare 

administration, a working knowledge of the essential principles of research methodology, that need to be 

clearly understood by all healthcare persons who are interested in research. This section would be providing 

a basic orientation these essential principles. A description of these “Principles” or “Basic Building Blocks” 

is given as follows. 

 

1.5.1 Principle No. 1 : THE RESEARCH QUESTION 

 

Funny though it may sound but as per the collective opinion of a number of expert referees of some of the 

most esteemed international medical journals, in almost half of the research articles that they get for 

reviewing, the authors did not seem to be clear as to what they wanted to do! Therefore, the first stepping 

stone in any effective medical / healthcare research is to develop a proper research question. An appropriate 

research question, developed after fair amount of academic reading and discussions, is not only an essential 

requirement for a good research work but also ensures that a major part of research work is effectively sorted 

out . Developing a proper research question is a very scientific and painstaking process, consisting of a series 

of sequential steps. We would deliberate on these steps in a subsequent chapter. 

 

1.5.2  Principle No. 2 : ONE SUBJECT OR MANY SUBJECTS ? 

 

 Let us look at an example drawn from a report in a reputed journal published in 1969 “……….. a 

58 year old woman with moderately severe Parkinson’s disease recounted to her family physician that 3 

months ago, while taking amantadine hydrochloride 100 mg twice daily to prevent flu (then used as an anti-

viral drug), she experienced a remarkable remission in her symptoms of rigidity , tremors and akinesia 

(symptoms of a serious disease known as “Parkinsonism”). These symptoms promptly returned after six 

weeks of stopping the drug …..”(9). The effect in the patient was striking. At that time, medical world was 

in desperate need of an effective drug for Parkinsonism . However, this report based on a single case could 

not lead to immediate change in clinical practice. Clinicians tried out Amantadine in a limited number of 

patients of Parkinsonism and observed beneficial effects in many of them. They, thereafter, tried out the drug 

in a standard clinical trial, randomly dividing a group of patients of Parkinsonism into two, giving 

Amantadine to one group and the existing standard therapy to the other and noticing the much larger 

beneficial effects in the Amantadine group. From the initial description in 1969, it took the medical fraternity 

a couple of years before introducing Amantadine into clinical practice as an anti-Parkinsonism drug . 

 There is reason for such delays, for no inferences regarding a risk factor, 

diagnostic agent, therapeutic procedure or preventive agent can be drawn from 

observations on only one or even a few patients or subjects. Why is this so? Because, there 

is a well known natural phenomenon of variability – no two human beings are likely to be 

the same. Hence what happens in a single patient may be simply due to chance just because 

of this natural law of variability. It may be just because of chance that the first patient of 

lung cancer whom you see may not have even touched a cigarette over his lifetime but that 

does not mean that smoking is not a risk factor for lung cancer. Inferences about the role 

of smoking in causation of lung cancer are based on history taken from hundreds of patients 

of lung cancer and comparing them with the history taken from another hundreds of healthy 

persons without lung cancer. 

 The major difference 

between clinical 

practice & clinical 

research is that in 

clinical practice we are 

concerned with only 

one subject – the 

patient while in 

research our focus is 

on a “large” number 

of subjects.  



 Thus, an important principle in research methodology is the concept that while clinical practice and 

research utilize exactly similar procedures, in clinical practice, our focus is on a single individual – the patient, 

but in clinical research, the interest is not on a single but large number of patients or subjects. And it is from 

here that many of the (apparent) difficulties of research methodology originate, because, in research, you 

have to study a “large” number of patients (“subjects”) vis-à-vis only one patient that we are used to study, 

in clinical practice.  

 

1.5.3  Principle No. 3 : ULTIMATELY, RESEARCH IS THE RELATIONSHIP BETWEEN 

“VARIABLES” 

  In the process of medical research, we decide the various headings on which we 

will make measurements on our subjects. For example in a trial of the efficacy of a new lipid lowering drug, 

we would note down the age, sex, blood pressure, blood glucose, total / LDL / HDL cholesterol, whether the 

particular subject was given the standard lipid lowering drug or else the new drug, final level of lipids after, 

say, 6 months and so on. In research methodology, these various “headings” are called “Variables”.  Thus, 

Age, Sex, name of the drug administered, LDL level etc., are all “variables”. 

A variable is thus any quantity or quality of a subject which can be measured 

and which ‘varies’, i.e., likely to have a different value from one subject to another.  

Thus, sex is a “variable” since it is a “quality” which is likely to take some different 

value (either male or female) between two subjects. In fact, when reduced to the 

lowest terms, all medical research is simply the study of relationship between 

variables. We will enter these findings initially on individual forms for each patient 

and later transfer the information to a chart (manual or computerized, which will look 

like an “Excel” or “Access” sheet), wherein the “value” of each of these “variables” 

will be entered for each patient. This chart, duly completed with all details for the 

required sample of patients / subjects is what is known as ‘DATA’.  Data can thus be 

defined as an organised collection  of information, containing the ‘values’ of the 

various variables, obtained from a sample of subjects, and which would be 

subsequently used to derive conclusions through the process of scientific analysis and 

reasoning. Depending on how the values are  recorded, the variables can, broadly,  be 

either of two types, viz., “Qualitative” and “Quantitative”. Each of them can be of 

further 3 subtypes, i.e., Continuous, discrete and ordinal numerical for quantitative 

types and dichotomous, polychotomous nominal and polychotomous ordinal for 

qualitative data. We would have a detailed discussion on these various types of  

variables in a subsequent chapter. 

