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12.1. Introduction. In Units 1, 2 and 3, we have already emphasised upon the importance of studying a 

sample which is of “adequate size”, in any research work.  This “adequate size” should be calculated well 

during the planning stage of study. Epidemiologists and medical researchers should realise that “adequately 

large” sample size is actually a double edged sword – if the sample size is small then the “power” of the study 

to detect a difference, if it really exists, will be low and hence we may end up quite often with “non-

significant” results thereby rejecting good hypotheses unnecessarily. On the other hand, we should also be 

aware that in today’s world of medical research, every extra subject studied means a tremendous amount of 

cost and hence if the sample size if unnecessarily large, we would be wastefully spending our finances. Hence 

the importance of calculating the “optimum” sample size, which we will discuss herewith.  

12.2. Objectives. After reading this Unit, you should be able to have a clear idea of: 

12.2.1. The various specifications which are to be made by the researcher for calculating the optimum sample 

size for a particular study, namely, the expected proportion or the expected mean of the parameter which is 

to be estimated, the acceptable deviation from this expected parameter, the specifications regarding the alpha 

(Type-1) and Beta (Type-2) errors, and the minimum effect desired to be detected in the research work. 

12.2.2. Method of calculation of sample size for estimation of a proportion. 
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12.2.3. Method of calculation of sample size for estimation of a mean. 

12.2.4. Method of calculation of sample size for estimating the difference in proportions. 

12.2.5. Method of calculation of sample size for estimating the difference in means. 

12.3. Overview of sample size calculations. Very often we find that at the time of starting our research, we 

go our statistician colleague, asking him about how many subjects should we study. Many of us have the 

misplaced conception that any sample size which consists of 30 or more subjects is good enough! In fact, 

calculating the “appropriate sample size” for any research work is a very important as well as demanding 

exercise, both from the statistical as well as medical point of view. For calculation of correct sample size, we 

need to give certain specifications which should be based on our medical knowledge about the subject which 

we are researching, as we shall see in the following paragraphs. 

12.4. Calculation of sample size : Is it a statistical or clinical exercise ?  It would appear very surprising 

to you but the fact is that sample size calculation is not so much of a statistical exercise; it is mainly a clinical 

exercise.  Simple, ready to use statistical formulae (and even ready to use charts and computer programs) are 

available to calculate the sample size.  What is much more important is that certain parameters have to be 

specified and some information has to be provided - and all these specifications can only be given by the 

epidemiologist / medical researcher, who is doing the research, based on her medical knowledge, and not by 

the Biostatistician.  It is painful to observe a very large number of medical researchers going to the statistician 

colleague, regarding calculations of sample size, but are themselves unprepared  about those clinical 

specifications which are indispensable for such calculations, and, in the absence of which, no expert in 

research methodology or Biostatistics would be able to scientifically calculate the adequate sample size.  

12.4.1. The usual situations in epidemiology & medical research in which sample size is required to be 

calculated. The usual settings in a medical research which require calculation of sample size are as follows: 

                                                                

        -------------------------------------------------------------------------------------  

                  

 Estimation of       Hypothesis testing for  

              difference between 

                 

 -----------------------                                                    -------------------------------------------- 

                                                                    

a “proportion”     a “mean”   “two proportions”               “two means” 

The methods of sample size calculations and specifications in the above-mentioned four different 

settings will be described in this Unit. 

12.5. Sample size calculations for estimation of a proportion :- Let us say we want to study  “What is the 

prevalence of gestational Diabetes among ladies attending an antenatal clinic (ANC)”.  For calculating the 

sample size in such situations, we will have to make the following specifications, explicitly :- 
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(i) What is the likely proportion of gestational Diabetes among ladies attending ANC? Now, naturally, your 

question would be: “This is what we want to estimate; how can we specify at the start itself about this 

proportion?” Absurd though it may sound but the fact remains that we have to give some rough estimate at 

the outset. From where do we get this rough estimate? Well, from our review of literature (remember, we 

would have already done an in-depth study of the topic before we finalised our research question).  In addition 

we would get information on this aspect from our teachers, specialists in that field, expert advisers and 

colleagues.  If nothing works, then a small pilot study may be the only thing left to find out the rough 

specification of this proportion. 

(ii) How much alpha (Type I) error is acceptable to us. As we said earlier in unit-9, the Type I (alpha) error 

is usually kept at 5% (0.05).  However, if from our clinical background we feel that we should be more 

precise in our estimation, we would specify a lesser alpha error  (of, say, 1% (0.01).  For example if the issue 

is clinically more sensitive like in a research question “What is the prevalence of HIV positivity among 

patients presenting with Herpes Zoster”, we may like to specify a lower alpha error of, say, 1%.  The cost 

one has to pay for specifying a lower alpha error is that the sample size would increase. 

