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Statistical Method 2023/2024

Chapter One “1“
Measures of central tendency

@dp-dia S99y S0 ,092

Definition: A measure of central tendency is a value at the center or middle of
a data set this value represents all data of the group.

Hagojle§ aSE dy Jagoaylas gl Sighydiy ida (53 Sawvg d) Ay j BAxaia S99 (IS0 09k Al Cuwdads

There are some important types of measures of central tendency such as.

1. Arithmetic mean (Average, Mean). o0 pka § DAIBgLI
2. Harmonic mean. SSaSola n..\.'wgb'”]]
3. Quadratic mean. ] oal>994 dLidgls

4, Geometric mean.D D D

5. Mode.[Il] [] ] ]

(o0 YAl duio gl

/3

1 9
6. Median.l [] ] ] ol 9L
1. Arithmetic mean (Average, Mean): o0 ks § DAID 9L

Definition: The arithmetic mean (generally called mean) is the sum of values

divided by the total number of values. The symbol X (read "X bar") represents
the sample mean and " represents the population mean.

A. Arithmetic mean for ungrouped data  oSogl,S33,L Gla 33 5 50§ skisgli
The mean for a population consisting N observations is:

ixi

(s — i—1
N
The mean of sample for (n) observation (values) x; , X , X3, «v vv oo , Xn
n
2
% — i1 X X X

N N
Where: x; = the i observation,
n = the size of the data.
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Example:
Find the Mean of following data (weight): -
45,54,36,61,27,44,73,48

Solution:
. — Xi X1 +Xp+X3+Xy+X5+Xe+X7+Xg
= Th T 8
45+54+36+61+27+44+73+48 388
= = = 48.5
8 8
B. Arithmetic mean for grouped data ONS091,S 3y Lila % 5 ,e§ Dkidgls
If x4, X,, X3,...,X, are the center of classes and f;, f,, f3,..,f, are the

frequency of data then
0945339303 590,193 Sdaluly 945 (s3ds 0 5t0§ dLidgL 99add Glapyligea SAid> 99ild HaSad

Where: f; = the frequency in the it" class,
Xxi = the center of classes in the it" class.

Steps of Method mean from grouped data:
(24803 Ay (s> AllglEiAD pal 0,06 oliogli (So9dkn)ea B

Find the total of frequency. > f . bgdiy3)ass OISo,ligga SBS
U.L+L.L

Find the center of classes by 59diy)9a0a 3Ugd oiogli

Multiply center of classes by frequency. OlSo,Ligg9a JaBal 55 olisgli iyl

s W

Divided multiply by set of frequency.
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Example:
Calculate Mean for the following frequency distribution:
Classes fi
2-3 3
4-5 1
6-7 2
8-9 1
10-11 1
Solution:
Classes fi X; fix;
2-3 3 2.5 7.5
4-5 1 4.5 4.5
6-7 2 6.5 13
8-9 1 8.5 8.5
10-11 1 10.5 10.5
> fi=8 > fix =44
i=1 i=1
n
> X 44
X = =L - -55
8
2. T
i=1

Homework 1/ Find the Arithmetic mean?

Classes Fi
10 _20
20_30
30_40
40_50
50_60

[S2 0 ool le)N - I \S)
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Homework 2: A student from Statistics & Informatics department measured
her/his waiting time (in minutes) for the Azadi bus on 30 mornings, and

obtained the following results:

1- 3
5- 6
9 - 10
13 - 7
17 - 21 4
Total 30

Find the average waiting time.

Merits of the Arithmetic Mean:

1. Itis rigidly defined by algebraic formula;

2. It is easy to calculate and simple to understand;

3. It is based upon all the observations;

4. It is capable of further algebraic treatments and hence it is widely used in
statistical analysis;

5. It is affected least by fluctuations of sampling.

Demerits of the Arithmetic Mean:

1. It can neither be determined by inspection or by graphical location;

2. It cannot be obtained if a single observation is missing or lost;

3. It is affected very much by extreme values (outliers);

4. It cannot be computed for qualitative data like data on religious affiliation,
Gender and Level of education, etc;

5. It cannot be computed when class intervals have open ends.
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C. Weighted mean for ungrouping data.: (x,,) 9/ ,S&iS (S5 yre olingly
995D ;845 dyds 53 A1S091,3S gl A Audd (0)9) AIS SALS S 91598 HiAd (s > HY)
CuiLip03 3,99 595 OledSdalxidl 19dd 0 e ouiogli So 9y 393 SIS (naSdd Hlejaa S( 0)9) 9as

Syt S 91 )SniS (50 pn S Do gLl Sluly Al

X W, + X, W. X_W.
722i=1 _ XWX W e X W,
W n

ZW W, +W, + ...+ W,

i=1

where:  w;=the weight of i'" observation.

