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11.1. Introduction. In Unit-9, we had gone through the details of the basic principles of “hypothesis 

testing”. In epidemiology and medical research, situations regarding hypothesis testing will occur wherein 

we are comparing two or more groups of subjects as regards the variable of interest. This variable of 

interest can be measured on a numerical scale, in which case we will compare the “means” of the two 

groups or else it can be measured on a qualitative scale, in which case we will compare the “proportions” of 

the variable of interest between the two groups. In fact, these two situations are the commonest ones and 

account for a large majority of situations wherein statistical analysis is undertaken in epidemiology and 

medical research. In this unit, we will discuss the details of statistical procedures for testing the hypotheses 

for the difference between means and between proportions. 

11.2. Objectives. After reading this unit you should be able to: 

11.2.1. Decide which type of statistical procedure is to be undertaken, after looking at the data, i.e., 

whether: 

 To draw inference from one sample or more than one samples 

 To test for difference between two samples or between more than two samples. 

 To use non-parametric test or else tests for difference between means or proportions.  

11.2.2. Undertake tests for equality of variances before proceeding with tests for difference in two sample 

means. 

11.2.3. Undertake ‘t’ test for difference in means when the two samples have equal variance. 

11.2.4. Undertake ‘t’ test for difference in means when the two samples have unequal variance. 

11.2.5. To undertake “paired” ‘t’ test. 

11.2.6. To draw inference from the mean of a single sample, comparing it with a known population 

parameter. 

11.2.7. To test for differences in proportions between two or more than two samples, using the chi-square 

test. 

11.2.8. To look up the ‘t’ table, ‘Chi-square’ table and ‘F’ table. 

Part – 1: Hypothesis Testing For The Difference Between Two Means 

11.3. Overview of hypothesis testing for the difference between two means. In Unit-9, we discussed the 

fundamental principles of hypothesis testing.  One  of  the  commonest situations that a medical researcher 

faces while testing her hypothesis  is when his interest is to see whether  the  two samples  that she has drawn, 

differ significantly  from  each other either as  regards the "means" of a  particular  variable  of interest which 

is being hypothesised. Apparently, the above situation will be possible when we have recorded the data, in 

respect of that variable, on a "numerical discrete", or on a "numerical continuous" scale. At  this point, it 

would be worth emphasizing that  in  case the  data has been recorded on a "numerical  ordinal"  scale 

(e.g.,  dyspnoea scores, cancer grades, etc.), we would NOT  do testing  for  difference between "means".  

This is  for  the simple  reason,  as already explained in Unit-3,  that 

though  these  figures  (e.g.,  dyspnoea  scores:  1,2,3,   etc.) obviously  look  like  mathematical 
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figures,  they  are  not "mathematically  meaningful"  numbers.  In such cases, we should use non-parametric 

tests (as Mann Whitney “U” test) for the differences between "medians". Let us consider two examples when 

we would like to test hypothesis by seeing the difference between  two  sample means :- 

i) Number of Children (numerical - discrete scale) :- As  a hypothetical example, consider a 

study  in  which parity  of  100 ladies who had  regularly  breast-fed  their babies  and another 100 ladies who 

had never breast fed (or only  irregularly breast fed) their babies was studied.   It was found that the average 

number of children were  2.3  in the former and 2.9 in the latter group.  Apparently from our 

sample results,  the average number of  children  are  more among ladies who do not breast feed their babies.  

(by 2.9 - 2.3  =  0.6).  The question to be answered is  whether this difference  in  the  two means is 

"significant",  i.e.,  is  the reality  that exists in the two large reference  populations (of  millions  of  women 

who breast feed  their  babies  and another  millions  who do not), is also the  same  (that  is, the average 

number of children are more in the latter  reference population?).   Or, is it, that our samples studied by us  are 

showing  such  results, simply because the samples  we  have picked up are different from the total reference 

populations just  because of "chance" (sampling or  random variations)?  What  is  the "probability" that our 

sample  results  (which show  a higher number of children, on an average, among  non breast  feeding ladies) 

are different from the reality  that exists  in  the  large reference populations,  in  that  the reality  in the two 

large reference populations MAY BE  that the  average number of children are NOT MORE  in  non-breast 

feeding ladies? 

ii) Diastolic BP (Numerical continuous scale): As a hypothetical example, with the research objective 

of  studying  whether alcohol consumption  is  related  to Diastolic BP, we studied the diastolic BP of 100 

adult males who  had been consuming alcohol regularly, and  another  100 teetotalers.  We found that, on an 

average, the average  DBP among alcoholics was 90 mm Hg, while the same was 84, on  an average,  among 

teetotalers.  Once again, the same  question as  posed above, has to be answered - while our samples  show 

that the DBP is, on an average, higher (by 90-84 = 6)  among alcohol  consumers, is this a "significant" 

difference?   In other words, what is the probability that our sample results (which show a higher average 

DBP among alcohol group) may be different  from  the reality that exists in  the  two  large 

reference  populations,  simply because  of  "chance"  (i.e. sample - to - sample variations). 

The objective of answering these questions posed  above is like this :- 

As  we  have already seen in Units-8 & 9,  our results  from our samples may be or may not be 

the  same  as the truth that exists in the large total populations.  Now, the  reality that exists in the two large 

total  populations is  not known  to us.  We can only,  by  means  of  certain 

statistical  procedures,  work  out  the  probability,  i.e., "chance"  of  our sample results 

being  different  from  the reality that exists in the two large total populations.   If this  "probability"  of our 

sample results  being  different from the reality is small (i.e. less than or equal to 5  in 100), we conclude that 

our results, which show a  difference, are  "significant", since the chances of the  reality  being otherwise are 

quite small (5 in 100 or less).  On the  other hand, if  this  probability of  our  sample results  being 

different  from  the  reality  is more than  5  in  100,  we conclude  that  our results are 
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not  significant  since  the probability  that the truth may be otherwise are quite high (more 

than  5  in  100  chances).   This  is  the   central philosophy of hypothesis testing. 

The   statistical  methods  to  be  followed  in   such situations  are described in the succeeding 

paragraphs.   We will illustrate this with an example. 

11.4. Illustration of testing the difference between two means with an example. The following is a 

hypothetical data set of a  research study to answer the question whether the serum  cholesterol of healthy 

adult males, living in hot desert areas is, on an average, different (i.e., significantly higher or lower) from the 

average serum cholesterol of healthy young males  living in  temperate climates.  The serum cholesterol 

values of  12 subjects  from  the deserts and 15 subjects  from  temperate climate is presented as under :- 

Serum Cholesterol Values(mg/d1) 

i) Desert  group (Total = 12)  :- 254, 218, 176,  242, 184, 239, 225, 256, 218, 182, 210. 191 

ii)Temperate Climate Group (Total = 15)  :- 210,  176, 194, 250, 219, 207, 162,,154, 258, 166, 219, 200, 

176,  182,  

The steps to be undertaken are as follows :- 

Step 1 : Should we compare the differences between means? In our above example, the values that we 

have  recorded are  real, mathematically meaningful numbers.  They are  not 

numerical    ordinal    data   in   the   form    of   some scores / ranks / grades  etc.  Hence we are justified 

in  making comparisons  between  the means.  If the  numbers  were  not mathematically meaningful, i.e, if 

it was  numerical-ordinal data  in the form of ranks / grades / scores etc., we would  have used  non-parametric 

tests  to  compare  the  medians  (methods of testing the differences between medians using “non-parametric 

tests” are discussed in a subsequent unit). 

Step -2 : Still,  should  we  compare  the  means  and   not medians? 

Even   after   ascertaining  that   the   numbers   are mathematically meaningful, i.e., the data is recorded on 

a  numerical continuous  or  numerical discrete scale, we should  do one more  procedure to satisfy ourselves 

that we should  compare the  means  and not medians.  This procedure  is  called  as 

testing  for  the  homogeneity of  variances.   This is undertaken by the “F” test as follows. (Another test, 

called as “Bartlett’s test for homogeneity of variances can also be used. However Bartlett's tests is  a difficult 

procedure,  and  will be explained subsequently, in the unit dealing with Analysis of Variance (ANOVA).  In 

addition, as will be explained in the unit on Computer applications, the EPI- Info package 

will  automatically  do the Bartlett’s  test for us once we are comparing the means). Let us discuss how to 

undertake the “F” test.  

  11.5. ‘F’ Test for homogeneity of variances in the two samples :- This is a simpler and well accepted test. 

It is undertaken by the following procedure :- 

* Calculate  the  means in the two groups  by  procedures explained in Unit-4.  Let us denote the mean 

of 1st group  by X1 and that of 2nd group by X2. 

* Calculate  the  standard  deviations (SD)  of  the  two groups by procedures explained in Unit-4.  Let 

us  denote the SD of 1st group as SD1  and that of the 2nd group as SD2   
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* Let N1 denote the total sample size of the  1st  group  and N2 denote the sample size of 2nd group. 

Then F= {(SD1)2 ÷ (SD2)2} where SD1 must be the larger  of the two SDs and SD2 should be the smaller one. 

*  From the details that have been narrated in  unit-4, we can easily calculate the means and standard 

deviations as follows. 

Desert group (Gp - I): Mean (X1) =  216.2; SD1=   28.2; N1   = 12 

Temperate group (Gp - II) Mean (X2) =  201.1; SD2 =   32.6; N2  = 15 

Now, the larger of the 2 SDs = 32.6 (Group -2) and the smaller one is 28.2 (Group -1). 

 thus                (32.6)2 

F =   ------     = 1.34   

        (28.6)2 

 * The  next step is to see whether this calculated  value of F is "large".  If it is “large”, then the 

variances of  the two samples are quite different and we should not either apply  the tests 

to  compare  means, rather,  we  should  apply   non parametric test to compare "medians", or else, 

alternatively, we should compare the two means using the specialized ‘t’ test for unequal variances, as 

described later in this section, after consulting our Biostatistician colleague. 

* The method to determine whether the calculated value of `F' is large enough is as follows.  See the 

total number of subjects in group I whose SD was in the numerator (i.e. N2 in our present example) and 

subtract 1 from it.  This gives us the numerator degrees of freedom (df).  Now, see the total number of subjects 

in the group whose SD was in the denominator (N1 in our example) and subtract  1 form  it. This gives us the 

denominator degrees of freedom. In our example, the numerator degrees of freedom is 15 - 1 = 14 and 

denominator df = 12 - 1 = 11. 

* Now  turn  to  the `F' table  which  is  reproduced  in Exhibit-11.1 towards the end of this unit (a 

part of it is also reproduced below as Table-11.1 for the purpose of explaining).  In this table, the first 

column  heading  is "df for denominator" under which various degrees of freedom for  denominator  from  1 

till  infinity  are  listed.   The subsequent column headings list the numerator degrees of  freedom. 

