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M.A (ECONOMICS)
(MAEC24104T) QUANTITATIVE METHODS 1
SEMESTER -1

MAX. MARKS:100

EXTERNAL:70

INTERNAL:30

PASS:40%

CREDITS:6

OBJECTIVES:

To define the type and quantity of data that need to be collected.
To Organize and summarize the data.
To analyze the data and conclude it.

This course introduces the students to applying mathematical techniques to economic
theory also

INSTRUCTIONS FOR THE PAPER SETTER/EXAMINER:

5.

The syllabus prescribed should be strictly adhered to.

The question paper will consist of three sections: A, B, and C. Sections A and B will have
four questions each from the respective sections of the syllabus and will carry 10 marks
each. The candidates will attempt two questions from each section.

Section C will have fifteen short answer questions covering the entire syllabus. Each
question will carry 3 marks. Candidates will attempt any 10 questions from this section.
The examiner shall give clear instructions to the candidates to attempt questions only at
one place and only once. Second or subsequent attempts, unless the earlier ones have

been crossed out, shall not be evaluated.

The duration of each paper will be three hours.

INSTRUCTIONS FOR THE CANDIDATES:

Candidates are required to attempt any two questions each from sections A, and B of the

question paper, and any ten short answer questions from Section C. They have to attempt

questions only at one place and only once. Second or subsequent attempts, unless the earlier

ones have been crossed out, shall not be evaluated.
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Section - A

Unit 1: Unit 1: Differentiation of Functions: Simple and Partial Derivatives,
Differentiation of Simple Functions — Polynomial (x) and Exponential Functions.

Maxima and Minima of functions of one variable only and its applications.

Unit 2: Matrices: Definition and Types, Operations, Adjoint and inverse of a matrix (up
to 3x3) Solution of simultaneous equations (up to 3) by matrix methods and Crammer’s

Rule.
Unit 3: Statistics: definition, importance and Scope, limitations, Distrust
Unit 4: Types of Data Collection and its Sources
Section — B
Unit 5: Classification and Tabulation of Data
Unit 6: Diagrammatic and Graphical presentation of data (with MS-Excel)

Unit 7: Sample, Population, Characteristics of good sample, type of sampling techniques,

Sampling errors.

Unit 8: Index Numbers: Concepts, Simple Index Numbers, Laspeyre’s, Paasche’s and

Fisher’s index numbers only (among weighted index numbers) and Reversibility Tests.
Suggested Readings:

e AM Goon, M.K Gupta and B. Dasgupta, fundamental of statistics Vol-I, World press
Calcutta
e Gupta SC: Fundamental of statistics, S. Chand & Company. New Delhi

e Gupta, SP: Statistical Methods, S. Chand & Company. New Delhi

e Monga, GS: Mathematics and Statistics for Economics, Vikas Publishing House, New

Delhi.

e Singh, D. and Chaudhary, F.S. (1986): Theory and Analysis of Sample Survey

Designs. New Age International Publishers.
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110 Suggested Readings

10 OBJECTIVES

Adier studying the Uni. students will be able to:

#  Meamng of determamaton

& Warious functions in econnmics

® Mlerwsds i solve e It Gl R

e Lunats of fusction asd sequencs

= Contmuity of functeen ond its fypes

#  Types of defferant o ion
11 Functins in Economics

Enowledge of functions plavs an importand rode in economics, It shows the relationship
between dependem (outputh variables and dependent Cinput) varksbles and & helpful (o know
a-w e obtain vulues for dependent variokles from independent variables, The dependent
wirsahbes e calked effecrs, and b independen viribles are called cases,

Ceenerully, an ip:-ndnm varinble is plotted on the horimontol axis, and & dependent varinbie
= plotied on the voaxis. 11 one valoe of an mdependent variable maps teo ar moee wilies of
dependent verinblbes, then it can't be consslerncd o function & per the vertecal line test metnd.
These functiong m et ﬂ.|#l'.‘r|:‘.| cam be chisified as ipectave ((d-0me . L= ae. S i-Er."1|'.-|.'
domey. alpebraic, imo, pecodic, meger, sizoim, pelvesmial, linear, dentical. guadatic,
cubic, composic, nodulus | Factional, constanmt, and even and odd fumions.