Example:

In the Final exam'’s degrees of student the following
Degree: 62 80 75 88 84 86 90

Unit: 2 2 2 3 3 3 3

Find the Weighted mean.
Solution:
Xi (o) | Wi (be338 Gosbe3) X W
62 2 124
80 2 160
75 2 150
88 3 264
84 3 252
86 3 258
90 3 270
row;=18 ~ixw;=1478
% = = xw; 1478 8211

now, 18
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The formula for computing weighted arithmetic mean in case of grouped data is:

oy

)—( :W1f1X1+W2f2X2+W3f3X3+"'+Wn fn anéwI XI

w W, fL+ W, f2+W3 fo+..+w. f, iW ¢
i=1
Example: Find the mean from frequency table

classes fi Wi
2 4 6
4 5 5
6_ 6 6
8 _ 3 4

10 12 2 4

Solution:

classes fi Wi X; w;fi w;iX; f;
2 4 6 3 24 72
4 5 5 5 25 125
6 6 6 7 36 252
8 3 4 9 12 108

10 12 2 4 11 8 88

Zwifi = 105 inwifi = 645
— ?_1 xiwifi 645
X, = 2= = = 6.143
=1 wifi 105
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properties of the Arithmetic mean
1. The sum of deviations of a set of number from their arithmetic mean is zero.
L;(x;—%)=0 (ungrouping data)
Yie fi(x; —X)=0 (grouping data)
prove/
i1 (Xi_X) = XL  X; — nX
= 1L, x; — n(E2)

—\'h _y'n _
= Li=1Xj i=1 Xj

=0
prove/
i1 fitxi —X) = XL fixi — X Xin fi

Yitq fiXi
:Z?ﬂ fixi — ( pl , )Z?:lfl
Zl:lfl

=Yt fiXi — Xit1 fixi
=0

2. The Arithmetic mean of sum of two variables value sum of two arithmetic
mean of two variable.

IfZ,=X;+Y, thenZ=X+7Y

prove/

ZiZXi+Yi

ZZi:ZXi+Zlfi | +n

ZZz_I_ZXz_ZYz
n n n

Z=X+Y

>
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2. Harmonic mean: (H ) S 3S gla sLiogli
Harmonic mean is inverse of arithmetic mean of inverse value.

a. Ungrouped data

H= — 1~ 1 1n 1
By, utn Tty
b. Grouped data
nofi fl+f2+-+fn

H=—"-=
.l @)@ )

x; : Center of Classes.
f; : Frequency.

Example:
Find Harmonic mean from the frequency data.

xi=2,5,3,4,7,8,8

Solution:

1
Xj —

X1
1/2=0.5
1/5=0.2
1/3=0.33
1/4=0.25
1/7=0.14
1/8=0.13
1/8=0.13

n,—=168

(ool ool N I - OV IN R Oa B I WS

A=—" -7 =417
T en 1168 7

i=1 xi
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Example: Find Harmonic mean from the frequency data.

Classes Fi
50-60 8
60-70 10
70 - 80 16
80-90 14
90 -100 10
100-110 5
110-120 2
Solution:
Classes Fi xi 2
xi
50-60 8 55 8/55=0.145
60-70 10 65 10/65=0.154
70 - 80 16 75 16/75=0.214
80-90 14 85 14/85=0.165
90 -100 10 95 10/95=0.105
100-110 5 105 5/105=0.048
110-120 2 115 2/115=0.017
I, fi=65 >, L=0847
N e
_ i, fi
H=2= = 76.741
yn fi 0.847
=1 xi
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Prove that/
XITI = X1 X2

Solution/

n 2
o n 2 2
ST A W W
FLoxg X X X1X
75 X1 + Xy 2
H=— T, 1%
X1 X2
3. Quadratic mean: (Q) sl 99a oingls

Quadratic mean is quadratic root of arithmetic mean of values squares.

a. Ungrouped data:

b. Grouped data
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Example: Find Quadratic mean from the following values:
x;=2,46,8,5
Solution:

n 2
i—1xl

Q=

j22+42+62+82+52

\/4+16+36+64+25

’145
== T == m = 539

Example: From following data find Quadratic mean.

Classes fi
1-3 3
4-6 1
7-9 2

10-12 1

13 -15 1

Solution:

Classes fi x; | x;? fix;?
1-3 3 2| 4 12
4-6 1 5| 25 25
7-9 2 8 | 64 128

10-12 1 11121 121

13-15 1 14 | 196 196

=1 /i =8 1=q fix;® =482
— =v60.25 =7.76
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4. Geometric Mean: (G.M)

The geometric mean of statistical data is defined as the (nth) root of the product
of all the n values of the variable.

A.) Geometric Mean for ungrouped data:
1

G.M =n IDIXi :[IDIXJF

i=1 =1

G.M _e(— Z Ln(X;))

Example: Find the Geometric mean of the following data:
3,7,9,4,6,10, 20).

Sol//

/ n / !
GM=n 11 X =/ I1 X; zz/(3><7><9><4><6><10><20)
=1 =1

— {/907200 = 7.097

Or/

1
(F-
GM=e |

I M3

LnXi)
1

z(%(Ln3+ LN7+LN9+LnNn4+Ln6+LNn10+In20))

(% (1.99+1.95+2.19+1.38+1.79 + 2.30 + 2.99))
=e

1
(FA3.72) o)

=e = 7.097
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B.) Geometric Mean for grouped data:
1 i f;LnX;)