* To  see the F-Table value which is  pertinent  to  our calculations,  first  of  all 

select  the  column  in   the "numerator  df"  which  is nearest to  our numerator df.  In our example, the 

numerator df was 14: thus we select the column whose heading is "numerator df = 12" (since 12 is the  number 

nearest to 14 in the table). 

* Next, we move down along this column till we reach  the point where the denominator df as relevant 

to  our  example intersects  with this column.  To describe, in our  example, the  numerator  df was 14, we 

start moving down  the  column heading  of numerator df = 12 till the time we come  to  the row  in which 

the denominator df is 10 (10 being the  number nearest  to denominator df of 11).  The table value at  this 

intersection is noted. 

* To  illustrate, in our example, the F table  value  under column heading "df for numerator = 12" the 

1st value  (which corresponds  to the row heading of "df for denominator =  1" is 243.9.  Now as we move 

down the column, we would come  to the value  which  lies  in the row in  which  the  "df  for denominator  = 

10" (there is no separate value for  11,  the nearest  is either 10 or 12).  The value of F table in  this column 
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"df numerator = 12" that lies against the row heading "df denominator = 10” is 2.91. 

Table-11.1: Abridged version of ”F” Table 

_______________________________________________________________________ 

df for numerator 

df for   ---------------------------------------------------------------------------------------------------  

denomi-   1  2   3    4    8 12 24     Infinity 

nator 

1                   161.4   199.5      215.7     224.6    238.9   243.9    249.1             254.3 

2                              18.5                      19.4 

3     10.1                                                                    

4                               7.7           

6 5.9                    

8       5.3           

10                             4.9                                                             2.91 

12                             4.8 

16                             4.5 

20                             4.4  

40                             4.2 

60                             4.0 

120                           3.9 

Infinity                     3.84 

________________________________________________________________________ 

* Now, the final step is to see whether our calculated F-value is less than or more than the F table 

value.  If  our calculated F value is less than the table value we  conclude that our calculated F value is not 

large; in other words the variances of the two samples are not significantly different and  we can use the test 

for comparing the two "means".  On the other  hand if our calculated F value  is  greater  (or equal to) the 

table value at that particular numerator  and denominator  degrees of freedom, we would conclude that our 

calculated  F value is quite large; hence the  variances  of the two samples are significantly different from 

each  other and in such a situation, we can take recourse to either of the following two options. However, if 

such a situation arises, it would be better to consult your Statistician colleague for her advise regarding which 

of the following two options we should exercise: 

 Either we can use the non parametric tests (as Mann-Whitney “U” test, which is described in a 

subsequent Unit) to compare the two  sample medians, instead of comparing the two means; OR, 

 We can use the ‘t’ test for “unequal variances” as is being described subsequently. 

 In our present example, since our calculated F value of 1.34  is less than the F table value of 2.91,  it  indicates 

that the variances of the two samples are not  significantly different (i.e., are "homogeneous") and thus we 

can go ahead with using the statistical tests for comparing the two means as follows : 

11.6. “Students” ‘t’ test: the Statistical procedures for comparing the two means. The  statistical procedure 

for comparing two  means  (whose variances are not significantly different) is the  "students ̀ t' test" or simply 

"t test".  It is done  in the following steps :- 

Step 1: Calculate the pooled variance (denoted by SD2): This is calculated by the equation 

                               [(N1-1) X SD1
2] + [(N2-1) X SD2

2] 

            SD2 =    -------------------------------------------------- 

                                            (N1 + N2 – 2) 

Where, N1  = sample size of first sample; SD1= SD of 1st sample; N2  = sample size of second sample; SD2= 
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SD of 2nd sample. 

In our example on Serum Cholesterol, N1  = 12     SD1= 28.2   N2  = 15    SD2= 32.6. Substituting the figures, 

 

[(12-1) x (28.2)2] + [(15-1) x (32.6)2] 

SD2 =      -------------------------------------------------- 

                                       (12+15-2) 

 

                             8747.7 + 14878.7 

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

                                         25 

      =    945.1 

Step 2: Calculate  the standard error of the difference in  the two  means  (denoted  by `s').  This 

is  calculated  by  the equation :- 

 

               SD2         SD2 

s =         -------  +  -------- 

        √      N1             N2 

In our example, SD2   = 945.1  (as calculated above) N1 = 12,  N2 = 15.  Substituting, we get : 

   

                             945.1        945.1 

             s =   √     -------  +  -------- 

                                  12          15 

 

                  =   √  141.76 =    11.91 

 

Step 3 :- Calculate the `t' value (critical ratio). This is calculated by the equation 

 

 

             X1    -  X2 

`t' =          ----------------- 

                     s 

Where  X1  =  mean of first sample X,    X2  =   mean of second sample, s = standard error of the difference 

between the two means 

In  our example, X1  =  216.2,     X2  = 201.1 and S =  11.91  (as calculated above). Substituting, 

 216 - 201.1               15.1 

t = ---------------------- =   ---------   =   1.27 

                                          11.91                    11.91  

Step 4 :- Calculate  the  degrees  of  freedom  (df).   This   is calculated as:  df =   (N1 + N2 – 2) 

In our example, df = (12+15-2) = 25 

Step 5 :- Check the calculated `t' value against the `t' table value.   A miniature,  `t' table for day to day use is 

given as Exhibit – 11.2 towards the end of this unit ( an abridged version is reproduced as table-11.2 below 

for the purpose of explaining).  Its use is described as follows. Let  us say, we want to see whether 

the  difference  in the  two means is significant at 5% level  of  significance.  (You  would remember from 

Units – 8 and 9 that  this level of 5%, i.e., p < 0.05 is the level which  is  usually seen). 

In the `t' table, the first column heading is  "degrees of freedom (df)".  The subsequent 4 columns 

are levels of confidence.  We generally will see in the column titled “0.975” since this column gives us the 

levels of confidence at 95% level in a “TWO TAILED” manner. (The other columns are 0.95 which is 95% 
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confidence at one-tailed level, 0.99 which is 99% level in one-tailed manner and 0.995 which is 99% 

confidence in a two tailed manner). Now, as said,  we  start moving  down  the column whose heading 

is  "0.975"  and  keep browsing  down till we come to the point where the  adjacent 

row  heading  is  equal  to  the  df  as  calculated  in or situation.   Say, in our present example, the df is 

25.   We start browsing down the column whose heading is "0.975".  The first value in this column against 

the df of 1 is 12.706  and against  df 2 it is 4.303.  As we move down, we come to  the value where our df of 

the data (25 in our present  example) intersects this column.  In our present example it is 2.06. 

Table-11.2: Abridged version of ‘t’ - Table 

============================================================ 

Degree of      Level of Confidence 

freedom     -----------------------------------------------------------------------------------------  

 (df)                0.95  0.975  0.99  0.995      

 (95%, one tailed)     (95%, two tailed)  (99%, one tailed) (99%, two tailed) 

============================================================ 

1                 6.314   12.706  31.82  63.65                                                          

2        2.92            4.30            6.96            9.92 

|      

|                                                         

|                                                     

20         

25                 1.908                              2.06  2.485  2.787 

30 

60 

120 

Infinity        

============================================================ 

If  we  want to see the significance at  1%  level (two-tailed),  we would simply move down the 

column heading 0.995  instead  of 0.975.     

Step 6 :- Compare  the  calculated `t' value with the  table  `t' value.  The rule of the thumb to be followed is  

* If calculated value is more than or equal to the  table value, then the difference is significant and 

P<0.05 (or  <0.01, depending on the level of p-value seen in the column).  

We  thus  reject  the  null  hypothesis  and  say  that  the difference  between  the 2 sample 

“means”  is  significant i.e., p<0.05 (or highly significant i.e., p<0.01 if we have seen the column headed by 

0.995). 

* On the other hand, if the calculated value is less than the  table value then we say that the difference 

in the  two means is not significant (p>0.05). We thus accept the  null hypothesis.  In the present example, 

our calculated  t-value (1.27) it lower than the t-table value (2.06).  We thus call our results as not significant 

(p> 0.05). 

11.7. What to do when the particular df is not given in the table: The `t' tables given in the most of the text 

books  of biostatistics  do not show the values at all the levels  of  df.  Usually they depict the values for df 

from 1 to 30, 40,  60, 120  and infinity (the same has been done by me in Exhibit 11.2 in this unit).  Often 

there may be a situation  when  we may  need to find out the `t' table value at a df  which  is not  given  in the 

table (say, 50).  In  such  situations,  a quick and dirty method of finding out the `t' table value at a given level 

of df is given by the equation: t = X + (a ÷ b) 
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where X = 1.96 (at 0.05 level, and at 0.01 level it is 2.58); a = 2.50 (at 0.05 level, and at 0.01 level it is 5.30);  

b = the degrees of freedom (df) at which the t-table value is to be found out. 

Suppose,  we desire to find out the `t' value at 0.05  level of `p' at df = 50; 

then,     t= X + (a ÷ b);        X = 1.96,      a = 2.50,        b=50 

t = 1.96 + (2.50÷50) = 2.01 

Thus, at df =50, the t table value at p= 0.05 would  be 2.01.  We can now compare this value with our 

calculated `t' value. Similarly, the `t' value at 0.01 level of p for df = 100 would be 2.633.  We can now 

compare our calculated `t' value with this table value. 

11.8. ‘t’ test for unequal variances (“Satterthwatte's  method to  Behren-Fisher problem"). The procedure of 

`t' test that we have described  above is applicable only when the variances of the two samples are 

not  significantly different, i.e., the `F' test (as described earlier) shows "non significant  p-

value”.   However,  if  the  `F'  test   shows significant difference in variances (i.e., p is < 0.05), then the  `t' 

test described above should not be used.   In  such circumstances, one option (the better one) is to use a  "non 

parametric"  test  (Mann Whitney ‘U’  test  as  described  in a subsequent Unit).  Alternatively, after taking 

the advise of our statistician colleague, we can compare the 2 sample means by  a special procedure called 

the "Satterthwatte's  method to  Behren-Fisher problem".  (more simply, the `t' test  for 

unequal  variances).   This method is  being described herewith  with the following hypothetical example. 

Let us say, we  wanted  to explore the possibility of a new-pharmacological agent,  `A' for its 

potential cholesterol - lowering effect.  We took a total of 23 healthy adult males and randomly 

allocated  them into 2 groups by tossing a coin, so that 10 subjects came in group A' and were given the agent 

`A' for one month while 13 subjects came in group `B' and were given a placebo.  The serum cholesterol 

levels of all subjects were  measured  at the end of trial period and are as follows:- 

Group A (given agent `A'): Mean cholesterol (X1) = 192.8 mg/d1; SD1 = 12.8  , total subjects (N1) =10 

Group B (given placebo): Mean (X2) = 211.4 mg/d1; SD2 = 25.3, total subjects (N2) =13 

Now, as the first step, we would do the `F' test to see whether  the  variances are homogeneous, 

or  else  they  are significantly different (i.e. heterogeneous) : thus 

F =  SD1
2/SD2

2  (where SD1 is the larger and SD2  is  the smaller of the two SDs) 

F =  (25.3)2 / (12.8)2     =  3.91 

df numerator = (13 - 1) = 12; df denominator  = (10 - 1) = 9 

Now  the `F' table value at 0.05 significance level  at df  numerator  =  12 and df denominator = 

9  is  3.07.   Our calculated  F  value of 3.91 is therefore  higher  than  the table value and hence the variances 

of the two samples  are significantly different.  We cannot, therefore, proceed with the `t' test for equal 

variance as we have described above.  Hence, in this situation, we have 2 options - either we do a non 

parametric Mann Whitney ‘U’ test or else do a `t' test for unequal variances which is being described herewith  

The equation for the `t' test for unequal variances  is as follows : 

  

                     ‘t’ =                       {( X1    -  X2)}÷  √{( SD1
2÷ N1) + ( SD2

2÷ N2) 
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and  the appropriate degrees of freedom (df) is computed  by the equation. 

