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Measures of Dispersion 77 swit

Measures of dispersion characterlse how spread out

the distribution is, i.e., how varlable the data are. It
o2 o3

conveys information about the amount of var|ab|I|ty

present in a set of data.

Note: If all the values are the same, there is no
dispersion; if they are not all the same, dispersion is
present in the data. If the values close to each other
the amount of Dispersion small. If the values are widely
scattered, the Dispersion is greater.

Other terms used synonymously with dispersion
include variation, spread, and scatter.
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Indicators of dispersion

G e
* Variation in experiments or in any Me to

several reasons as\  “Cewn o g i) D I

Y ML _ . .
] " oo\ N S\ (T G -
» The instrument used for analysis. = g s <z,

» The analyst performing the assay. éﬁﬁ"gﬁfﬁ\z\
Difersion I\ =Sxis sl jw 6505 Ky o o

» The particular sample chosen. & ., e des

T :
» Unidentified error commonly known as noise.

Variation is an inherent characteristic of
experimental observations.
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Variation
O)'é\ =\ C_Sg\:’Jc\ W8 (;“i\f»&\ Aty
Range Variance Standard Coefficient
Deviation of Variation

= Measures of variation give
information on the spread

or variability or
dispersion of the data

values.

@ @feoJ = Variabi l}%a‘t= c)'lsggrc'\m\r\ >

Basic Business Statistics, 11e @ 2009 Prentice-Hall, Inc..
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1.The Range (R):

_ g s 4 (S

* _The R is the difference between the largest and smallest
~<~"value in a set of observations. @O‘ o
e Range = (X)Largest value- Smallest value SJ\V\%———'\

0—'5@ 09»934:5)7\;:’ mrz&)]

: _ (A doto

. qlgt[’ope.rt.les of the R | f%; («t %)+I S s 0sgi B
* Simplicity of its computation M R 3-8

.0 PoOF miédsure of dispersion, as its valug;is coclﬁ:cme/jrsjr’]ed
ﬁ,ﬁﬁ%only onto two values, so imparts minimal inforifiation
s>yl about a data set and therefore is of limited use. Zyoules 3,

’ Dat@v’:adf IOWQ&

* 43,66,61,64,65,38,59,57,57,50. (1 pare)

* Find Range?

* Range=66-38=28




2.The Variance:

* It measure dispersion relative to the scatter of the values about
the mean. SN ey Pl 3 3 03 0heos ¢

. 2 ® ) lafin O\, N g
a) Sample Variance: |,S g Ao Pk e 0303 oo 3

@o(Pu/Oé/OV\ SQW\Q\Q

SamQ\e S oelel o AYMM% y/% mean — X
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X | = is sample mean
n = count of values for the sample

b) Population Variance ( )%

()&o\a\’lﬂ‘ %}\ o:’& ﬁjﬁ‘\ ”
\/ﬂﬁ”‘a Z ('Yi—ﬂ)
. ol = fml -
‘o Gt o Vadveg

* where Mu(p) is Population mean
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2. The Variance: =l @8 sl el @

. (§Se) &%

EXAMPLE: > (o, — X2 <= 2 L,
S = =t J))DB (X %n(;fx’v Cﬁ)\n: 3

72— 1 " TTe-l X\ x@

» Find|Sample Variance|of ages @?,g,lwz,éy,m '"X
Solution:

X = (5+7+8+12+6+9+11+6)/8 = 8
o $2=[(5-8)2 +(7-8)2+(8-8)? +(12-8)2+(6-8)2+(11-8)2 +(6-8)?]

/7
e S2 =9+1+0+16+4+1+9+4 /7
o« =44/7 . ,

&
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3. The Standard Deviation:

* The variance represents squared units and, therefore, is
not an appropriate measure of dispersion when we wish

to express this concept in terms of the original units.— Lgf;i

* To olgéam a measure of dispersion in original units,
merely take: the square root of the variance.

SJTV\M Nop» Obiau Y-

, : kiow 22
the square root of variance= \/ Variance vl:wanch A\ V,,ﬁf
olo)¢le, AU~ ‘-"M) o l)

A. Sample Standard Deviation =S = /.S " ke m‘,"/fi arine

A. Population Standard Deviation=0=~ &~




, 3. The Standard Deviation .o des »G\
Sy75d| ohledy (D8 by 51, o Jeod AL & Al A a5 o cres- h%j:w ésd?& Q;ﬁf»‘

A L

* Example:We have two /tableting machines (‘Alpha’ and ‘Bravo’)

producing@ﬂthromycin tablets with a nominal content of 250 mg.
i SRS (v Yaom e i
* Five hundred tablets are@ndorﬁfy selected from each machine and

their erythromycin contents assayed. - Caels oY) O sed Qs 0 oS 4
P e =Car Fi= 6 L5 K

° Alpha =~ <> <= w Bravo
— AT _ﬂJ - b1
%(_/ \ /T 1\"'-__ U :—rxw .é!,d \ &. \—
by e Ree g [l SR
c e 7 . . @ =y shndan —
5 j’hw ):r)i N e—PY\Le QB’)QS\\Q_SQA % r \ aeUrdim {’
S Johatin ) [YT] | N - . W Egl /| ee{ 3\ -
- /;gfﬁﬂ T ‘mau\w,aycn:s FINN Al N~
— | e o S . !l D 04 = d S - ] ‘
0220 230 240 250 260 2|7o 280 \\' ‘ Zj > - A ).220 20 240 250 260 270 280
_ i MO Erythromycin (mg)
£ . Erythroriycm (mg) S}ﬁ@ﬁfé . ry y
e )\ oéZJ G“\u\su,s < &Q\fﬂﬁo\/\—)l Cs2)%

Histogram of erythromycin of 500 mg tablets from both Alfa and Bravo tableting
machines; respectively.