GM =eX"&

Example: Find the Geometric mean for the frequency distribution:

classes | 1- 3- 5- 7- 9- | 11-13
fi 5 7 15 4 2 1

Sol //

classes | Fi Xi Ln Xi fi Ln Xi

1- 5 2 0.6931 | 3.4657

3- 7 4 1.3863 |9.7041

5- 15 6 1.7918 |26.876

7- 4 8 2.0794 |8.3178

9- 2 10 2.3026 |4.6052
11-13 |1 12 2.4849 | 2.4849

34 55.454

N P

G.M =e 2"

(L x55.454)

oM =03 _ o3

=5.11
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5. The Mode: (Mo) 9L
The mode is the measurement that occurs most frequently in the data set.
Haglddy AlasyS gid dl 09dkuns 55l1993 135 A4S Sdzldds gdl diy s gy

a. Ungrouped data. OS091 ,S L Bila B gl

094iga9 L1992 Slddy (41559 =3\e[

Example: Find the mode from a following data:
Xi=2,4,2,2,2,7,2 mode = 2
Xi=2,2,7,2,4,4,3,4 mode=2,4
Xi=2,2,2,7,7,7,4,4,4 nomode Or mode= 2,7,4

b. Grouped data. OlS091,S 10y Gla 3s gl

1. Discrete: 999 9,2y Syh Al pledSUila (S5 9gila yaSas

kel ydy AligdSos AS ($o3igd oliogli gdd lady AllSon gly Lily o9dliy)9a0a eS oddogli gly Sogds)9a 3o

~ASdd Sty A 0943990511993 (45D

Example: Find Mode for the following frequency distribution

Classes fi
60_74 4
75_89 7

90_104 14

105_119 9
120_134 5

Solution:
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Classes fi Xi
60_74 4 67
75_89 7 82
90_104 14 97
105_119 9 112
120_134 5 127
Mo=97
2. Continuous 999 P1903 A OIS (5,5 94ila a4l

090,193 Sagluly 9ad e dydd (w05L1998 (1995 SoJugS 9l Ay dS 09gdin)yans gy Siugd Lo ydu
ka0 Sy
You calculated (Mo) in grouped data by:

Al
Mo =l + (A1+A2) Xw

[, = lower limit of mode classes. 9k 365 o3y (a3
A1= different of mode frequency over frequency of next lower classes.
(99 5o3La993 — gl 53095 So5luga) = paSay 551k
A2= different of mode frequency over frequency of next higher classes.
(L399 oybiggs — gl 3T oskiga) = poggs S)gki

w = Width of mode all class. ol 333 (8300

Lecturer/Shakar M. Azeez Page 16



Statistical Method 2023/2024

A. Equal Length of Classes:

Example: Find Mode for the following frequency distribution.

Classes fi
10_20 10
20 30 15
30 40 30
4050 12
50 60 8
60_70 6
Solution:
Classes fi
10_20 10
20_30 15 — 994y 50lag9a
L 9L s395 —> 30_40 30 > 094igu0,L199 (340948
4050 12 — 93 o992
50 60 8
60 70 6
lk =30
A1 =30-15=15
A2 =30-12 =18
W= 10

Al
Mo =l + (A1+A2) W

=34.54

Lecturer/Shakar M. Azeez Page 17



Statistical Method 2023/2024

B. Not Equal Length of Classes:

Frequency
Width of Classes

Average Frequency =

Example: Find Mode for the following frequency distribution.

Classes fi
5-10 2
10-15 4
15-25 10
25-35 22
35-50 27
50-60 11

Solution:

Classes fi Width of Classes | Average Frequency
5-10 2 5 2/5=0.4
10-15 4 5 4/5=0.8
15-25 10 10 10/10=1
25-35 22 10 22/10=2.2
35-50 27 15 27/15=1.8
50-60 11 10 11/10=1.1

l, =25
A1 =2.2-1=1.2
A2=2.2-1.8
w = 35-25=10
Mo =k + (A1A+1A2) W
Mo =25+ (1 214;20 4) * 10

=25+ 0.75x10 =325
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Merits and Demerits of the Mode:

# Merits Demerits
In many cases it can be found by It is not based upon all the
inspection. observations.

It is not capable of further

It is not affected by extreme values. )
2. y mathematical treatment.

It can be calculated for distributions It is much affected by sampling
with open end classes. fluctuations.
It is not always possible to find a

n It can be located graphically clearly defined mode (2 modes,3

(Histogram). modes)

5. It can be used for qualitative data.
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6. The median: (Me) Sl yo 9L

The median of a set number arran
the mean of the two middle values.

ﬁed in order of size in the middle values or

0993 P33 Ol 0992543 Bogidids (33 S 3y Lky 094l o9l AigaSoa AS Saylddy gl Ay j Al o gL

a. Ungrouped data: OlS091,S 335l B8 B Caad 109l

If X;,X,,..., X;, observation arranged in order from the smallest to the largest, if

» Ifnis odd number (nTH) th.

n+1
(%) o,k slaa=Me

5993343 Ok 8993 P Sogludids (dSoa i OISLI -1

sadlibuly pdd (ods 59407990 i yd 9l -2

AV Al 4 Al 1o gL 19dd 99 I (SoyLe( N) 99ild ,aSad

» Ifnis even number, we take the average of ( g , g + 1) th.