 

                        [ (SD1
2 ÷ N1) +  (SD2

2 ÷ N2) ]2 

     df =        -------------------------------------------------------------------             

                                     {(SD1
2 ÷ N1)2 ÷ (N1 – 1)} + {(SD2

2 ÷ N2)2 ÷ (N2 – 1)} 

                                     

The  df so calculated is rounded off  to  the  nearest integer.  The ̀ t' table is then seen at  the  required 

level of  significance  (0.05 or 0.01)  at  the  degree  of freedom  = df".  In other words, we do not calculate 

the  “df”  as (N1 + N2 – 2) but rather by the above equation. 

In   our  hypothetical  data  on  Agent  `A'  -   Serum cholesterol study 

‘t’ =  {( X1    -  X2)}÷  { √{( SD1
2÷ N1) + ( SD2

2÷ N2) 

= {( 211.4 – 192.8)}÷  { √{( 12.8)2÷ 10) + ( 25.3)2÷ 13)} 

 

= {( 211.4 -  192.8)}÷  √{( 163.84 ÷ 10) + (640.09 ÷ 13) = (18.6) ÷ (8.10) = 2.3 

 

                       [(SD1
2 ÷ N1) +  (SD2

2 ÷ N2)]2 

     df =        -------------------------------------------------------------------             

                                     {(SD1
2 ÷ N1)2 ÷ (N1 – 1)} + {(SD2

2 ÷ N2)2 ÷ (N2 – 1)} 

 

 

                                    [{(12.8)2 ÷10} + {(25.3)2 ÷13}]2 

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

                                         {(12.8)2 ÷10]2             {(25.3)2 ÷13}2 

                                 ------------------------  +  --------------------- 

                                             (10 - 1)                      (13 - 1)         

       

Solving  the  equation,  we get df  =  19.7  Now,  for obtaining  the df, we would round off this df, 

(19. 7)  to  the nearest  integer,  i.e. 20 and see the `t' table  under  the column "p = 0.05" and in front of the 

row df = 20.  The `t' table value, as you can see from the t table at this df  (of 20)  and  level of confidence 

(0.975) is 2.086.   Since  our calculated  `t' value (2.3) is more than the t  table  value (2.086),  we conclude 

the there is a significant  difference between  the mean Serum Cholesterol of group A and  B.   The probability 

of our sample results (which show a lower  Serum Cholesterol among the "Agent A" group) being 

different  from the reality that exists in the two large total populations, just  because of "chance" (Random or 

sampling variation)  is less  than  5 in 100 (p < 0.05).  This is just  to  slightly repeat  the  contents of Units – 

8 and 9 that we can still  go wrong in that our sample results may still be different from reality, but the 

probability of our going wrong is very  low (less from  5 in 100 or 0.05 in 1) and hence  we  call  our results 

as "significant". 

I  may inform  my students  that  there  are  various alternative methods to Satterthwatte's method, 

which you may find  once in a while in published papers or biostatistical text   books.   These are "Welch 

test" and "Method   of reliability factor".  The Satterthwatte's method described above is simple and gives 

reasonably accurate results. 

11.9. The Special situation of "paired" `t' test : The  `t'  test  we  have  described  above  deals  with 

situations  in which there are two different  samples  whose means are to be compared.  Sometimes, in 

medical research, we  may have either only one sample which gives us two  sets of readings (before and after 

readings) or else, we may have two  different samples in which the subjects or data points are very similar to 
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each  other excepting  for  the factor which is being studied. Let  us have a look at the following examples:- 

1. To  study the efficacy of a drug in reducing the  Serum Cholesterol  level,  we  took 10 

healthy  adult  males  and measured their Serum Cholesterol levels.  These 10  subjects 

were  then  given  the  drug  for  1  month  and  the  Serum Cholesterol levels were again measured thereafter. 

2. For   evaluating  the  skin  irritant  effect   of   an industrial chemical, we applied the chemical (in 

paste form, using paraffin jelly as the medium) on the right forearm  of 10 subjects, while on the left forearm, 

only paraffin  jelly was  applied  to  serve  as control.  After  24  hours,  we measured  the maximum diameter 

of hyperaemia (redness) in  millimeters on both the forearms. 

3. For  studying  the  effect of  tobacco  smoking  during pregnancy on the birth weight of the child, 

we took a sample of 90 pregnant ladies who were tobacco users.  For each  such lady, we  took another 

pregnant lady of same  age,  parity, income  status and duration of pregnancy but who was  a  non smoker.   In 

other words, we "pair - matched" each  subject (pregnant smoker) with a control (pregnant non-smoker).   We 

then followed up each of the 180 subjects till delivery  and recorded the birth weight of the offspring in 

grams. 

All  the  above  three  examples  have  very  different objectives  and  settings; however, they have 

one  thing  in common - each data point of the first sample is related to a unique  data  point  of the second 

sample.   These  are  the situations  of "paired samples".  Such "paired samples"  may represent two sets of 

measurements on the same subject in  a "before  and after" fashion (thus, each subject  serving  as his  own 

control, vide example No. 1 above); or they may  be 

two   exactly  similar  anatomical  or  physiological   points excepting for the factor under study (example 

No. 2  above); or,  measurements on different people who are chosen  on  an individual basis using "pair 

matching criteria", so that they are very  similar  to each other, except for  the  factor  under study (example 

No.3 above). The statistical procedure in such situations is the "paired" `t' test, which is calculated by the 

following equation. 

                                                   d 

                                       t = ------------ 

                                              S ÷ (√n) 

Where, d = mean of the differences of the 2 readings; S = SD of the differences of the 2 readings;   

 n = number of subjects in one sample. 

The calculated `t' value is compared with the `t' table value at the particular level of significance 

(usually at p-value of 0.05, i.e., under the column heading 0.975) at df = (n-1). 

Let us illustrate the calculation by expanding on the cholesterol reducing example given above 

(example No.  1). The  Serum  Cholesterol  levels of the  10  subjects  before giving  the  drug are mentioned 

in the first column  in  the table below (Table-11.3),  while  the cholesterol  values  of  the  same 

subjects  after giving the drug for one month are  given  in the  second  column.   The 

differences between these two cholesterol readings in respect of each and every subject are given in the third 

column. 

Table-11.3: Hypothetical data on cholesterol levels before and after giving the drug 

========================================================================= 
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        Serum Cholesterol mg/dl       Difference 

Subject   ---------------------------------------------------      (d) 

No   Before therapy  After therapy     = (d1- d2) 

         d1                               d2 

======================================================================= 

1     206    180    + 26 

2     254    242    + 12 

3     198    204    –  6 

4     242    238    +  4 

5     236    228    +  8 

6     228    202    + 26 

7     286    264    + 22 

8     274    258    + 16 

9     208    209    –  1 

10     188    198    - 10 

===================================================================== 

Now, the mean of the differences of the 10 observations (+26+12+ ----- - 1 - 10) comes out to + 9.7 

and the standard deviation comes out to 12.96. Thus, d = 9.7, S = 12.96,        n= 10; thus, 

                                                d                   9.7                9.7 

                                       t = -------- =     -------------   = ---------   = 2.37 

                                              S/√n        (12.96/√10)          4.1 

and, df = (n - 1) = (10-1) =9 

Now, turning to the t table, we find the t table  value at  p=  0.05 two tailed (column heading 0.975) 

and df = 9 is 2.26.  Since our  calculated  `t' value (2.37) is more than the table value (2.26) we conclude that 

our results are significant (p < 0.05).  What we are in fact  concluding  is our sample of 

10  subjects  shows  that there is a reduction on an average by 9.7  mg/d1 due to  the drug  ;and the 

"probability" that in the  large  reference population  (of millions of persons who would be  given  the 

drug),  the  drug  will not lead to  a  reduction  in  Serum Cholesterol is less than 5 in 100 chances; thus there 

are 95 in  100 chances that the drug will lead to a  reduction  in Serum cholesterol in the large reference 

population. 

Once again, the readers should to aware that if we are using "numerical-ordinal" scales then it should 

not be the "paired t-test" but rather a non parametric test (Wilcoxon's signed rank test) that should be used.  

For example, if  we are  comparing  the "pain scores" (0,1,2,3 etc.)  before  and after a  drug then we should 

not use the paired t  test  as described  above,  but the Wilcoxon's signed  rank  test  as described in a 

subsequent Unit. 

11.10. The less common situation drawing conclusions with only one mean: A  less common situation in 

medical research  comes  up when  we  study a single sample for a particular  factor  of interest  and  wish  to 

assess whether the  mean  from this sample  is different from a known population parameter.   To 

provide  an  illustration, we  know  from  our   background knowledge  that  the mean fasting blood sugar 

level  of non-pregnant   young  adult  women  is  88  mg/dl.   With   this background, we conducted a study 

on a sample of 100 ladies in 2nd  / 3rd trimester of pregnancy, attending  the obstetric department.   We found 

that the mean fasting blood sugar of this sample of 100 ladies was 102 mg/dl with a standard deviation (SD) 

of 14. Apparently, our sample (of 100)  shows that  the  fasting blood sugar, on an average is  higher  by 

(102-88)  = 14 md/d1 among pregnant ladies, as  compared  to non-pregnant  ladies.  We now want to 
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see,  statistically, whether this is a significant finding or simply a matter  of chance,  i.e., 

simply  due  to  random  (sample  to  sample) variations,  the present sample that we have studied may  be 

showing  such a result.  To summarise, this is a situation in which we are studying only one sample and 

trying to compare the mean from this sample with a known population 

mean.   This is the "single sample" (or, one   sample) situation.  The statistical procedure is:  

           X – U 

t =   -------------- 

       SD ÷ √n 

Where, X   =  Sample mean; U   = Population mean already known to us; SD = SD of the sample; n = Sample 

size studied. The  `t' value so calculated is compared with  `t' table value at df = (n-1). In our example above, 

                                                     X – U 

t =   -------------- 

         SD÷√n 

now, X = 102, U = 88, SD = 14, n = 100 

 

          102 - 88               

   t =      ----------------   =     10 

                                               14 ÷√100          

df = (n - 1) = (100 - 1) = 99. 

