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1. Introduction

Some data do not follow a symmetrical shape in their description. The data may include outliers values that extend the
distribution from one end, which leads to the skewness of the curve, i.e. knowing the degree of data distribution around the
center point in it. The nature of any distribution can be known by simply looking at the distribution curve. When representing
the data of the phenomenon in the form of a frequency curve, skewness measures are used, which are used to know the
skewness of the frequency distribution. The frequency distribution is positively skewed if it is skewed to the right and
negatively skewed if the distribution is skewed to the left. ( David, 2011)

2. Skewness

A frequency distribution of a set of data that are not symmetrical about the mean is called asymmetrical or skewed, or we can
say that skewness is a departure from symmetry. In a skewed distribution, the outliers values in the data set move towards
the upper or right tail, and the distribution is positively skewed. When these values move towards the lower or left tail, the
distribution is negatively skewed. Symmetrical and asymmetrical curves are shown in the following graphs in figure (1) :
(David, 2011) (ZEENALABIDEN, 2023) (Adebayo, 2024) (,2024)
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Figure(1) : Symmetrical and asymmetrical curves are shown in graphs

In figure (b) we see that the curve is symmetrical about the mean, i.e. there is no deviation. In figures (a) and
(c) we see that the curves are not symmetrical about the mean, i.e. they are skewed. In figure (a) the deviation
is negative, while in figure (c) the deviation is positive. For a positively skewed distribution Mean >Median >Mode ,
and for a negatively skewed distribution Mean<Median<Mode .

3-Skewness measures

The most important skewness measures are:

3-1) Karl —Pearson
This method is often used to measure skewness. The formula for measuring the skewness coefficient is given:

a) Using the mode, the first case is represented: (Al-Rawi, 1980) (Mahmoud, 2020) (Mukhlif,2024)

_ Mean—Mode _ X-Mo (1)
" Standard deviation s

Sk

Where Sy: represents the skewness coefficient, X: represents the mean, Mo: represents the mode , s : represents the
standard deviation.

b)Using the mediator, the second case is represented :
Mean — Mode = 3( Mean — Median) or

Mode = 3Median — 2Mean 2)
When equation (2) is substituted into the first equation, we get :
3(X — Med)
= ——F7 3)

S
Where Med: represents the median.
¢) Using the moments (the second moment and the third moment), the third case is represented as in the following

formula :

_ _ H%_ M3
Sk =+4/B1= MR %)

Where p,: represents the second moment (variance), p5: represents the third moment.
Properties of Karl Pearson's skewness coefficient:

* -1 <S <1

* Sx = 0 Symmetric distribution about the mean

* Sk > 0 Skewed to the right .

* Sk < 0 Skewed to the left .
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3-2) Bowley's Coefficient
This method depends on the quartiles. It is preferable to use this measure when the data contains outliers or extreme
values because this measure is not sensitive to these values. The formula for calculating the skewness coefficient is
given:
_ (Q3-Q2)-(Q2-Q1) — (Qz3—2Q2+Q1)
S = Q3-Q1 Q3-Q1 ®)

Where Q,, Q,andQ: represent the first, second and third quartiles, respectively, after.arranging the data (ascending or

jn

descending) and according to the following formula Qj is the value whose order is = T j=1,2,3 and n: represents the
number of data. (Chandima, 2019) (Mahmoud, 2020) (Al-Safawi, 2008)

3-3) Kelly's Coefficient

The relative measures of skewness proposed by professor Kelly are based on percentages and decimals, and are
considered more sensitive to outliers than the Bowley measure. Therefore, if the data contains outliers or extreme
values, the value resulting from this measure may be more affected by these values. (Bhadouria, 2024)

_ Dy+Do-2Ds
Sk =55, (6)

Where D4, Dg, Dg: represent the first, fifth and ninth decimals respectively, after arranging the data (ascending or
descending) and according to the following formula: Dy is the value whose order is =((k/10)*(1+n)), k=1, 5,9 and n
represents the number of data

4- The Z-Score

Using the skewness and standard error of the skewness to find the Z-

score:

Sk — X
Ske

(7

ZSk =

Where Sy.: represents the skewness coefficient , X: represents the mean , Sy.: represents standard diviation error of the
skewness . Use Z-score to test the approximation of the sample to the normal distribution. This value should be
between -1.96 and +1.96 for the significance level of 0.05. If this Z-score does not fall within this range, indicates that
the sample is outside the normal state of skewness, i.e. it does not fall within the acceptable interval. Therefore, the
sample should be adjusted and re-distributed or we should use a non-parametric statistical test. (2009, ANKARALI)
(Ghasemi, 2012)

5- Applying the Skewness Measures to the Data as Follows

A- The variable (x) represents the data for cement expansion taken from Badoush Cement Plant n=80 for the period
(2008-2010).