 It becomes very important for the investigator to specify as to what ‘variables’ will be studied and 

what would be the ‘measurement scale’ for each of them, because the subsequent analysis of data will depend 

upon the type of measurement scales used for different variables, and because the measurement scales are a 

by-product of study objectives.  For example, the same variable, e.g., Diastolic blood pressure (DBP) can be 

measured on a continuous scale (actual DBP recording); or on a dichotomous scale (Hypertensive / 

normotensive), or polychotomous  ordinal scale (Normal, Mild, Moderate and Severe hypertensive) or a 

numeric ordinal scale (hypertension grade 0,1,2,3 etc.).  The decision as to which scale to use will depend on 

the research question and study objectives; for physiological effect of nicotine or pharmacodynamic study of 

a drug, we may record it on a continuous scale; for an initial preventive research (e.g., whether alcohol use 

is related to hypertension) we may record it as a dichotomous variable; for a drug trial on hypertension we 

may record it as an ordinal variable (normal, borderline, mild, moderate, severe hypertensive).  However, 

whenever in doubt, remember that a continuous (or discrete) variable contains the maximum amount of 

information followed by a ordinal scale while the dichotomous scale records least information (DBP of 96 or 

130 will be both recorded as ‘hypertensive’).  If the data has been recorded on a continuous or discrete scale, 

it can be later collapsed into polychotomous or dichotomous categories 

The process of deciding the 

study “variables” 

 Read your research question 

in detail 

 Decide what are the :- 

o Exposure variable 

o Outcome variable 

o Confounding (control) 

variable 

 Decide how would you 

measure these variables to 

best answer your question 

o Quantitative Continuous 

o Quantitative Discrete 

o Quantitative Ordinal 

o Qualitative Dichotomous 

o Qualitative Polychotomous 

Nominal 

o Qualitative polychotomous 

Ordinal 



1.5.4  Principle No. 4 : THE “DATA” NEEDS TO BE SUMMARISED 

In the process of medical research, we would collect the information on a large number of variables as are 

relevant to our research work and record the various details for each subject, initially on invidual performa, 

and subsequently, on a “data sheet” . For instance, the hypothetical data set of a research work on the 

relationship between central obesity and IHD would look something like follows:- 
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1. XX 3 90 100 27.5 Yes 146 92 None Yes A 

2. AC 1 84 96 23.2 No 132 78 Regular No B 

3. XB 1 76 84 21.2 Yes 128 82 Irregular Yes O 

5. XY 0 88 97 25.1 Yes 138 86 Irregular No AB 

400 AX 2 92 96 26.7 No 148 94 Regular Yes O 

 

However, while this large collection of data is a reflection of our hard work and contains massive amount 

of information within it, as such it does not convey any meaning in the present form. Hence, we need to 

summarize our data into “summary figures” which will convey, in one sight, what our data tends to convey. 

Depending on the scales on which we have measured various variables, these summary figures would be 

either “mean”, or “median” or, more commonly, a proportion or a rate. In turn, a proportion is generally 

worked out as “prevalence” while a rate is worked out as “Incidence”. We will deliberate on these issues in 

much detail in subsequent chapters. 

1.5.5  Principle No. 5: WHETHER TO STUDY ONE GROUP OR TWO GROUPS 

Let us have a look at the following example :- “….. Some strokes are caused by cerebral infarction 

in the area of brain distal to an obstructed segment of the internal carotid artery. It should be possible to 

prevent stroke in people with these lesions by bypassing the diseased segment so that blood can flow to the 

threatened area normally. Also, it is technically feasible to connect the superficial temporal artery to the 

internal carotid artery, distal to an obstruction. Because its value seemed self evident on anatomic and 

physiological grounds, the procedure was applied on a series of patients who were offered surgery, out of 

which quite a few showed improvement. With this background, as also the documented success of another 

analogous procedure, the CABG, this new surgical procedure of extracranial – intracranial – arterial – bypass 

became widely used in 1970s & 1980s. (However it may be noted that no control group was studied at that 

time)…..”. In1985, the EC/IC bypass study group conducted a randomized controlled trial in which patients 

with cerebral ischemia and an obstructed internal carotid artery were randomly allocated to surgical or 

medical treatment. In the surgical group, the operation was a technical success - 96% of the anastamosis were 

patent a year after surgery. However, surgery did not help the patients. Mortality and stroke rates after 6 years 

were, in fact, slightly higher in the surgically treated patients as compared to medically treated patients; 

Moreover, deaths had occurred earlier in the surgically treated patients …..”. 

It follows that an important  building block of research methodology is to realize the fact that final 

conclusions about the risk factors, therapy, prevention or prognosis can be drawn only after comparative 

research. While results derived from observations made on only one group of subjects may give valuable 

suggestions for further exploration, however, putting into action, conclusions based on only one group may 

be fallacious. Studies which describe certain phenomenon or clinical outcomes in only one group are called 

descriptive studies; they generate strong suggestions or hypothesis but certainly do not give us the final 

verdict. For getting the final verdict we have to do a comparative study in which a group having the factor 

of interest is compared with another group which does not have the factor. If the result is better in the group 

with the factor, then only we can conclude that the particular factor really makes a difference. 

 



1.5.6  Principle No. 6: QUANTIFYING THE EXPOSURE (CAUSE) – OUTCOME (EFFECT) 

RELATIONSHIP 

 

In the 1970s an issue in the treatment of pulmonary TB was that the patients who were issued their 

medicines for the complete month (Domiciliary, self administered  medicines) were not showing the desired 

cure rate despite the documented efficacy of multidrug regimen. It was felt that some form of  directly 

observed treatment short-term (DOTS) for intake  of drugs, which ensures compliance, may be more 

effective. To test this question, 300 patients of Pulmonary (Lung) TB were divided into 2 groups of 150 each. 