On looking at the `t' table we find that the `t' table value at two-tailed p-value of 0.05 level (column 

heading 0.975) corresponding to df  =   99   is approximately  1.98 and at two-tailed 0.01 level (column 

heading 0.995) it is  2.62.   Since our  calculated  `t' value (10) is much  higher  than  these values  we say 

that our results are highly significant (p  < 0.01);  the higher average fasting blood sugar that we  have 

seen  among our sample of pregnant ladies is not  likely  to have come up simply because of "chance" (the 

probability  of its having occurred simply by chance, i.e., random error  is less than 1 in 100).  We finally 

conclude, clinically, that pregnancy definitely leads to a rise in fasting blood sugar level. 

11.11. Check your progress – 1. 

1. In a research work, we the drug “Formetrol” with “Salbutamol” for nebulization among asthma patients. 

The outcome was measured as “grade of dyspnoea” (breathlessness) after 1 month of treatment. The correct 

statistical procedure for testing the hypothesis in this research work will be: (a) paired ‘t’ test (b) Chi square 

test (c) Mann-Whitney ‘U’ test (d) ‘t’ test for equal variance (e) ‘t’ test for unequal variances. 

2.  While doing the ‘F’ test for homogeneity of variances, the value in the numerator should be: (a) larger of 

the two variances (b) smaller of the two variances (c) larger of the two means (d) smaller of the two means 

(e) average of the two means. 

3. Variance is: (a) same as SD (b) square of SD (c) square root of SD (d) cubic root of SD (e) has no relation 

to SD. 

4. In the ‘t’ test for equal variances, the degree of freedom is calculated as: (a) N1 + N2 (b) N1 – N2 (c) N1 + 

N2 – 2 (d) N1 + N2 + 2 (e) (N1 + N2) ÷ 2. 

5. In the ‘t’ test, if the calculated value of ‘t’ from our data is more than the table value, at 5% level of 

significance (two tailed), then we: (a) accept the null hypothesis (b) reject null hypothesis (c) conclude that 

p>0.05 (d) perform ‘F’ test for homogeneity of variances (e) perform chi-square test. 
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Part – 2: Hypothesis Testing For The Difference Between Proportions 

11.12. Overview of hypothesis testing for the difference between proportions. Having discussed the methods 

for testing the hypothesis for the differences between two means, we now move on to another very common 

situation in epidemiology and medical research, in which the  data is recorded on a “qualitative scale” i.e., 

recorded in form of categories, in which case the scales 

can    be   "dichotomous"   "polychotomous    nominal"    or "polychotomous ordinal".  An example of each 

is as follows:- 

a) A researcher may take two "samples", one of patients of I.H.D.  and another of healthy people and 

may find out  from each  of  the  subjects  whether they  are  smokers or  non smokers.   Herein,  the  variable 

of  interest  is  "smoking status" which is being recorded as a qualitative data  since the  answers which will 

be recorded to our question "Do  you smoke"  will  be words as “yes” or “no”,  and  not  mathematical figures.  

Even if we record the answers in numbers ("0"  for non smokers and "1" for smokers) these numbers will 

be  fake numbers and, in fact, would be equivalent to words "Yes"  or "No".  Secondly, the variable of interest 

is being  measured on  a  "dichotomous" scale, there being  only  two  possible categories, viz., either smoker 

or non-smoker.  Finally,  our interest  would  be  to see  whether  the  "proportion"  (or percentage) of smokers 

among I.H.D. cases is "significantly" higher  (or lower) as compared to the proportion of smokers among 

healthy people. 

b) We   may  be  interested  to  find  out   whether   the proportions  (or percentage) of blood groups 

A, B, AB and  O are different between patients of gastric cancer as compared to  patients of benign gastric 

ulcers.  Herein our  variable of  interest  (blood group)  has  more  than  two  possible alternatives (more 

precisely, 4 alternatives, i.e., either  group A or B or AB or O). Also these 4 different categories of blood 

groups  do  not have any natural, common sense  ordering  or grading.   Thus the variable is "polychotomous 

nominal"  and we shall be comparing the two samples (one of gastric cancer and  another of benign gastric 

ulcer) for the difference  in proportions  of  a  polychotomous  nominal  variable  (blood group). 

c) We  may be  interested in trying  out  a  new  general anesthetic  agent  in comparison with 

an  existing  standard agent,  with  the  objective  of  assessing   whether the proportions  (i.e.  percentages) 

of the patients  in  the  2 "samples"  (one  on  the  new anaesthetic agent and  the  other  on  the standard  one) 

are different as regards various "grades"  of untoward  symptoms during the recovery phase.    Herein, we 

would record the variable of interest (Untoward symptoms during recovery) in words, and in more than two 

categories, i.e., "had no untoward symptoms" "had mild symptoms"  "had moderate symptoms" and "had 

severe untoward symptoms".   The variable  is thus a polychotomous one but is different  from 

"polychotomous - nominal" as described in example (b) above, in   that 

in  the  present  scenario  there  is  a   clear, common  sense  natural  ordering  of  the  categories.   The 

variable is thus a "polychotomous ordinal" one and we  would be  comparing the two samples for difference 

in  proportions as regards this polychotomous ordinal variable.  

In the  present section of this unit, we will deal with the situations when  we are  testing  the 

hypothesis by  comparing  the  proportions among two samples being studied by us, wherein the  variable of 
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interest is either measured on a "dichotomous" scale,  or else, on a "polychotomous nominal” scale.  The 

situation when the  variable  is  being  measured on  a  "polychotomous  - ordinal" scale is dealt in a 

subsequent unit, under the heading "Chi-Square test for linear trends in proportions." 

11.13. Comparison of two samples when the variable is measured on a dichotomous scale. Let  us say, we 

started with the research issue  as  to whether advanced maternal age (>35 years) is associated with 

congenital  malformations  among the children. Keeping  in mind  our  two  large total 

reference  populations,  one  of millions of pregnant ladies aged > 35 ,years and another  of millions  of 

pregnant ladies aged upto 35 years, we  took  a sample  each, say, 500 pregnant ladies aged > 35  years  and 

another 1000 pregnant ladies aged upto 35 years and followed them  till delivery.  We found that out of the 

500 children born to ladies > 35 years, 50 had congenital malformations, while out of 1000 ladies upto 35 

years, there were again 50 children born with congenital malformations. Thus, the 

proportion  of  malformations among ladies >  35 years  was 50/500 = 0.1 (or  10%) while this proportion in 

the  younger group was 50/1000 = 0.05 (i.e., 5%).  Apparently, the results from  our samples tell us that the 

proportion of  congenital malformations  among children born to ladies aged >35  years (10%) is higher as 

compared to children born to ladies  less than   35 years  age  (5%).  However, once   again,   to 

recapitulate the discussions of units-8 & 9, these are only  sample  results.  We have to make an 

estimate  of  the extent to which these "sample results" may be different from the reality or truth that exists 

in the two large  reference populations (millions of pregnant ladies aged > 35 years and another  millions  of 

pregnant ladies aged upto  35  years), simply  because  of  "chance"  (i.e.,  random  or sampling 

variations).   We  would thus proceed to test  the  research hypothesis  that the proportion of 

congenital  malformations among children born to ladies > 35 years is more as compared to the proportion 

of congenital malformations among children born  to younger ladies.  This research hypothesis would  be 

tested against the "Null Hypothesis" which states that there 

is   "No  difference"  in  the  proportion   of   congenital malformations  in the two large reference 

populations.   The variable of interest is dichotomous (either malformed  child or  normal  child) and we shall 

proceed to compare the  two "samples"   as  regards  the  "proportions"  (of   malformed children in each of 

the two samples), of a variable which is measured  on a dichotomous scale, using the Chi-Square  test 

for  hypothesis testing, for the significance of  difference between two sample proportions. 

For  doing  this  test,  the data is set  into  2  x  2 contingency table, as follows (Table-11.4) :- 

Table-11.4.: Distribution os study subjects according to rows and columns 

COLUMNS 

 

          Sample     No  (No. of Subjects)   Total     

             

With the  Without the 

              Variable  Variable 

          

1st Sample     a   b  a+b 

     

2nd Sample     c   d  c+d   
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   Total    a + c    b + d          a+b+c+d = (n)    

 

 

The above table is called a 2x2 table because it has  2 rows  (i.e., 1st sample and 2nd sample) and 2 

columns  (i.e. subjects  with the variable and without the variable).  The advantage which such a 2x2 table 

has is that besides testing for  the difference between two proportions  (by  Chi-Square test),  we  can  also 

calculate the  amount  of "risk"  (by calculating the odds ratio or relative risk) as discussed in Unit-5. Let  us 

illustrate the procedure  of  Chi-square  test using the hypothetical example on the  association  between 

maternal age and congenital malformations.  The notations of the 2x2 table are explained as under. 

a =  number  (actual  number  and  not  proportions) of subjects  in  the  1st  sample 

who  show  the  phenomena  of interest. 

b  =  number of subjects in the 1st sample who do not show the phenomena of interest. 

c   =   number of subjects in the 2nd sample who  show  the phenomena of interest. 

d    =   number of subjects in the 2nd sample who do not show the phenomena of interest. 

a+b  =   total  number of subjects in the 1st  sample  (i.e. total of row 1) 

c+d  =    total number of subjects in the 2nd  sample  (i.e., total of row 2). 

a+c  =  total number of subjects who show the phenomena of interest,  irrespective of the sample they 

belong  to  (i.e. total of column 1). 

b+d = total  number  of  subjects who do  not  show  the phenomena  of  interest.  irrespective 

of  the  sample  they belong to (i.e., total of column 2). 

a+b+c+d = total of  all  the  subjects  studied  (both  the samples included (i.e., `n'). 

Let us now set our data into the 2x2 table, which is shown in Table-11.5 below 

Table-11.5: Distribution of outcome of pregnancy according to occurrence of congenital malformation 

==================================================================== 

Number of Children            Total       

Samples   -------------------------------------------------- 

of ladies   Having Congenital  Not having                     

malformations  Congenital 

  malformations 

====================================================================== 

> 35 years  50 (10%)  450 (90%)      500 (100%) 

   (a)                                 (b)   (a+b) 

 

< 35 years  50 (5%)   950 (95%)     1000 (100%) 

       (c)           (d)   (c+d) 

====================================================================== 

    Total   100 (6.67%)      1400 (93.33%)   1500 (100%)  

 (a+b)   (b+d)   (a+b+c+d) (n) 

====================================================================== 

11.14. Steps in Chi - Square test 

Step 1 :-Note  the  "observed" (abbreviated as "O")  values  for each of the 4 cells ("a", "b", "c" and "d"). 

These are  the actual numbers that are filled up in these cells.  Thus "O" values for a, b, c and d 

are  50,  450, 50 and 950 respectively. 

