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4 ABSTRACT 

:Most frequency distributions obtained - in practice - from a 
'limited set of readings are asymmetrical to a degree. Several 
measures of skewness(departure from symmetry) are available 
•in the literature. Probably the most accurate and suitable for 
:general use is the standardized third moment about the mean. 
In the literature,it is agreed that the third moment will be 
zero for a symmetric distribution,negative for skewness to the 
•left and positive for skewness to the right. However,the third. 
:moment,can equal zero without the distribution being symmet- : 
rical. In other words,symmetry can not be expressed in terms 
of one or two moments - it requires an infinity of them. 

:The proposed coefficient of symmetry presents the solution for 
this problem. For a distribution,if the proposed coefficient 
(ks) equalsone then the associated distribution is perfectly • 
.symmetric. The values of ks less than unity indicate less sym-• 
:metry. 

INTRODUCTION 

:While we cannot characterize completely the probability dist- 

	

ribution of a variable we do know some quantitative things 	• 
about it. A natural way in which partial information may be 
:expressed is in terms of the moments of the distribution. 
The rth moment of a distibution is the expected value of the 
rth power of the variable. The first moment of a distribution • 
•leads to the mean value if it is equated to zero,and the second 
:moment taken about the meam leads to the variance and the stan-
dard deviation. We will now consider the significance of the 
third moment about the mean. This is equal to 

b
~ ( x -103  f(x) dx 	 (1) 
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for a continuous distribution f(x) which exists between the 
limits a and b where J( is the mean value. If only discrete 
readings are available,the third moment is given by 

• 

(2) 
i=1 — 	

= 6( xi 
 

n 

The so-called coefficient of skewness (sk) is defined as the 
skewness which is given by (2) divided by the cube of the 
• standard deviation (or ) or its estimate, as appropriate. For 

• a discrete experimental distribution derived from n (large) 
: readings it is equal to: 

(x
1  
. - 	)3  

sk =  

n 3 

SKEWNESS AND SYMMETRY 

The more moments we know the more we know about the distribut-
ion. But,not all of the information we might have about the 
distribution can be simply summarized in terms of the moments: 
of the distribution. For example,we might know that the tole-
rance distribution was symmetrical about the mean - the pro- 

. bability of a tolerance of(z+k) equals the probability of a toil 
:rance for (X-k),for all k. 
Because of the absence of a measure for the symmetry one can 
classify the references into the following three categories: 
I. They treated the skewnwss without considering the sym-

metry (e.g. [2] ) 
II. They treated the skewness and discarded the symmetry 

as unmeasurable characteristic (e.g. [4] ). 
III. They considered the symmetry without enough accuracy 

(e.g., [1] ). 

• The coefficient of skewness,sk,will be zero for a symmetrical 
distribution. However,sk,can equal zero without the distribut-

: ion being symmetrical. Now,it may be the case that in practice 
if we think that the distribution is symmetrical we really 
mean that sk = O. 

NUMERICAL ILLUSTRATION 

Consider a situation where 170 observations were taken from : 

• 	

a production line and coded as in Fig.1. 

We have the mean ( X - ) = 0 

The third moment = 2088 - 2088 
	

= 0 
170 

(3) 
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Fig.1. 
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Fig. 2. Histogram of data given in Fig.1. 
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(6) ks= 
j=1 

2-  	n  xj4 

i=1 
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The coefficient of skewness = 0 / 	3  = 

The frequency distribution of the data (Fig .2 ) is clearly 
:asymmetrical (skwed),altIiough the first and third moments 
are zeros. 

SYMMETRY CONDITION 

Symmetry condition states that if the mean. values of each two 
!conjugate readings (have the same order below and above the 
median),in an ordered data,are equal then the associated 
distribution is perfectly symmetric. 

DERIVATION OF THE PROPOSED COEFFICIENT OF 
SYMMETRY 

The root mean square deviation of any two conjugate readings 
X. and X., about any point deviated by Y. from their arithmetid 

J i  'rlian 
 

X. 	s given by 

- 	 . 
 

Y) 	2 	 + y, 

4 

The root mean square deviatio_n (standard) of all readings 

 

n/2 
E 	(x.- x.,)

2 
/4 

j=1 	0  

n/2 	2 
. 

j-=1 
X. -30

2 

=1 (4) = 

 

      

n 

If, X1 
= X2

= 	= X, the grand average,then this 
this is the case of perfect symmetry. In this case the stan-
dard deviation (eq.4) reaches its minimum value. 

n/2 	2 (x i  - 
j=1 

2n 

The proposed coefficent of symmetry (ks) is given 
divided by (4) as appropriate 

by (5) 

    

( 5) 



X2  X3  X4  X5  X6  

-7 -6 -5 -4 -3 

ks = 
14.3 
2x7.58 

X1  

-8 
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APPLCIATION TOM NUMERICAL EXAMPLE 

Considering the same data of Fig. 1 , we order the data ascen-
dingly as indicated below. 

oe4,0•0...00...600. 	X‘ Xi Xi 

. 	 4 	5 	6 	7 	8 	9 

= 0.971. 

The value of ks for our data is 0.971, which is clear indicat 
ion of asymmetry. 

CONCLUSIONS 

Inthis paper we have presented a proposed simple coefficient 
• of symmetry (ks),and the first symmetry condition. The prou-

osed coefficient is the first measure and solution for the 
problem of symmetry which can not be expressed in temrs of 
large number of moments. Because of the abscence of such 
measure, the contributers (e.g., [4]) had lost the symmetry 
as a useful characteristic 	In the light of this paper the 
• symmetry can take its position as an important characteristic 
expressible in terms of a simple and clear measure. 
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