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Abstract - /n the situation where the data set to
be studied consists of integral valued numerical
observations, the existing 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. A
valid measure of the same, in the case of such
data, has been derived in this study. This article
describes the derivation of the measure and its
application in the data on number of rainy days at
New Delhi.
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1. INTRODUCTION

The following abbreviations have been used in this
article:

HM Harmonic Mean

MoCT Measure of Central Tendency

MMoCT Mathematical Measure of
Central Tendency

NoRD Number of Rainy Days

Average is a characteristic of a list of
numbers/numerical values while central tendency
[19, 20, 25] is that of data on a variable.

Measure of central tendency [26] is based on
measure of average [3,4,5,6,7,8,10,18].

The three common MMoCT of numerical data are
AM, GM and HM, which are also known as
Pythagorean Means [2].

Recently, some more MMoCT of data have been
developed which are respectively AGM [1,9,14,17,
20], AHM [10,11,14,15,16,17,20, 21], GHM [12,14, 17,
20,24] and AGHM [13,14,17,20]. However, data to
be studied may be of different types. There are
many cases where numerical data to be studied are
of integral valued so that their central value is also
an integral value. In such situation, the above
measures fail to provide the central value, whichis a
valid one, of central tendency since the values
provided by them are not bound to be integers. One
MoCT has therefore been developed, in this study,
which is valid in such situation. This article describes
the derivation of the measure and its application in
the data on number of rainy days at New Delhi.

2. DERIVATION OF THE MEASURE
Let

Table -1
Abbreviation Meaning
AM Arithmetic Mean
AGM Arithmetic-Geometric Mean
AGHM Arithmetic-Geometric-
Harmonic Mean
AHM Arithmetic- Harmonic Mean
ANORD Annual Number of Rainy Days
CT Central Tendency
GHM Geometric-Harmonic Mean
GM Geometric Mean
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be N observations which are integral values
observed on an integral valued random variable X,
whose central value (central tendency) is .

X

Then each observation *i is composed of two

components; one is b and the other is €i (say).

This means, the observations follow the

mathematical model

where
€1:€25 . 1 EN
are the respective error components of the N

observations which assume positive integral values
and negative integral values in ( - e, «) in random
order.

Also,

P (i assumes positive value) = P (¥i assumes
negative value)

which means,
P (¥i =n)=P(%i = -n),nisinteger (2)
Thus,
E(Ei)=2f:—m Mp (€ = n)
= 2Znz-w Mp(E =) + op (&
=0) + Zinza Mp(Ei=n)
= An=1 (_H)P(Ei = 7n)
+ Zin=1 Mp (€ = n)

_ S (nam)pe

i =n) , since P(%i=

Now from equation (1),
A(x:N)=p+A(e:N)

where
Isw
A(x:N)= N 2i=1 %

1
~ N
& A(e:N) = N =1

By law of large numbers [22, 23],

1

— VN
A(e:N)=n Xio1 & converges in probability to 0
asN - o« (4)

which implies,

1

— VN
A(x:N)=nN Xi=1% converges in probability to p
as N — « (5)
This result can also be obtained as a consequence

of the law of large numbers together with the fact
that

E(Xi)= p by equations(1)&(3)  (6)

—
Since A(x : N)= N Za’ =1%i converges to p as the
data size N - «,
therefore for data of finite size, the integral value

nearestto A(x:N) will be the value of pi.e. the value
of central tendency of the observations.

3. NUMERICAL EXAMPLE
Data on number of rainy days at New Delhi

corresponding to different months during the period
from 1969 to 2001 (years have been written in the
table as 69,70, 71, ... , 99,100, 101), as shown in
Table - 2, have been collected from Indian

Meteorological Department

It is observed that the period June - September is
the most rainy period in New Delhi compared to the
other two periods October — January & February —
May. Accordingly, data corresponding to  these
three periods, shown in Table - 3 which have

n)=p(%i =-n)
Therefore,
E(%)=0 (3)
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extracted from the data in Table - 2, have been
considered for study.

Computational values A (x: N) for different values of
N have been presented in Table - 4, Table - 5, Table
- 6 & Table - 7 respectively.