Step 2:- Calculate the expected (abbreviated as "E") values  for each of the 4 cells by the equation. 
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Corresponding Row       X                 Corresponding  

total of that cell            column total 

        of that cell 

(E) =  --------------------------------------------------------------------     

                                                    n 

thus,  

 

Corresponding    X Corresponding  

     row total     column total  

"E" for cell "a" =    ------------------------------------------------------------- 

              n 

 

  = (a + b) X (a + c) 

                                                n 

= 500 X 100 

    1500 

  = 33.33 

Similarly,  the row totals for cell "b" = (a+b)  ;  for "c"  = (c+d) and for "d" = (c+d); and the column totals  for 

cell "b" = ((b+d) for "c" = (a+c) and for "d" = (b+d). 

                                         (a+b) X (b+d) 

Thus, E for cell "b" =     --------------------  

                                                   n 

       =     500 X 1400 

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

      1500 

      = 466.67 

 

     (c+d) X (a+c) 

E for cell "c" =      --------------------  

                                                   n 

       =     1000 X 100 

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

      1500 

      = 66.67 

                                 (c+d) X (b+d) 

"E" for cell "d" = ----------------------- 

                                        n 

                           =   1000 X 1400 

                            -----------------    = 933.33 

                                1500 

Step 3:- 

Calculate  the  Chi-Square (X) for each  cell  by  the equation. 

            2 

Observed Value    Expected  

     of that cell      - Value of  

         the cell  

       X2 for that cell =   --------------------------------------------------------------- 

      Expected value of that cell 

 

             (O - E)2 

Or, to simply abbreviate, X2  for the cell =     -------------------- 

E 

Thus, X2 for cell "a"         (50 - 33.33)2           (16.67)2   

[i.e., X2 (a)]                     =   ----------------  =   --------------  = 8.43 
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                                             33.33                    33.33 

Similarly, X2for cell "b"      (450 – 466.67)2           (-16.67)2   

[i.e., X2 (b)]                     =   ----------------  =   --------------  = 0.60 

                                                 466.67                    466.67 

 X2 for cell "c"       (50 - 66.67)       (-16.67)   

[i.e., X2 ( c)]  = --------------------------- =  ----------------------------   = 4.17   

                                                       66.67              66.67  

and X2 for cell "d"         =     (950 - 933.33)      (16.67)     

[i.e., X2 (d)          ------------------  =  ---------- =  0.30  

                         933.33      933.33 

Step 4:- Add  up all the respective Chi-square values of  the  4 cells to get the final Chi-square value. 

thus,        X2    =  X2(a) + X2 (b) + X2 (c)  

= 8.34 + 0.60 + 4.17 + 0.30    = 13.41 

Step 5:- Calculate  the  degrees  of freedom.   The  degrees  of freedom (df) is calculated by the equation. 

             df = (number of rows - 1) X (number of columns - 1), or simply as: (r – 1) X (c – 1) 

In a 2 x 2 table, since there are 2 rows and 2 columns; hence, df = (2-1) X (2-1) = 1. 

Step 6 :- Compare the calculated X2 value with the table value of X2.   For this  purpose,  turn to the  X2 table 

which  is given as Exhibit-11.3 at the end of this unit .  The first column of  this  table gives the  df.   The 

subsequent columns  give  the  various levels of confidence, namely, 0.95 (corresponding to significance 

level of 0.05) and 0.99 (corresponding to significance level of 0.01).  For finding the table value of X2 , first 

of all, start from  the column  heading  0.95 and move down, so as  to  come  in front of the df that is relevant 

in our case. In the present example  the  df  is 1.  The value  under  the  column  0.05 corresponding  to  the 

row heading df = 1 is read  and  this gives us the table value of X2 at 5% level of  significance, as 

follows(Table-11.6) :- 

Table-11.6: Abridged Version of Chi-Square Table (for purpose of explanation only) 

=========================================================== 

Level of Confidence (complement of level of significance, or “p-value”) 

df   0.95  0.99      

=========================================================== 

1    3.84  6.63   

2       5.99  9.21   

3   7.81  11.34   

4   9.49  13.28   

5   11.07  15.09   

. 

.   

10   18.31  23.21   

.       

. 

100   124.34  135.81   

=========================================================== 

We can see from the extract of the table of  Chi-square given above, that the Chi-square value 

corresponding to  the row  heading df = 1 is 3.84 at level of 0.95 (i.e., significance level of 95% or p = 0.05), 

and it is 6.63 at level of 0.99 (i.e., significance level of 99% or p = 0.01).   Now,  since our  calculated  Chi-

square value (13.41) is more  than  the table value  at  0.95 level and even more  than  the table values at 0.99 

levels of confidence, we conclude that our results are "highly significant" (p <  0.01).  This means that the 
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probability of the reality (that exists in the two large total populations) being different from our sample 

findings (which show  a  higher   proportion   of  malformations  in higher maternal age group) is  very small 

(less than  1 in 100 chances).  On the clinical  front  we conclude  that  there  is a 

definite  relationship  between advanced   maternal   age  (>  35  years)   and  congenital malformations in 

the offspring. 

11.15. The short cut method of calculating Chi-square value in a  2 x 2 table :- In the case of a 2x2 table as 

mentioned above,  instead of calculating the Chi-square values for each and every cell and  then adding them 

up to get the final Chi-square value, one can directly calculate the final Chi-square value  using the following 

equation. 

      n X [(a X d) - (b X c)]2 

X2  = ----------------------------------------- 

           (a + c) X (b + d) X (a + b) X (c + d) 

In   our   example  on  maternal   age   -   congenital malformations,  

 

     1500 X [50 X 950) - (450 X 50)]2 

X2            = ---------------------------------------- 

       100  X 1400 X 500 X 1000 

 

     1500 X (47500 - 22500) 2 

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

                      70000000000 

                    1500 X (25000) 2                       937500000000 

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

                     70000000000                              70000000000 

= 13.4 

The result so obtained  is the same as that obtained by the  longer method described earlier.  

However,  this  short cut  method  can  only  be used for 2x2  table.  If  we  are analysing  larger tables as 

discussed subsequently  , then we have to use the longer method only. 

11.16. Testing   for  differences  between  proportions  when   the variable is measured on a polychotomous 

scale. The situation which we have dealt with till now was  in respect  of  research question when 

there  are  two  samples being compared  and  the  variable  of  interest  is being measured on a dichotomous" 

scale, i.e., it can take only  one of the two possible categories (e.g., congenital  malformation 

present  or  absent).  Often, however,  the variable  of interest  may  have  more  than  two  categories,  i.e.,  as 

explained   in Unit-3,  it  can  be   measured   on   a "polychotomous" scale, e.g., Blood groups (A, B, AB 

and O) etc. Now,  as has been described in detail in Unit-3, as  well as  earlier in this unit also, 

such  polychotomous  scale can be of two types. 

a) Polychotomous nominal  :- When the various categories do not  have a natural sensible ordering, 

e.g., Blood groups  (A, B,  AB, O); categories of Diagnosis  (Infectious  diseases, Psychiatric illness, 

Gynaecological diseases, Cardiovascular diseases);  Race (caucasian, negroid, mongoloid)  etc.   The analysis 

in such situations is by the Chi-square test for  a r  X  c contingency table that shall be  explained  in  this 

unit. 

b) Polychotomous  Ordinal  :-  When there  is  a  natural, sensible  ordering  in the categories, 

e.g.,  grades  of  pain (nil, mild  moderate,  severe) doses  of  drug  (low  dose, ordinary  dose, high dose).  
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Severity of illness (grades  of cancer) and so on.  Analysis of this type of data is done by 

testing  for  linear  trend  in  proportions  as  shall   be described  in  a subsequent unit.  The 

medical  researcher  should, therefore, decide very carefully as to whether his  variable is "polychotomous 

nominal" or else a "polychotomous ordinal" one and accordingly proceed with the analysis. 

11.17. Hypothesis testing between two sample proportions when  the variable is recorded on polychotomous 

nominal scale. Hypothesis  testing  in  such situation  is  simply  an extension  of  the Chi-square test for 2 X 

2 table which was described earlier.   Let  us illustrate the procedure with a hypothetical example :-   We 

proceeded  with the research question as to  whether  Breast cancer has any relationship with Landsteiner's 

blood groups.  We  took a sample of 100 ladies  having histo-pathologically confirmed breast cancer and 

another sample of 200 ladies  of similar age  and  parity in whom  breast  cancer  had  been excluded.   Blood 

grouping of all the study subjects was done.  The results are summarized in the following table (Table-11.7):- 

Table- 11.7: Distribution of healthy and breast cancer subjects according to blood group 

=========================================================== 

Breast   Healthy  Total 

Blood   Cancer   Group 

Group   ------------------------------------------------------------------------- 

No. (%)  No. (%)   No. (%) 

=========================================================== 

A   30 (30%) 88 (44%)  118 (39.3%) 

B   45 (45%) 64 (32%)  109 (36.3%) 

AB   15 (15%) 28 (14%)   43 (14.3%) 

O   10 (10%)     20 (10%)   30 (10%) 

=========================================================== 

 Total       100 (100%)     200 (100%)  300 (100%) 

=========================================================== 

Clearly,  the  above data has 2 samples - a  sample  of ladies  with  breast  caner 

and  another  without  it.   The variable of interest (blood group) has 4 categories - A,  B, AB and O and hence 

it is measured on a polychotomous  scale.  Moreover, the various categories of blood groups do not make 

any  natural  sensible ordering (you can place them  in  any order without making any sensible 

difference).   Thus,  the variable  of  our interest is measured on  a  "polychotomous nominal scale". 

From  the  research methodology  point  of  view,  our samples  show  that  the proportion of blood  group 

`B' is higher among cancer cases as compared to healthy ladies (45% versus  32%),  while the proportion of 

blood  group  `A'  is lower (30%  versus  44%).  However, we have to test the hypothesis by statistically 

calculating the probability with which our sample results may be different from the reality that exists in the 

two large total population of thousands of breast cancer patients and millions of healthy women. The 

statistical procedure, as we have said, is a simple extension  of  Chi-square  test  for  2x2  table discussed 

earlier.  Instead of the 4 cells in our 2x2 table, we have 8 cells in our present example.  We calculate 

the  "Expected" (E) value for each cell by the equation. 

(Marginal total of row) X (Marginal total of column) 

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

Total Sample Size 

 

Next, we would calculate the Chi-square value for  each cell by the equation. 
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                               (Observed - Expected)2 

 X2 for the cell =  ------------------------------------- 

                                         Expected 

In the third step, we would sum up all the X2  values of the cells to get the overall Chi-square, 

Fourthly, we would calculate the df as: df = (rows - 1) x (columns -1); and finally we will see the X2 table 

value at the calculated df, at the level of confidence of 0.95 or higher. 

Let  us illustrate the calculations  using  the  above mentioned example of blood groups - breast 

cancer data.   As we  can see,  there are a total of 8 cells  in  this  data, instated  of the 4 cells which are present 

in the 2x2  table discussed earlier.  These are cell 1 (observed frequency (O) = 30), 2 (O = 44), 3 (O = 45), 4 

(O = 64), 5 (O = 15), 6  (O = 14), 7 (O = 10) and 8 (O = 20) respectively. 