DAl Ay dlul gLl 1945 991 Cigg o le (N) ggila yaSas

N . N
((——I—lj)a)uj Slads + [—] oyl Slady
2 2 Me

-

Example: find the median of the series.

a=5,8,1,92
b=8,2,11,2,10,6,4,2

Solution:  Arranged data
a=1,2,5,8,9

n_+1:5L1:3th
2 2

~Me =5

b=2,2,2,4,6,8,10,11

Lecturer/Shakar M. Azeez
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Borp1=2,241=@45)th
2 2 2 2

Home work : Find the median of the series .
1. 55,62,53,70,68,65,63,79,80
2. 80,82,76,84,87,63

b. Grouped data OIS091,S iy L1 B el ygls

1. Discrete variable: -] 99 91 )2 % Al OledSU (S )3 94ila yaSas

09403 55303 (ACF) 0993543 (5091 ,S9S (0 lig9a Sauds -1

n .
i=1 fi
(l_Tlf) 2&,.14503)“34& Cd.u‘)bgu 64:\49};‘) —2
Xicafi . .
Fr_4< > < F cudypgls (S3595 B 0945059303 ugh oliogls Cuul ;0 gli ($09di 393 Yo 1945 -3

Example: From this table find the median.

class f; ACF (F;) X;
2 4 6 6 3
5.7 9 15 6
8_10 12 27 9
11_13 20 47 12
14_16 14 61 15
17_19 11 72 18
20_22 8 80 21
- fi_ 80
2 2
iz fi
Froq < > < Fy
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27 < 40 < 47

Me =12

Homework: From this table find the median.

Classes fi
100_119

120 139

140 159 14
160_179 20
180_199 18
200 219 12
220_239 6
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2. Continuous variable: gg: plgssyas ISGIa S 3> ggila yaSas ]

n -
i=1 f" —F
2 k-1
Me = [, + ( )W
f

l;.: lower limit of median class . Caaa 395 (8395 (851 (ym i o
w: width of median class]  [J ] sl 30915 (5515 (55 0
fi: Frequency of the median class.] il 3091 (55495 L0 k1999

F,._, : Ascending Cumulative Frequency before the median class
nl 093 (53395 B 99y (50994554 (091,SHS (0 5k1992

Example:

The following table gives the weekly income ($) of 100 families find Median.

Classes fi ACF (F;)
100_120 3 3
120 140 7 10
140_160 14 24
160_180 20 44
180_200 18 62
200_220 12 74
220_240 6 80

Solution:

F_q < in=21 i Fi
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24 < 40 <44

I, = 160
w =20
L he
Me = lk + * W
fr
=160 + (=22 * 20

20

=160 + (0.8)20
=160 + 16

=176

Home work : From this table find the median .

Classes f;
2.5 6
5.8 9

8_11 12
11_14 20
14_17 14
17_20 11
20_23 8
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Relation between (Mean, Mode and Median):

Mode = 3 Median — 2 Mean
Mo =3Me—2X

X=7?
Me =?

Example: If the mean and median of moderately asymmetrical series are

26.8 and 27.9 respectively, what would be its most probable mode?
Solution:

Mo = 3Me — 2 X
= 3(27.9) - 2(26.8) = 30.1

Home Work
median = 20.6
mode = 26

Find mean.
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Chapter Two “2*
Measures of Dispersion & Shape & Location

Cmod 9 D9l 9 (9993 4y (SISH 9

s Measures of Dispersion Variation S9N 9 S yay (150 095
- Measures of Absolute Variation S99 B9k ya HilS0 9%y
- Measures of Relative Variation 03 oM yas S0 o9k

s Measures of Shape b9kl ilSo ,o,;‘,.[]

s Measures of Location Cod (150 1093

“ Measures of Dispersion variation (S y o e 3t 0ed

Description or variation: is meaning near or for between observation value of
any variables.

09 9155l Sa91y38 L LIARYS (ilgich Al ddd Say S5 9 5993 A dy T 9 S9Okigdl HAy A S dude
lib gl gdze ads 09 (rnih (992 S OISLiIS AS =u1S0a 094 53Leli 1945 ity 5,948 (S9OLigdi ydy Sllghy okidx jdd
Akl

Types of Measures of Dispersion (variation)

A) Measures of absolute variation

Many measures are using to determine the variations, such as: Range, Quatrtile
deviation, Mean deviation, Standard deviation, Variance. All these measures used
when the variables have the same units of measurement.

B) Measures of relative variation
When the variables have different units of measurement, measures of relative
variation are used. Coefficient of variation is the main measure.
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Objectives of measures of dispersion
The main objective is to know the homogeneity of the values for a data set, or
to compare between the values for two or more than two data set.

1- Range: (R) 13940 (ungrouped data)

The simplest measure of absolute variation is the range which calculated by
subtracting the lowest value from the highest value of a data set.

019 Sigln Al Ay oy AS i pSoadu Lk lagde 09 cygdbigd Hdy iS00 Sk (sl lagds
A Sl i K509 1y (305948 & Sy Sy ps KL Sl ¢ 113 LddelS & Wy (2 7S 963 3 9 (305948
1 Ay (g AJdeS A pdd B lagde ASIS gdd Ul CLddAe)S ab Ladds oy AS goms

R=highest value - lowest value

R=X.—Xs
Example: Find the range for the following data.
1. 7,8, 9,10,11
2. 3,6,9,12,15
3. 1,59,13,17

Solution:

1. R=x, —x,=11-7=4
2. R=x;, —x,=15-3 =12
3. R=x, —x,=17—-1=16

Home Work:

Find the range for the following datal]
1) 53,55,40,63,65,68,70,79,80
2) 100,35,87,43,90,22,54,38,76,84,30,52,49,52
3) 83,65,70,20,31,19,52,99,42,80,62
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Solution:

(Grouped data)

R = Upper limit last class - Lower limit first class
PASAy 395 031y e - a3S C3aeT Boaly paxiisas = R

Example: Find the range for the following data.