Functinns are generally represenied as follows;

Yo X =25
Where f af X 18 equal to the double of X°. Here. we can input valoes for an indepencdent

variahle X o obtain values for the dependent varable ¥,

The algebeare operatmns performed o solve equations follow the BEDMAS prmciple. It
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mans frst completing inside hracket opevatinns, followed by exponentiation. mualigdicatio,

division, addition, and subtruction, These are explained ns follows:
Exerchse 1: Let Y=[{X) =5+3X" Find value of [i2}.

solution: Here, e first substibse the valee of % = 2 aml sqmmre €, giving 4. Mow we can
multiply this 4 by 3 obuining 12, Finally, we k8 this resull 1 5 giving value 01 17, Hence,

the valpe of Y at X =2 = [ 7.
Fxercke 2: Let ¥ = X1 =15+3) X% Find value of (3.

Solution: [n the above example. we noed 10 do tle beacker first. Add 5 ad 3, gaving a valse
of 8, Later, operate exponertislly 57}, pot the vakie of X = 3, giving 9. Mow maliply 8 by 9
giving 72 unswers. Here. we peed 1o be careful thut X=X X and not 2X. The reciprocal of X
means | divided by X ond expenential meons exponentinl power time multiplicaton of the

'rilll.ll;:

The values of vamabdes can abo be substiiuted o find the final value of any economis

indscitoe, For examjple

Exercise 3 Lel, Impert=X and Expori=£, The valoe of Import (X) is constani= Rs, M
mellbon and Exports in Bs. milllon is ()= SEHE0LY. Caloulate met income.

Solution: The pet Bosme can be caleulsted by Anding the difference batween expons and

immpErts,
Met Income= Expors-fmpon s
Net Incomes| S00+0.2Y}-300
=200 1Y

We need o note that mukiplicatxn of & negarive value witl:ﬁmiil.i\t value or multiplication
of & positive valug with 0 negative wvalue will plwoys give o negative resalt, If n megative
vilue is multiplied even mumber of times, it will vield o positive valoe, and if 8 negative valee
is multpdied by odd nember of times; it will yield a nepative volue, Alse, of oy value is
muliplied with zere will yvield o zere value, and if zero is divided by any value, it 9l also
yield zero, However, ony value divided by zero will yvield an infinite value, which is nit

dlelmed

For cxample. boial and average revenes can be calealaied based on the quantity of goods sold
At & given price. Let o fem sell Q) quastiies of goods fae P Total eveise @ caleulated ay

{olkyws:
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Total revepue (TR) = Price (P Quanticy (0 sokd = P.O)
Thie total Profit = TR-Total Cost () = PLO-C

Average Frofit or Per unit Profit = { F.OQ=-CW0

Srodents of economics need o deal with varsous types of Tunctons. The cost fenetion is a
ITREOT (et that PivEs the ol cost of I:IEI_'HJ[II";I,EIE i 1 mimber af he same P,
Geenerally, it comists of two coss sompoients called fived costs md varable costs. It is

calew tted as ol ks
Total Cost (0= Fxed Cost+ Variabie Cost

Exvrcise 4: A company produces cobd drinks, The building and infrastroctore costs are
e, The raw material, energy and laboor cosls are considered as variable costs. I the
fived cost is By, 20,000 gnd varuble cost is Hs, 2 per hottle of soft drink, Csleulste fotol
[

Solution: The total cost & caleulated as fallows:
Total Cost (L= Fxed Cost+ Variabde Cost
Totul Cost {Cl= 22 (imes mumber of biatkes produced (0)
Co NI T0)

The %ﬁlhh‘! cosEoassocnied wirl the pn_l-:||||,:['|m| ol ane skdivgomal vumit i cafled the g il
cost, The margmal revenue is the slope of lnesr revenue function, ond the marginal peof is
the slope of the profie futeton. Compapies caloulae the break-even podinl t make hasness

decismns. where ai the beeak-cven point, peclit & zeeo and cost s equal 1o revente,

The mager functions in the feld of economics inchede constant functions, polymomias, and

mtionals; these are discussed in the next section.