One group was managed with directly observed regimen while the other with the conventional, self 

administered regimen. Outcome criteria of cure were based on microbiological, clinical & radiological 

parameters after six months of treatment. The results were as follows:-  

 

Exposure 

(intervention 

modality ) 

Achieved 

outcome (cured) 

Did not achieve 

outcome (not 

cured) 

Total  

Given Trial modality 

(Directly observed) 

121 (80 %) 29 (20%) 150 

(100%) 

Not given trial 

modality but given 

control (self 

administered) 

modality 

59 (40 %) 91 (60%) 150 

(100%) 

Total 180 (60%) 120 (40%) 300 

(100%) 

 

 

It is clear that out of the 150 patients given the exposure, 121, i.e., 80% 

achieved the outcome (were cured) while 40 % of the non exposed group achieved the outcome. These values 

of 80% and 40% are in technical language called the incidence of outcome in the exposed and the non exposed 

groups respectively. If we were to ask you whether DOTS was effective, you would immediately say yes. 

How many times is DOTS more effective than self administered treatment? : 2 times. How did you work out 

this figure? : by dividing 80% by 40%. In research practice this value of “2 times more” is called the RR 

(Relative risk or Risk ratio) and we work it out by simply dividing the incidence of outcome in the exposed 

group with the incidence of outcome in the non exposed group 

These simple issues are actually one of the most important building blocks in research methodology: 

describing the exposure–outcome relation and calculating the overall effect through the conventional 2×2 

table . We will have detailed discussions on the various aspects of incidence, prevalence, RR and 2X2 table 

in subsequent chapters.  

1.5.7  Principle No. 7: CONCEPT OF POPULATION AND SAMPLES AND EXTERNAL 

VALIDITY 

In the second building block we had discussed that in medical research, to make any valid 

conclusion, we have to study not one, but many patients or subjects. But then, what do we mean by “many”. 

How many? Ten ? Thousand ? A million ? Or all the patients with that disease in this universe. Let us say, 

we want to address a very simple issue- What is the seroprevalence of HIV (commonly called as AIDS virus) 

infection among the healthy blood donors in our state? For conducting this research, we have to first visualize 

as to what is that large collection of people whom we have in mind, to whom we would be applying our 

results? Our answer would be that such large collection can be defined as “all apparently healthy persons in 

One of the key issues in 

understanding medical 

research methodology is to 

understand and be 

comfortable with the 2 X 2 

table. It is a cross combination 

of exposure at 2 levels (given 

or not given) and the outcome 

also at 2 levels (achieved or 

not achieved) 



our state who come to donate blood voluntarily”. Well, in research language this is precisely what we refer 

to as “Reference population” or “Total population” or “Universe”.  

So whom do we study? Do we do a HIV testing on all the 10 million healthy persons in our state 

who are likely to be voluntary blood donors? Not at all: Not possible! Not required also. We would, probably, 

study about a 1000 persons, do their HIV testing and get our results. Let us say, we found 10 out of the 1000 

were positive, thereby giving us a seropositivity of 1%. After the study is over, we will start saying “the 

seropositivity of HIV among healthy, voluntary blood donors in our state is 1%”. This is one of the key issues 

in any medical research. 

We always keep a large 

population in mind but 

actually study only a 

sample, and we do not 

restrict our final result to 

our sample but apply it to 

the large population. And 

with this, a very major 

issue in medical research comes up - that of “population” and “sample”. The concept becomes important 

because two types of serious errors can creep into our research just because we study samples but apply their 

results on to the large populations.  

  Let us continue with the above hypothetical example of HIV seropositivity in our state. Let us say 

we decided to study a sample of 1000 subjetcs. For the sake of convenience of our study we got in touch with 

all Sexually Transmitted Diseases (STD) clinics and got the data about seropositivity from the patients 

attending these clinics. The result showed that 50 out of the 1000 were HIV positive and so we concluded 

that HIV seropositivity is 5%. Doesn’t sound quite convincing, as it seems to be pretty high. Yes, there is 

something gone wrong. We had actually defined our reference population as all healthy, potential voluntary 

blood donors persons of our state, most of them being healthy people. What we actually studied was STD 

patients and, naturally, had to get such a high seropositivity rate. With this background, the first requirement 

of a sample is that it should be perfectly representative of the large reference population. If a sample in not 

representative, the results will be erroneous since they will be different from the reality in the large population 

and which we want to estimate. This problem, in research language is known as “loss of external validity” or 

“loss of generalizability” because the results cannot be generalized to the large reference population.  

 How do we overcome this problem? We must firstly, clearly define as to what is our reference 

population and our actual study population, as explained in the preceding paragraphs. Secondly, having so 

defined, we must select our study subjects / patients from the actual study population, using proper methods 

(probability or random techniques) of selection of sample. We would have detailed discussions on the subject 

of “populations and samples” and the methods of picking up representative samples in subsequent chapters.  

 

1.5.8  Principle No. 8 : CONCEPT OF RANDOM ERROR OR CHANCE 

In the previous building block, we said that there are two major issues which come up when we 

study samples. First one is the issue of “representativeness” which affects the external validity. Which is the 

second issue? Now, in research, the moment we start studying a sample, besides the issue of external validity 

and generalisability due to a non representative sample, there is another major issue that needs to be addressed 

– that of Sampling error, also called Random error, Sample to Sample error, or more simply, Chance. 

