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Abstract -One formulation/method has been 
developed for determining central tendency of data 
in the situation where the data set consists of non-
negative integral valued numbers. This 
formulation/method has been discussed in this 
article. Moreover, attempt has been made on 
numerical verification of the formulation/method by 
its application in data on rainfall (number of rainy 
days) at Mumbai. 
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1. INTRODUCTION  
Central tendency [3 , 4 , 13 , 20  ,  31] is one of the 
basic characteristics of data. A lot of measures have 
been  developed in order to determine the central 
tendency of data [1 , 16 , 21 , 22 , 23 , 25 , 29 , 32].   

There are a number of measures of central 
tendency of data which can be placed in two broad 
divisions namely mathematical measures and 
positional measures. The three popular 
mathematical measures of central tendency of 
data are arithmetic mean (AM), geometric mean 
(GM) and harmonic mean (HM), also known as 
Pythagorean Means [5 , 6 , 7 ,  8 , 15  ,  16 , 19]. The 
positional measures of central tendency are 
median, mode, mid range etc. [1 , 24 , 25, 28 , 30 , 33 
]. 

In addition to the above mathematical measures of 
central tendency, some more measures of the same 
have been developed in some recent studies. These 
are Arithmetic-Geometric Mean [2 , 9 , 15 , 19 ,  21 , 22 , 
27], Arithmetic-Harmonic Mean [10 , 11 , 15 , 17 , 18 , 19 , 

21 , 22 , 24], Geometric-Harmonic Mean [12 , 15 , 19 , 21 
, 22]  and Arithmetic-Geometric-Harmonic [13 , 14 , 15 
, 19 , 21 , 22].  

In reality, data are not of the same type in different 
studies. In fact, data can be of too many types. The 
above measures may not be able and/or usually 
not able to measure of central tendency of all types 
of data. The above mathematical measures may 
suit the continuous data.  Positional measures may 
suit ordinal data. There may be situation(s) and/or 
there are many situations where data set consists of 
integral valued numbers so that the central 
tendency of the data set is also an integral valued 
number. In such situation, the above measures of 
central tendency may fail to provide the value, 
which is a valid one, of central tendency since the 
values provided by them are not bound to be 
integers. For this reason, one formulation/method 
has been developed for determining the central 
tendency of integral valued numerical data [23]. In 
this attempt, one method has been developed for 
determining central tendency of data in the 
situation where the data set consists of non-
negative integral valued numbers. This 
formulation/method has been discussed in this 
article. Moreover, attempt has been made on 
numerical verification of the formulation/method by 
its application in data on rainfall (number of rainy 
days) at Mumbai.  

 
2. DETERMINATION OF CENTRAL TENDENCY-
FORMULATION/METHOD  
 Let  

  ...…......  
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be N observations which are non-negative integral 
values observed on a non-negative integral valued 
random variable X so that its central tendency is 
also a non-negative integral value. 

If µ is the central tendency of X, then the 
observations can be expressed as  

                         = µ +   ,    (i =  1 , 2 , ………… , N)                                                    

where   

  ...…......  

 are the  respective errors associated to the 
observations which are random and  assume 
integral values. 

This implies,  

AM (   ...…. )  = µ + AM (   ...…. ) 

When the central tendency is 0  i.e.  µ = 0 ,  

then the only possibility is that some of  

  ...….  

may be 0 while others are strictly positive integers 

so that AM (   ...…. ) is a positive real 
number.  

Now,    AM (   ...…. ) → 0   as   N  → 0  

Hence for large N,    AM (   ...…. )  will be 
very near to  0  but  > 0. 

Therefore, the integer just below AM (   ...…. 

)  will be the value of central tendency of X.  

When the central tendency is 1  i.e.  µ = 1 ,  

then the possibility is that some of  

  ...….  

maybe  −1 , some  may be 0 while others are strictly 

positive integers so that AM (   ...…. ) is 
more likely to be a positive real number.  

By the same logic as in the earlier case, the integer 

just below AM (   ...…. )  will be the value 
of central tendency of X.   

When the central tendency is  m  i.e.  µ = m  ,  

then the possible values of errors are  

− m ,  − m + 1 ,  − m + 2 ,  ……..  ,  0  , 1 ,  2 , 3 , ………..  ,  m ,  
m + 1 ,  m + 2 , ………..   

In this case also, AM (   ...…. ) is more likely 
to be a positive real number since the set of positive 
errors is a super set to the set of negative errors,  

which implies that the integer just below AM (  

 ...…. )  will be the value of central tendency 
of X. 

 Again, since the tendency of the data set is µ, the 
observed values are most likely to be equal to µ. This 
implies that mode is theoretically the central 
tendency of the data set which further implies that 
mode tends to be identical with the value of central 
tendency as the size of data set tends to be large.  
Of course, for data set of small size it may not be so.  