(iii) How much deviation from the expected proportion is acceptable to us. If the roughly expected proportion 

of gestational diabetes among ANC ladies is, say, 10% we will certainly not be able to come out with a final 

result which says exactly “10%” (for such an aim, remember, we will have to study the “whole  population”).  

Therefore, we will have to specify a `deviation’ from the expected proportion that is acceptable to us.  For 

example, we may say that while the rough expectation of gestational diabetes is 10% in the total reference 

population, we are ready to get a result between 7% to 13%.  This “acceptable deviation” is also based on the 

clinical reasoning and the research question and has nothing to do with the statistical process.  For example, 

in the case of HIV positivity among Herpes Zoster patients, if the expected positivity is say, 20% we may 

like to keep a narrow range of acceptable deviation, say 19 to 21%.  The price one has to pay is again the 

same  - if we want to deviate less (acceptable range is narrow), i.e., we want to be more precise, then our 

sample size will increase.  However, a word of caution - under no circumstances should you start specifying 

a broader range of deviation simply because you want to reduce the sample size - that would be quite 

unscientific, rather unethical.  The acceptable deviation should be specified solely in view of the clinical / 

public health significance of the research question itself. 

(iv) One tailed or two tailed alpha error. We have already discussed about one tailed and two tailed alpha 

errors. Let us at this juncture simply inform you that in general if the biostatistician or the computer program 

asks you this question, it would be better to say “two-tailed” or “double-tailed”.  This is because in a large 

majority of clinical / public health research questions, the “one tailed alpha error” is doubtful (though by 

using a one tailed alpha error, the sample size will be slightly lesser). However one should not simply specify 

a “one sided” alpha error simply to reduce the sample. Only if one is really sure that the deviation can occur 

only in one direction, should a one sided alpha error be specified. For example, in the above mentioned 

research question of “proportion of gestational diabetes among women attending A.N.C”. Let us say we 

specify the expected proportion of gestational diabetes among women attending A. N. C . is 10% and we are 
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ready to accept deviation of 3% from this expected parameter. Now, if we are very sure that the proportion 

of gestational diabetics among pregnant ladies attending A.N.C. cannot be more than 10% (it can be less than 

10%), or else, if we are pretty sure that the proportion cannot be less than 10% (it can only be more than 

10%) then we can specify “one tailed alpha error”. However, if there is any is any doubt in making such an 

assumption, in that we feel that the proportion can be either less, or else more, from the expected proportion 

of 10% (i.e. it can deviate either way), we should specify a “two tailed alpha error”, though the cost that we 

will have to pay would be to study a slightly larger sample size.   

(v) The equation.  Once the above specifications have been made, the calculation is simple :- 

 

          (Z1-a/2)2 X p X q  

  n = ----------------------------  

    d2   

Where, Z1-a/2 = value of two tailed alpha error; this is 1.96 at 5% (i.e. 0.05) and 2.57 at 1% alpha error (two 

tailed). For one tailed alpha error this is written as (Z1-a) and will be 1.65 at 0.05 and 2.33 at 0.01 levels of 

alpha error) 

p = expected proportion (in fraction ); q = (1 – p); d = acceptable deviation (in fraction) 

As an example, in the proposed study on gestational diabetes, the expected proportion is 10%.  Thus 

p = 10% = 0.1; q = 1 - 0.1 = 0.9).  We have specified the acceptable deviation as 7% to 13% i.e. 3 % on either 

side (thus, d = 3% or 0.03) and let us specify the alpha error at 5% (two tailed).  Thus (Z 1-a/2) = 1.96. Then 

the minimum sample  size (n ) 

   (1.96)2 X 0.1 X 0.9  

  n  =  ---------------------------      = 385. 

         0.03 x 0.03 

Thus, we should study at least 385 ladies attending the ANC. 

12.6. Sample size calculation for estimation of a mean. Having understood the calculation of sample size 

while estimating a proportion, calculation  of sample size while estimation a mean also needs almost similar 

specifications.  Let us say, our research question is “What is the mean Random blood sugar among 

multiparous ladies attending an ANC?”  For this question we will have to specify the  following :- 

(i)     A rough estimate of the expected random mean blood sugar  - say, this is 130 mg/dl. 

(ii)    A rough estimate of the Standard Deviation (SD) of the expected mean blood sugar. Let us say, this is 

10 mg/dl. 

The specifications in respect of above two steps are made in the same way - thorough reading of available 

literature, advise of experts in the field, discussions with colleagues and, if required, a pilot study. 

(iii) The acceptable deviation from the expected mean that we are ready to accept. eg, if the expected 

mean Random blood sugar is 130 mg/dl, we may say that a range of 125 to 135 mg/dl (i.e. a deviation  of 5 

mg/dl on either side) is acceptable to us. 

(iv) The alpha error that we are ready to specify and whether one-tailed or two-tailed. 
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(v)  The equation. In such settings, the minimum sample size (n) is given by the equation: 

 

 

    (Z 1-a/2) 2 X SD2 

   n = --------------------------- 

     d2 

       1.962 X 102 

In our example,   n =    --------------------      = 16 

     52 

thus we will need at least 16 subjects in such a study. 