Draw the frequency distribution curve for the variable (x) as in figure (2) :
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Figure (2): Represents the frequency curve of the variable x
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We notice that the frequency distribution curve is skewed to the right. This indicates that (mean > median). To find
the skewness measures for the variable x for the cement expansion data, as follows :

3-1) Karl-Pearson

a) In the case of the mode from equation (1) , we first find the value of the mean , mode , and standard

deviation % = 029525 , M. = 023 , S = 0.14127 , then
S _0.29525—0.23_04619
kK=" 014127

We notice that the value of the skewness scale is > 0, which gives a skew to the right .
b) In the case of the presence of the median from equation (3), we need to find the value of the mean, the
median, and the standard deviation of the data. It was x = 0.29525 , Med=0.26 , S=0.14127, then

S = 3(0.29525-0.26) 0.7486
k= 0.14127 B
Also the result of the scale > 0, so the frequency distribution curve is skewed to the
right.
c) In the case of the moments in equation (4), we find the values of the second moment and the third
moment ( M3 = 0.0043, M, =0.0 2), then we apply equation (4) as follows

(0.0043)2
17 (0.02)3
Sk = /By = 1.5318

Since the result of the scale > 0, then the skewness of this data is on the right side.We note that the value of this scale
is > 1. This indicates that the expansion data in the case of moments is outside the normal state of skewness because
the slight skewness is -1 <Sy<I1, while the large skewness (i.c. outside the normal state of skewness) is less than (-1)
or greater than (1) .
3-2) Bowley's Coefficient
The value of the first, second and third quartiles must be found from the following formula Qj=(j.n)/4 , to find the
sequence of the quartiles, then determine the value of the quartile from the data (after arranging them in ascending
order) as follows:

(Q="7=120,Q="2=40,Q; =
0.38) then apply formula (5) as follows:
o = 0.38 + 0.20 — 2(0.26)
K= 0.38 — 0.20
Also the data is skewed to the right .
3-3) Kelly's Coefficient
The value of the first, fifth and ninth decimals must be found from the following formula Dk=((k/10)*(1+n)) to find
the sequence of decimals, then determine the value of the decimal from the data (after arranging it in ascending
order) as follows:
D, =((1/10)*(1+80) =81=9
Dg = ((5/10) = (1 + 80) = 40.5 = 41
Dy = ((9/10) x (1 4+ 80)) = 72.9 = 73
The values of the decimals(D, = 0.18 , Ds = 0.26, Dy = 0.47) , we substitute D,, Ds, Dy, in formula (6) as follows:
0.47 + 0.18 — 2(0.26)
Sk = 0.47 — 0.18
Also the coefficient value is > 0
After finding the value of all the skewness measures, the value of the Z-score was taken for each measure according
to formula (7), where as the value of the standard deviation error of the skewness Ske = 0.0158 obtained from the
minitab program, the results were as follows in table (1):

= 2.3463

3%80
4

=60 ) ,the values of quartiles (Q; =0.20, Q, =026, Q3 =

= 0.333

= 0.4483
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Table (1): Shows the value of the Z criterion for the skewness measures

Metrics Karl-Pearson Bowley Kelly
in case the | incase the | incase the
Mode Median Moment

Z-score 10.5465 28.6913 78.2627 2.4103 9.6852

The table above shows that the Z-score value for both the Pearson skewness scale in all cases and the Bowley's and
Kelly skewness scale does not fall within the acceptable range between (-1.96 and .961), meaning that all Z-score
values for the scales fall outside the acceptable range and are greater than 1.96. This indicates that the frequency
distribution curve is highly skewed outside the normal state.

B-The variable ) represents data showing the failure times resulting from
various reasons for the life test device for (n=30 devices).

