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3.1 Introduction 

3.1.1.  In Unit – 1, we had given an overview of the triplet sister disciplines of Epidemiology, Biostatistics and 

Medical Research Methodology. The first and foremost step in the practice of these subjects is to develop a proper 

epidemiological / research “Question”. In fact, it has been very well said by leading authorities in these fields that 

half of the entire job in the entire process of epidemiology and research is developing a proper “question” which we 

desire to answer by our epidemiological or research work. It is also an ironical fact that large scale, scientific 

reviews have indicated that of all the medical research papers sent for publications, in nearly half of them, the 

authors did not seem to be clear of the question they were trying to answer. Developing a proper research question is 

a very scientific process which involves detailed academic reading and discussions with experts, in areas of one’s 

interest, and identifying the “gaps” which exist in the current body of knowledge and which need to be filled up for 

improving the clinical , preventive or public health practice. Once such an area is identified, the next step is to 

further refine the research question and assess its feasibility, ethical aspects, relevance, novelty and specificity. In 

the first part of this unit, we will deliberate in detail on these various aspects of developing a research question. 

3.1.2.  Once a good epidemiological / research question has been developed the next important step is to understand 

the primacy of making correct measurements and planning for these measurements. In this regards, depending on 

our research question, we need to identify the different “variables” that we will be studying in the research.  Having 

identified these study variables, we need to classify them into three major groups – the “exposure” (or “predictor” or 

“independent” or “cause”) variable; the “outcome” (or “effect” or “dependent”) variable; and the Co-variates / 

confounding variables. For each of these variables we thereafter need to clearly define the statistical “scales” of 

measurement, which may be either “Quantitative” or “Qualitative” scales. These decisions are extremely important 

well before we actually start making the various measurements and get on to collecting the data. These aspects will 

be dealt with in the second part of this unit.  

3.2 Objectives 

After studying this unit, we should be able to: 

3.2.1. Appreciate the overriding importance of developing a proper epidemiological / research question as the first 

and the most important step in any research work. 

3.2.2.  Understand the various sequential steps in developing and finalizing a tentative research question. 

3.2.3.  Finally test and decide whether we should finally go ahead with the research question. 

3.2.4.  Understand the concepts of “data” and “variables’. 

3.2.5.  Understand the various types of statistical “scales” of measurement (quantitative & qualitative scales) and 

their sub-types. 

3.2.6.  Decide for ourselves as to on which “scale” we would be measuring our various variables of the proposed 

epidemiological / research work. 



 3.3.      Part – 1 : THE RESEARCH QUESTION 

    For most of us, asking a proper epidemiological / medical research question seems to be so 

simple and inherent part of our work that we often tend to overlook its importance. The results of such casual approach 

towards developing a proper research question may be disastrous. It is ironical, but still a fact, that a large number of 

workers, when asked on the completion of their research study, as to what exactly was the research question they were 

pursuing, may not be able to clearly & un-ambiguously state the same! The over-riding importance of developing a 

proper research question can be gauged by the fact that the entire planning, design, conduct and analysis of any 

epidemiological / medical research work, is dependent on the research question itself. A carelessly developed research 

question, therefore, leads to wastage of efforts in carrying out that particular work, and if published, adds another 

unscientific paper to the many that already exist. 

3.3.1. Steps In Developing A Research Question :  Developing a research question is neither an automatic nor a 

haphazard phenomena. It involves a series of steps which need to be meticulously executed. The research question is 

the ultimate objective of the study. It spells out the uncertainty that the researcher wants to resolve. It often begins 

with a general concern which then should be narrowed down to  a concrete, researchable issue. For example, consider 

the question “Should middle aged adult men undertake more exercise?” Now, this is a good point to begin, but we 

need to get more focused before we can start any worthwhile research work. Often, this involves breaking the question 

into more specific components and then select one or two of the components to concentrate upon. The components in 

this example could be : 

 How often do people in our state or city undertake physical exercise? What is the usual intensity and duration 

for which they exercise? 

 Does regular moderate intensity physical exercise for 30 mts a day reduce the risk of Type-2diabetes? 

 Will jogging and weight training have the same effect as regards protection from diabetes or whether jogging 

is better?  

 Will regular jogging carry an increased risk of osteoarthritis, sudden death and musculoskeletal injuries? 

 Will postural “Yoga” exercises have the same protective effect as brisk walking? 

 The sequence of steps to be undertaken for proper development of a research question are explained in the subsequent 

paragraphs.  

3.3.2. Step 1 : Do not let the research question be forced upon you.:- It is important to realize at the very outset 

that the research work which one selects, must conform to one’s interest. Often, it so happens that a particular research 

work is forced upon us, e.g., due to peer group pressure or forced upon us by the research guide of  our thesis / 

dissertation, or else, it is taken up because of the desire to obtain “funding” from some national or international level 

agency. Whatsoever be the incentives involved, it must be realized that if we take up a research work which does not 

genuinely interest us, we would not plan and design it properly, would conduct it half-heartedly and the end product 

would be an invalid piece of work without any substance in it.  

Sometimes it may so happen that initially you may feel that you are not interested in a particular research 

area. However, before rejecting it straightaway, it would be worthwhile to undertake some academic reading in that 



area. Often, you may find that after some amount of reading, you may start getting interested in a research issue which 

you initially thought was disinteresting to you.  

Finally, after a detailed reading and soul searching at this first step itself, one must take a deliberate decision 

and if it is felt that the particular research question is not really interesting to you, it would be better to refuse at the 

very outset  

3.3.3. Step 2 : Find a general area of interest : - The first step in starting up with a research question is to find a 

“broad or general area” which interests us. The general area of interest means a “broad field” in the particular area of 

medicine or healthcare; eg. “AIDS” or “Urinary Tract Calculi” or “Patellar Fractures”, or, “Clientele Satisfaction 

Level in our Hospital”, and so on. One should turn to various personal sources for identifying such broad field of 

interest, as 

- our own intrinsic interests 

- clinical / administrative observations that accrue over the years of professional experience 

- deliberations made at various conferences and clinical meetings  

- discussions with colleagues 

- questions asked by our students and subordinates –often such queries open up excellent areas of research 

and for this reason one should be particularly open to such questions.  

3.3.4. Step 3 : Read “around” the topic :- Once a general area of interest has been identified, a “wide” (extensive) 

study is undertaken in that area. Care needs to be taken at this stage not to make the reading an “in-depth” (i.e. 

intensive) one. The purpose is achieved by a superficial “browsing” of the text books and going through the abstracts 

of the articles published during past 3-5 years, in the general area of interest. Make a list of the journals that are likely 

to be concerned with your selected broad area of interest. Scan through the index page of these journals and see what 

all articles in that issue have to do something with that area. Browse through their abstracts. If the abstract seems to 

be interesting, note down the reference for getting back to the article at a later date (when you are conducting step-5 

described a little later); do not start reading the complete article and making notes at this juncture. In today’s world, 

quick search for browsing the abstracts of articles can also be very fruitfully done by using the internet. 