Classes Fi
10_20
20_30
30_40
40_50
50_60
60_70

Solution:

R=70-10=60

NN | [0

2.Mean Deviation (M.D)
The (M.D.) of statistical data as the (A.M.) of number value of numerical value of
deviation of items from average.

n

X. — X
M D — ,2_1: ' ‘ For ungroup data
' n
> X - Y‘ For group data

M.D ==

>,
i=1
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Example2: find the (M.D) for the following data. 4, 6, 10, 12, 18

Soluion:
X; | X; — X|
4 14-10|=6
6 16-10|=4
10 110-10|=0
12 112-10[=2
18 118-10|=8
n n
ZXi=50 Z|Xi—)?|=20
i=1 i=1

D%
x-= %0 49
n 5
X, - X|
M.D =12 _20_
n 5
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Example: Find the (M.D) for the following frequency distribution:

classes 0- 10- | 20- | 30- | 40- | 50-60
fi 12 18 27 20 17 6
Solution:

Classes fi X; fiX; | X; — X|=| X; — 28] fil X; = X|
0_10 12 60 |5 — 28|=23 12*23=276
10_20 18 15 270 |15 — 28/=13 18*13=234
2030 27 25 675 |25 — 28|=3 27*3=81
30_40 20 35 700 |35 — 28|=7 20*7=140
40 50 17 45 765 |45 — 28/=17 17*17=289
50_60 6 55 330 |55 — 28]=27 6*27=162

Y. f; =100 Y. f:X;=2800 ?=1fi | X; — )?| =1182
_ Yfixi 2800
=¥ T 100
2 i X, _Y‘ 1182
M.D=-1= = =11.82
0 100
>
i=1

Lecturer/Shakar M. Azeez
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3- Variance g)lStes

[t is one of the measures of absolute variation. The variance can be calculated
by taking the average of the square of the distance from the mean for each value.

53y MpSisdns  Sylgdd  Sgdeals S9dbigdnay  HlSoyeely Al liSayay

0 pon § 0do gl AJ IS A1aY Sl 990 (eda yduw A Al puid geudd y1ISdn
The formula for the population variance (¢?) for ungroup data is:

2 Iivzl(xi - ”)2
N

Where:

x= individual value
1L = population mean
N = population size.

Also the formula for the sample variance (S2)

(Ungrouped data) (Grouped data)

i(x —Y)Z i f i(xi —x)
: i 82: i=1 -

st=H S
Where:

X = sample mean
n = sample size.
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Properties of sample variance:

1)S52>0
2) Ify; = ax; > S% = a®.5%, where a is a constant. (Prove that)
3) Ify; = x; + b > S% = §%, where bis a constant. (Prove that)

4) If X and Y are independent variables and Z=X+Y, then the variance of Z is:
S2=15%+52

Example:

Find the variance of the following data.

57,911,13,15,17

Solution:
Xi (xi -X) (xi —X)?2
5 5-11=-6 36
7 7-11=-4 16
9 9-11=-2 4
11 11-11=0 0
13 13-11=2 4
15 15-11=4 16
17 17-11=6 36
n
Y xi=77 Z(xi —%)? =112
i=1
% = % = 7—77 =11
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Example:

Find the Variance of the following data.
xi=8,2,11,2,10,6,4, 2

Solution:
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(Grouped data)
Example: find the Variance of following table.

Classes fi
0_10 12
10_20 18
20_30 27
30_40 20
40_50 17
50_60 6

Solution:

Classes fi Xi fi xi (xi-x) | (xi—%)? fi(xi — X)?
0_10 12 5 60 -23 529 6348
10_20 18 15 270 -13 169 3042
20_30 27 25 675 -3 9 243
30_40 20 35 700 7 49 980
40_50 17 45 765 17 289 4913
50_60 6 55 330 27 729 4374

3 fi 3, fixi n L fi(xi— )2
=100 =2800 =19900
ixi 2800
Y fi 100
N f(xi — X)? 19900
2 1=1"
= = = 201.01
> "1 100-1 M0
Lecturer/Shakar M. Azeez Page 34



Statistical Method

2023/2024

Example: find the Variance of following table.

Classes f;
2.5
58
8_11 12
11_14 20
14_17 14
Solution:
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4- Standard deviation (S) _saign iy

Standard deviation is the most important and most widely used measure of
absolute variation.

S :is the square root of variance. ;S Sl 993 (SoyAl Ay j (adilgiey (1Y

The formula for the population Standard deviation (o) for ungroup data
Is:

i (xi — p)?
N

Where:

x= individual value
1L = population mean
N = population size.