1.1.1 Constant Funct ks
6]

Thiz comstant Mincikns fsume onldy ome vidie, The outp walue & independant of the g

vilue, The graphs of constant funciions are as folkws:
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el omstant

M= oan atart

w

Figure 1: Constant functions

For example, the fusction Y = ikl =300 ¥ =3 shows that the domain of this fanction is set

af all real numbers, bur the co-domain 18 fixed equal ot 3. Means 102 = 3, 603) = 3, amd fior
any value of X, Y assunses oaly one value fived to 3. In the case nr'nrnta-'a:ia.blc i Iy miial
X, the non-zero constant assumes & polyvecmial of zero degree, and its line 15 parallel to the
A-axis and never iouches £ However, i X)) = 0, i= the iWiuatl_'.- zere funcoon with lime
resting on the X-nxis, Constont fupctions or even functions are symimetric with the Y -nxis or
have rero slope, as shown in the figure above. The derivative of ssch fisnctions & ero. The
mal example 5 o store where every ikem costs o bsed pnce. The praph of such haectons

assumes o linear line parallel to the X-axis,
1.1.2 Podynomial Funciion
A polynomeal fuscton assumes posiove powees oaly o the Tunctional selatonships.
Crenerally, a polynomial i= expressed as:

Y= X =2Co+ 0 X Col 4+ ol + CaXF 4

56 .

Where Ca, T C, ede. nre consrants and X amd Y ane & ndent and dependent varinbles. Ti
will bee & constant function 1Fw power of X is zero and @ linear funstion if the power of X is
I If the power of X is 2, it is & quadratic, and ifthe power of X = 1. 1t 8 0 cubic function
1.1.3 Qndratic Funclions
The word quadratse means squane. I kas a parabola graph and & wseful w0 wlestify maxina
Akl T in eciRm s |1F|Ii|:r'|i~::|1i|u:| FITIIh.:I'IlH 'h-:,. T e |1ir|"r.n._'||lii||m;; lanctusns, These e
useful in profit ond s, forccasting, rragectory pleds, ete.  The quoadratee functiois e
expressed as
fiX)=aX* +bX +c, whm:bb. and ¢ are constants not cagual fo were. The vale of X can
be calculated for equation the aX* + BX + c=0 using the following formula:
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_ —b+ VBT — dac

X
22

1.1.4 Cohiz Functions

The cubi: function was discoverzd by Scpione del Ferro, an Balien mathematician. In thes
Tusbction, eacl value of X has one unique Y. value, like a one-teone fusction. Ihs no slope
Al assumes i ."i.-n-;hilp-l.'. The chamgee im walume ol hall ar culwe i 3 El'u:n.l t'.l.iII'I||1|I" ol cubae

functooi., The cubic cquatsm s mdscared by the follow ing:

X =aX*+hX%cX+d
1.1.5 Ratlonal Fometions

A rational function s the matko of twe polypomial Tusetces inthe form £ where ) s ot

cgual o zerm. Mathematically, a rational function can be represented as fix) = %[-‘;—; where

:
Qix) # 0. For example, fixj= :;"_1 where 257 . 2% - 5 2 0, is a rational function. An
Azt HIx—5

psympliste of & curve is g ling ihot shows the distance between the curve and the line
approsches rero amoome of the coondinales akng the S-asis or yeais approsches ity
Ratioral function curves cam have three tvpes of ssymptotes; horrontal asympiote, for
example X=a; vertical wymprote, for example Y=b; and oblique symplote for esample
‘r'=m;+ﬁ'h¢ merst oo e xampde of @ rtonal function m ecomomics (s the average cost,

Where, Averige Cos= “'% Here, CL) B the total ooed of 5 naesber of e,

Exercise 51 A chocolate manu facturing plant has a fixed cost of 2 5046 and per unit varinhle

costof €25, Find the nveroge cost when 200 chocolaies are produced,

Sobution: Hen: the tiotal cost function Cfx = S000425% and Average Cost= SIS

Avverage T

SNESEN o 50 per item
Pl

14 Mom-alehrale Functhons

MNonalpebraic functbons are ako called trangcendental functions. These tramscemdental
lenctions can b expressed inalgebr n e foom of infinile sequeences, Non-alpebr aic
fisctinns are polvecmials s the form of trgonometne, for cmmﬁ. fin)=5in (a3
absolure value functions, for example, fx =151 oganthmic fusctias, for example, 7 =kg
(x): mnd cxponcntinl functions, for example fini= 42 and powered = a4 moot, foe cxample,
fix) = wx. ﬁ:luege functims, the behavior of the lefi-and ssde variable 15 explained by the
varsabieisy on the righi-hand side. Knowbkedge of these functions will belp m unsdersmnding
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business functionol relatonships for short-term and koag-term decison-nsaking.