3.3.5. Step 4 : Identify an area of “specific” interest :- The superficial but extensive reading of step – 3 will lead us 

to identify those areas where certain gaps in the existing body of knowledge are apparent in the general area of interest, 

and which we, given our qualifications, experience and resources, can try to fill up. We thus identify certain “specific” 

areas of interest within the “general” area of interest. For example, after a wide reading in the general area “urinary 

tract calculi”, we may get specifically interested in the area of “risk factors for urinary calculi (stones) formation”.  

3.3.6. Step 5 : Read into the topic :- Once the specific area of interest has been identified, we must now do an “in-

depth” (intensive) study into this specific area (in contrast to the wide, extensive study of step – 3). This would involve 

detailed study of published articles in that specific field, personal communications with experts who have worked in 

that particular specific area, and computer based searches of medical literature, giving the carefully selected, relevant 

key words. By this in-depth study, we will be able to identify as to what has already been done in this field as well as 

what are the gaps existing in the current body of knowledge which need to be filled (which are potential research 

questions for us). We will also come to know what are the important “exposure”, “outcome” and “co-variables” which 



other workers have studied, what were the various statistical scales of measurements that they used in their study and 

how they actually made the various measurements in their study – this will thus be a great help to us in planning the 

measurements as well as dealing with statistical issues for our research. 

 By now, the readers of this text would be convinced that developing a research question is quite a 

systematically academic process. It involves a definite scholarly attitude and plenty of reading before a research 

question can be developed. In fact, for initiating large scale research projects or post-doctoral theses, it may take, in 

addition to the already existing academic and research experience, an additional year or two of comprehensive studies 

into the subject before the tentative research question can be finalized. This place is opportune, therefore, to suggest 

to our readers that they must keep away from the (usual) practice of developing the research question without reading 

a lot about the concerned areas. A flawless research question can be developed only after plenty of systematic reading 

has been put in; and if the research question itself is flawed, the entire research work would be nothing better that a 

sand castle. 

3.3.7. Step 6 : Formulate a ‘tentative’ research question :- Once we have systematically completed step 5, we 

would have identified a very specific item where some amount of work has gone by, but still certain gaps exist in the 

present body of knowledge, and which need to be investigated. We can thus write down a statement indicating our 

“tentative guess” which we wish to prove (or disprove) in our proposed research work. This is what we call as our 

“tentative research question”. For example, in the specific area of “risk factors for urinary tract calculi”, we may, after 

a thorough in-depth reading, develop our possible research issue as: “Will ensuring that young adult, physically active 

men, living in tropical climate, drink at least 5 litres of water a day, lead to prevention of urinary tract calculus 

formation”. We would come to these conclusions after consideration of following facts 

 Some amount of work has been done in this area 

 There are, however, gaps in the body of existing knowledge that need to be filled up. For instance, while 

some evidence may be published that drinking adequate amount of water prevents urinary tract calculi in 

temperate climates, it may not be clear whether the same holds good for tropical climates also. Or else, 

there may be evidence regarding efficacy in overall population but not in certain specific population as 

some particular industrial workers or physically active persons. 

 The amount of interest that has been generated in our heart as regards the issue. 

 What do we feel, roughly at the present stage, as to whether we would be able to undertake this research 

work given our capabilities and facilities? 



 

 

 

 

 

 

 

 

 

 

 

 

3.3.8. Step 7 : Evaluate the tentative research question for it’s ‘suitability’ -   Till now, we have, after the extensive 

reading, tackled the issue “whether a particular research question should be done by us?”  Now we would tackle the 

issue as to “Whether it can be done by us?” We would remember that the research question that we have developed 

by now is only a ‘tentative’ one. Now, at this stage, we have to test this tentative research question for its ‘suitability’, 

before we proceed with the research work. For testing the tentative research question for its suitability, we should 

evaluate it on the following parameters: -  

a) Is it Feasible (“Do-Able)? - Answering this issue involves asking ourselves the following questions –  

(i) Do we have the required technical support in terms of patients, hospital beds, laboratory 

support etc.? Will adequate number of patients (or healthy subjects) be available for the 

research study? Do we have the required diagnostic and therapeutic facilities? 

(ii) Do we need“funding”? If no, do we have enough funds available to finance our research 

requirements? If yes, will some research body be ready to finance us? 

(iii) Are we professionally qualified enough to undertake that particular research work? If not, 

is professional support of qualified persons in form of co-guides / co-workers available? 

(iv) Will we be able to muster the required administrative and logistic support in terms of 

administrative sanctions, manpower, vehicles, equipment etc.?  

b) Is the research question ‘pertinent’ ? – Does it have relevance to our specialty or the settings in which 

we usually practice medicine? For example, “attitudes regarding family planning in a rural community” 

may be a very good research question, but possibly not if a vascular surgeon working in a tertiary care 

hospital has to do it, since it neither has much relevance to his specialist fraternity (Vascular Surgeons) 

nor to his “usual” settings of medical practice. 

c) Is it Ethical ? – It is very important to ask ourselves, at this stage, the following questions pertaining to 

ethical aspects of our tentative research question :-  

(i) Does our proposed research work involve a breach on “confidentiality” of human subjects? 

Will we able to protect the information that our subjects give us? 

Activity 3.1 

You are working in the Operations department of a large corporate multi-speciality hospital, 

which has individual OPDs for every speciality & super-speciality but does not have any general 

OPD. New patients are therefore sent to different specialist OPDs directly by the reception staff, 

based on their main complaints. You have developed a broad interest in the topic whether 

providing an additional general OPD would be more helpful in initial evaluation and thereafter 

directing the patients to the correct specialist OPD. Give your step-wise plan as to how you will 

develop a tentative research question in this broad area of interest. 

. 

 

 

 

 



(ii) Does our proposed research carry a possibility of exposing the subjects to a potentially 

hazardous agent?  

(iii) Does our proposed research work has a likelihood of depriving the human subjects of a 

known or potentially useful agent? 

(iv) Will it be possible for us to develop a proper system of obtaining ‘informed consent’ from 

our subjects, if the same is required? 

(v) If, in our organization / the organization in which we wish to undertake the proposed 

research work, an “institutional ethical committee (IEC)” is functioning, have we discussed 

our research question with them? If no, it will be worthwhile having a preliminary 

discussion at this stage itself with the IEC. 

d) Will our research question pass the “If so, so what” test, after the research has been completed?” – We 

should ask ourselves the following questions: -  

(i) Will the findings of our proposed research work benefit the medical fraternity in general, 

or our specialist fraternity in particular, in improving the health care or clinical practice in 

some way? 

(ii) Are the recommendations that may finally come out (if our research hypothesis is proved), 

likely to be “practicable”?  

(iii) Is something new likely to come out of the research work, thus, filling the gaps in the 

existing body of knowledge? Or is it, that we are finally going to draw the already well 

known conclusion like “cigarette smoking is injurious to health”! 