Also the formula for the sample Standard deviation (S)

(Ungrouped data) (Grouped data)
_ R - ) o[PS -B
n—1 Lfi—1
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Example:

Find the Standard deviation of the following data.

xi=5,7,9,11,13,15,17

Solution:
Xi (xi -X) (xi —X)?
5 5-11=-6 36
7 7-11=-4 16
9 9-11=-2 4
11 11-11=0 0
13 13-11=2 4
15 15-11=4 16
17 17-11=6 36
n
S, xi=77 Z(xi —%)? =112
i=1
7= % = 7—77 - 11
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Example:

Find the Standard deviation of the following data.
xi=8,2,11,2,10,6,4, 2

Solution:
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(Grouped data)
Example: find the Standard deviation of following table.

Classes fi
0_10 12
10_20 18
20_30 27
30_40 20
40_50 17
50_60 6

Solution:

Classes fi Xi fi xi (xi-x) | (xi—%)? fi(xi — X)?
0_10 12 5 60 -23 529 6348
10_20 18 15 270 -13 169 3042
20_30 27 25 675 -3 9 243
30_40 20 35 700 7 49 980
40_50 17 45 765 17 289 4913
50_60 6 55 330 27 729 4374

Y fi Y, fixi N fi(xi — %)?
=100 =2800 =19900
ixi 2800
Y fi 100
P fixi-®)2  [19900 _
S —\/ ST \/100_1 =+/201.01 =14.18
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Home Work: Find Standard deviation for the following frequency
distribution.

2.5 6
5.8 9
8_11 12
11_14 20
14_17 14
Solution:
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5. Coefficient of variation (C.V) ALY Jalaa

The (C.V) is the (S) divided by the mean. The result is expressed as a percentage
it is use for compare two or more series for variability.
A Al 4S dajlgbe Goog Oagdhiog UISASA Ay Culiwdill CudodS (50309 94l Ay

b yuny oD gll ydwdl adiigiy (LAY ddyla

The formals of (C.V) are as follow.

Sample Population
S o
C.V.==.100 CV.=—.100
x u

Example: find the C.V of following two data sets.

a. )5,7,9,11,13,15,17 :
b. )5,6,7,11,15,16,17

Solution:
a. 5 7,9,11,13,15,17
C.V= g %100
Xi (xi -X) (xi —X)?
5 5-11=-6 36
7 7-11=-4 16
9 9-11=-2 4
11 11-11=0 0
13 13-11=2 4
15 15-11=4 16
17 17-11=6 36
n
Y xi=77 Z(xi —%)? =112
i=1
X = Lxt 77 _ 11
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n—1

. =\/ D (xi— %)?

4.32
11

C.V=

b. 5,6,7,11,15,16,17

* 100 = % 39.27

CV=2+100
Xi (xi -X) (xi —X)?
5 5-11=-6 36
6 6-11=-5 25
7 7-11=-4 16
11 11-11=0 0
15 15-11 =4 16
16 16-11=5 25
17 17-11 =6 36
n
Y xi=77 z(xi —X)? =154
i=1
% = % _ g =11
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g = iz (Xi — X)?
B n—1

5.07

— 0
11 * 100 = 46.09%

C.V=

The first data is most homogenous.
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Example: find the Coefficient of variation of following table.

Classes fi
0_10 12
10_20 18
20_30 27
30_40 20
40_50 17
50_60 6
Solution:
S
CV==%x100
X
S=? X =7
Classes fi Xi fi xi (xi-X) | (xi—X)? fi(xi — X)?
0_10 12 5 60 -23 529 6348
10_20 18 15 270 -13 169 3042
20_30 27 25 675 -3 9 243
30_40 20 35 700 7 49 980
40_50 17 45 765 17 289 4913
50_60 6 55 330 27 729 4374
Lfi X, fixi i1 fi(xi — %)
=100 =2800 =19900
ixit 2800
Yfi 100
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. =\/Z{‘=1fi(xi—)_<)2 =\/19900 — /20101 =14.18

YL, fi-1 100-1

C.V==x100

I |

14.18
= * 100 = % 50.64
28
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Exercises:

A2

1)Prove that S? = 1t
n-—1

2) Find the Coefficient of variation of the following data.
xi=8,2,11,2,10,6,4, 2

3)A data set consisting of 10 observations has a mean equal to zero and a
variance equal to (d). Find Y, x?.

4)Which of the two students is better from looking at their marks
(homogeneity)?

Student] |90, 50, 50, 60, 95, 55
StudentIl | 67,73, 80, 70,50, 55

5) Mean and (S.D) for marks of students have obtained in Math exam are 69
and 19.3 respectively, when the marks in Statistic exam have 75 and 25.5.
Which of them are homogeneity in marks?

6) Find the Variance and Coefficient of variation for the following frequency

distribution.

Classes fi
10_20 10
20_30 15
30_40 30
40_50 12
50_60 8
60_70 6

7) Answer the following questions.

A- If the mean of five values is 64, find the sum of the values?

B- Why might the range not be the best estimate of variability?

C- If the mean of five values is 8.2 and four of the values are 6, 10, 7, 12, find
the fifth value.
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Measures of Shape
Measures of Skewness and Kurtosis

1- Skewness:

It is the degree of asymmetry or departure from symmetry of a
distribution of data. If the frequency curve of a distribution has a longer tail to
the right of the central maximum than to the left, the distribution is said to be
skewed to the right, or to have positive skewness. If the reverse is true, it is said
to be skewed to the left, or to have negative skewness. The word “skew” means
a tail, so that distributions that have a large tail of outlying values on the right-
hand-side or left-hand-side are called skewed.