12 Solving Equations

A fonction s wsed to define ihe relationship ameng dependent and independent varinbies, The

=olution of 0 functionnl relatiomship will be obtnined with the belp of an equotien, An
eguation i o mathematical rebiton thiil shows the ';'I.|l.lil|iwlll twin sides of an expresion. For
instance, 4X+3¥=15. The kefl and right sades are equal. The rate of change in the dependent
varmble with respect 1w :l-wdepehderu variable shall be calculated by taking the derivative
of the depemdent varmbles with respect 10 one of the mdependent varables. An :qlﬁium thaat
imvobves independent and dependent variables and has ot kast ope derivate of the dependent
varsable with respoct 10 the mdepemlent variable is callad a differential eguation. There arc
many methads to =odve equationms

The i mwerhods (0 slve equations inchisde alpebradc, graphical, substiution, elimination,
apd mrix methods, Here, we can add, subimet, divide ond moeliply both sides of an

eyguation ke simplify and solve i
1.2.1 Algebraic Method
Consuler the following example:
Sx+2=064+9

It kas only one variable X, Here we can subtract 6X from bkeb sxles, This gives us the

fialkvwing ;
X 420 - 6N = 6X 0 - 6N

X 4+Hi=

Fovw wie ol sulsact 20 froen both sedes vickding
- X+ 20 -20=Y A
-X=-11
Multiply both sides by - 1 we get
Xy =-110-11

x=1

Ta test the walue pt X=11 in the eqemtion 5X + X = 6% + % and we have 5 {11) + N = &

(11 +% =75 Now_hath sikdes hove valee equal to 75 and sobution valoe X = L] s valid.

122 Graphical Method
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The Graphical method 3 helpful in findog solitsem (o equateens wheee two varables are
involved bhecause a graph paper has only two dimensions, ie., length and breadth, This
method helps o investigaing econsmic phenonsena using dingrams and graphs. The shstrao
rraphicul relotiors help strgtepists munipulate ond gein better insights into the business

ey irE et .
For exomple:
Y=2Kel and I ==X +H
Here, we cain solve this function by aquatimg these teo sguatsms sl smmplifying as follows
2X-Y-1=1 —Equaticn ([
H42¥-8=)  —Eguation {2}
Yal-2X  from equatson (1)

Yoo 22 fiom equation 2

The graphical behaviour of variable ¥ can be plotted for equations (13 and (2], As it is 2
limear function with the exponentiol power of variohlzs in both equations equal to 1. We need
Tip kol A Reast owen posions e draw g line, Here, we Cﬁi.l!-hl.llrlﬂ ¥ =0 per one poim for X
variahbe amd ossume X o= 0 1o get anotber point for Y the varioble,

The X and ¥ vahees 00 eqeation (1) e as folkows:

e
: YWarmhle | X {when Y= o (When X=h

| ¥ i 1

X 12 1

Siemilasly, the X oand Y values for equation {2 are o= fallows:

1 | >
| Wariable | X (when Y= ¥ (When X={)
1

| 1] 4

|
;x 8 i

Maw we can phv the graph as shown below:
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Figure 2: Graph of functions ¥=2X-1 and 1% = .X+§
1.2.3 Ellmdmation by Substitution e thod

This method involves eliminating ope varisble from apsther squation by substititmg s vabue

in the equation. For example, we have two linear cguatons:
datlys 1]l ond 2 xovsd
Wer e
In+lyv =11 e |
2a-w=4 A 2)
Wi can modify the equuation {2) a5 ol ks
e [y pd=wid + 2 3)
The value of & obtamed inequation (3) will be substituted in equation 1) as Gollow:
IVR2+ N +2v=11
IY 2+ 0+ 2¥=I1
Y52 + =010
W25
Y=5%27= N7