As  the first step, we shall calculate  the  "expected" (E) values for each cell, by using the equation. 

(Marginal total of row) X (Marginal total of column) 

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

Total Sample 

                      118 X 100  

Thus, E for cell 1 =    ---------------    = 39.3 

                   300 

                118 x 200  

   for cell 2 =  -----------------   = 28.7 

       300 

                  109 x 100  

for cell 3 =  ------------------ = 36.3 

       300 

                 109 x 200  

 for cell 4 =  ----------------- = 72.6 

      300 

                  43 x 100  

for cell 5 =  ---------------- = 14.3 

    300 

                  43 x 200  

for cell 6 =  --------------- = 28.6 

                                       300 

                  30 x 100  

for cell 7 =  ----------------- = 10   

                                        300 

                  30 x 200  

for cell 8 =  ---------------- = 20   

   300 

We  would now calculate the Chi-square for  each  cell, using the equation.               

                         (O - E)2 

            X2 for the cell  =       ----------------- 

                                                  E                        

(30 - 39.3)2             (-9.3)2 

Thus, X2 for cell 1  = ----------------------   =  -----------  =  2.2 

                                             39.3                       39.3 

                            (88 - 78.7)2   (9.3)2 

         X2 for cell 2 =   ---------------------  =   -------------- = 1.1 

                                             78.7                         78.7 

Similarly,  we  can  calculate  the  X2  for  cells  3, 4 .....7, 8 as 1.68 1.18, 0.03, 0.02, 0 and 0 respectively. 

The  next step would be to get the overall X2  value  by adding up all the X2 values of the various cells. i.e., 
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cell 1 till cell 8.  Thus, 

Overall X2   =   (2.2 + 1.1 + 1.68 + 1.18 + 0.03 + 0.02 + 0 + 0)   = 6.21 

Next, we would calculate the degrees of freedom (df) by the equation: df = (rows - 1 ) X (Columns - 1) 

In our example, there are 4 rows (blood groups A, B, AB and  O) and  2 columns 

(Breast  cancer  cases  and  Healthy group).  Thus, df = (4-1) X (2-1)  = 3 X 1 = 3 

Now,  we would turn to the Chi-square table  and  start looking down the column whose heading is “0.95”, 

till  the point we  are in front of the row heading of df =  3.   The table value is 7.81.  

As the last step, we would compare our calculated  Chi-square  value  with the table value.  

Since  our  calculated value (6.21)  is  less  than the  table  value  (7.81),  we conclude  that our results are 

not significant (p  >  0.05).  The  scientific method of explaining this results  would  be "From our samples 

that we studied, we found that there is  a much  higher proportion of Blood group `B' and a much  lower 

proportion of Blood groups `A' and `O' among cases of breast cancer as compared to Healthy ladies.  

However, the  chances that  the reality that exists in the two  large  populations (of millions of Breast cancer 

patients and healthy  ladies) being different than the results of our sample are more than 5  in  100.  The 

probability that random, sample  to  sample variations   have,  by  chance,  given  us   samples   whose 

constitution as regards blood groups is different than their large reference populations is more than 5 in 100 

(i.e., more than  0.05  in  1).  We thus accept  the  "null  hypothesis" (which  assumes  that  the two 

large  populations  are  not different to each other as regards blood groups). 

11.18. The final extension of Chi-square test to r x c contingency table : In the preceding sections we 

explained the use of  Chi-square test when we have a 2x2 contingency table (2 rows and 2 columns); 

subsequently we discussed the situation when there were 2 columns and more than 2 rows (called the  "2xr" 

table;  or the same can be plotted horizontally, as  2 rows and  more than 2 columns thus giving us the "2 x 

c"  table).  We now discuss  the calculation   of  Chi-square  in  the exigency  when there are many rows and 

many columns  (called the  "r X  c"  contingency  table).  Before  we  start  an explanation  on the calculations, 

let me inform my  readers that  while  quite often  such r X  c   tables appears  in published  research work, it 

is always better to avoid such large, clumsy tables.   They do not  give  much  scientific information,   the 

derivation of medically sensible conclusions  is difficult from such large tables,  and  they seem  to indicate 

that the researcher has not been  able  to formulate  a  specific research question.  The ideal  is to have  a 

2  x  2 table, or else a  2xr  table  (in  case  of polychotomous nominal  or polychotomous  ordinal  variables 

which cannot  be compressed. i.e., "clubbed" to  give  a 2x2 table). The  calculation  of Chi-square 

for  individual  cells, overall  Chi-square,  the degrees of freedom and  the  final interpretation  follows the 

same general principles as have already  been  explained under 2x2 and 2xr tables.   Let  us start our 

discussion with another hypothetical example: In an effort to study whether the different types of convulsive 

disorders  in  children have an association with  the  birth order,  data was collected regarding the birth order 

of  390 children  admitted  to  a  large  hospital  with convulsive disorders.  The data is presented in the table 

(Table-11.8) below :- 

Table- 11.8:  Association between birth order and type of epilepsy 

===================================================================== 
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Birth Order   Type of convulsive disorder      Total         

                                                Grand mal         Petit mal         Other types 

===================================================================== 

1st or 2nd                                85 (65.4%)     70 (53.9%)    5 (34.6%)         200 

3rd or 4th               35 (26.9%) 40 (30.8%) 50 (38.5%)    125 

5th or more    10 (7.7%) 20 (15.3%) 35 (26.9%)     65 

===================================================================== 

 Total    130 (100%)    130 (100%)     130 (100%)    390 

===================================================================== 

The  data  in the table shows that  the  proportion  of birth order  2nd or less is quite high in 

grand  mal  types while that of 3rd or 4th is lesser and 5th or more is  quite less.   These proportions are 

different in petit  mal  types and “other” types of convulsive disorders.  The point is, once again, 

that  we  have  paediatric  patients  with   grand mal / petit  mal /other  types of convulsive disorders  and  we 

have  to test statistically to find out the extent to  which the  findings  from our samples may 

be  different  than  the reality that exists in these there large total  populations, as regards birth order.  This, 

we do by a Chi-square test. As  the first step, we would  calculate  the  expected values for each of the various 

cells by the equation. 

 

              (Marginal row total)  X  (Marginal Column total) 

Expected =  -----------------------------------------------------------------------------  

   Grand total 

e.g.,  the E for cell No. 1, (Grand mal children having  birth order upto 2nd ) 

200 x 130 

=     ---------------- = 66.67 

                390 

In  the same way, we would calculate the `E' value  for all  the 9 cells (you must try to do this 

exercise  yourself) 

 The  second step is to calculate the  Chi-square  value for each of the cells using the equation. 

                              (Observed - Expected)2 

 X2 for the cell =   ---------------------------------- 

                                        Expected 

                                      (85 - 66.67)2 

Thus, X2 for cell 1 =  ------------------  = 5.04 

                                          66.67 

Similarly,  we  can calculate the  Chi-square  for  the remaining  8  cells as 0.17, 7.04, 1.07, 0.07,  1.67,  6.28, 

0.13 and 8.20. 

The  next  step would be to find out the  overall  Chi-square, by adding up all the Chi-square values of the 

cells.  Thus, Overall X2   = (5.04 + 0.17 + ---- + 0.13 + 8.20)  = 29.67                   

For calculating the df, we again use the equation: df = (Rows - 1) X (Columns - 1) 

Since in our example, the rows as well as the columns are 3 each thus, df = (3-1) X (3-1) = 2x2 = 4. 

We  now look up the Chi-square table under  the  column heading  0.95 and at the row df = 4.  Since the table 

value (9.49) is lower than our calculated value (29.67), we conclude that our results are significant (p < 

0.05).   We may now look up the table value under the column 0.99, at df = 4. Since even this table value 

(13.28) is lower than our calculated Chi-Square value, we conclude that the findings are "highly significant" 

(p < 0.01).  The probability that  the reality  (as regards birth order) which exists in the  three large 
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total  population of  pediatric  epileptics   being different than the findings of our samples, due to sampling 

error, is less than 1 in 100. 

The  difficulty with such a large r x c table  is  that while the findings are very highly significant, one is  not 

really  very sure from the clinico-epidemiological point  of view as to which of the two 

populations  are  significantly different. A significant  chi-square in such  a   table 

indicates   that   at  least  two  (or   more)   cells   are significantly different but does not tell us as to which 

the two cells are  different.   For example, it does  not  tell  us whether  Grand mal epileptics having birth 

order 3rd or  4th (26.9%)   are   significantly different  from   Petit   mal epileptics having similar birth orders 

(30.8%).  This is the problem  with such large r X c table.  The ideal  table  for drawing clear cut scientific 

inferences is therefore the 2x2 table (of  course,  if it is  feasible  from  the  research question point of view 

to reduce the data to a 2x2 table). 

11.19. The single sample situation: Comparing the proportion from a single sample with a known 

population proportion (Single sample “Z” test for proportions). Finally, as we discussed in earlier in 

section 11.10 in this unit, a situation akin to drawing inference from a single sample, comparing the 

proportion obtained from a sample with a known population proportion may come up. In this situation, we 

once again presume that the variance as calculated from the sample is similar to the variance in the 

population, whose known proportion is being compared with our sample proportion. The equation for the 

calculations is given as: 

Z = {( P – p)}÷  √{ (p X q) ÷  (n)}, where, “Z” is the Standard Deviate, “P” = Known population parameter 

(proportion in the population); “p” = proportion as seen in the sample; “q” = ( 1 – p); and ‘n’ = sample size 

(number of subjects studied. In case the results indicate that “Z’ is 1.98 or more (ignoring the plus or minus 

sign before this “Z” value), we say that the difference between population proportion and sample 

proportion is significantly different (in other words, the sample studied is not likely to come from the 

population whose proportion is known and is being compared.  

Let us illustrate this with an example. Let us assume that it is known from the large scale survey data that 

the proportion of undernourished children (having low body weight for their age) in the age group 5 to 10 

years in a large city is 10% (i.e., “P” = 0.10). We conducted a study in a particular school in this city, and 

found that out of the 16 children in the age group 5 to 10 years studied from this school, 20% of the 

children were undernourished (“p” = 20% or 0.20). It is also apparent that “q” = 1 – 0.20 = 0.80, and “n” = 

16. Thus,  Z = {( P – p)}÷  √{ (p X q) ÷  (n)} = = {(0.10 – 0.20)}÷  √{ (0.20 X 0.80 ) ÷  (16)} = -1.0. Since 

this calculated value of 1.0 (ignoring the minus sign) is less that 1.96, we conclude that there is statistically 

NO significant difference; the children from the school studied are likely to come from the overall general 

population of the city in as far as body weight for age is concerned. 