Positive Vs. Negative

Skewness

« Negative Skew . Symmetric (unskewed) |+ Positive Skew

+ Left Tail « Mode = Median = Mean | * Right Tail

« Mode > Median > Mean * Mode < Median < Mean

Mean J[ L/'V\ode Mode = Mean = Median Mode - t-/"\ean
Median Symmetric Median
Skewed to the Left Skewed to the Right
(Negatively) (Positively)

A simple formula for skewness using Karl Pearson’s coefficient of skewnessis
as follows:
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(%—Mo) (~ Negative skewness
C.Sy=——7—=40

5 Symmetric
+  Positive skewness
OR
3(% — Me) — Negative skewness
C.S5, = — < - Symmetric
+  Positive skewness
2- Kurtosis:

It is the degree of peakedness of a distribution, usually taken relative to

symmetric distribution. To find the kurtosis, it will be used the following
formula:

§L1(xi_'f)4

— Platykurtic
Kurtosis = <5 n__z —3 =410 Mesokurtic
( i=1 (% = %) )2 + Leptokurtic

n

6 ,9) BaSgy
(+) Leptokurtic

General
Liogli ple (4Siigy! Forms of
(0) Mesokurtic Kurtosis

CAd (SdSSigyl

(-) Platykurtic
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Example: find the skewness and Kurtosis of the following 2 data sets:
a.)5,7,9 11,13, 15,17
b.)5,6,7,11, 15, 16, 17

Solution: Since median and mean for each data set (a, b) are equal to 11, then

a) xi=5,7,9,11,13,15,17

Skewness:
_ o uxl 77 — 11
= n 7

Mg s
Me =11
3(x — Me)
C.5; =
f S
3(11—-11) _ _
=T=O is Symmetric
1O — )%
Kurtosis = n__ -3
?zl(xi_x)z 2
E= 2
xt 77
X = —Z =—=11
n 7
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L a Jen] @-» | «@-»
5 5-11=-6 (—6)*=36 (—6)*=1296
7 7-11=-4 (—4)*=16 (—4)*=256
2] 9-11=-2 (—2)*= (—2)%=16
11 11-11=0 (0)*=0 (0H)=0
13 13-11=2 (2)°=4 (2)*=16
15 15-11=4 (4)°=14 (4)*=256
17 17-11=6 (6)°=36 (6)*=1296
n s __ 2 m P 2
e :i=].{::.:1 - x.'} Ef:].{‘x'[ - :.::}
| 2x=77 “112 ~ =3136
i (g —x)*
Kurtosis = I 3
(Z?=1(xi - x)z)z
n
3136
—7 448 . .
= E - 3= ez~ 3=-1.25 is Platykurtic
7

b) xi=5,6,7,11,15,16,17

Skewness:
xi 77
g2 T
n 7

56,7 11,15 16,17

n+1 7+1 . v .
nl_7 | Lol
= =4 Al

~Me =11
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3(x — Me)
c.§5, =————
k S
3(11—-11) , .
=——<5 = 0 isSymmetric
ea(x; — f)4

Kurtosis = n__ -3

(Bl
_ o uxl 77 — 11
= n 7

[w o] - (xi — %)

5 5-11=-6 {—5}:=35 (—6]"=1296
6 6-11=-5 {—5}:=25 (—5]":525
7 7-11=-4 (—4)*=16 (—4)*=256
11 11-11=0 (0)2=0 (0)20
15 15-11=4 (4)%=4 (4)*=256
16 16-11=5 (5]::25 {5}":525
17 17-11=6 (6]2:36 {5}":1295
n(xi—Xx)° Yo (xi —%)°
. i=1 i=1
T =154 =4354
i1 (g —0)*
Kurtosis = 2?=1(x?— %) ) 3
(B2
4354
—— 622 | |
= 154)2 -3 = 59z 3=-1.71 is Platykurtic
S

Lecturer/Shakar M. Azeez

Page 51



Statistical Method 2023/2024

H.W

1) Calculate a Skewness and kurtosis-using form the data represents the length
of 13 students in a high school (in centimeter).

(120,130,110,125,105, 130, 160, 140, 150, 175, 145, 210, 140)

2) Calculate a Skewness and kurtosis-using form the data represents the price
(in dollars) for sample of round-trip flights from Erbil to Dubai.

Xi | 872 432 397 427 388 782 397
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Measures of Location R S1S6,040s

The value of variable which partition a series to equal parts are called (partition

values).