12.7. Check Your Progress – 1. 

1. At the conventional alpha error level of 0.05 (two-tailed), the value of  (Z 1-a/2)   comes to: (a) 1.96 (b) 3.84 

(c)  0.20 (d) 7.84 (e) 0.80. 

2. The notation for one tailed alpha error will be written as: (a) (Z 1-a)   (b) (Z1-a/2)  (c) ( Z 1-a/2  + Z 1-b)2             

(d) ( Z 1-a/2  + Z 1-b)   (e) p0 X (RR – 1) 

3. In the sample size calculations for a study proceeding to estimate a single proportion, the denominator will 

be: (a) (p1 - p0 )2  (b) square of acceptable deviation from the estimated proportion (c) p X q  (d)  (1 – p)      

(e) (Z1-a/2)2. 

4. While calculating the sample size for a study to estimate a single population mean, the denominator will 

be: (a) (Z 1-a/2) 2 X SD2 X Mean  (b) SD2 (c) d2  (d) (Z 1-a/2) 2  (e) (Z 1-a/2) 2 X SD2  

5. If, while calculating the sample size in a research study proceeding to estimate the proportion of females 

in a population, the best source for specifying a rough estimate of this proportion in the population (i.e., “p”) 

will be (a) Discussion with the statistician colleague (b) Discussion with the Gynaecologist (c) Reading the 

published articles regarding family planning practices (d) Report of latest census (e) Asking our research 

guide.   

12.8. Hypothesis testing of the difference between 2 proportions. In a large number of clinical and health 

settings, this is the main interest of research, e.g., “does the proportion of smokers among patients of stroke 

differ from the proportion of smokers among healthy persons”; or a clinical trial to address the question: “is 

the proportion of patients who recover after giving a new form of treatment higher than those not given such 

a treatment”, and so on.   The specifications required in such settings are:- 

 (i) Alpha error acceptable. This has already been explained above.  Usually we specify a two tailed alpha 

error of 0.05.  However, if our research question is such that we want to be very sure that the null hypothesis 

is wrong before rejecting it, we would specify a lower alpha error of 0.01 or even 0.001.  For example in a 

research question “Do Herpes Zoster patients have a high seropositivity for HIV as compared to those who 

have not suffered from Herpes Zoster”,  the null hypothesis is  “There is no difference regarding seropositivity 

to HIV, whether a person suffers from Herpes Zoster  or not”.  If we reject this null hypothesis from the 

results of our research, the clinical implication will be that we will start viewing all Herpes Zoster  patients 
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as highly potential HIV infected persons - an action which will carry a very high labelling effect as well as 

psychosocial consequences.  In such a situation we will like to be very sure before we reject the null 

hypothesis (and accept this research hypothesis); and hence we may like to specify a lower alpha error of 

0.01 or even 0.001 (though this would mean greatly increasing the sample size). 

(ii) The acceptable beta error . Once we are testing hypothesis, we will also have to specify in addition to the 

alpha error, the beta (Type II) error of wrongly accepting an incorrect null hypothesis.  As we had said in 

unit- 9, usually the beta error is kept at 20% (0.20) and thus the “power”  of the study (to detect a difference 

if it really exists), being the complement of beta error, is 0.80, or , 80%.  The beta error does not have the 

“one” or “two” tailed specifications like alpha error.  It has only one tailed situations. However, once again 

it should be the research question that guides us in deciding the beta error.  Let us say we are intending to try 

a new drug “X” for curing HIV infection, as against “no drug” since as on today we do not have any good 

drug for this infection.  The research hypothesis in such setting would be “The drug `X’ makes a difference 

in curing HIV infection as against no treatment” while the corresponding null hypothesis would be “Drug 

‘X’ does not make any difference”.  Now, against the backdrop of the enormous medico-social impact of 

HIV infection and the absence of any good treatment available, we will really like to be very sure before we 

accept the null hypothesis of “the drug is useless” because it may deprive the humanity of the benefits of a 

good drug.  We shall therefore, in such a clinical setting, like  to keep a low beta error, say at 0.10 or even 

0.05, though this may mean studying a much larger sample. 

(iii) The proportion of those who are not exposed to the exposure but are likely to develop the outcome (in a 

prospective study) or, the proportion of the persons without the outcome who have the exposure (in a case 

control study). This detail we shall again get from our extensive reading of the literature, discussions with 

experts and, if required, a pilot study.  The information which is required is different according to whether 

we are doing a prospective study (as cohort study or a clinical trial) or a ̀ backward looking’ study  (i.e., Case-

Control). 