Let us take an example of a very simple but childish study. What is the amount of heads that we will 

get on tossing a coin. Obviously the reality or truth is well known – it is 50%. However, let us start doing 

this experiment just for the sake of understanding this concept. You toss the coin only once. You get a tail 

and so you conclude very erroneously that there is no head in a coin, if you were to make your decision on 

only one toss. Okay, toss it ten times. You may get 9 heads and 1 tail concluding that 90% of the coin is 

Experiment No. No. of Heads Truth 

1. 47800 (47.8%) 50% 

2. 55301 (55.3%) 50% 

3. 51980 (51.9%) 50% 

4. 48002 (48.0%) 50% 

5. 53067 (53.9%) 50% 



heads, a conclusion still far drawn from the truth. Toss it 100 times, 1000 times and 1 lakh times. The results 

that you could get are summarized in the following table  

 

No. of times coin was 

tossed 

No. of heads (%) Actual reality or truth 

about heads 

Deviation of the results 

from the truth 

1 Nil (0%) 50% 50% 

10 9 (90%) 50% 40% 

100 31 (31%) 50% 19% 

1000 605 (60.5%) 50% 10.5% 

100000 47800 (47.8%) 50% 2.2% 

Infinite no. of times 50% 50% No deviation 

 

The take home message is – as long as you are studying a sample, even in the most honest way, the 

results from your sample are always likely to be different from the truth or reality that exists in the reference 

population and which you are trying to estimate from your sample. Now, as you increase the size of your 

sample (as happened in the example when we increased the number of tosses) this error will reduce and your 

sample result will get closer and closer to the truth. However if you want your result from the sample without 

any error, no different from the real value in the reference population, well, then you have to study the 

complete “total population”, like tossing the coin for your entire lifetime to finally get the truth of 50%. 

See one more situation. Let us say we decided to estimate the truth about the coin with the sample 

of one lakh tosses and we decided to do five such experiments. The hypothetical results are as shown in the 

table below:  

 

 

 

 

 

 

 

 

 

The next take home message from the above study is — even if we repeatedly study pretty large 

samples of the same size, drawn in the most representative manner, no two samples are likely to give us the 

same result, nor the result for any sample likely to be the same as the truth which exist in the large population 

from which the samples were drawn. Why does this occur ? This occurs because of a very interesting natural 

phenomenon called “ Random Error” or “Sample to Sample error” or more simply “chance”. As long as we 

are studying the sample, which we would be doing any way, some error should always be accepted. But we 

can actually do two things about this error. 

 Firstly we can minimize this error by using an adequately large sample. Calculation of adequately large 

sample, using statistical procedures, is dealt later in the appropriate chapter. 

 Secondly after the research is over, while analyzing the results we apply statistical procedures to calculate 

the probability by which our result may differ from the real value in the “total population”, because of random 

error. In fact when we finally say that the “p” value is less then 0.05 we are only saying that from our study 

we have found that the new drug is better then the existing treatment and the probability that these results 

would be different from the reality that exists in the large population is less than 5 in a 100 chances. We 

would discuss the various statistical procedures in appropriate chapters, subsequently.  

   



1.5.9  Principle No. 9 : CONFOUNDING : COMPARE APPLES WITH APPLES, NOT WITH 

ORANGES 

Well, while minimizing the random error by studying an adequately large and representative sample 

and calculation of the p- value which gives the probability of the random error is all very important, it is just 

one of the three major errors that we have to guard against, in medical research. In fact, it is even more 

important to effectively neutralize the other two errors rather than only worrying about the p-value and 

statistics. These two errors are, firstly, confounding error and secondly, systematic error also called bias or 

loss of internal validity or error of measurement. 

Let us take a hypothetical study which evaluated the risk factors of IHD by taking 100 cases of IHD 

and 100 comparable but perfectly healthy people and obtaining the history of various putative risk factors. 

One of the factors which the investigators considered was the history of habitual defecation in privies versus 

open fields. The findings are displayed in the adjacent table.  

 

 70 % of the IHD patients 

gave h/o defecation in proper 

latrines, while much less (30 %) of 

the healthy people gave this history, 

preferring the traditional “open air” 

practice. Going to the open fields 

apparently, seemed to be a great 

protective factor against IHD while 

sitting on the pot inside a privy 

increased the risk by more than two 

fold! The authors were about to recommend that the entire nation should start lining up in the fields early 

morning to prevent the oncoming epidemic of IHD when the Professor of Cardiology told them that 

something seemed to have gone wrong! What had actually gone wrong was the occurrence of a very common 

phenomenon which occurs in research: that of confounding.  

In this case there was another variable which created all the 

confusion - it was socioeconomic affluence, for the rich 

who used their privies and had more IHD not because of 

their hygienic habit but because of the affluent unhealthy 

lifestyle. This phenomenon occurred because the study in 

example did not follow the basic doctrine of research 

which says that two group being compared should be 

similar to each other in all other respects except for the 

factor being studied. Never compare apples with oranges. 

In all correctness the authors should have selected the 

groups whose subjects should have been similar in all other 

respects like age, sex, race, family history and 

socioeconomic status except for that one group had IHD, 

and other did not. 

In confounding, an observed association   between an exposure (eg, defaecation practice) and an  outcome (eg, 

IHD) is “explained away” by a “third”  variable (eg, `socio-economic status, in our example).  This creates a 

`confusion’ or a nuisance. We would have detailed discussions on confounding and its control, in the 

subsequent chapters.  