11.20. Check your progress – 2. 

6. Satterthwate’s method to Behren Fisher problem is a test for: (a) ‘t’ test for unequal variances (b) ‘t’ test 

for unequal variances (b) ‘t’ test for equal variances (b) ‘t’ test for unequal variances (c) ‘F’ test for 

homogeneity of variances (d) Chi square test for 2 X 2 table (e) Non-parametric test for comparing medians. 
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7. degrees of freedom (df) is calculated as (n – 1) in which of the following: (a) Chi square test (b) ‘F’ test 

(c) ‘t’ test for equal variances (d) ‘t’ test for unequal variances (e) paired ‘t’ test. 

8. The correct test for testing differences in proportions when the variable of interest is measured on a 

“polychotomous, ordinal scale” is: (a) Chi square test for 2 X 2 table (b) ‘F’ test for homogeneity of variances 

(c) Unpaired ‘t’ test (d) Paired ‘t’ test (e) Chi square test for linear trend in proportions. 

9. Chi square value of each cell is calculated by the equation: (a) {(Observed – Expected)2 ÷ (Expected)} (b) 

{(Expected - Observed)2 ÷ (Expected)} (c) {(Observed – Expected)2 ÷ (Observed)} (d) {(Expected - 

Observed)2 ÷ (Observed)} (e) {(marginal row total) X (Marginal column total)}÷ (Total sample size). 

10. The general equation for calculating the degrees of freedom in a chi square test is: (a) (N1 + N2 – 2)       

(b) (N – 1) (c) (r – 1) X (c – 1) (d) (r + 1) X (c + 1) (e) (r X c) X ( 1 X 1). 

11.21. Summary. 

 From biostatistical point of view, the two most common situations which an epidemiologist and medical 

researcher faces is when she is required to test the hypothesis for the significance of difference in the 

means of two samples studied by her or the significance of difference between the proportions of the two 

samples studied. 

 Before starting any statistical procedure, one must first of all, intelligently decide as to what was the 

variable of interest which is to be compared between the two samples studied and what was the scale of 

measurement on which it was recorded. If the variable of interest is a quantitative one, i.e. recorded in 

terms of numbers, one has to further decide as to whether it was a numerical – continuous or numerical-

discrete or else it was a numerical-ordinal variable (as some type of score or rank). In case it has been 

recorded on a numerical ordinal scale, then the correct statistical procedure to be undertaken would be to 

compare the two sample medians, using a non-parametric test as Mann Whitney U test or Wilcoxon 

signed rank test and not the “parametric tests” as ‘t’ test which compare the mean. 

 Once it has been ascertained that the variable is a real mathematical number (i.e., measured on a numerical 

– continuous or numerical discrete scale), then we will be comparing the “means”. Now, one has to further 

see whether we are going to compare the means between two samples or between more than two samples. 

If means between more than two samples (i.e. 3 or more samples) are to be compared, then the correct 

statistical procedure is Analysis of Variance (ANOVA). However, if means of two samples are to be 

compared, then we will proceed with the ‘t’ test. 

 Once we have confirmed that we will be comparing the means of two samples using the ‘t’ test, the first 

step is to undertake the ‘F’ test for homogeneity of variances between the two samples. If the variances 

of the 2 samples are significantly different, as revealed by the ‘F’ test, then we should either use the ‘t’ 

test for unequal variances or else use a non-parametric test for comparing the medians. 

 If the variances are homogenous (i.e., NOT significantly different), we use the ‘t’ test for equal variances, 

(also called as the “Students’ ‘t’ test). In this procedure, we first of all calculate the pooled variance, and 

using this pooled variance, we calculate the standard error of the difference between the two means. 

Thereafter, by diving the actual value of the difference between the two means by this standard error, we 
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get the ‘t’ value, which is compared with the ‘t’ table value at the degrees of freedom (df) = (n1 + n2 -2). 

If the calculated  ‘t’ value at that df is more than or equal to the table value, we conclude that the difference 

between the two means is statistically significant (p<0.05). 

 On the other hand, in  case the variances are not found to be homogenous (statistically significantly 

different as revealed by the ‘F’ test), we undertake the ‘t’ test for unequal variances (or, if advised by the 

Biostatistician, we may undertake a non-parametric test in such a situation). In case of ‘t’ test for unequal 

variances, we do not calculate the pooled variances, but rather we use the variances of the two individual 

samples for calculating the ‘t’ value and the df is also calculated using a modified method. 

 The next situation for testing for the difference in means is that of paired ‘t’ test which is done when each 

subject gives 2 readings, as in a before – and -  after – study, or even if the 2 data points are not from the 

same subject but are very closely similar to each other as would happen in “pair matched” studies. In a 

paired ‘t’ test, the mean and SD of the “differences” of the two readings from the same subject (in a before 

and after study,  or the difference between the individual pair matched subjects) are calculated and the df 

is calculated as (n-1). 

 Lastly, while studying the differences in means, there are situations when we study only one sample and 

thereafter we try to ascertain whether the mean value from this single sample is significantly different 

from a known population mean. This is a single sample situation in which we presume that the variance 

of the sample as regards the variable under study, is similar to the variance of the population. Thereafter 

we undertake the ‘t’ test for a single sample, taking the difference between the means (of the known 

population mean and the mean obtained from the sample) in the numerator and the standard error, 

calculated as (SD ÷√n), is kept in the denominator. The degrees of freedom is calculated as (n-1). 

 Besides comparing for the difference between two means, the second broad situation (and a very common 

one) in epidemiology and medical research is when we are looking for the significance of difference 

between “proportions” calculated from the two or more than two samples studied by us. This will happen 

if the variable of interest was measured on a “qualitative” scale (i.e., either of qualitative dichotomous or 

qualitative polychotomous ordinal or qualitative polychotomous nominal). In these broad situations, we 

use the statistical procedure of Chi-Square  (χ2) test. In  case we have studied only two samples and the 

variable of interest is “dichotomous” (i.e., has only two levels, either “this” or “that”) we use the χ2 test 

for a 2 X 2 table. In case the variable is measured on a “qualitative polychotomous”, then depending on 

whether the various levels of the variable have a natural ordering or not (i.e., whether the variable is 

measured on a polychotomous – ordinal scale or else on a polychotomous – nominal scale) we use either 

the chi – square test for trends in linear proportions (if it is polychotomous ordinal) or the chi-square test 

for “rX2” or “cX2” or “rXc” table in case it is polychotomous nominal. For working out the χ2 test, we 

first of all calculate the “expected” (E) value of each individual cell as: E = {(marginal total of the row of 

that cell) X (marginal total of the column of that cell)}÷ (Total sample size, i.e., “n”). Thereafter, we 

calculate the chi-square value for each individual cell as: χ2 (for the cell) ={(Observed–

Expected)2}÷{(Expected)}. We thereafter sum up all the chi-square values for individual cells to get the 
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overall χ2 value. The df is calculated as: (rows – 1) X (columns – 1). We look up the chi-square table 

value at the corresponding df and compare it with our calculated χ2 value. If our calculated value is more 

than the table value, we conclude that the samples being compared are significantly different as regards 

the proportions of the variable of interest (p<0.05). 

 Finally, akin to the situation of the single sample mean, there are occasions when we compare the 

proportion calculated from our sample to that of a known population proportion of the same variable. In 

this we calculate the standard error of the difference in proportions under the assumption that the variances 

of the population and the sample studied are similar. The standard error of the difference in proportions 

in such situations is calculated as: √{ (p X q) ÷  (n)} and the test statistics is calculated as:                                                                

Z = {( P – p)}÷  √{ (p X q) ÷  (n)}. If the “Z” value is 1.98 or more, we conclude that there is a significant 

difference between the proportion observed from our sample and the known population proportion 

(p<0.05). 

11.22. Glossary. 

 Variable: An item or which is being studied in the epidemiological research work, which can be 

“measured” (i.e., some value can be assigned to it) and which is likely to have different values in different 

subjects being studied. In the ultimate analysis, all biostatistical work in epidemiology and medical 

research is finally either the description of, or the relationship between, variables which have been studied. 

 Quantitative variable: A variable whose value is measured in form of “quantity”, i.e., some type of 

mathematical figures (numbers). Such measures may be “real” numbers (when they make meaningful 

mathematical relationship) which may be further either of “continuous” type (measurements can take any 

decimal value between two integers) or “discrete” type (numbers can take only integer values). Another 

variety of quantitative variable is the “quantitative – ordinal” variable in which the values are recorded in 

the form of numbers but these are not real numbers, i.e., do not have any sensible mathematical 

relationship, as happens when measuring scores, ranks or grades. 

 Qualitative variable: A variable which is measured on a qualitative scale, i.e., the values obtained from 

measurements on such variable record the “quality” or an “attribute” of the subject. The values of such 

variable are recorded in form of “words” (as sex – male / female) and not in terms of numerical quantities 

as happens in case of qualitative variables. These variables can also be of three types, namely, 

dichotomous (when the values can take only one of the two alternatives, as sex - male / female), or 

Polychotomous – nominal (when the values can take more than 2 alternative values but there is no sensible 

ordering of these 3 or more categories, as blood groups – A / B / AB / O /); or else it may be 

polychotomous-ordinal (when there are more than 2 alternative values but these 3 or more categories have 

a definite sensible ordering, as hypertension – nil, mild, moderate and severe). 

 Hypothesis testing for the difference between means: Statistical procedures for testing the significance of 

difference between means, from two or more than two samples, which have been studied, to ascertain the 

probability of the difference between the means, which has been seen in the samples, to have occurred by 
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“chance” (i.e., due to random or sampling variations). These procedures are undertaken when the variable 

of interest has been measured either on a quantitative – continuous or on quantitative – discrete scale. 

 Hypothesis testing for the difference between proportions: Statistical procedures for testing the 

significance of difference between proportions, from two or more than two samples, which have been 

studied, to ascertain the probability of the difference between the proportions, which has been seen in the 

samples, to have occurred by “chance” (i.e., due to random or sampling variations). These procedures are  

undertaken when the variable of interest has been measured on a qualitative scale, whether dichotomous 

or polychotomous-nominal or polychotomous-ordinal. 

 Parametric tests: These are statistical procedures which compare “means” between two or more samples 

and include ‘t’ test, large sample ‘Z’ test for means, and Analysis of Variance (ANOVA).  

 Non-parametric tests. These are tests which compare the “medians” between two or more than two 

samples. These include the “Mann-Whitney test” and “Wilcoxon signed rank test” for comparing the 

medians between two samples, and the “Kruskal Wallis test” for comparing the medians between 3 or 

more samples. 

 ANOVA: Analysis of Variance, a statistical procedure for comparing the means of 3 or more than 3 

samples. 

 ‘F’ test: Fisher’s test, for ascertaining whether the variances of the 2 samples whose means are to be 

compared, are not significantly different (i.e., variances are homogenous) or else, they are significantly 

different (i.e., variances are not homogenous). If the ‘F’ test gives statistically significant result (i.e., 

p<0.05), it means that the variances of the two samples are significantly different (i.e., are NOT 

homogenous). 