 Let us say we are doing a forward looking study like “Whether consumption of carotenoid rich foods 

reduces the risk of aero-digestive cancers” or “whether immunization with oral Ty 21 A vaccine gives better 

protection from typhoid than the conventional injectable AKD vaccine”.  In these instances those who do not 

have the `exposure’ are those who “do not eat carotenoid rich foods” or those who “do not get oral Ty 21- A 

but get injectable AKD”.  Now we will have to specify as to what is the approximately estimated incidence 

of the outcome (i.e., aero-digestive cancers) among those who are not exposed (i.e. those who do not eat 

carotenoid rich food); or else, what is the approximately estimated incidence of the outcome (Typhoid fever)  

in those who are not exposed to the trial modality (i.e., who do not get the oral Ty 21 A vaccine but are 

getting the AKD vaccine only). 

 Alternatively, we could be doing a backward looking, ‘retrospective, case control study’ on the 

research question “Is overweight, (as defined as BMI > 25) associated with hypertension ?”  In this case, the 

exposure (cause) is overweight (BMI >25) and outcome (or, effect of this cause) is ‘hypertension’.  We would 

do this study by taking a sample of hypertensive patients and a control sample of normotensive subjects and 
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would measure their B.M.I. In this type of study, the group which does not have the outcome is the 

`normotensives’ and we will  have to specify the proportion of  normotensives (i.e., the group which does 

not have the outcome ) who are overweight (i.e., having the exposure). 

(iv) The “minimum risk” to be detected by the study. The “minimum risk”, that is the minimum RR or OR, 

that our study wants to detect will again be dependent on the clinical / public health significance of the 

research question.  For a study intending to evaluate the efficacy of drug or vaccine against HIV infection we 

may like to detect even a very small improvement of say as less as 10% (i.e., the minimum detectable RR or 

OR can be specified as 0.9), while for a new drug against TB (since we already have availability of highly 

effective drugs) we may specify that we want to detect at least twice the improvement as compared to 

available drugs (RR or OR = 0.5).   If we are proposing that high serum zinc levels are associated with 

Diabetes Mellitus, we would, considering the high cost of doing serum zinc studies in routine clinical 

practice, as well as the availability of simple tests to otherwise detect DM, specify that we would like to 

detect an OR or RR of at least 3 or more, since such association should be of considerable strength for us to 

translate it into health practice.  The point is that if we want to detect a very small difference in OR or RR, 

(say we want to detect even a 10% difference i.e. RR = 1.1, or 0.9) our sample size requirement will increase 

tremendously and vice versa.  But of course, we should not specify a large RR or OR (say 4 times, i.e. RR= 

4 or 0.25) just to decrease the sample size requirement.  That would be unethical.  This specification should 

be guided by clinical / public health expertise rather than by statistical or sheer logistical decisions. 

 Thus, for making this specification the medical researcher has to think deeply as to what is the 

magnitude in terms of protective effect (in which case R.R. will be less than one) or in terms of risk effect 

(in which the RR will be more than one) that will be worthwhile detecting from the public health or clinical 

practice point of view? Is it really necessary to detect a very small protective effect or risk? Or, is it possible 

that detecting a very small risk or protective effect may not be really relevant from the medical point of view? 

(v) The equation :- Once the above specifications have been made, the calculation becomes simple by the 

following formula :- sample size (n) for each group 

                                        [(Z 1-a/2  + Z 1-B)2 X 2 X p X q] 

  n =  -------------------------------------------------- 

     (p1 - p0 )2 

Where, Z(1 - a/2) = value of two-tailed alpha error;  Z(1 - B)  = value of beta error. For the usual situation when 

alpha error = 0.05 (two tailed), the value is 1.96 and for conventional beta error = 0.20, it is 0.84. P0 = 

proportion of those “without the exposure” who are likely to develop the “outcome” (in a prospective study) 

OR proportion of those without the outcome who are likely to have the exposure (in a case control study).  

(You will recollect that `P0’ would have to be specified by us, vide earlier discussion. The methods of 

obtaining the same are extensive reading into the subject, discussions with experts, or finally, by conducting 

a pilot study if required). 

   P0 X RR 

 P1 =  ------------------------       ( in a prospective study) 
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  [ 1 +  {P0 X (RR -1)}]   

 

   P0 X OR 

 P1 =  ------------------------        (in a case control study) 

  [ 1 +  P0 X (OR -1)]   

      P0  +  P1 

and, p  =   -------------------;    q = ( 1 - p ) 

   2 

Let us demonstrate the use with an example.  We want to try crash helmets for motor 

cyclists as a preventive measure against the development of head injuries. Our background 

information based on available data tells us that till now motor cyclists have not been using crash 

helmets (i.e., are ‘not exposed’ to crash helmets) and 10 out of every thousand such persons develop 

head injury in road accidents. Thus, the proportion of ‘outcome’ (head injury in road accidents) 

among those who are ‘not exposed’ (i.e., not using helmets) is 10/1000 = 0.01. Thus P0 = 0.01 

Considering the cost and problems of logistics, we would say that putting this preventive 

measure into routine preventive use will be worthwhile only if crash helmets reduce the load of head 

injury by at least 50%; thus the minimum detectable RR = 0.5.  We specify an alpha error of 0.05 

(two tailed) and beta error of 0.20. 