To draw the frequency curve for the variable Y as in figure (3)
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Figure (3): Represents the frequency curve of the variable Y.

We notice that the frequency distribution curve is skewed to the left. This indicates that (mean < median). To find the
measures of skewness for the variable y for the data showing the failure times of the life test device as follows:

1- Karl-Pearson:

* In the case of the mode from equation (1), we first find the value of the  arithmetic mean, mode, and
standard deviation, which were x=1.7703, S=1.1499, M.=3, then

_ 17703-3 _

Sy = = —0.5079
1.1499

We notice that the value of the skewness measure < 0, which gives a skew on the left side.
* In the case of the median from equation (3), we need to find the value of the arithmetic mean , median ,

and standard deviation of the data. It was X = 1.7703, Med = 1.965, S = 1.1499, then

_ 3(17703-1.965) _
Sk = i 1.0694

1.
Also the scale result < 0 so the frequency distribution curve is skewed to the left to a large extent this indicates that
the skewness is outside the normal state .
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*In the case of the moments in equation (4) we find the values of the second moment and the third moment (M;=-
0.409219, M,=1.3223), then we apply equation (4) as follows :

(—0.409219)?
Bl=—(1_3223)3 = 0.0724

Sk = /By = 0.2691
The value of the skewness measure for this case is > 0
2- Bowley's Coefficient
The value of the first, second and third quartiles must be found from the following formula Qj=(j.n)/4 , to find the
sequence of the quartiles, then determine the value of the quartile from the data (after arranging them in ascending

order) as follows:
1%30

Q=" =7.5£8,Q2=2*430=15,Q3= =225=23 )
,the values of quartiles (Q; = 0.65, Q, = 1.81, Q3 = 3 ) then apply formula (5) as follows:
S, = 34+ 0.65—2(1.81) — 0.0127
K- 3-0.65 o

Also the skewness value for this measure is > 0
3- Kelly's Coefficient
The value of the first, fifth and ninth decimals must be found from the following formula Dk=((k/10)*(1+n)) to find
the sequence of decimals, then determine the value of the decimal from the data (after arranging it in ascending order)
as follows:
D; = ((1/10) (1 +30)=31=3
Ds = ((5/10) = (1 +30) =155 = 16
Dy = ((9/10) * (1 +30)) =279 = 28
The values of the decimals (D, = 0.13, D5 = 2.12 , Dy = 3 ), we substitute D;, Ds, Dy, in formula (6) as follows:
34+0.13-2(2.12)
K= 37013 = 0.386
Also the value of the scale is >0
After finding the value of all the skewness scales, the value of the Z-score was taken for each scale according to
formula (7), ), where as the value of the standard deviation error of the skewness Ske = 0.21 obtained from the
minitab program, the results were as follows in table (2):

3%30

Table (2): Shows the value of the Z criterion for the skewness measures

Metrics Karl-Pearson Bowley | Kelly
in case the | incase the | incase the
Moment Moment Moment
Z-score -10.8486 -13.5224 -7.1486 -8.3695 -10.2680

The table above shows that the Z-score value for both Karl Pearson's skewness measure in all cases and Bowley's
and Kelly's skewness measure does not fall within the acceptable range between (-1.96 and .961), meaning that all Z-
score values for the measures fall outside the acceptable range and are significantly less than -1.96. This indicates that
the frequency distribution curve for this data is skewed significantly to the left, i.e. outside the normal state.

4. Conclusions

1-  The values of the Karl Pearson skewness scales (in the case of mode and median), Bowley and Kelly are
greater than zero and show that the skewness is on the right side, which is a slight skewness within the
specified period of skewness, while the value of the Karl Pearson scale in the case of moments is greater than
(1), which is considered a large skewness outside the normal state of skewness

2- The Z-score value for all skewness scales does not fall within the acceptable interval for the Z-score
between(1.96 and -1.96)

3- The value of the Karl Pearson skewness scale in the case of the median is less than (-1) and is not within the
specified period for the values of the skewness scale, which indicates a large skewness to the left, i.e. outside
the normal state of skewness.

4-  The values of the Karl Pearson skewness scale in the case of moments and the Bowley scale are greater than

zero, while the data has a negative skewness to the left
The Z-score value for all skewness scales does not fall within the acceptable interval for the Z-score between
(1.96 and 1.96) .

1
1
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