Mo, usmg the dstributive propery of equations, we can suhsditnie this vabue of Y i enher
equation (1} or eguatson (21, Let us substitute this valoe in equation (2}, and we have the

foalkvwing:
2a-y=4
Ix - W7 =4
Ix =4+ KT = 3879
=382 =38 14 = 197
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Hence, x = 19T and v = 1INT satisfy both che cquacaens 1 and 23,
124 Matrix Method

The graphical method s limited 1o selving equistions invelving o maximem of two varbles,
The eliminatien methed is quite @ kemgthy exercise o find the vales of varinbkes sabhstyving
all equations, The merris method has an advantage over these two methods as 10 s quick and
casy b find solutions o equations invalving two or more varables, Ths methed is based on
the Canmsinn eliminateon methad oo Aad sodutions. The following e dnpoTant seeps 1o solve

equations uaieg the matem method:

I, Write varinkles im equations m the proper order,
2. The coeffkknes and n:uunwu. slivukd b written on their respective sldes.
3, Tt should be possible to find the inverse of the matmx, 1.2, determinant of the manx

shasu Kl mewl B fer,
The followmng exomple will cxploin this method
LﬂHhﬂEhEﬂmﬂuqHﬁﬂﬂh.
ayxkaz vhae=k|

by st y+bez=k;

e o=k
Where n, b, ¢ and k ome constants ned x. v, and = are vorinbies,
I HE ] =
b b = ¥
o] 3 = k-
AX=K

Where Matrix A presents constonts, matnix X presents variables and matrix K presents

TEsProE CorslnEinky,

-
1 a iaj
A = Il b by
)
Ci ) 3

x
X = ¥
20




X=ATK
Where A7 10 and A =Adjoint ADcierminant of A

For exomple, let us have,

2ty 2z=2
O ) e
= K43y .=t
34
1 x 2
Ao (2 I I X - ¥ K= i2
i i k z f

Al =Ademt AJDee rmiEt of A
EA] = Deierminant of A= H-1%-1 =317 - 2(1%-1 - 223 4+ =1 - (-1) *T)

=N1-3) - H-1-0)+ 142} =-44-1443=]3

The value of the determinamt of A 15 mo equal o sem, bence, we can find s inverse. We

need 1o fnd determimant of the 2X2 mainx, which is as tollows:

Riow 1 elements are represented by 5" with subscripis. The hirst subscript shoaws the row and
ithe secomd subscripe shows the column as follows:

Al [ 1% 1A% = 10322y apre {240 17 =20 =5 apr= (25010 F] =i 1=T
Sonilarly for Bow 2 and Bow 3, co-laciors are as follows:
mya (1¥%-1-3%2) = -[-6=-T;  Bppe{-1%2-1*2y=-3-2=-4 = (2%3-1%]) =b- =5

Axiz (1 ¥1-2%=1) = 1+2=1; Mg (12 =24 =2-d==1 dgi=s (2% ] == X=ud

The mastris of these determinants with cofectors shall e cokoulpted by summing the row
namber and column number of (he respective elemeat. IF the sum is even, we meed 1o
ity the values of dercrmemuists obtamed by the + sign, and if dee sum of row plus cokima
position comes b an odd momber, we need o meliply by the - sign, Mow the cofactor meatrix
wrbained is s folkows:




Cofactor matrix of A= -2 3 ¥)

The adjpimt of A & formed achanghlg the fir row ine the first cobunn. the secomd mw

iei phe secomd coleereo, arsl the third mow inio the thed coliama as ol v

T 3
Adjoint of A= 4. 2
-5 i
2 7 i
A =Adiomt ADeemimant of A=1/13* | 3 | 2
7 5 4

Mow X = A" K, Here, we necsd o muliply 33 matrix with column meatriz K the

inuftipicatsen result s as fllows:

