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Combined Set of Several Sets of Observations: Cubic Mean
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Abstract - An algebraic expression of the cubic mean of a set of observations, which is the combined set of
several sets of observations in terms of the cubic means of the sets and the respective numbers of
observations in the sets, has been derived for the purpose of computing the cubic mean of the combined set
when the observations of the sets are unknown but the individual cubic means of the sets along with the
respective numbers of observations are known. Derivation of the formula, along with a numerical example,
has been presented in this article.
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1. INTRODUCTION

Cubic Mean [10, 13] which is one of the measures of average in addition to the common and widely used
measure arithmetic mean, geometric mean & harmonic mean [2,15,16,17] is also important and applicable
in some situations. Though the concept of cubic mean had been introduced and then applied in solving some
problems [10,13], study on its properties are yet in infant stage. Of course, such study are in progress [ 9].

It occurs in some situations that the cubic means of several sets of observations are available but the
observations are unavailable while the necessity in such situation is to find out the cubic mean of all the
observations of the sets combined together. This type of situation is likely in meta-analysis (1,3, 4,11,12,14].
In order to obtain a solution of such problem, an algebraic expression of the cubic mean of a set of
observations which is the combined set of several sets of observations in terms of the cubic means of the sets
and the respective numbers of observations in the sets has been derived here for the purpose of computing
the cubic mean of the combined set when the observations of the sets are unknown but the individual cubic
means of the sets along with the respective numbers of observations are known. Derivation of the formula,
along with numerical example, has been presented in this article.

2. CUBIC MEAN OF A SET OF NUMBERS
Let us consider a set of N real numbers

iy Az . Uy
Cubic mean [10,13] of them, denoted by (%1, @z, .. , AN), is defined by
1
a, a avy - (N 2N a,
c(W1,U . Gn) ={N Lj=1 W4;i3}1/3 (21)
The definition implies that
sum of cubes of @1, @z | Ay = {c(%1,%z, .. ANn)}3 (2.2)
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Thus, if c(a) is the cubic mean of @1, 82, Ay
then

sum of the cubes of @1, @2 AN = nic(a)}? (2.3)
Note:

The first principle [5] from which cubic mean is derived states that the cubic mean of the numbers

@, 8z, ... , AN
is the value c(a) which satisfies the equation
Q34 A3 4+ An3={c(a)PB +{c(a)B+ ... +{c(a)}?
— N terms —

Equation (2.3). is also the consequence of the definition of cubic mean from first principle.

3. CUBIC MEAN OF COMBINED SET
Suppose, there are k sets namely

containing

€1,C2 Cr
respectively.

If the observations in the k sets are combined together to form a single set S, then this set will contain
k
i=1 ™ opservations.

By the logic in equation (2.3),

Sum of cubes of the observations in the set Sl MnyCss

Sum of cubes of the observations in the set SE = MaCas

Sum of cubes of the observations in the set Sk = NpCys

This implies,

k
sum of cubes of the observations in the set> = Ei=l n;C;s
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Therefore, by the logic in equation (2.1), cubic mean c of the observations in the set S will be
1

- k
¢ = (ndiz1 MiCig)is (2.4)
k
where n=Zi=1 n;

This is the algebraic expression for computing cubic mean of a combined set of observations from a number
of sets of observations as aimed at.

This formula has been stated in the form of a theorem below:

Theorem (3.1):

If €1,Cz2,

......... , €k are cubic means of respective sets having My , N3 R ,nﬁ: observations respectively

then the cubic mean of the set of all observations in the k sets combined together is given by
1
— vk
c = ( n Z=1 M JIE

k
where n =Zi:1 T, .

In particular, if Cx is the cubic mean of

X1 X2, .. , Xm
& C}"is the cubic mean of

Yi,¥, ... ,Vn
Then the cubic mean Cay of

X1 X2 .. Am Y1 Va2 ,¥n
is given by
1
Cxy = {mAn (mCa+ nCya)ph (25)
Note (3.1):
Formula (2.4), which has also been mentioned in Theorem (3.1), can also be expressed as
k
c = (Z;‘:l W; ;s )1/3 (2.6)
were
i

k
W; - E¥=1 o (=1,2, 0,k

This formula can sometimes be more convenient in computational works.
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4. NUMERICAL EXAMPLE
Let us consider the three sets

$,={1,3,5,7,9}, s,={2,4,6,8,10} , s5={1,4,9,16, 25}
of observations s that the combined set S of observations is given by
s={1,3,5,7,9,2,4,6,8,10,1,4,9,16,25}
Computing from the observations it is found that
Cubic mean of §; = 6.2573247456759735590154149757961,
Cubic mean of S, = 7.1137866089801256120123092444778 ,
Cubic mean of S; = 16.009109396030575941683119496371
& Cubic mean of S =11.620863496622715537443485228965
Now, applying the formula given by equation (2.4), it is also found that

Cubic mean of S =11.620863496622715537443485228965

5. CONCLUSION

The algebraic expression of cubic mean of combined set of several sets of observations in terms of the cubic
means & numbers of observations of the individual sets, established here, is a solution of the problem finding
the cubic mean of the combined set when the observations of the sets are unknown but the individual cubic
means of the sets along with the respective numbers of observations are known.

Itis mentionable that each of the measures of average is required to be computed in this type of situation. Of
course, the formulas for computing arithmetic mean, geometric mean, harmonic mean and quadratic mean
in this type of situation were already derived in some studies [6, 7, 8] while the formula for computing cubic
mean has been derived here. However, the formulas for computing the other measures of average in this
type of situation are yet to be found out. This is one more problem of further study as continuation to the
current study.
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