The importance of step 7, i.e. evaluation of a research question for its suitability needs no emphasis. A 

research question may be very well developed, technically, by meticulously following steps 1 to 6; however, 

if the various evaluation criteria mentioned in step 7 raise doubts about its suitability, it must be properly 

modified (or even abandoned if required) otherwise it may have to be aborted midway.  

3.3.9. Step 8 : Make the “tentative research question” as specific as you can :- After writing down the tentative 

research question, we should now take care that it is made as “specific” as possible. The more specific a research 

question is, the more fruitful subsequent research would be. We should examine our written statement at this point, to 

assess whether there is any element of vagueness or some “general” form of statement which can be made more 

“specific”. As an example, in the above cited research work (step – 6), in the specific area of “adequate hydration for 

prevention of urinary calculi”, a specific research question can be :- can drinking 5litres of water per day reduce the 

risk of renal stone formation by 25%, in young, physically active males, in tropical climate, after duly considering the 

confounding effects of primary renal disease, dietary factors, racial background, occupation, hypercalciuria, 

hyperoxaluria, and hyperuricosuria ?  

 Pragmatically, it may not be always possible to develop a fully specific question. However, efforts should be 

made to develop as specific a question as possible. A well developed and specific research question will give us the 

following indications, when we read it :-  



a) The suspected “exposure” or “cause” - eg., “lack of drinking enough water” (5litres per day) in the above 

mentioned research question. 

b) The postulated “effect” or “outcome” – eg. urinary tract calculi. 

c) The “magnitude of the effect” - eg. 25% reduction following removal of the risk factor / cause 

d) The possible confounding factors – eg. primary renal disease, dietary factors, hyperoxaluria, etc. 

e) The general settings of the study – eg. young, physically active males in tropical areas. 

3.3.10.  A word about Research hypothesis and Null Hypothesis 

 The research question, when expressed in a statement form (rather than an interrogative form) becomes the 

research hypothesis, eg. the research hypothesis in the above situation would be “Drinking 5 litres of water can reduce 

the risk of renal stone formation by 25% among young, physically active males, in tropical climate, after duly 

considering the confounding effects of primary renal disease, dietary factors, racial background, occupation, 

hypercalciuria, hyperoxaluria, and hyperuricosuria”. The research hypothesis is a tentative guess which we wish to 

test and finally accept or reject in our proposed research work. 

 At this point let us also touch upon on the term “Null Hypothesis”. The null hypothesis is nothing very 

special; it is simply the research hypothesis stated in a negative manner. For example, the null hypothesis for the above 

mentioned research hypothesis would be “Drinking of 5litres water per day DOES NOT HAVE ANY EFFECT in 

reducing the risk of renal stones (by 25% at least) among young, physically active males, in tropical climate, after 

duly considering the confounding effects of primary renal disease, dietary factors, racial background, occupation, 

hypercalciuria, hyperoxaluria, and hyperuricosuria”.  

 The distinction between Null hypothesis and research hypothesis at this juncture, may not be immediately 

required to be understood. We will deliberate on it in detail in the subsequent units on Biostatistics. However, it is 

important to note, at this point, about these two forms of hypotheses, that during the statistical analysis of our research 

data, we proceed to accept or reject the “Null hypothesis” and not the research hypothesis. Usually the Research 

Hypothesis (also called as Alternative hypothesis) is abbreviated in statistical procedures as “HA” and the Null 

Hypothesis as H0” 

3.3.11. Step 9 : Write down the research question and its significance :- Quite often, we do not follow this step, 

but it will be a really gainful exercise to reduce the final research question, into a few written sentences (as given in 

the example on urinary tract calculi in step 7 above). This would provide a permanent reference during the entire 

conduct of the study; in addition, it would be easier for us to further refine it, once it has been reduced to writing.   

 In addition to writing down the research question, we should also write down its ‘significance’ in brief. The 

same would come very handy, subsequently, when we would be writing the “Introduction” of our research paper or 

thesis. In addition, it is an obligatory requirement of almost all the funding agencies as Indian Council of Medical 

Research (ICMR), etc., when we put up our research proposal for allotment of financial grants. The significance of 

our research question should briefly bring out the following aspects :-  

a) The importance of the particular disease or health related condition (on which the research work is 

proposed) for public health or clinical practice or health / hospital administration. 



b) What is already known in this area, based on review of recent literature (assimilated while reading 

‘around’ and ‘into’ the topic), and communications made with experts. 

c) What are the potential gaps in the existing knowledge that need to be filled up, and which have prompted 

the worker to take up the present research work. 

d) What would be the “scope” of this research work and how the findings of the present study are likely to 

resolve the present un-certainties in the area, and influence / improve clinical or public health practice / 

policy. 

e) What are the potential problems in executing the proposed research work, in terms of feasibility, ethical 

issues and methodological issues and how you propose overcoming these difficulties. 

 

 

 

 

 

 

 

 

 

 

 

 

Check Your Progress – 1. 

1.  The following is a research question suggested by a student of hospital management: “If a blood sample known to 

be positive for AIDS virus (HIV) is given to a person who is presently not suffering from this infection, can the 

injection act as a vaccine and prevent subsequent infections in the person injected with this blood, by a factor of about 

two times protection, after considering the effects of age, gender and general status of health?”. What is the major 

problem with the above suggested research question: 

(a) It does not specify the exposure variable 

(b) It does not specify the outcome variable 

(c) It is not specific 

(d) It is not ethical 

(e) It does not specify the magnitude of effect likely to be caused by the exposure variable. 

2. Suppose you have developed an area of general interest for your research as “prevention of heart attacks”. Your 

next step should be to undertake a detailed reading of: 

Activity 3.2  

 

Continuing with Activity – 3.1 narrated earlier. Give a sequential narrative of how you will evaluate the 

research question which you developed in Activity 3.1, for its suitability. Also, write down the final 

research question, what are the gaps in the existing body of knowledge, how your proposed research 

work will help fill these gaps and how will it help the patients and your organization. 

 

 

 

 

 

 

 

 

 

 



(a) Textbooks in the super-speciality of Cardiology. 

(b) Headings of various research articles published in the national and international journal of cardiology and the 

“abstracts” of the articles which seem relevant. 

(c) Consult your fellow colleagues who are doing the same course with you. 

(d) See all dissertations submitted in the college library during the past 5 years. 

(e) Ask your research guide to tell you the research question.  

3. Presume that you are a graduate from commerce stream and now persuing an MBA course in “Health & Hospital 

Management”. Which of the following reasons best explains as to why you should NOT undertake a research study 

on the question : “ Tablet Dutasteride, 0.5 mg orally every day for 6 months will reduce the size of an enlarged prostate 

gland in elderly men” : 

(a) It is not feasible 

(b) The question is not ethical 

(c) It is not relevant 

(d) It has no novelty. 

(e) It is not specific. 

4. Out of the following 5 steps, while developing a research question, which one would come before all others, in 

sequence: 

(a) See whether the question is specific or not 

(b) Read “into” the subject (intensive, in-depth study) 

(c) Read “around” the subject (extensive, in-width study). 