The Standard Deviation

* An ‘indicator of dispersion’ is required in order to convey
this difference in variability, which is standard deviation.

Alpha machine Bravo machine

Erythro Deviation Erythro Deviation

content from Deviation content from Deviatior

(mg) mean squared (mg) mean squared

249 0.3 0.09 251 —0.1 0.01

242 6.7 44.89 247 4.1 16.81

252 10.89 257 5.9 34.81

235 C13.7) 187.69 250 1.1 1.21

257 5. 68.89 254 2.9 8.41

244 —4 22.09 251 —0.1 0.01

264 (15.3) 234.09 252 0.9 0.81

249 0.3 0.09 255 3.9 15.21

255 6.3 39.69 244 7.1 50.41

240 —8.7 75.69 250 —1.1 1.21
6 Mean mes £ S D Total Mean Meown + < D Total

@18 684.1  251.1) T 128.9

2433 * 132 —— 22| £33
Sum of squared deviations = 684.1 Sum of squared deviations = 128.9
1\3 D 684.1/9 = 76.01 128.9/9 = 14.32

@ square root 76.01 [SD)= square root 14.32

‘S;f};‘wrs 72 mg (SD) — 3.78 mg (SD)

—

0 "),9



44515 sle gaxt 3. The Standard Deviation
\e3T AL\ o1y VF S

‘Mesn J) gs 3% Ton o Y5 s\»> e

The Alpharmachine produces rather variable tablets and

so several of the tablets o)l,fvjat.e considerably (e.g. -13.7
S Rarl) g8\ sl : .
or +15.3 mg) from the overall méan. So producing a high

final SD (8.72 mg). B
}{\/jé&g }\).)C;\_,g/(;;_:\j\r
. — ¢ oy o~ . ) ) ) — —_
()= LS S o 5
In contrast, the"Bravommachine is more consistent and

individual tablets never have a drug content much above
or below the overall average.

The small figures in the column of individual
deviations, leading to a lower SD (3.78 mg).

lower ] jgperzion



Reporting Standard di\gg;!lgn ST

Reporting the SD: L n;mw* SP={ymme ¥
» The = symbol is used in reporting the SD j%*',"w‘}’,‘ﬂ‘” (er= ailel) o)

yarighli - Ty ag N
» The symbol + reasonably interpreted as meaning ‘more or less’.
» tis used to indicate variability.

» With the tablets from our two machines, we would report their
drug contents asV:\WW <D

e Alpha machine: 248.7+8.72 mg (SD)
¢ Bravo machine: 251.1+3.78 mg (SD)

O}PQQJ
LD)U“'“P

Units of Unghi?)

» The SD is not a unitless number. It has the same units as the
individual pieces of data.@

» Since our data consisted of erythromycin contents measured in

INE
lnilri\érams, the SD is also in miI@rams.
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S
ice The standard deviation is useful as ak?n(eawgure of
var|at|on within a given set of data.

* When one desires to compare the dispersion in two
sets of data, however, comparing the two standard
deviations may lead to fallacious results. 2 “{«y \,Lp\ ¢

‘WujbeLVu/%]' LS u),OrOM’)Luu Q‘P'J‘ZS‘J) \p\ﬂw .

* |n this case is a measure of relative variation rather
than absolute variation is required. Such a measure is
found in the coefficient of variation, which expresses
the standard deviation as a percentage of the mean.

Coefficient of variation expresses variation relative to the
magnitude of data




4.The Coefficient of Variation (C.V):

* Is a measure use to compare the dispersion in
two sets of data which isﬁindé\ffé’ﬁfdent of the

unit of the measurement .
no
SA Aeui'*\(\M
X% e~
* S: Sample standard deviation.

* X:Sample mean.



e Suppose two samples of human males yield the

following data: VY cV
Sampel Sample2 1P~
Age 25-year-olds 11year-olds
Mean weight 145 pound > 80 pound
)’“)\" Standard deviation 10 pound 10 pound
sD J M S8

R g_‘ c ’_
d 2) ,C\N = . 54"\?l<® > Xs‘an?\e.@
q’&\'\\x CVamey < CVamle @

Questlon examine the sample that, .(,more varlablllty?
L

A comparison of the standard deviations
might lead one to conclude that the
two samples possess equal variability.




Solution:
 CV (Samplel)=(10/145)*100= 6.9

 CV (Sample2)=(10/80)*100=12.5

Then, it is clear that Sample2 (age of 11-years old) has
more variation than Samplel (25-year-olds).

In other words, @r@iﬁis much higher in the sample2
than samplel. B

Now you got quite a different impression.
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Coefficient of Variation
3050 4
Since the coefficient of variation is independent of the scale of
measurement so:

It is a useful statistic for comparing the variability of two or more
: .fr:n Fere Uv\]hg

variables (results) measured on different scales. for example, use

the coefficient of variation to compare the variability in weights

of one sample of subjects whose weights are expressed in

pounds with the variability in weights of another sample of

subjects whose weights are expressed in kilograms

——

It is useful in comparing the results obtained by different
persons who are conducting investigations involving the same
variable.

Because the coefficient of variation is a\ratio, it is unitless (unlike
the SD).