Table - 2: NoRD

Year —» | 69 70 7 72 73 74
Month/

Jan 0 3 1 1 2 0
Feb 1 4 1 1 1 0
Mar 2 2 0 0 0 1
Apr 0 0 1 2 0 0
May 3 1 3 0 2 0
June 5 5 4 2 2 4
July 1 5 6 10 8 14
Aug 6 1 13 13 18 5
Sept 6 9 6 3 3 1
Oct 0 1 1 1 2 3
Nov 0 0 0 2 0 0
Dec 0 0 0 0 1 1

Table - 2 Continued: NORD

Year— |75 76 77 78 79 | 80
Month{

Jan 2 0 4 0 4 1
Feb 1 2 0 2 4 |1
Mar 1 2 0 3 2 3
Apr 0 1 5 1 1 |0
May 0 3 3 0 2 |2
June 6 6 8 5 4 3
July il 1 21 17 1 18

Aug 14 17 4 14 7 7
Sept 1 2 n 5 3 |4
Oct 3 0 2 0 1 2
Nov 0 0 0 0 0 0
Dec 0 0 2 1 2 1
Table - 2 Continued: NoRD
Year— | 81 82 83 84 | 85 86
Month{
Jan 2 2 3 0 0 1
Feb 3 2 2 1 0 2
Mar 3 5 2 0 0 2
Apr 0 4 6 1 3 1
May 0 4 3 1 0 2
June 2 4 3 4 5 3
July 12 7 9 1 17 4
Aug 4 13 10 12 10 7
Sept 2 0 10 4 5 4
Oct 0 4 1 0 5 0
Nov 4 1 0 0 0 0
Dec 0 2 2 0 6 2
Table - 2 Continued: NoRD

Year— | 87 88 89 90 | 91 92

Month

Jan 1 0 2 0 0 2

Feb 2 3 1 5 2

Mar 1 4 3 1 1

Apr 1 1 0 1 0

May 5 1 0 0 |0 0

June 3 8 4 4 1 1
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July 5 14 6 [l 5 1 June 5 7 9
Aug 5 13 6 8 1 July 7 il 8
Sept 3 5 4 9 3 Aug 3 9 6
Oct 0 0 1 0 0 Sept 4 2 2
Nov 0 0 1 2 2 Oct 2 0 1
Dec 1 1 1 1 3
Table - 3:
Table - 2 Continued: NoRD NoRD during
Year— 93 94 95 96 97 98 Year Theyear |June |Oct |Feb -
Mont " B May
Sept | Jan

Jan 2 2 2 1 2 0

69 34 28 0 6
Feb 1 1 4 2 0 2

70 4] 30 4 7
Mar 1 0 3 0 2 3

71 36 29 2 5
Apr 1 2 0 1 2 1

72 35 28 4 3
May 1 3 0 2 4 2

73 39 31 5 3
June 5 6 3 6 6 5

74 29 24 4 1
July 9 18 4 13 8 10

75 49 42 5 2
Aug 5 10 18 14 1 12

76 44 36 0 8
Sept 10 0 5 9 3 7

77 60 44 8 8
Oct 0 0 0 1 4 3

78 48 4] 1 6
Nov 0 0 0 0 1 1

79 4] 25 7 9
Dec 0 0 0 0 4 0

80 42 32 4 6

81 32 20 6 6

Table - 2 Continued: NoRD

82 48 24 9 15
Year — 99 100 101

83 51 32 6 13
Month{

84 34 31 0 3
Jan 3 3 1

85 51 37 1 3
Feb 0 2 1

86 28 18 3 7
Mar 0 2 1

87 27 16 2 9
Apr 0 0 2

88 50 40 1 9
May 2 2 6
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89 29 20 5 4 13 32 40.76923076923076
90 42 32 3 7 14 48 41.28571428571428
91 28 20 5 3 15 51 41.93333333333333
92 -—- -—- -- -—- 16 34 41.4375
93 35 29 2 4 17 51 42
94 42 34 2 6 18 28 41.22222222222222
95 39 30 2 7 19 27 40.47368421052631
96 49 42 2 5 20 50 40.95
97 47 28 n 8 21 29 40.38095238095238
98 46 34 4 8 22 42 40.45454545454545
99 26 19 5 2 23 28 39.91304347826086
100 38 29 3 6 24 35 39.70833333333333
101 37 25 2 10 25 42 39.8
26 39 39.76923076923076
Table - 4: 27 49 38.67857142857142
() (2) (3) 28 47 40.35714285714285
Serial X i 29 46 40.55172413793103
No(N) NOR.D (1) Value of A(x : N) = N
during The | o,y 30 26 40.066666666666666
Year i=1"1
31 38 40
1 34 34
32 37 39.90625
2 4] 375
3 36 37
Table - 5:
4 35 36.5
() (2) (3)
° 39 37 Serial x 1
NoRD (% =
6 29 35.66666666666666 NO(N) . ( ) Value of A(x : N) = N
during Ny
7 49 37.57142857142857 June - =1
8 44 38.375 Sept
9 60 40.77777777777777 ] 28 28
10 48 415 2 30 29
11 4] 41.45454545454545 3 29 29
12 20 215 4 28 28.75
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5 31 29.2 (1) (2) (3)
6 24 28.333333333333333 Serial X 1