(d) Approach the Institutional Ethical Committee (IEC) for their clearance. 

(e) Ask the students of your senior batch about some good research questions. 

5. Passing the “If so, so what?” test means that your research work, on being completed, will be likely to: 

(a) Be published in one of the leading international journals 

(b) Result in bringing about a change in the existing clinical practice of healthcare policy. 

(c) Get recommended for a “best research work award”. 

(d) Get approved for grant of financial support / funding from ICMR 

(e) Confirm the medical knowledge which is already existent 

3.4.  Part – 2: FUNDAMENTAL PRINCIPLES OF MEASUREMENTS & DATA MANAGEMENT IN 

RESEARCH 

“SCIENCE IS NOTHING BUT MEASUREMENT” 

The above saying is true for the practice of any scientific discipline - from Mathematics to Electronics and Medicine 

to Engineering.  Unless and until we do not measure, we cannot accurately quantify, and thus, cannot start the process 

of ‘reasoning’ which is so essential for the practice of any scientific discipline.  In fact epidemiology, biostatistics and 

medical research are disciplines where ‘measurement’ assumes paramount importance - the entire research depends 

on how correctly measurements have been planned, executed and recorded. 



 The fact, not only in medical research, but also in medical practice, is that the process of measurement is 

inevitable.  Let us say we are dealing with a patient as follows.  Mentally, during the entire course of history taking 

and physical examination, something like the following chart (Table-3.1) would be drawn, (subconsciously, though) 

in our mind:  

Table – 3.1 

Sex 

 

Age 

 

H/o 

fever 

& joint 

pains 

Pal-

pitati

on 

Dysp

noea 

Hae

mopt

ysis 

pre 

cordi

al 

pain 

fever pulse Enlarged 

Liver & 

Spleen 

Mid Diastolic 

murmur 

F 11 Yes Yes Yes Yes Yes Yes Irregu

lar  

Yes Present 

 

 We are often unaware, but such a data-sheet does form in our mind for every patient we see.  Finally, we 

diagnose the patient as compensated, uncomplicated rheumatic mitral stenosis and proceed to manage her.  The only 

difference between medical practice and research is that while in clinical practice we stop at every patient and a new 

chart forms up in our mind for the next patient, in research, we continue recording, explicitly, on a chart or proforma, 

the details for a large number of patients as required by the sample size (Table – 3.2).  Thus, research methods are 

nothing but an extension of the principles of medical practice. 

Table – 3.2 

Sex 

 

Age 

 

H/o 

fever 

& 

joint 

pains 

Palp

i-

tatio

n 

Dys

pnoe

a 

Prec

or-

dial 

pain 

fever pulse Enlarged Liver, Spleen 

 

  1                       STOP AFTER 1st PATIENT IN CLINICAL PRACTICE 

  2                                                             

 .                                                             BUT  

 .        CONTINUE MEASURING  & RECORDING TILL THE REQUIRED SAMPLE OF PATIENTSS IS     IS 

COMPLETED, IN MEDICAL RESEARCH 

 .  

 51                                              

 . 

 . 

100 



 

3.5. Data & Data-Set. In  research methodology, the above chart, duly completed with all details for the required 

sample of patients or subjects is what is known as ‘DATA-SET’.  Data (or, “data-Set”) 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. In any medical research, data would be obtained by the process of making measurements.  In addition, 

whenever measurements are made, there has to be a “scale” of measurement, (like we measure length and mass on 

“metric” scale). 

3.6. Variables :- All data is recorded in respect of variables.  The headings given in the table-3.2 above (Sex, Fever, 

Dyspnoea etc) are all variables.  A variable is thus any quality, characteristic or constituent of a subject which can be 

measured and which ‘varies’, i.e., likely to have a different value from one subject to another.  In fact, when reduced 

to the lowest terms, all medical research is simply the study of relationship between variables. Thus in the above 

example, when we would finally try to show that Rheumatic Heart Disease (RHD) is more common in females, we 

are actually studying the relationship between two variables – Sex and RHD. “Sex” is a “variable” because it is likely 

to have a “variable” or different value in two consecutive subjects – if one is a male the probability is that the other 

subject may be a female. In fact, as we had already explained in Unit-1, we undertake research only because of the 

phenomena of variability. If there was no variability in respect of an item of study then there is no need for research 

(for example, we will never undertake a study on the relationship between pregnancy and gender, because apparently 

every pregnant subject has to be a female and hence there is no variability).  

3.7. Types of Data :- In clinical and health research, the data that we collect can, broadly,  be either of the following 

types   

3.7.1.  Quantitative Data :-  (also called as “numerical” data): When information is collected in terms of mathematical 

figures; eg, Blood Pressure, Serum lipids, Body Weight, Number. of Carious teeth etc.  Since such data is recorded in 

form of numerals, one can also call it as ‘Numerical data’. 

3.7.2.  Qualitative Data :- (Also called as “categorical” or “count” data): When information is not recorded in form 

of numbers but according to certain defined attributes or categories; e.g. Sex - Male/Female;  Outcome of treatment - 

Recovered/ Dead; Blood group A, B, AB or O;  Satisfied with treatment – very much, slightly or No,  etc. 

 It is quite simple to find out whether the data being collected for a particular variable is of qualitative or 

quantitative variety. Just see the space opposite that particular heading in your research form. If you are going to 

record the answers in mathematical figures (eg Blood Pressure (BP), Serum Cholesterol, No. of Children) then the 

data is of quantitative type. On the other hand, if you are going to record the answers in words (eg. – sex – 

Male/Female; Response to treatment; Recovered/Not recovered etc.) then the data is of qualitative  type. Each of the 

type of data (qualitative and quantitative) has 3 distinct scales of measurement:-  

3.8. Quantitative Data  :-  The 3 types of scales that can be used to collect such data are - 

3.8.1. Numerical Discrete scale :-  Information recorded on this scale has the following characteristics :- 

- They correspond with a count of some sort 

- They are recorded as integer numbers 



- They cannot take any decimal value 

- The numbers have a definite mathematical relationship. 

 A number of variables in medical research are measured on discrete scale; e.g., No. of Carious teeth; No. of 

abortions; No. of spells of a given disease for individual subjects; No. of doses of a vaccine taken; No. of visits to the 

hospital and so on. 

 Let us take an example.  We did a study about the number of episodes of haemoptysis (blood coming with 

sputum during coughing) among patients attending a chest hospital OPD.  A sample of 1000 patients was studied.  

The ‘variables’ of interest were ‘No. of episodes of haemoptysis” and “Type of Respiratory disease - Tuberculosis or 

otherwise”.  The other variables were fever score (0= no fever, 1 = mild and so on), and Blood group.  The “data - 

set” would look like follows (Table 3.3):- 

Table – 3.3 

Sr. No. Particulars 

of patient 

Fever Score 

 

Type of  

Respiratory 

Disease (TB / non 

TB) 

No. of  episodes 

of haemoptysis 

Blood group 

        1. XYYX 2 non TB 2 A 

        2.  XXXY 3 TB 4 AB 

        3. XYYY 0 non TB 3 B 

          .      . .       .   