   

1.5.10  Principle No. 10: PRECAUTIONS AGAINST “BIAS” (Syn: - Systematic Error, 

Measurement Error, Misclassification, Lack of Internal Validity) 

EXPOSURE 

(defecation 

habit) 

OUTCOME TOTAL 

O+ 

IHD cases 

O- 

Healthy controls 

 

E+ 

(Privy latrines) 

70(70%) 30 (30%) 100 

 

E- 

(Open fields) 

30(30%) 70 (70%) 100 

Total 100 100 200 

In medical research we should understand where all 

“errors” can occur, in following manner :-  

 Since we study a ‘sample” from a “population” error of loss 

of external validity may occur if representative sample is not 

taken 

 Random error (sample to sample error or chance) will occur 

because we study samples from a population. 

 Error will occur if our basic measurement process is wrong.  

 If we systematically differentiate while comparing the two 

groups (Bias or systematic error or loss of internal validity) 

 If the groups being compared are dissimilar in various other 

respects (Confounding error). 



One of the essential requirement in any scientific process is to measure correctly what we actually 

want to measure.  In our above example, we had actually intended to measure “the difference in post-

operative pain and duration of convalescence before returning to work”” as brought about by laparoscopic 

procedure vis-à-vis conventional procedure.  However, at a number of points we systematically departed 

from the correct state, making measures which were different than what we really intended to. It is a 

surprising as well as concerning fact that while a majority of researchers give due consideration to sample 

size and statistical analysis ( and, of course, to `p’ value), many of us, while planning our study tend to 

overlook this central and key issue in research  -  that in our study, we should be measuring what we really 

intend to measure, and that the information recorded by us should actually reflect the correct state of affairs  

-  in other words,  “Any error of measurement must be prevented”.  

 

Any measurement that we make must have the following two characteristics :- 

 

 It should have `reliability’ (Syn  : precision, repeatability, replicability) -  in that repeated measurements 

should give consistent results.  

 It should be `valid’ (i.e., accurate)  -  in that it must measure what is really intended to measure. Loss of 

validity (accuracy)  will occur if there is any process, which while making the measurements, will tend to 

produce results that depart systematically from the true value.  This state is also called `Bias’. Whenever we 

are testing hypothesis regarding associations or differences, we would apparently be comparing two 

“groups”.  We should remember that  validity will be compromised and bias will occur if, at any point, 

while either selecting the subjects or else while making measurements on them, we tend to 

systematically depart (consciously or, as happens most of the times, unconsciously), thereby treating 

the two groups being compared in a different manner.  Thus, bias can occur at two points. Firstly, it may 

occur if the two (or more groups of patients or subjects) that we intend to compare, are selected in a 

differential manner. This is called “Sampling” or “Selection” bias. Secondly, it can occur if while recording 

the information / making measurements, we tend to treat these two groups differentially. This is known as 

the “Information” or “Measurement” bias. The  extremely important thing regarding bias is that while the 

effects of “chance”  (Random error or sampling variation)  and “confounding” (as discussed earlier) can be 

assessed quantitatively (by `p’ value and adjusted estimates),  assessing bias quantitatively becomes next to 

EXHIBIT – 2 : EXAMPLE OF RESAERCH STUDIES EXPLAINING “BIAS’  

Have a look at the following example :- “……Some trials undertaken earlier showed that 

patients with inguinal hernia who get laparoscopic repair seem to have less post operative pain and more 

rapid return to work than open conventional surgery…..”. Is this result really correct or might be that 

laparoscopic repair may appear better because of certain biases as follows :- Perhaps laparoscopic repair 

is offered to patients who are in a better health or seem to have better tissue strength because of age or 

general health; or else, may be that surgeons and patients are more inclined to think that his procedure 

should cause less pain, because it is new. As the scar is smaller, the patients report less pain and the 

surgeons are less likely to ask for pain or record it in the case sheet; or else, perhaps patients who get 

laparoscopic surgery return to work earlier, than those who get open surgery, because the surgeons have 

so guided them. If any of these were so, the favorable result of laparoscopic repair may be related to 

systematic differences in how the patients are selected for laparoscopic procedure, how they report their 

symptoms or are asked about them, or how they were told what they can do, rather than due to a true 

difference in the success rates. A clinical trial conducted after carefully taking care of these possible 

biases, found that patients given laparoscopic surgery in fact do experience less pain and a more rapid 

return to work, every thing else being equal.  

 



impossible in the usual settings of clinical research. Bias, therefore, has to be visualised during the planning 

stages and steps taken to prevent it. We will undertake detailed discussions regarding prevention of bias, in 

a subsequent chapter . 

 

 

 

 

 

 

 

 

 

1.5.11  Principle No. 11  : SELECTING  THE APPROPRIATE “RESEARCH DESIGN” 

 It is of importance that the correct “Research Design” be selected by the researcher. The various 

types of designs, viz., Descriptive, Analytic (Case-Control, Cohort, Cross-sectional), Experimental, and 

Diagnostic test studies will be covered in different chapters subsequently. Needless to say, at this stage, that 

different designs exist and the researcher needs to appropriately choose the correct research which is 

optimally suited to answer her research question.  

 

1.5.12  Principle No. 12 :  A ‘PROPER’ STATISTICAL ANALYSIS OF FINDINGS IS AN 

OBLIGATORY REQUIREMENT IN MEDICAL RESEARCH :-  

 Very often, medical research methodology is equated with complex statistical jargon and “p-value”. 