                      P0 X RR                         0.01 X 0.5 

Now, P1 = --------------------    =   ----------------------- 

                     [1 + P0 (RR - 1)]        [1 + 0.01 X  (0.5 - 1 )] 

 = 0.00497 or, 0.005 (approximately) 

(The term “(RR – 1)”  in the denominator is actually (the absolute difference between RR and 1, 

and hence the negative sign in (RR-1) is overlooked, actual value is taken) 

                       P0 + P1                0.01  +  0.005 

hence,  P  = --------------     =   --------------------------    =    0.0075 

                          2                               2 

and      q  =  (1 - p )  =  (1 - 0075 )  =  0.9925 

Sample size required in each group (helmet and no helmet) 

                             ( Z 1-a/2  + Z 1-b)2 X 2 X p X q 

 =         -------------------------------------------------------- 

                             (P1  -  P0 ) 2 

The value of (Z 1  - a/2)at 0.05 two tailed  = 1.96;  the value of (Z 1 - b) at 0.20 = 0.84 

Thus, subjects in each group 

  (1.96 + 0.84) 2 X 2 X 0.0075 X 0.9925 

 = ------------------------------------------ 

   (0.005  -  0.01)2 
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 = 0.1167  ÷  (- 0.005)2  =  4669 

Thus we will need at total of 9338 subjects in all :- 4669 to get crash helmets and 4669 not to use crash 

helmets. 

 Continuing with the subject of crash helmets and head injury, let us calculate the sample size for a 

case control study.  Proceeding with the research question “Not using crash helmets is associated with head 

injuries among motor cyclists brought to the hospital”, we will take persons who sustained head injury while 

riding a motor cycle as “Cases” and healthy motor cyclists who never had head injury in road accident as a 

“control” group. Our background information and pilot study gave an indication that out of the motor cyclists 

who never suffered from head injury in road accident (i.e. in whom outcome is absent), about 10% do not 

use helmets (i.e. had the ‘exposure’ to non-use of helmets (thus P0 = 10% or 0.1).  We think that non use of 

helmets should carry at least 3 times higher risk for sustaining head injury in road accident; a risk less than 

this may not have public health significance since administrators may not agree to enforce use of helmets by 

general public if the risk is not really high at least 3 times) 

Thus, the minimum detectable OR = 3; and,  P0  =  0.1; 

 

 

  P0 X OR                                    0.1  X 3 

P1  =   ------------------------------           =         ------------------     =  0.3 / 1.2  = 0.25 

             [ 1 + P0  (OR  - 1 ) ]                             [1 +  0.1 X (3 - 1)] 

Say, we specified the conventional levels of alpha error (5% two tailed) and beta error (20%). 

Thus, (Z 1  - a/2) =  1.96 ;    (Z 1 -  b) = 0.84. 

          P1  +  P0                            0.25  +  0.1    

P  =  ------------------      =       --------------------    = 0.175 

                 2                                     2 

q  =  (1  -  p)  =  1 - 0.175  =   0.825. 

Sample size for each group 

    [ Z (1 - a/2)  +  Z (1 - b) ]2   X 2 X p X q          

         =      --------------------------------------------  

                                (P1 – P0)2    

                 (1.96 + 0.84) 2 X 2 X 0.175 X 0.825 

            =  ----------------------------------------------- 

         (0.25 - 0.1)2                                                

 =  101.  Thus , we will need 101 cases of motor cyclists who sustained head injury in road accidents 

and another 101 motor cyclists who never sustained head injury in road accidents (controls) to do this study 

and we will ask the history of use of helmets while riding motor cycles from each of these 202 subjects. 

12.9. Hypothesis testing of the difference between two means . The equation for making the calculation is 

- 
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  [ Z (1 - a/2) + Z (1 - b) ]2  X (SD1
2  +  SD2

2] 

n (each group) =  ----------------------------------------------------------- 

   (X1  -  X2  )2 

Where, X1 and SD1 are the expected mean and Standard deviation of the first group and X2 and SD2 of the 

second group.  Apparently, this specification will again depend on our review of literature, discussions with 

experts in the particular field or, if required, a small pilot study. 

 Let us take an example.  An interesting issue that has come up is that a higher level of intake of 

dietary fibre may be protective against cancers of the intestinal tract.  We want to progress this hypothesis by 

taking cases of colonic cancer from a large teaching hospital and healthy controls and assess their dietary 

intake of fibre over past 10 years. Our preliminary information tells us that the average intake of dietary fibre 

among cancer cases is likely to be around 10 grams per day with a SD of 3.25 grams; and about 13 grams 

per day with a SD of 4.35 grams in non cancer (healthy) subjects.  We specify the conventional alpha and 

beta error levels of 0.05 (two tailed) and 0.20 respectively. 