 ‘t’ test for equal variances: Also known as “Students’ ‘t’ test (after the statistician who developed this 

test, and who used to teach under the alias name of “Student”), it is a statistical procedure for comparing 

the significance of difference between two sample means if the variances of these two samples are 

“homogenous (i.e., the variances are not significantly different, because the ‘F’ test has given “non-

significant” result, with p>0.05). This test proceeds by calculating the common “pooled variance” of the 

two samples, and calculates the degrees of freedom as (N1 + N2 – 2). 

 ‘t’ test for unequal variances: A statistical procedure for comparing the significance of difference between 

two sample means if the variances of these two samples are “NOT homogenous (i.e., the variances are 

significantly different, because the ‘F’ test has given “significant” result, with p<0.05). This test does not 

calculate the pooled variance but considers individual variances of the two samples and also calculates 

the degrees of freedom (df) by a modified method. 

 N1 & N2: The sample sizes of the two samples (first and second respectively) being compared. 

 X1 & X2: The “means” of the two samples (first and second respectively) being compared. 

 SD1 & SD2: The Standard Deviations of the two samples (first and second respectively) being compared. 

 SD1
2 & SD2

2: The Variances of the two samples (first and second respectively) being compared. 
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 ‘t’ value (“critical ratio” in a ‘t’ test): it refers to the value of ‘t’ as calculated from the ‘t’ test and this 

value is to be compared with the ‘t’ table value at the relevant “df” for finally assessing the significance 

of difference between the two sample means. 

 Chi Square (χ2) test: A statistical procedure for assessing the significance of difference between 

proportions between 2 or more than 2 samples. If the variable whose proportions are being compared is 

measured on a dichotomous scale, the procedure will be χ2 test for a “2 X 2 contingency table” (i.e., a 

table having two rows (r) and two columns (c), i.e., 4 cells) ; in case it is a polychotomous-ordinal variable, 

the test would be “Chi-square test for linear trend in proportions”, while if the variable is measured on a 

polychotomous–nominal scale, the test will be Chi-square test for a “r x c” contingency table (i.e., a table 

having more than two rows or more than two columns or both, i.e. 6 or more cells). 

 Degrees of Freedom: Commonly abbreviated as “df”, it is an essential statistical calculation for assessing 

the significance of difference when using the ‘F’ test or ‘t’ test or Chi-square test. In very common 

language it means “the options which are still available’. It is calculated as (N1 + N2 – 2) in the ‘t’ test 

for equal variances, as (N – 1) in a paired ‘t’ test, as (N1 -1) and (N2 – 2) for numerator and denominator 

df in a ‘F’ test, and as (r – 1) X (c – 1) in Chi square test. The table value of the ‘F’ table /’t’ table / Chi-

square table is seen at the decided level of confidence (usually 95% two tailed) at the corresponding “df”  

calculated for the procedure. 

11.23. Self-Assessment Test. 

11.23.1. Describe how you will decide whether you should undertake a ‘t’ test for comparing two sample. 

11.23.2. Discuss the steps involved in undertaking the ‘t’ test when the variances of the two samples are NOT 

different. 

11.23.3. Describe, in detail, the steps involved in undertaking the chi square test for difference in 2 

proportions. 

11.23.4. Write short notes on: (a) Paired ‘t’ test (b) Non-parametric tests (c) Tests for the homogeneity of 

variances among two samples.  

11.24. Suggested Readings/Reference Material. 

 Peacock JL, Peacock PJ. Oxford handbook of Medical Statistics. Oxford University Press, New York. 1st 

Edition, 2011. 

 Chapters on Research Methodology & Epidemiology. By: Rajvir Bhalwar (Author & Chief Editor). Text 

Book of Public Health & Community Medicine. Publishers: WHO – India Office and AFMC, Pune. 1st  

Ed, 2010. 

 Colton, T. Statistics in Medicine. Lippincott Williams & Wilkins (A Wolters Kluwer Company), 

Philadelphia. 1st Ed, 1974. ISBN No. 0-316-15250-1. 

 Hulley SB, Cummings SR, Browner WS, et al. Designing Clinical Research. Lippincott, Williams & 

Wilkins & Wolters Kluwer, Philadelphia. 3rd Ed, 2007. 

 Kahn HA & Sempos CT. Statistical Methods in Epidemiology. Monographs in Epidemiology & 

Biostatistics, Volume 12. 1st Edition, 1989. Oxford University Press, New York. 
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11.25. Answers to Check Your Progress. 

1. (c). Mann Whitney ‘U’ test. In this case we are studying “grades of dyspnoea” which represent some type 

of ranks or grades, though they look like numbers. Hence in this situation, we should compare the medians 

in the two groups using a non-parametric test as Mann Whitney ‘U’ test. 

2. (a) larger of the two variances. 

3. (b). Square of SD. Variance is always the square of the standard deviation. 

4. (c). N1 + N2 – 2. 

5. (b). reject null hypothesis. If our calculated value is more than table value at the relevant df, we reject the 

null hypothesis and we say that there is a significant difference between the two sample means (p<0.05). 

6. (a) ‘t’ test for unequal variances. 

7. (e) paired ‘t’ test. 

8. (e) Chi square test for linear trend in proportions. 

9. (a) {(Observed – Expected)2 ÷ (Expected)}. 

10. (c). (r – 1) X (c – 1) 
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11.26. Exhibit – 11.1: Extract of ‘F’ Table 

df for 

denomi

nator 

d2 

df for numerator d1 

P 1 2 3 4 5 6 7 8 12 24 ∞ 

1  0.95 161.4 199.5 215.7 224.6 230.2 234.0 236.8 238.9 243.9 249.1 254.3 

2 0.95 18.51 19.00 19.16 19.25 19.30 19.33 19.35 19.37 19.41 19.45 19.50 

3 0.95 10.13 9.55 9.28 9.12 9.01 8.94 8.89 8.85 8.74 8.64 8.53 

4 0.95 7.71 6.94 6.59 6.39 6.26 6.16 6.09 6.04 5.91 5.77 5.63 

5 0.95 6.61 5.79 5.41 5.19 5.05 4.95 4.88 4.82 4.68 4.53 4.36 

6 0.95 5.99 5.14 4.76 4.53 4.39 4.28 4.21 4.15 4.00 3.84 3.67 

7 0.95 5.59 4.74 4.35 4.12 3.97 3.87 3.79 3.73 3.57 3.41 3.23 

8 0.95 5.32 4.46 4.07 3.84 3.69 3.58 3.50 3.44 3.28 3.12 2.93 

9 0.95 5.12 4.26 3.86 3.63 3.48 3.37 3.29 3.23 3.07 2.90 2.71 

10 0.95 4.96 4.10 3.714 3.48 3.33 3.22 3.14 3.07 2.91 2.74 2.54 

12 0.95 4.75 3.89 3.49 3.26 3.11 3.00 2.91 2.85 2.69 2.51 2.30 

14 0.95 4.60 3.74 3..34 3.11 2.96 2.85 2.76 2.70 2.53 2.35 2.13 

16 0.95 4.49 3.63 3.24 3.01 2.85 2.74 2.66 2.59 2.42 2.24 2.01 

18 0.95 4.41 3.55 3.16 2.93 2.77 2.66 2.58 2.51 2.34 2.15 1.92 

20 0.95 4.35 3.49 3.10 2.87 2.71 2.60 2.51 2.45 2.28 2.08 1.84 

30 0.95 4.17 3.32 2.92 2.69 2.53 2.42 2.33 2.27 2.09 1.89 1.62 

40 0.95 4.08 3.23 2.84 2.61 2.45 2.34 2.25 2.18 2.00 1.79 1.51 

60 0.95 4.00 3.15 2.76 2.53 2.37 2.25 2.17 2.10 1.92 1.70 1.39 

120 0.95 3.92 3.07 2.68 2.45 2.29 2.17 2.09 2.02 1.83 1.61 1.25 

∞ 0.95 3.84 3.00 2.60 2.37 2.21 2.10 2.01 1.94 1.75 1.52 1.00 
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11.27. Exhibit – 11.2: The t distribution at various levels of confidence  

 

  

Degrees of 

freedom, df 

.95 .975 .99 .995 

1 6.314 12.706 31.821 63.657 

2 2.920 4.303 6.965 9.925 

3 2.353 3.182 4.541 5.841 

4 2.132 2.776 3.747 4.604 

5 2.015 2.571 3.365 4.032 

6 1.943 2.447 3.143 3.707 

7 1.895 2.365 2.998 3.499 

8 1.860 2.306 2.896 3.355 

9 1.833 2.262 8.821 3.250 

10 1.812 2.228 2.764 3.169 

11 1.796 2.201 2.718 3.106 

12 1.782 2.179 2.681 3.055 

13 1.771 2.160 2.650 3.012 

14 1.761 2.145 2.624 2.977 

15 1.753 2.131 2.602 2.947 

16 1.746 2.120 2.583 2.921 

17 1.740 2.110 2.567 2.898 

18 1.734 2.101 2.552 2.878 

19 1.729 2.093 2.539 2.861 

20 1.725 2.086 2.528 2.845 

21 1.721 2.080 2.518 2.831 

22 1.717 2.074 2.508 2.819 

23 1.714 2.069 2.500 2.807 

24 1.711 2.064 2.492 2.797 

25 1.708 2.060 2.485 2.787 

26 1.706 2.056 2.479 2.779 

27 1.703 2.052 2.473 2.771 

28 1.701 2.048 2.467 2.763 

29 1.699 2.045 2.462 2.756 

30 1.697 2.042 2.457 2.750 

40 1.684 2.021 2.423 2.704 

60 1.671 2.000 2.390 2.660 

120 1.658 1.980 2.358 2.617 

∞ 1.645 1.960 2.326 2.576 
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11.28. Exhibit-11.3:  The chi-square distribution  

 

d.f. 

 

0.95 

 

0.99 

1 3.84 6.63 

2 5.99 9.21 

3 7.81 11.31 

4 9.49 13.28 

5 11.07 15.09 

6 12.59 16.81 

7 14.07 18.48 

8 15.51 20.09 

9 16.92 21.67 

10 18.31 23.21 

11 19.68 24.72 

12 21.03 26.22 

13 22.36 27.69 

14 23.68 29.14 

15 25.00 30.58 

16 26.30 32.00 

17 27.59 33.41 

18 28.87 34.81 

19 30.14 36.19 

20 31.41 37.57 

21 32.67 38.93 

22 33.92 40.29 

23 35.17 41.64 

24 36.42 42.98 

25 37.65 44.31 

26 38.89 45.64 

27 40.11 49.96 

28 41.34 48.28 

29 42.56 49.59 

30 43.77 50.89 

40 55.76 63.69 

50 67.50 76.15 

60 79.08 88.38 

70 90.53 100.42 

80 101.88 112.33 

90 113.14 124.12 

100 124.34 135.81 

 

 