(Ungrouped data)

1. Quartiles: g

n- th
Q; = size of i(Z) Value i=123

2. Deciles: dagou

n \th
D, = size of i(l—o) Value i=123...,9

3. Percentiles: s Sl
n \th
P, = size of i (m) Value i=12,3.... ,99

Example :

Calculate part value (Q4, Q3 Ds,D; P,;)
4,7, 3,9,4,12,7,12,6,18,19,20 ,4,7 ,6 ,4,17 ,16,19 ,22)

Solution : arrange data ascending
(3,4,4,4,46,6,7,7,7,9,12,12,16,17,18,19,19, 20,22)
C. 1(2) 1 4) = (5)*" Value = 4

(
n 20
2. Q3= 1(1) 3 (T) = (15)"Vvalue = 17

3. Dg = i(5) =5(%) == = (10)™ Value=7

20\ 140
)=7 (—) = — = (14)" Value = 16

5. Py =i (o) = 22 () = (4.4)™ Value = 4" Value = 4

Home Work// Q;? D3? Dg? P5¢?

n=20
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(Quartiles, Deciles and Percentiles for Grouped data)

Discrete variable: {]

OlSogl S 53, ia

992 9102 Sx32 &) ledSUIs (Sy3> 9gila jaSas

To find the quartiles, or deciles, or percentiles we follow the same procedure to

fined the median.

Step1 Find an ascending cumulative frequency.

Step 2 If numbering arrangement of quartiles, deciles, and percentiles is fraction

then its value is for the number greater than it, if true number the value is the mean

of its and the greater numbers.

Example: Find the Q;, Q;, D53, Dg P,g and P4 for the following table.

class f;
2_4 6
5.7 9
8_10 12
11_13 20
14_16 14
17_19 11
2022 8
Solution:
class f; ACF (F;) X;
2_4 6 6 3
57 9 15 6
8_10 12 27 9
11_13 20 47 12
14_16 14 61 15
17_19 11 72 18
2022 8 80 21
L, fi=80
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n 80
Position for Q; = 1(2) =7 = 20
_/n
Fk—l < I(Z) < Fk
15 < 20 < 27
Q=9
n 80
Position for Q5 = i(Z) = B(T) = 60

Fr_y < i(g) < Fy

47 < 60 < 61
Q3= 15
n 80 240
Position for D; = (10) 3(ﬁ) =710 = 24

Fr_ 1<1(1no)< Fy

[y
Ul
A

N
oS
A

N

n 80
Position for Dg = (1—0) = 8(1—0) = 64

n)< Fy

Fr_ 1<1(10

61 < 64 < 72
D8= 18

n
Position for P,g = 1(m) = 28(100) =224
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Fk1<1(n)< Fy

100
15 < 224 < 27

P28 == 9

n 240
Position for Pys = (100) (—) =——=2>52

100 100
Fk 1 <1(100) < Fk
47 < 52 < 61
Py 15
(Quartile s for Grouped data) OSo91,S 3y Gla

Continuous variable:  ggs plgosyas ISGIs Sy 9g3la ya8as ]

@)
[k

l;.: lower limit of quartile class .

w: width of quartile class.

fi: Frequency of the quartile class/]

F,_; : Ascending Cumulative Frequency before the quartile class

Qi = L+ ( )w

Example:

The following table gives the weekly income ($) of 100 families find Quartiles.
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Classes fi
100_120
120_140
140 _160 14
160_180 20
180_200 18
200_220 12
220_240 6
Solution:
Classes f ACF (F;)
100_120 3 3
120_140 7 10
140 160 14 24
160_180 20 44
180_200 18 62
200_220 12 74
220 240 6 80

. _/n 80
Position for Q, = 1(1) = Z(T) =40

Fr_q < i(g) < Fy

Q2 = L+ (

40—-24
20

= 160 + (—=2)20 =176
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(Deciles for Grouped data) OlSo91,S 3 Gila
Continuous variable: 999 P1903yds ISLIS Sy 943la )ASASD
n
i(1p) ~ Fit

l.: lower limit of quartile class .

w: width of quartile class.

fi: Frequency of the quartile class.|

F,._; : Ascending Cumulative Frequency before the quartile class

Example:

The following table gives the weekly income ($) of 100 families find Quartiles.

Classes fi
100_120

120_140

140_160 14
160_180 20
180_200 18
200_220 12
220240 6
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Solution:

Classes fi ACF (F;)
100_120 3 3
120_140 7 10
140_160 14 24
160_180 20 44
180_200 18 62
200_220 12 74
220_240 6 80

6*80_480_48
10 10

Position for Dg = 1(1—r2)) =

Fr_q < 1(110) < Fy

44 < 48 < 62

6(1p) = Fi-r
fr

48 — 44
18 )20

De = li +( ) w

= 180+(

—180+(4)20
B 18

= 184.4
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(Percentiles for Grouped data) OlSagl,S 33y Gla
Continuous variable: 999 plgaa s OISUI (53> g4ila JAS‘\:ﬂ

l;.: lower limit of percentile class .

w: width of percentile class.

fr: Frequency of the percentile class.

F,_, : Ascending Cumulative Frequency before the percentile class.

Example:

The following table gives the weekly income ($) of 100 families find percentile.

Classes fi
100_120

120_140

140_160 14
160_180 20
180_200 18
200_220 12
220_240 6
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Solution:

Classes fi ACF (F;)
100_120 3 3

120_140 7 10
140_160 14 24
160_180 20 44
180_200 18 62
200_220 12 74
220240 6 80

n )_50*80_4000_40

Position for P;, = i(100 100 100

n

Fro, < i(m) < Fy

24 < 40 < 44

50(—)—Fg—1
Psy = [ + ( (10(}),{ ) w

40 — 24) 20
20

= 160+(

=176
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