Thus, Z1 - a/2  =  1.96;   Z1 -  b  =  0.84;  X1 =  13;   SD1  =  4.35;  X2  =  10;  SD2  =  3.25 

 

 

                                   (1.96 + 0.84)2  X  (4.32  +  3.252 ) 

n  (each group)  =  --------------------------------------------  =   26 

    (13  -  10)2 

Thus we will need 26 cases of cancer and 26 healthy controls to proceed with this study. 

 As regards specifications of X1, X2, SD1 and SD2, at times it may be difficult to even give an 

approximate estimate of all these parameters. In such exigencies one can work with a crude method. What 

we can do is that we can give the estimate of the expected mean and SD in those who are NOT having the 

exposure (in a prospective study), or the expected mean and SD among those who do not have the disease 

(in a case-control study). These specification can be easily given after a thorough review of literature, 

discussion with experts, or else after a small pilot study, thus getting the estimate of X1 and SD1. Next, we 

specify the minimum difference in the means that is worthwhile detecting from clinical /public health point 

of view. This gives us the value of (X1-X2). Finally, we assume that SD1 and SD2 are equal (assumption of 

equal variance. 

 Let us illustrate the calculations with a hypothetical example. We are working on a research 

hypothesis that the electrical activity of peri-oral muscles (muscles around the lips as orbicularis oris muscle) 

is more among children having dental malocclusion as compared to normal children. We decided to take 

children diagnosed to be having malocclusion, from our Dental College, and healthy children of same age 

and sex from the general population. We had thus decided to proceed with a case – control study. Our problem 

as regards calculation of sample size is that we were not able to specify the expected mean electrical activity 

and the SD, of orbicularis oris among both the groups, i.e. children with malocclusion as well as healthy 

children. However with our review of literature and discussion with expert Dental Surgeons, we were able to 
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make out that the expected mean electrical activity among healthy children is likely to be approximately 0.5 

millivolts with a SD of 0.1 millivolts. Thus, X1 = 0.5 and SD1 = 0.1. 

 Next, we decided that for our research results to be clinically meaningful, we should detect at least 

20% additional electrical activity among children with malocclusion. If the additional electrical activity 

among malocclusion is not even 20% more, then it will not be really worthwhile to translate our research 

findings in day to day dental practice. Thus, expected X2 = 20% over and above X1 

 = 0.5 + (20%    of    0.5)        = 0.5 + 0.1 = 0.6 

Finally, under the assumption of equal variances, we assumed that SD in the malocclusion group is the same 

as in the healthy children;  Thus, SD1 = SD2 = 0.1 

Now, n in each group 

 (1.96 + 0.84)2 X (0.12 + 0.12) 

     =     ---------------------------------------- 

                           (0.6 – 0.5)2 

 = 16 in each group. Thus, we will need to study 16 children with malocclusion and another 16 normal healthy 

children. 

12.10. The limitations of sample size calculations. Having had a detailed description of the various 

methods of calculating the sample size in different settings, let us reiterate one aspect – there is nothing like 

an “absolutely adequate” sample size. What we calculate is the “minimum required sample size”, i.e., it is 

the bare essential requirement, within the premises of the assumptions and specifications (like expected 

means / proportion, alpha and beta errors, minimum detectable risk etc.). If these assumptions or 

specifications have themselves been made without enough reading or without intelligent medical 

consideration, then apparently the sample size, even though calculated by the most sophisticated statistical 

procedures has no value at all. 

 Most of the epidemiological and medical research situations for calculating sample size have been 

covered in this Unit. However, for the following less common situations, you will need to consult your 

Biostatistician colleague, since they are uncommon and also more complicated and hence beyond the scope 

of the present discussion:- 

a) When you are planning to do a study on diagnostic test evaluation.  

b) When you are trying to estimate the correlation coefficient.  

c) In addition to the above, methods of calculating sample size in individual settings of case-control 

studies, cohort studies and experimental studies will be once again described in the respective units 

dealing with these subjects. 

d) Sometimes, it may so happen that the sample size which you have calculated comes out to be even 

larger than the actual (study) population from which the required sample is to be drawn. In such 

cases, a “finite population correction” is required to be done; for working out the same, you may 

consult a research methodologist or a biostatistician.   
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e) The above methods are for the usual settings of research in which we take equal number of subjects 

in both the groups (eg, equal number of cases and controls). However, sometimes you may desire 

to have more number of controls as compared to cases. The method of sample size calculation in 

such a situation is slightly different and you may consult a research methodologist for the same.  

12.11. Check your progress – 2. 

6. Conventional level of Beta (Type-II) error, while calculating the sample size is usually kept at: (a) 0.01 (b) 

0.05 (c) 0.10 (d) 0.20 (e) 0.50. 