No (N) NOR,D (™) Value of A (x:N) = N
7 42 30.28571428571428 duringOct- | o

Jan i=1Xi

8 36 31
9 44 32.44444444444444

1 0 0
10 4] 33.3

2 4 4
1 25 32.54545454545454

3 2 35
12 32 325

4 4 25
13 20 31.53846153846153

5 5 3
14 24 31

6 4 3.16666666666666666
15 32 31.06666666666666

7 5 3.42857142857142857
16 31 31.0625

8 0 3
17 37 31.41176470588235

9 8 3.565555555555555555
18 18 30.66666666666666

10 1 3.3
19 16 29.89473684210526

n 7 3.63636363636363636
20 40 304

12 4 3.66666666666666666
21 20 29.9047619047619047

13 6 3.84615384615384615
22 32 30

14 9 4.21428571428571428
23 20 29.5652173913043478

15 6 4.33333333333333333
24 29 29.5416666666666666

16 0 4.0625
25 34 29.72

17 1 4.47058823529411764
26 30 29.7307692307692307

18 3 4.38888888888888888
27 42 30.1851851851851851

19 2 426315789473684210
28 28 30.1071428571428571

20 1 4]
29 34 30.2413793103448275

21 5 414285714285714285
30 19 29.8666666666666666

22 3 4,09090909090909090
31 29 29.8387096774193548

23 5 4.13043478260869565
32 25 29.6875

24 2 4.04166666666666666

25 2 3.96

Table - 6:
26 2 3.88461538461538461
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27 2 3.81481481481481481 20 9 6.45
28 1 4.07142857142857142 21 4 6.33333333333333333
29 4 4.06896551724137931 22 7 6.36363636363636363
30 5 4] 23 3 6.21739130434782608
31 3 4.06451612903225806 24 4 6.125
32 2 4 25 6 6.12
26 7 6.15384615384615384
Table - 7: 27 5 e.1mmmmmm
() (2 (3) 28 8 6.17857142857142857
Serial X; 1 29 8 6.24137931034482758
No(N) NOR,D 1) Value of A (x: N) = v
duringFeb - N 30 2 6.1
May =1 %
31 6 6.09677419354838709
1 6 6
32 10 6.21875
2 7 6.5
3 5 6
4. FINDINGS AND CONCLUSION
4 3 5.25 Itis found that the computed values in column (3) of
5 3 4.8 Table - 4 shows that the trend of arithmetic mean of
NoRD during the year is to converge to a value
6 ] 416666666666666666 whose nearest integral value is 40. Accordingly, the
7 2 3.85714285714285714 central value of ANoRD during at New Delhi is 40
8 8 4.375 days.
5 5 AT Similarly, computed values in column (3) of Table -
) 5 show that the arithmetic mean of NoRD during the
10 6 49 period June — Sept converge to a value whose
n 9 507272797272797972 nearest integral value is 30. Accordingly, the CT of
] NoRD at New Delhi during the period June - Sept
12 6 5.33333333333333333 can be regarded as 30 days.
13 6 5.38461538461538461 Similarly, from the computed values in column (3) of
" 15 6.07142857142857142 each of the two tables namely Table - 6 & Table - 7
' it is obtained that the CT of NoRD at New Delhi
15 13 6.53333333333333333 during the period October — January is 4 days and
16 3 6.3125 during the period February — May is 6 days.
7 3 6.1176470588235294] It has already been shown in section 2 that A(x : N)
given by
18 7 6.16666666666666666 1
— 5N
19 9 6.31578947368421052 A:N) = v 21 =1 Xi
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is to converge to a an integral value which is the
central value of the observations.

However, the value of A (x : N) for sample of finite
size (though large) may not be an integral value. In
his case, the integral value nearest to A(x : N) will be
central value of the observations.
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