In fact it is not really so. It is only after a proper research question has been through of, a representative and 

adequately large sample obtained, errors of measurements and sources of extraneous variability kept to the 

minimum, and a forethought given to possible confounding, that the role of bio-statistics comes in. 

Nevertheless, a medical researcher must know the essentials of statistical procedures and the limitations of 

“probability” on which the science of statistics is based. With a reasonable background knowledge of 

statistical concepts and procedures, the medical researcher will be able to make best use of his statistician 

colleague. Modern technology has given us the support of extensive bio-statistical computer packages; 

however, even for giving the correct commands to the computer, and for correctly interpreting the “print 

outs” from the computer, the medical person / healthcare administrator must have a sound knowledge of 

statistics. The various bio-statistical concepts and procedures, and simple computer applications are discussed 

in various subsequent chapters. 

 

 

1.5.13 Principle No. 13 : MEDICAL SIGNIFICANCE VERSUS STATISTICAL SIGNIFICANCE :-  

 As our readers will realize subsequently, the cherished ‘p-value’ has nothing charismatic about it. It 

is only a statistical statement of the “probability” of things happening in a different way. What is more 

important for the medical researcher is to view such statistical result against their “medical” importance, with 

a view to answer the ultimate question that the medical fraternity would always ask him – “If you have come 

out with a statistical significance in this research work of yours, so what? How does it help us in improving 

the health practice or patient care?”. For example, in a study, we may find that the systolic blood pressure is, 

on an average, 3 mm Hg higher in hot, desert climate as compared to mild, temperature climate, and this may 

be found to be statistically significant (p-value may be <0.05). however, from the medical point of view, the 

difference in systolic blood pressure, of just 3 mm Hg has hardly any significance; even diurnal variations 

within a healthy person may be much more than that. 

 Thus, besides statistical analysis, it is also of paramount importance to evaluate the “clinical 

significance” of our results; in other words, to answer the “If So, So What?” issue. This would entail 

understanding the basic biological mechanisms of the issue that we researched, critically studying what other 

Loss of Internal Validity leads to “systematic error” or “Bias”. This will occur when we are actually measuring something other than what we 

actually wanted to measure, as follows 

 Basic measurement technique is wrong 

 Variations between observers or subjects 

 Systematically differentiating between the two groups being compared at the point of  

o Selection (selection Bias) 

o Making measurements (measurement or Information Bias)  



researchers have found in their studies, comparing our results, drawing meaningful conclusions and writing 

our results. These various key issues are deliberated in detail, in specific chapters in this book 

1.5.14  Principle No. 14 : ASKING FURTHER QUESTIONS :- 

 No research  is an end in itself. Every research work throws open a number of further questions at 

its completion. Astute researchers pick up these threads and undertake further research work. In the process 

they themselves become refined researchers and also contribute effectively to the body of knowledge in the 

world of Medicine. A medical researcher should not stop at simply describing his research findings (or 

reading the published papers of his colleagues) but should be on the look out for further research questions 

that may have been opened up by the present study ; thus the research cycle continues.  

 

Check your progress – 2. 

6. Which of the following is NOT a synonym of “Random Error” : (a) Sampling error (b) Sample to sample 

error (c) Sampling variations (d) Confounding (e) Chance. 

7. In a 2X2 table drawn from the data drawn from the data of a research to study the risk that use of oral pills 

(used by ladies to prevent pregnancy) carries for causing liver disease, which of the following is correct: (a) 

Oral pills use is the exposure and NO liver disease is the outcome (b) Oral pills use is the exposure and liver 

disease is the outcome (c) Non-use of Oral pills use is the exposure and liver disease is the outcome (d) Non-

use of Oral pills use is the exposure and liver disease is the outcome (e) There is neither any exposure nor 

any outcome in this study. 

8. The maximum information is contained in which of the following measurement scales: (a) Continuous (b) 

ordinal numerical (c) ordinal polychotomous (d) nominal polychotomous (e) Dichotomous. 

9. Which of the following studies do NOT involve comparison between 2 or more groups: (a) Clinical trial 

(b) cohort study (c) case control study (d) Descriptive study (e) Analytical study 

10. A research study on middle aged men showed that use of alcohol is a risk factor for cancer of the mouth. 

Subsequently, some eminent authorites said that it may not be because of alcohol, but rather because of 

tobacco smoking because persons who use alcohol are also more likely to indulge in tobacco smoking, and 

smoking anyway is a known cause of cancer of the mouth, whether one drinks or does not drink. In this 

example, which of the following is the confounding variable: (a) male sex (b) middle age (c) cancer of mouth 

(d) alcohol use (e) tobacco smoking. 

 

1.6  Summary 

 Epidemiology, Biostatistics and Medical / Health Research Methodology are like triplet sisters, daughters of 

the mother discipline of Medicine. Essentially, they are sciences which are quantitative in nature and deal with 

large groups of human beings (populations) with the overall common goal of developing evidence based, valid 

and reliable information which can be used for a wide variety of functions in medical and health care, including 

decisions regarding planning and evaluation of health and hospital care services, assessment of quality of 

clinical care, decisions regarding newer modalities of therapy, prevention and diagnostics, and developing 

probabilistic estimates for clinical decision making. 

Activity No. 1.3 
Write down a simple research question which is pertinent to the day to day objectives of your 

organization. Thereafter, write a line each as to how you will address the 14 basic principles / building 

blocks of research methodology in relation to your research question, so stated. 