7. In a study for testing the hypothesis for the difference in two proportions, while calculating the sample size 

in the equation “n” (each group) = {{Z (1 - a/2)  +  Z (1 - b)}2   X 2 X (p X q}] ÷ { (P1 – P0)2}, the term “q” is 

equal to:  (a) (1 – p)  (b) (1 – p0)  (c) (1 – p1) (d) {(P0 X RR)} ÷ [1 + P0 (RR - 1)] (e) (p1 + p0) ÷ 2.  

8. Conventionally, the type-II (Beta) error is kept at 0.20, which means that there will be 20% chances that 

we will accept a null hypothesis even of it is wrong, i.e., we will say that there is “no statistically significant 

difference between the trial group and control group” even when a difference may be really existing. Now, 

we are trying out a newly developed vaccine against dengue which is an important cause of death and disease 

in the population, against the control modality of placebo, because there is no vaccine available at present. 

In such a case the best level of beta error would be: (a) 0.50 (b) 0.30  (c) 0.20 (d) 0.10 (e) Beta error is NOT 

required to be specified.  

9. In a study for testing the hypothesis for the difference between two means or two proportions, which of 

the following is correct: (a) Specification of alpha error is compulsory, while specification of beta error is 

optional (b) Specification of beta error is compulsory, while specification of alpha error is optional (c) 

Specification of both, alpha error as well as beta error is compulsory (d) Specification of neither alpha nor 

beta error is compulsory (e) Power is the only parameter which is to be specified.  

10. If the specification made for “the difference expected to be detected by the study” (i.e., the minimum 

detectable Odds Ratio or Relative Risk) is specified as very large, the sample size so calculated will become 

(a) Smaller (b) Larger (c) Will not be affected (d) The sample size will not be affected but the power will 

increase (e) The alpha error will increase. 

12.12. Summary. 

 The importance of studying a sample which is of “adequate size”, in any research work needs no 

further emphasis.  This “adequate size” should be calculated well during the planning stage of study. For 

calculation of correct sample size, we need to give certain specifications which should be based on our 

medical knowledge about the subject which we are researching, and all these specifications can only be 

given by the epidemiologist / medical researcher, who is doing the research, based on her medical 

knowledge, and not by the Biostatistician. For making these specifications accurately, we must read well 

into our research question well during the planning stage, discuss with experts in this field, and, if required, 

undertake a small pilot study if nothing else is working out. We should be very well prepared regarding the 

specifications we would be required to make, in respect of various parameters, before our statistician 

colleague or to the computer in  case we are calculating the sample size using a computer package.  
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  Adequately large” sample size is actually a double edged sword – if the sample size is small then 

the “power” of the study to detect a difference if it really exists will be low, and hence we may end up quite 

often with “non-significant” results, thereby rejecting good hypotheses unnecessarily. On the other hand, we 

should also be aware that in today’s world of medical research, every extra subject studied means a 

tremendous amount of cost and hence if the sample size if unduly large, we would be unnecessarily spending 

our finances. 

 There are four major situations when a epidemiologist / medical researcher would need to calculate 

the sample size, namely, (i) sample size for estimation of a proportion, (ii) sample size for estimation of a 

mean, (iii) sample size for estimating the difference in proportions, and, (iv) calculation of sample size for 

estimating the difference in means. These four situations have been described in detail, in this Unit. The 

specifications which we will be required to make, will depend on the situation for which we are calculating 

the sample size, as follows.  

 In case of sample size calculations for estimation of a population proportion, we will need to make 

the following specifications: (i) What is the likely proportion of the parameter in the total population (ii) 

How much alpha (Type I) error is acceptable to us, and whether one-tailed or two-tailed (iii) How much 

deviation from the expected proportion is acceptable to us.  

 In case of sample size calculations for estimation of a population mean, we would be required to 

make the following specifications: (i) A rough estimate of the expected mean of the parameter likely to be 

present in the total population (ii)    A rough estimate of the Standard Deviation (SD) of the expected mean 

(iii) The acceptable deviation from the expected mean that we are ready to accept, and (iv) The alpha error 

that we are ready to specify. 

 In the situation of a study proceeding to compare two proportions, we would need to specify: (i) 

Alpha (Type – I) error acceptable and whether one-tailed or two-tailed (ii) The acceptable beta (Type – II) 

error (iii) The proportion of those who are not exposed to the exposure but are likely to develop the outcome 

(in a prospective study) or, the proportion of the persons without the outcome who have the exposure (in a 

case control study), and (iv) The “minimum risk” to be detected by the study, in terms of RR (in a cohort or 

experimental study) or OR (in case of a case-control study). 

 In case of a study proceeding to study the difference between two means, we should be ready to 

specify the following parameters: X1, SD1, X2 and SD2, where, X1 and SD1 are the expected mean and 

Standard deviation of the first group and X2 and SD2 of the second group.   