          .      .    .  

  

          .      . .       . . . 

     500    YYXX 1 non TB 0 0 

          .      . .        . . . 

          .      . .        . . . 

          .      . .        . . . 

          .      . .        . . . 

  1000 XYXY 2 TB  1 B 

Total : 

1000 

  TB = 800 

non TB=200 

2850  

     

  

 In the above data set, the variable ‘No. of episodes of haemoptysis’ is measured on a discrete scale because 

the measurements are made in the form of meaningful numbers which can take only integer values (we can have only 

1, 2, 3 etc. episodes of haemoptysis and never “2.3” episodes of haemoptysis for a given subject). Also, there is a 

definite mathematical relationship between these numbers, in that 4 episodes of haemoptysis are actually equal to two 

times of 2 episodes, or equal to 3 episodes plus 1 episode and so on. 



 The above data can be handled by the following techniques:- 

(i)  We can calculate the overall average, i.e., the average no. of episodes of haemoptysis that the patients attending 

a chest hospital OPD are likely to present, as (2+4+3+ ---- +0+ ---- +1) / 1000 = 2850 / 1000 = 2.85 

Thus, on an average, there are likely to be 2.85 episodes of haemoptysis per patient. 

(ii)  Alternatively, we can make “frequency tables” as follows (Table – 3.3 (A): 

 

Table-3.3 (A) 

No. of 

episodes  

Total  

patients 

% of total 

patients 

0     215 21.5% 

1 285 28.5% 

2 170 17.0% 

>2 330 33.0% 

Total 1000 (100%) 

 

 Thus, one third (33%) of the patients gave a history of having had more than 2 episodes of haemoptysis.  

Also, note one more important aspect from Table 3.3 (A), that while making this frequency table, we have converted 

a Quantitative data (numerical discrete in this case) into a “qualitative data” (i.e., into four “categories, of 0, 1,2 and 

>2 episodes of haemoptysis). This is known as “collapsing” a large quantitative data into smaller categories of 

qualitative data, which we shall discuss in one of the subsequent units. 

(iii) Thirdly, we can calculate the average number of episodes of haemoptysis in the 2 groups - Tubercular and 

non-tubercular patients, and subsequently compare the 2 group averages, as shown in Table-3.3 (B): 

 

Able – 3.3 (B) 

Type of Respiratory 

Disease 

Total patients Total no. of 

haemoptysis episodes 

Mean episodes of 

haemoptysis 

Tuberculosis 800 2400 3 

Non Tubercular 200 450 2.25 

Total 1000 2850 2.85 

 

Thus on an average, Tubercular patients are likely to have more number of episodes, i.e., 3, as compared to 2.25 

episodes on an average, among non-Tubercular ones. 

3.8.2. Numerical, Continuous Scale :- 

 Like the numerical ‘discrete’ scale, in a numerical continuous scale, the observations are recorded as 

quantities which have meaningful mathematical relationship; however the major difference is that the observations 

can take any value (theoretically at least) along a ‘continuum’ between 2 integers (and not necessarily restricted to 

integers, as happens in a discrete scale). 



 Take, for example, a variable like systolic Blood Pressure (BP).  While we would generally measure systolic 

BP as 118, 120, 122 etc., this is only because we have calibrated the instruments accordingly.  Theoretically at least, 

SBP can be recorded as 199, 121 etc; and can also be measured as 119.5 or 121.7, or even, for that matter, as 

119.5397501 or 121.7039267  (provided we had a blood pressure instrument so precise and the need as well as desire 

to do such a precise recording). 

 Not only BP, but a large number of measurements in medical practice are made on this scale - eg. Age, Blood 

Sugar, various other biochemical parameters, Body weight, height, BMI, Stroke Volume, CSF pressure and so on. 

3.8.3. Numerical ordinal Scale :- 

 The ordinal scale is a very interesting one.  It uses numerical symbols for recording the data, but these 

numbers do not have any meaningful mathematical relationship. 

 Let us take the hypothetical example of our data set that we have presented earlier.  For recording the variable 

‘History of fever’, we can record it in terms of categories like No fever, Mild, Moderate and High fever.  We can go 

further and give numerical values to these categories as No fever =0, Mild fever =1, Moderate = 2, High = 3.  In fact 

medical research is full of such examples (grades of dysponea (Breathlessness) 0 to 5; grades of heart “murmur” 1 to 

6; levels of satisfaction : -3 to +3; grades of cancer 1 to 4; degree of relief from pain; APGAR (newborn health) Score, 

GCS (coma) score, and so on). 

 Our data from above example, then, would reduce in form of following table (Table – 3.4) : 

Table – 3.4 

Grades of fever No. of patients Total 

 Tubercular Non TB 

(Nil)             0 200 (25%) 50 (25%) 250 

(mild)           1  100 (12.5%) 75 (37.5%) 175 

(Moderate)   2 200 (25%) 50 (25%) 250 

(High)          3 300 (37.5%) 25 (12.5%) 325 

Total 800 200 1000 

As long as we are making a table of the type presented above, it is fine. However, more often we would be 

tempted to proceed in the same way as we did earlier for “no. of episodes of haemoptysis”, by adding up all the 

individual fever scores and calculating the average, as follows :- 

Average fever score = (2 + 3 + 0 + --------+ 2)/1000 

                                 = 1.75 

we may take a step ahead by working out the “average fever score” among patients with Tuberculosis (let us 

say it comes to 2.87) and compare it with the “average fever score” among non- Tuberculosis  patients (let us assume 

it comes to 1.26), concluding that the average fever scores among patients with tuberculosis (2.87) is much higher 

than the average fever score of 1.26 among non-TB patients, on the same lines that we made  comparisons between 

average number of episodes of haemoptysis between TB and non-TB patients.  

However, it is here that the catch point lies.  The numbers 0, 1, 2 and 3 are not real mathematical numbers - 

high grade fever is not really equal to 3 times mild grade nor do a patient each of nil, mild and moderate fever added 



together will give a clinical state equal to high fever!  The catch point is extremely important to understand because 

the statistical tests to be used in such situations (non-parametrics) are very different from the usual parametric tests 

used for discrete or continuous scales. For the present, it may be noted that it is advisable to work out the median and 

not the mean when confronted with ordinal numerical data. The non-parametric tests (as Mann-Whitney “U” test and 

Kruskal Wallis test, which we shall discuss later in a subsequent unit), in fact, compare the medians and not the means. 

3.9.  Qualitative Data : 

 The peculiarity of qualitative data is that the recording of observations is not made in form of numbers as in 

quantitative data, but in form of words.  The major ‘scale’ for recording the qualitative data is a “Categorical”, also 

called a “nominal scale” in which two or more categories are made; and depending on whether there are only 2 

categories or else more than 2 categories, the scales is called as “nominal, dichotomous” and “nominal,  

polychotomous” respectively. In addition there is a third category of “polychotomous, ordinal” scale. 