 

Possible Situations and determination of 
Central Tendency 

(1)  If the integer just below AM (   ...…. )  
and the mode of  the data  set are found to be 
identical then that common value is the value of 
central tendency of X. 

(2)  If the integer just below AM (   ...…. )  
and the mode of  the data  set are found to be 
different then identify the outlier(s) in the data set 
and repeat the process to obtain identical  value of  
the integer just below the AM of modified data set 
and its mode. This common value is the value of 
central tendency of X. 

(3)  If mode is found not to be unique and/or if 
mode is found not to be identifiable, the integer just 
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below AM (   ...…. )  is the value of central 
tendency of X.  

 
3. NUMERICAL EXAMPLE 
Data on number of rainy days (month-wise) at 
Mumbai corresponding to different months during 
the period from 1969 to 2001 have been collected 
from Indian Meteorological Department, which have 
been shown in the following table (Table - 3.1): 

In order to determine central tendencies of number 
of rainy days in different months, cumulative 
arithmetic mean, and cumulative mode have been 
computed for the months as shown in the tables 
(from Table - 3.2 to Table - 3.16).  

The common value of mode and integral value just 
less than arithmetic mean for large number (> 30) of 
observations have been found for each of the 
months January (see Table - 3.2), February (see 
Table - 3.3), March (see Table - 3.4), April (see 
Table - 3.5),  May (see Table - 3.6) and December 
(see Table - 3.15) as 0. Hence, the central tendency 
of number of rainy days in each of these six months 
is 0. 

Similarly, the common value of mode and integral 
value just less than arithmetic mean for large 
number (> 30) of observations have been found for 
the month June as 12 (see Table - 3.7), July as 22 
(see Table - 3.8), August as 21 (see Table - 3.9), and 
October as 3 (see Table - 3.12). Hence, these values 
are the central tendency of number of rainy days in 
the respective months.  

But, the value of mode and the integral value just 
less than arithmetic mean for large number (> 30) of 
observations have been found for the month 
November as 0 and 1 respectively (see Table - 3.13). 
This difference may be due to the presence of outlier 
in the data set.  The observation “7” corresponding 
to the year 1979 may most likely be the first outlier 
since it is the farthest observation from the mean of 
the data set. Accordingly, mode and integral value 
just less than arithmetic mean have been 
calculated from the other observations excluding 

this one. In doing this, the value of mode and the 
integral value just less than arithmetic mean have 
been found for this month as 0 and 0 respectively 
(see Table - 3.14).  Hence, the central tendency of 
number of rainy days in November is 0.  

Similarly, the value of mode and the integral value 
just less than arithmetic mean for large number (> 
30) of observations have been found for the month 
September as 16 and 13 respectively (see Table - 
3.10). After removing outlier also, these two values 
have been found as 16 and 13 respectively (see 
Table - 3.11). However, it is observed that though the 
mode “16” has appeared 4 times while the 
observation“13” has appeared 3 times. Thus, the 
observation “13” may also be the mode if more 
observations are taken in the study. Accordingly, the 
central tendency of number of rainy days in 
September is 0.   

Table -3.1: (Number of Rainy Days at Mumbai) 

 
 
(Source: Indian Meteorological Department, Pune) 
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Table -3.2: 

 
 

Table -3.3: 

 
 

Table -3.4: 

 
 

Table -3.5: 
 

 
 

Table -3.6: 

 
 

Table -3.7: 

 
 

Table -3.8: 
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Table -3.9: 

 
 

Table -3.10: 

 
 

Table -3.11: 

 
 

Table -3.12: 

 
 

Table -3.13: 

 
 

Table -3.14: 
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Table -3.15: 

 
 
4. CONCLUSION   
It can be concluded that the value of central 
tendency of a data set containing non-negative 
integral valued numbers is the common value of  
the mode and the integer just below the arithmetic 
mean of the data set if exists and simply the integer 
just below the arithmetic mean if does  not exist. 
When the common value does not exist, the 
presence of outlier(s) in the data set is to be 
examined and necessary rectification of calculation 
is to be worked out if the presence of outlier is found 
in the data set.  

Each existing measure of central tendency results in 
value which lies in the middle part or central part of 
the associated data. However, tendency of data 
may not always be towards the central portion of 

the data in reality. There are situations in reality 
where the tendency of data is not towards the 
central / middle portion of the data but towards one 
end point of the data set.     Findings of this study 
provide information that the value of central 
tendency of data may not always lie in the central 
part of the data set. It may lie at one end point of the 
data set. Thus, it is more appropriate to say 
“measure of tendency of data” than to say 
“measure of central tendency of data”.  
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