12.13. Glossary. 

 α: The level of “significance” of a statistical test. It also stands for the probability of rejecting a null 

hypothesis when in fact it is true, i.e., the Alpha or type – 1 error. 

 β: The probability of accepting a wrong null hypothesis, i.e., calling the results as “not significantly 

different” when a difference did exist in reality in the two large populations, i.e., the Beta or Type – II 

error. 
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 Level of Confidence: The probability that a population parameter estimated by a research/epidemiological 

study, is within certain specified limits of the true value. It is the complement of Type-1 error and is 

generally stated as (1 – α). 

 Case-control studies: Epidemiological / research studies in which subjects are selected on the basis of 

whether they have the outcome (i.e., disease) of interest or not, with the “cases” being those who are 

having the disease or outcome and the “controls” not having the outcome, and these two groups are 

compared as regards the history (or current presence) of the exposure variable of interest. Also referred 

to as “retrospective studies”. It cannot calculate either the incidence or prevalence of the disease but can 

calculate “Odds ratio (OR)” as a measure of relative risk (risk ratio). 

 Cohort studies: Studies in which subjects are selected on the basis of whether they have or do not have 

the exposure variable under study and after having been selected, are followed up for defined period of 

time for development of the outcome / disease of interest. It is usually referred to as “prospective study”. 

It can calculate the incidence rates of the disease in the two groups and hence can calculate the Risk Ratio. 

 Incidence rate: The number of new cases of a disease (numerator) occurring in a defined population 

(denominator) over a defined period of time.  

 Null Hypothesis. It is a statement regarding the value of a population parameter, which says that there is 

“No difference” in the large populations as regards the parameter being studied and any difference 

observed between the samples under study is entirely due to sample error (random variations or “chance”).  

 Odds Ratio (OR). The ratio of Odds of cases of a disease having the exposure to the Odds of controls 

(non-diseased) having the exposure. Calculated in a case-control study as “cross-product ratio” {(a X d) 

÷ (b X c)} and is a valid estimator of “risk” of exposure causing the disease, provided the disease is rare 

in the population and the controls are drawn from the same source population which  gave rise to cases. 

 Risk Ratio (Relative Risk, RR): The ratio of incidence (i.e., risk) of disease in the group with the exposure 

to the incidence in the non-exposed group. It is valid measure of risk in a prospective study (as cohort 

studies and clinical trials).  

 Z (1 - a/2),  Z (1 - a),  Z (1 - b). These represent the “standard errors from the mean. Z (1 - a/2) and  Z (1 - a) are 

functions of “level; of confidence” (two-tailed and one-tailed respectively) and Z (1 - b) is a function of the 

“power” of a study. 

 One sided and two sided tests. In hypothesis testing situations, a one-tailed situation occurs when the 

difference being tested is directionally specified (i.e., that one parameter will be either only lesser or only 

higher than the other parameter) and this is to be done beforehand at the time of planning the study. For 

example the hypothesis that X1 is > X2 but X1 is NOT < X2, being tested against the null hypothesis 

which says that X1 = X2 is a one-tailed situation. On the other hand, a two tailed situation occurs when 

the difference being tested for significance is not directionally specified beforehand (i.e., when the test is 

considering that X1 may be > X2 or X1 can be < X2, against a null hypothesis of X1 = X2). 

12.14. Self-Assessment Test. 
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12.14 1. Describe, in detail, the steps involved in calculating the sample size for a study proceeding to 

estimate: (a) population mean (b) population proportion. 

12.14.2. Describe in detail, the specifications required while calculating sample size in a study for comparing 

two proportions.  
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12.16. Answers to Check Your Progress. 

1. (a). 1.96. This is the value of (Z 1-a/2) at the conventional level of 0.05 of alpha (type – 1) error (2 tailed). 

It’s square is 3.84.   

2. (a).  (Z 1-a). If it is two tailed alpha error, it will be notated as (Z1-a/2). 

3. (b).  square of acceptable deviation from the estimated proportion.  

4. (e).  (Z 1-a/2) 2 X SD2 

5. (d).  Report of latest census. This will be the most authentic as well as extensive source of data in this 

regards. 

6. (d). 0.20 

7. (a). (1-p), where, p = (p1 + p0) ÷ 2, and p1 = {(P0 X RR)} ÷ [1 + P0 (RR - 1)]. 

8. (d). 0.10. We will like to keep an even lower beta error than the conventional level of 0.20, since we will 

not like to easily reject the null hypothesis if it is in fact wrong, since dengue is a major health problem and 

presently we do not have any effective vaccine or treatment against this disease. 

9. (c). Specification of both, alpha error as well as beta error is compulsory. 

10. (a). Smaller. Larger the magnitude of the difference or the magnitude of risk intended to be detected by 

the study, smaller will be the sample size. With a smaller sample size, beta error will increase, power will 

decrease but alpha error will not be affected.  