3.9.1. Nominal dichotomous:- In nominal dichotomous there are only 2 possible alternative answers to the 

information being recorded; e.g. Hypertensive - Yes/No; Status - Dead /Alive;  Response to treatment - Recovered/ 

Not recovered; Tobacco user - Yes/No; and so on.  In other words, the response will be recorded as “either - or” of 

the 2 alternatives, in words, not numbers.  (At this point it should be noted that the response may be recorded as ‘0’ 

for No and ‘1’ for Yes especially when a logistic regression analysis or analysis of covariance (ANOCOVA) is being 

planned; however, even if the response is recorded as 0 (for No) and 1 (for Yes), the scale remains a dichotomous 

one only (and not a quantitative scale) since the numbers “0” and “1” are actually representing words and not 

numerically measured quantities. 

For example, in our hypothetical data set above, “Type of respiratory disease” is recorded as a dichotomous 

variable, being recorded as either ‘TB’ or ‘non TB’.  The presentation of the variable finally will be in the following 

form (Table – 3.5): 

 

Table – 3.5 

 Type of 

Respiratory  

infection 

TB 800 (80%) 

non TB 200 (20%) 

Total 1000 (100%) 

 

3.9.2.  Nominal polychotomous :-  

   In a nominal polychotomous scale, there are more than 2 alternative answers or possibilities for the 

information being recorded; and the information is recorded in words, not in numbers.  In addition, the categories 

in a nominal polychotomous scale do not have any ordered relationship, in contrast to the ordinal scale where 

there is a definite ordered relationship (eg, grade of dyspnoea being ordered from nil to mild, moderate and severe 

and the like).  A number of variables in medical research are recorded on a nominal polychotomous scale; eg., 



Blood groups (A,B, O, AB), race, religion, geographic area of residence, hospital where being treated and so on.  

In our hypothetical data set, blood group is recorded on a nominal polychotomous scale. The final presentation 

of this variable would be as per the table – 3.6 below. We would note that there is no natural ordering between 

blood groups A, B, O and AB. Within these four categories any one can be placed anywhere. 

 

Table – 3.6 

Blood 

group 

% of patients 

A  380 (38.0%) 

B        412 (41.2%) 

0        12 (1.2%) 

AB 100 (10%) 

Total 1000 (100%) 

  

3.9.3.  Ordinal Polychotomous  

 A final note in the scales of measurement - Sometimes the investigator may not give numerical scores to his 

ordinal variables but treat them on a polychotomous (ordinal) scale.  For example, while doing so, he may not record 

the fever grade in numbers (0, 1, 2, 3) but in words (nil, mild, moderate, severe).  This is also acceptable but the 

statistical analysis will be slightly different from the  usual tests used for nominal polychotomous data (we shall deal 

with statistical analysis part in a later unit).  For example, in our hypothetical data set, we may decide not to give 

scores to fever grade but rather record & present it as follows (Table – 3.7) :- 

Table – 3.7 

Fever grade     Patients  

Tubercular Non TB 

Nil                200 (25%) 50 (25%) 

Mild              100 (12.5%) 75 (37.5%) 

Moderate     200 (25%) 50 (25%) 

High            300 (37.5%) 25 (12.5%) 

Total 800 (100%) 200 (100%) 

 

 The relevant test in such a situation would be ‘Chi square test linear trend’ rather than a ‘non parametric’ 

test, which would have been done if we were recording grades of fever in terms of numbers (0, 1, 2 etc) as explained 

earlier under the “numerical ordinal” scale. 

 The difference between a “nominal polychotomous” and an “ordinal polychotomous” scale must be 

appreciated. In both of these scales, there are more than two possible categories (if there are only two possible 

categories then it would become a nominal dichotomous scale). However, the essential difference is that in “nominal 

polychotomous” scale, various possible categories do not have any natural sense of ordering (eg. Blood groups A, 



AB, O, B can be written in any order or Race – Caucasian / Mongoloid / Negroid can be written in any order). On the 

other hand, in an “ordinal polychotomous” scale, there is a definite natural ordering which stands to common sense 

reasoning; eg. Grades of pain will be naturally appreciated in the order of no pain, mild pain, moderate pain and severe 

pain and no disturbance of such order (as moderate pain/no pain/marked pain/mild pain) would be appreciated. As far 

as dichotomous scale is concerned, there need not be any distinction between anything like “nominal dichotomous” 

and “ordinal dichotomous” for the apparent reason that there are only two possible categories. 

3.10.  Deciding the scale of measurements for various study variables. It becomes very important for the 

investigator to specify, soon after he / she has formulated the research question, as to what ‘variables’ will be studied 

and what would be the ‘measurement scale’ for each of them.  The decision is important not simply because the 

subsequent analysis of data will depend upon the type of measurement scales and for different scales, but more than 

that, since the measurement scales are a byproduct of study objectives.  For example, the same variable, e.g., ‘Diastolic 

blood pressure’ (DBP) can be measured on a continuous scale (DBP recording, as 72, 88, 104 mm of Hg and so on); 

or on a dichotomous scale (Normal/Hypertensive) or an ordinal scale (Normal, Mild, Moderate and Severe 

hypertensive).  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 (i.e., 

actual DBP readings); for an initial preventive research (whether alcohol use is related to hypertension) we may record 

it as a dichotomous variable (i.e., normal blood pressure / raised blood pressure); for a drug trial on hypertension we 

may record it as an ordinal variable (none, mild, moderate, severe hypertension).  However, whenever in doubt it is 

wise to remember that a continuous (or discrete) scale contains the maximum amount of information followed by an 

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 (of course, if at all it is possible to do 

so), it can be later collapsed into polychotomous or dichotomous categories but if it has been recorded on a 

dichotomous scale it cannot be expanded subsequently, because the detailed information was never collected. 

 

 

 

 

 

 

 

 

 

 

 

 

 



  

Exhibit 3.1 : How to understand as to which scale of measurement my particular study variable belongs to? 

We can make out the ‘scales of measurement’ in epidemiology and medical research according to the following 

algorithmic chart. 

1. Select the variables to be studied – eg., Age, Sex, BP, Blood Sugar, History of fever, Grade of dyspnoea, 

Blood group, I.H.D. present or absent, and so on, depending on the research question.  

2. Decide the scales of measurement by asking the following questions : 

(a) Are you recording your measurements in the form of “numbers” or else in the form of “words”? 

* Numbers – It is quantative data. Go to Q. No (b) 

* Words     - It is qualitative data. Go to Q. No (e) 

(b) Do numbers make mathematical sense? 

* Yes – Go to Q. No. (c)  

* No  - Go to Q. No. (d) 

(c) Can the numbers take decimal values (at least theoretically)? Or is it that    they can take only integer 

values, even theoretically? 

* Can take decimal values :- It is “Numerical continuous” scale (eg. Blood pressure etc.) 