 

 

 



 These 3 sister sciences differ from the traditional clinical practice in 2 ways – firstly, they deal with human 

groups or populations and not with a single patient and secondly, they are quantitative sciences, essentially 

looking at data and its analysis and interpretation. Epidemiology provides the basic medical principles as well 

as the epidemiological approach and methods to answer questions related to the distribution and determinants 

of human health problems. It can be seen as the “medical component” of these three sciences, while Biostatistics 

provides the “mathematical component” and “Research Methodology” provides the “Executionary 

component”. 

 Epidemiology is defined as the “study of the frequency, distribution (in terms of person, place and time) and 

determinants (in terms of causation, risk factors, treatment and prevention) of human diseases and health 

problems. It has a wide variety of uses in today’s medical world, besides forming the “methodological 

backbone” of health research methodology. The uses of Epidemiology are: (1). In Health care management 

(Making Community Diagnosis, Planning & Evaluation of Health Services, and Developing Health Policies); 

(2). In Understanding Disease Process (Studying natural history of diseases, Searching for Causes & Risk 

factors, Historic studies of rise and fall of diseases and Identification of Syndromes); (3). Uses in Public health 

practice (Investigations of Epidemics, Surveillance for Diseases, Making Projections for Future, and Disease 

Screening Programmes) and (4). Assisting in Clinical Practice (Assessing Effectiveness of Treatment 

Modalities, Assessing Effectiveness of Preventive modalities, Studying Prognostic factors, Studying 

Effectiveness of diagnostic Modalities, Assisting in Clinical decision making). Epidemiological methods can 

be broadly classified into “Descriptive Epidemiology” (which describes the health and disease in terms of 

magnitude and according to various variables related to person, place and time) and “Analytical Epidemiology” 

(which includes the experimental designs as clinical trials and observational designs as cohort studies and case-

control studies). 

  Biostatistics is essentially a quantitative science, and is defined as the  science of collecting, collating, 

summarizing, analyzing, presenting and interpreting data, related to biological sciences, more particularly to 

medical and health sciences. Biostatistics is based on the principles of probability, variability, and on the 

concepts of populations and samples. It is essential for us for calculating the size of sample required to be 

studied, selecting the correct sampling method for collecting the sample, and for analysing the data, with a view 

to quantitatively describe the data and to undertake a hypothesis testing with a  view to estimate the probability 

of “chance” having played a role in our results from the sample to be different from the reality that exists in the 

large population. Accordingly, Biostatistics can be either Descriptive (for describing the data obtained in a 

study, by means of tables, graphics, or as measures of central tendency or dispersion). Alternatively, statistics 

can be “Inferential” in which it draws an inference about a population based on the results obtained from a 

sample. Such inferential statistics can be either “estimation” in which we make estimate of the population 

parameter based on the sample statistic, or else of the hypothesis testing type, in which we test a specific 

hypothesis regarding the probability of random error (chance) in the results of the sample being different from 

the reality in the large population. 

 Research Methodology is based on certain basic principles which are drawn from a close interaction between 

Epidemiology on one hand and Biostatistics on the other hand. There are a total of 14 basic principles or 

“building blocks” which have been explained in detail in this Unit. Firstly, a well conceived research question 

should be the starting point of any research. Next we should remember that research focusses on a group or 

sample of subjects (and not on a single subject which is done in clinical practice). 

 In the ultimate analysis, all research work is about the inter-relationships between “variables” which need to 

be properly identified and measured and the correct research design, most appropriately suited to answer our 

research question will need to be selected. For undertaking this important step, the data collected from the 

research work needs to be collated and summarized. One also has to be clear at the time of starting the research 

work, based on the research question, whether we would be studying only one sample (descriptive study) or 

making comparisons by studying two or more samples  (analytic study) and subsequently, very clearly define 

the exposure and outcome variables and how the data will be finaly set out in a 2X2 table. We also should keep 



in mind the possibility as well as take steps to prevent loss of external validity, confounding and systematic 

error (Bias) and also estimate the probability of random error (chance) from the data. Finally, no research is an 

end in itself; the findings will bring out further research questions which will need to be answered by us or by 

other researchers. 

1.7 Glossary of Terms 

1. Epidemiology: The branch of Medicine which deals with the identification, frequency, distribution and 

determinants of diseases and health problems in human populations and applications in mitigating and 

preventing these problems. 

2. Biostatistics: A branch of Mathematics which deals with the collection, collation, analysis and 

interpretation of data and with describing or making probabilistic estimates regarding various biological 

issues, more specifically diseases and health problems among human populations. 

3. Variable: A quality, attribute or value of a particular human being (subject) which can be measured and 

quantified and is likely to have a different value between different human subjects. 

4. Population: The large collection of human beings from which a sample is drawn in epidemiology, 

biostatistics and research work, and on which the results of the sample will be applied. 

5. Random Error: The difference that is likely to occur between the results obtained from a sample and the 

truth that exists in the total population from which the sample was drawn; also applies to the different results 

that are likely to be obtained from different samples when repeated samples are obtained from the same 

population. Also known as sample to sample variations, sampling variations, sampling error or “chance”. 

6. Bias: A systematic error of measurement occurring either due to wrong technique of measurements in a 

study, or else if there is a systematic departure in the way the two groups being compared in a study are 

treated differentially, either while selecting them (selection or sampling bias) or while making measurements 

on them (measurement or information bias). 