* Can only take integer values :- It is “Numerical Discrete” scale (eg. No. of children etc) 

(d) Numbers do not make mathematical sense; 

* Is it  a form of “score” or “grades” (eg. Grades of dyspnoea or pain score, APGAR score etc) :- It 

is “Numerical ordinal”. 

* Is it a form of “coding” for computer usage (eg., 0 = dead or not recovered; 1 =  alive or recovered) 

:- These are false numbers. You are actually having a qualitative data. Go to Q. No. (e) below. 

(e) If you are recording your response in’words’, or else the numbers are false numbers meant for a 

computer coding, How many categories of response are possible :-  

* Only two (eg., Sex – Male / Female) :- Dichotomous scale. 

* Three or more (eg., Fever – Mild / Moderate / Severe; Religion – Hindu /   Muslim / Christian / 

Sikh / Others) :- Go to Q. No. (f) 

(f) Is there natural ordering of categories, at least which makes sense? 

* No :- (eg., Religion, Blood groups etc):- “ Polychotomous Nominal” Scale 

*Yes :- (eg., grade of fever, mild/moderate/severe ) :- “Polychotomous Ordinal” Scale 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

Check Your Progress – 2. 

6. In the ultimate, all research work concerns the description or association between: 

(a) Variables 

(b) Data 

(c) Quantitative variables 

(d) Qualitative variables 

(e) Correlation coefficients 

7. In a study, blood sugar (fasting) levels of 100 subjects were measured. The laboratory reported the results as 70, 

77, 81, 100, etc.  (mg per 100 mL). This variable is measured on which scale: 

(a) Quantitative Discrete. 

(b) Quantitative Continuous 

(c) Quantitative Ordinal 

(d) Qualitative Dichotomous 

(e) Qualitative Polychotomous 

8. In a research, female subjects aged 60 years and above, were asked about the number of pregnancies they had during 

their entire lifetime. The answers will be recorded on which scale of measurement: 

(a) Quantitative Discrete. 

(b) Quantitative Continuous 

(c) Quantitative Ordinal 

(d) Qualitative Dichotomous 

(e) Qualitative Polychotomous 

9. Which of the following is an example of a variable measured on “Quantitative, Ordinal” scale: 

(a) Number of carious teeth recorded as 0, 1, 2 etc. 

Activity 3.3 

You are the Deputy Manager of “Preventive Health Check Division” of a large private 

hospital with all the specialities and 500 indoor beds. You have developed the 

following research question: “Educating the attendants / relatives of patients admitted 

in the Indoor wards is likely to increase the total revenue achieved by health check 

division by at least 20% in a year, by increasing the volumes of voluntary health 

checks, after considering the covariate effects of type of patient (ICU or non-ICU), 

type of disease (medical or surgical), age and gender of the patient, socioeconomic 

status of the patient (lower middle / upper middle / rich / very rich), and educational 

level of the attendant. Against the above background, enumerate the following 

variables along with the scales of measurements that you will use for each of them: 

 Exposure variable 

 Outcome variable 

 Co-variables 



(b) Blood Cholesterol recorded as 152, 158, 166, 179, 210, etc. 

(c) History of cigarette smoking recorded as “smokers” or “non-smokers” 

(d) Level of unconsciousness among coma patients recorded as 1, 2, 3,  till 15. 

(e) Level of satisfaction with your hospital services recorded as “very dissatisfied / dissatisfied / neutral / satisfied / 

very satisfied”. 

10. Arithmetic mean is used to summarise data recorded on which of the following scales: 

(a) Quantitative Discrete. 

(b) Qualitative Polychotomous Ordinal 

(c) Quantitative Ordinal 

(d) Qualitative Dichotomous 

(e) Qualitative Polychotomous nominal. 

3.11 Summary 

3.11.1.   The first and the foremost step in conducting an epidemiological study or medical / healthcare research work 

is to develop an appropriate research question. It has been very correctly said that if a research question has been 

correctly developed, half of the battle is won. On the other hand, if the question itself has not been properly developed, 

by following the correct steps in a sequence, it will only lead to either an unscientific research or, worse, the research 

itself may have to be aborted midway. There are well defined sequential steps to be followed for developing a research 

question. The first step is to find out an area of “broad, general interest” in which you want to undertake research. You 

should have genuine interest in that broad area. At this step, also be sure that you do not take up a research question 

under some compulsion or duress, even your guide’s pressure if you are yourself not interested in that general area.  

3.11.2. Once we have identified a broad, general area of interest, our next step is to read “around” the subject, i.e., 

undertake a broad, “in-width” (extensive and superficial) study in this general area of interest. This is best achieved 

by browsing through the abstracts of relevant journals concerning our broad area of interest. In addition, ideas picked 

up during various conferences / seminars, and discussions with our guide, teachers and also colleagues are also quite 

helpful in defining the area in which we want to undertake our research. The activities in this step will culminate in 

identifying a “specific area” of interest from the broad area with which we started this step. 

3.11.3. Once we have formulated a “specific area” of interest, the next step is to read very “intensively” in this specific 

area. This is done by in-depth studies of complete research articles in national / international journals in the field of 

specific interest, study of chapters in the specialty / superspeciality textbooks dealing with the specific area, and 

discussion with experts who have worked in that specific field. This intensive study will end up in shaping our ideas 

and identifying a few very specific areas where gaps in knowledge exist and we need to fill them up. Once this step 

has been effectively done, we can formulate a few “tentative” research questions. 

3.11.4. Once we are ready with a couple of different “tentative” research questions, we need to test them for certain 

practical issues, namely the feasibility (whether we will be able to undertake that research), its ethics part, its relevance 

to our day to day area of work, and whether it will bring out something new at the end. Once we have cleared these 

tests, we would then make our research question as specific as possible, by clearly defining the “exposure” variable(s), 

the “outcome” variable(s) and the various co-variables which we will be studying. Finally, we must write down, 



explicitly, our final research question, which should bring out the question itself in detail, what knowledge is already 

available in this field, what are the gaps in existing body of knowledge which need to be filled up and how the proposed 

research work will help in improving the clinical practice or health care policy. 

3.11.5. In the second part of this unit, we saw that a fundamental fact, which all medical researchers should be very 

clear, is that at each and every step of medical research, or even clinical practice, we are making measurements. Thus, 

measuring the BP with a sphygmomanometer or measuring the extent of expansion of chest during inspiration using 

a measuring tape, are examples of activities in which the process of making measurement is very evident. However, 

even for a large number of clinical activities, wherein the act of making measurement may not be so explicit, eg., 

asking the history of pre-cordial pain etc., one has to realise that still we are making some sort of measurement, though 

not so explicitly apparent. In medical practice, as well as in medical research, we select certain headings (eg., age, sex, 

BP, mid-diastolic murmur, history of joint pains etc) and record the value of each and every such heading; these are 

called as “variables”, in medical research since they are likely to have different values for every next subject. In 

medical practice we stop after recording the value of each variable for a patient and analyse our findings so as to reach 

a diagnosis. On the other hand, in medical research, we do not stop after first subject, but continue to record the 

“values” in respect of all the “variables” for all the subjects who have been selected in the sample. The organised 

collection of the values of various variables in respect of all the subjects is called “data-set”. 