7. Confounding: A state of confusion or nuisance which occurs when the association between an exposure 

variable and an outcome variable, as demonstrated by a research study, is thrown into confusion by a third 

variable (called as confounding variable) because of the direct relationship of this confounding variable with 

both the exposure and the outcome variables  

8. Probability: A statistical term which indicates the “chances” of an event to occur, denoted as a fraction out 

of unity, with probability of zero indicating absolutely no chance of the event happening and one indicating 

absolutely complete chances of the event to occur. 

9. Hypothesis: A tentative guess, regarding the association between an “exposure” (or cause or independent) 

variable and an “outcome” (or effect or dependant) variable, which is the starting point of an analytical 

research study and which is finally accepted or rejected at the end of the study. 

10. 2X2 table: A very important table containing 2 rows and 2 columns, often called as the “heart” of any 

epidemiological / research study, wherein the two columns denote the 2 binary levels of the “outcome” (either 

present or absent) and the 2 rows depict the 2 binary levels of the exposure (either present or absent). The 

cross-combination thus gives 4 cells in the table, indicating “exposure present & outcome present”, “exposure 

present & outcome absent”, “exposure absent and outcome present” and “exposure absent and outcome 

absent”. 

1.8  Self -Assessment Test 

1. Define Epidemiology and enumerate its uses. 

2. Write short notes on: (a) Classification of epidemiological designs (b) Classification of Bio-statistical 

methods. 

3. Briefly discuss the statement “ In Epidemiology, Biostatistics and Research Methodology, we study a 

sample but refer to a population”. 

4. Write short notes on: (a) Variability (b) Probability (c) Uses of Biostatistics. 



5. Briefly discuss the various types of “Errors” which can occur while undertaking medical research (Hint: 

errors of basic measurement, error of loss of external validity, systematic error or bias, confounding error, 

random error). 
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1.10 Answers to Check your progress questions 

1. (b) and (c). The two aspects of Epidemiology, Biostatistics and Health research methodology which 

distinguish them from clinical practice are firstly, that they essentially deal with large human groups or 

populations (of patinets or healthy persons) compared to clinical practice which deals with only one 

individual (the “patient) and, secondly, while clinical practice does not necessarily quantify (convert into 

mathematical quantities) the observations from a single patient, Epidemiology, Biostatistics and Research 

Methodology will necessarily convert the overall values obtained from individuals studied into quantifiable 

terms. 

2. (c). Severe complications experienced by a single, individual patient will not form a part of epidemiological 

description of a disease, though it will certainly form a part of the individual patient’s clinical notes. 

Epidemiology primarily deals with findings obtained from a group of patients / human beings or populations 

and not from individual subjects. 

3. (d). Case Control studies. In the given situation, there is a specific hypothesis and 2 groups are being 

compared, hence it is an analytic and not a descriptive study. Since the epidemiologist is herself not creating 

the two groups (the 2 groups have been made by nature and not deliberate effort of the epidemiologist), hence 

it is NOT a clinical trial or experimental design. Now, since we are comparing cases of disease with healthy 

controls regarding the putative risk factor, it is a case control study. In cohort study, we would have started 

with a group of persons with the putative risk factor and another group without the risk factor and followed 

these 2 groups forward in time to see how much frequency of the disease occurs in each group. 

4. (b). Defining how blood pressure will be measured in the subjects – this is purely a medical matter and has 

nothing to do with Biostatistics. The remaining 4 (sample size, sampling method, random allocation and 

calculating the probabilistic estimates from the data are statistical functions. 

5. (a). We calculate the “statistic” from the sample and estimate the “parametre” in the population based on 

this statistic. For example, if the mean random blood sugar from a sample of pregnant women attending ante-

natal clinic is calculated as 95 mg / dL, then this is the “statistic” and with this we undertake further statistical 

procedures to estimate the actual value which would be there in the large population of millions of pregnant 

women, which is the “parametre”. 

6. (d). Confounding error. The other 4 (sampling error, sampling variation, sample to sample error  and 

chance are all synonyms of “Random error” and is estimated by statistical probability testing. On the other 

Confounding error is due to a third variable which is related to both, the exposure and outcome variable and 



tends to create confusion by explaining away the observed association between an exposure and an outcome 

variable. 

7. (b). Oral pills use is the exposure and liver disease is the outcome. While deciding the issue, ask the basic 

question – “in the research question, what is hypothesized to lead to what?” Apparently, in this research 

question, the hypothesis was that use of oral pills (i.e., the exposure or cause) leads to liver disease (i.e., the 

outcome or effect). 

8.  (a). The maximum information is contained in continuous scale. The others are “collapsed” scales and 

cannot be re-expanded to give more information. For example if we have recorded the blood pressure as 

actual blood pressure levels, e.g., 130 mm of mercury, it can be later collapsed into “hypertensives” and 

“normotensives” (BP < 140 mm). But if we have recorded it as hypertensive or normotensive then we cannot 

get back the original blood pressure levels of individual subjects.  

9. (d). Descriptive study is done on a single group, with a view to describe the distribution of study subjects 

according to selected person, place and time variables. It does not start with any pre-formed hypothesis. For 

these reasons, it does not involve any comparison between two or more group of subjects. All other studies 

are “analytic” in nature and hence start with a pre-formed hypothesis and therefore involve a comparison 

between two or more group of subjects.  

10. (e). Tobacco smoking is the “confounding variable”. The exposure variable, as per the hypothesis of the 

study is “alcohol use” while the outcome variable is “cancer of mouth”. An association was shown between 

the exposure and outcome variable but has now been thrown into a “confusion” by tobacco smoking, which 

is directly related to both, the exposure variable (alcohol) and outcome variable (cancer). 

  