3.11.6. For recording the ‘values’ of the different variables, there are definite laid down scales of measurement. It is 

important that the medical researcher should know what are the various ‘scales’ of measurement and should specify, 

soon after the research question has been formulated, as to which particular scale will be used for a particular variable. 

The selection of the “scale” will be guided by the objectives of the research itself; and the final statistical analytic 

procedure will depend on the “scale” on which measurements were recorded by the investigator. Broadly, the two 

major scales are “Quantitative” and “Qualitative” scales and the data is accordingly called as either quantitative data 

or qualitative data. Quantitative data can be of 3 subtypes, namely, discrete, continuous and ordinal, while qualitative 

data can also be of 3 types, namely, dichotomous (or binary), polychotomous nominal and polychotomous ordinal.  

 

3.12 Glossary 

 Variable: A variable is any quality, characteristic or constituent of a subject which can be measured and which 

‘varies’, i.e., likely to have a different value from one subject to another.  In fact, when reduced to the lowest 

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

 Research Hypothesis / Question: A statement of tentative guess, made at the start of the research work, which 

we would be accepting or rejecting through our proposed research work. When research hypothesis is stated in 

an interrogative form, it is called research question. 

 Null Hypothesis: It is the research hypothesis, stated in a “null” or “no effect” form. During research, the 

investigator actually proceeds to accept or reject the null hypothesis through statistical procedures. 

 Data / data-set: An organized collection showing the value of each and every variable for each and every subject 

studied in the research / epidemiological study. 

 Exposure variable: Also known as predictor or cause or independent variable, it is the variable, which as per 

our research hypothesis, leads to or increase the probability of the “outcome” variable; e.g., in the research 

hypothesis “Tobacco use leads to heart disease”, tobacco use is the exposure variable while heart disease is the 

outcome variable. 



 Outcome variable: Also known as dependent or effect variable, it is the variable which is hypothesized to result 

due to the exposure variable, as per example given above. 

 Co-variables: Theses are variables which are other than the exposure and outcome variables, but need to be 

studied in the research work because of their possible relationship with the exposure or outcome variables and 

hence need to be adjusted or controlled statistically. For example, in the hypothesis “tobacco use leads to heart 

disease”, increasing age, male sex, diabetes, raised blood pressure, family history of heart disease, etc., are all 

Co-variates. 

 Quantitative Scale / data: Also known as numerical data. It is data which is recorded in numerical form i.e., 

mathematical numbers. It can be further of 3 types: (i) Discrete, when the numbers are mathematically 

meaningful and can take only whole number values but never any decimal value (ii) Continuous, when the 

numbers are mathematically meaningful and can take any decimal value (at least, theoretically), between two 

integers (iii) ordinal, when the numbers are nt mathematically meaningful but represent some sort of grades or 

ranks. 

 Qualitative scale / data: Also called as categorical or count data, it is data which is recorded as words and not 

as numericals (even if sometines recorded as numericals like 0 and 1, they are not actually numbers but 

surrogates for various categories). It can be of further 3 types: (i) Dichotomous or binary, when there are only 

two possible categories (ii) Polychotomous nominal, when there are more than 2 possible categories and these 

categories do not have any natural / common-sense ordering (iii) Polychotomous ordinal, when there are more 

than 2 possible categories and these categories have a logical, natural / common-sense ordering amongst 

themselves. 

 

3.13.    Self-Assessment Test 

3.13.1. Describe the sequential process of developing a research question. 

3.13.2. Define the terms “variable” and “data”. Discuss the various scales of measurements of variables. 

3.13.3. Once a tentative research question has been developed, how will you assess it for its “suitability”? 

3.13.4. How will you identify from a study or a data-set that a particular variable is quantitative (continuous, discrete 

or ordinal) or it is qualitative (dichotomous, polychotomous nominal, polychotomous ordinal)?  
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3.15   Answers to Check Your Progress Questions 

1. (d). It is not ethical because njection of blood contaminated with AIDS virus into another human being will cause 

AIDS (HIV) infection in that human being. Otherwise the suggested question specifies the exposure variable (injection 



of contaminated blood), the outcome variable (protection from subsequent infection from HIV), the amount of effect 

(2 times protection) and is also quite specific. 

2. (b). Headings of various research articles published in the national and international journal of cardiology 

and the “abstracts” of the articles which seem relevant. Once you have formulated a general area of interest, the 

next step is to “read around” the subject that is, do a broad, in-width (extensive) study to find out more specific areas  

which need to be answered. This is best done by browsing through the list of various articles published in that 

discipline and thereafter studying the abstracts of those articles which seem relevant, so as to develop a more specific 

area of interest. 

3. (a). It is not feasible. This is because the question involves a drug trial and without adequate medical knowledge 

and training in the field of Urology, it would not be feasible (not “Do-Able”) for you to undertake this research. 

4. (c). Read “around” the subject (extensive, in-width study). Out of the 5 steps listed in the question, this is the 

earliest to be undertaken, in sequence, for developing a research question. 

5. (b). Result in bringing about a change in the existing clinical practice of healthcare policy. “If so, so what” 

means that if you have completed a research work, how does it help the healthcare / medical world in improving the 

health care or clinical practices, i.e., bring about some (even a very small one) change in clinical care or health related 

policy.  

6. (a). Variables. Final results of any research, in the ultimate statement, will reveal the description or the association 

between variables; e.g., if our results say that “the antibiotic Ciprofloxacin is better for treatment of typhoid than 

Septran, it is actually only a statement of the relationship between two variables – Ciprofloxacin given or not (septran 

given) and outcome of typhoid (cured or not cured). 

7. (b). Quantitative Continuous. These are real, mathematically meaningful numbers and hence it is quantitative 

scale. While they appear as “integers” (whole numbers), theoretically, we can measure blood sugar along any 

continuum (till any decimal place) between two integers, e.g., we can also have blood sugar results as “71.33905” if 

we have such a high precision instrument. Hence it is a variable measured on quantitative, continuous scale. 

8. (a). Quantitative discrete. The answers will be 0, 1, 2, 3 and so on, i.e., integers and cannot be in any decimal 

values – No lady will ever answer  that she gave birth to 3.7 children!. 

9. (d). Level of unconsciousness among coma patients recorded as 1, 2, 3,  till 15. These are numerals and hence 

it is quantitative but at the same time, these are not “real” mathematical numbers – they only indicate a grade with 

higher numbers indicating better level of consciousness. 

10. (a). Quantitative discrete. Mean cannot be, in any case used for summarizing qualitative data – for such data we 

have to summarise it in form of ratio or proportion (percentages). Quantitaive ordinal data is best summarized by 

median and not mean, since they are not true mathematical numbers but are numbers which are only surrogates for 

some type of ranks or grades. 