.
i 2 7 1 2 D& 3
¥ =1/13] 3 4 2 1zl = =M1
2 W7 A f 0

Mo, puiting these valoes moall three equations in these questions makes the lef skde cqual o

the mghit sude.
13 Lbmsit OF A Fusction

The sdea of a it = the basis of caleulos, and a limit 15 the function vabue as thal functsn

approsches the specitie volee of & -'.I:-';En varinble. The function can be cnminumwr
disconfmuis. A function & contmuos iF the raghe-side Simit aml keftside Hmit values of q
funstion of o 5;!&1: point % = k exist and are eqml, Otherwise, © 15 discontinanns, Let us
take a function xjex-200-2; here the function & ol defined ar 3=2 because it will givg

value of zeio divided by zero. which s ot defined. Otherwise, &u:_ﬁ- value of w, the
Tunction fx) appreached |, Ths e the limit; & x approsches T bul = ot egeal to 2, the valise

of the function is 1. In another example. let us have the following function:

] e
sm= |1 W=

L.




This Eulmiugq discontimuous at X = 2 as the given value of o funcikm at £ = 2 a8 1.
However, az x=* 2 the vahﬁ[ the function npprosches 4. This can help vs to understand the
limits amd continuity. This fuscison & disoontiseus ww =2, A limi B represented as shown

b |z

lim o —=1{%J=k
46
In the above functsen, the value of fx) approsches k as = approaches ¢, Limit is the outpuet

vilue of a fEnctinm of tequence 15 &N iEpoeTan part of integration aixd ddferentsation 10 graph
Tunctoons 1o understand its real tine behaviowr. A lonit could be ose-sided, which |fta.|ﬁh&1.
a function or sequence gives ouipul valee as the o approaches o particolar vabee gither
from the eight-side (aboves oF the kefi side (helow)h. These lef and rght-sade aomits ane wisten

a5 folkyws:
6|
L oc” {8} = ko7 x5k a8 5=

The above-mentioned limit is rght-sided and left sided Bmit con be presented os follows

98 ]
Lir, - HEl=k of ixp2k as i3

For example., ;-u:uE'd:i & function fx=L%. Ths fwocton is oot defined ar x={b and it is

discontmuous at %= H-:-w-:u:bas x npproaches [F from 4o the valwe of function, #x)
upprogches +oo, The right-skded lmit of & Guection con be writlen axs:

lim gan* {xF= +oo
The eli-sided lominofa fonetion can b wrirmen as;

I wwr A s oo

The above lunction Tas different values from the dghi-zide and left-sade. Hence, this Dasctxn

is not well defimed at x=ik.
5]

Lt us comider a Tupetion fx) = i

This function is umdefned at x=0_ The graph of this function is shown below

Tabde 1: Right sided and left sided Hmits

Varlable & Function Right-side Hmii Righut-side Hmdt
X I (06 (o4 03 |ooool oo | 008 |0 | D4
Rxi 1 167 |25 |33 | 10000 |-10000 |-125 |-10 |25

pFE




The graph of the above fenction is shown bebow:
]

Figure 2: Graph of fixi=1/x function

The ghove function, fxk=1'z is discontinuons 35 1-=#0 both from the lefi side g= well ns the
righi=sxle,

Sumilarly, consider apsther example ix) = «°. Here, alko we can consider both kefi-side and
righi-sxle limics.

Table 2: Right-sided and left-sided Hmits of f{x)= &'

| Bight side lmain { x>} Leftside limias—*-=)
A E | B Ik [HF al | =5 « |11 = [{HI B ]
Fish [0 (1 | 125 | (MM} | DOOHHHMY | <1 | =125 | =100 | -TOOO000 | -S9002900

The phat of function fix)=x" is shown | figwre below;
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a
Figure & Graph of f{x= x* function

It & evident from e above graph that as the value of = decreases from lefl, (x) hecomes

it pegative and as the value of % nercases frons fght . it becomes mone poditive.

13,1 Properties of Limits

I the: Bimits of vwo Gnctions {0 and b exist, then the Tdlowing poopertics can be applicd
nEE—n

1. Law of aclditiom: B o [ITE) + 080] = 1000 o W50+ lim z— hix)
12
2. Law of subtracthon: Ba oo | fis) - hixl] = b oy o 80X - lien o i)

d. Law of muiliplication: Bm . | fix)0uxi] = lon . Bxp. lima Hm . hig)
4. Law of Division: The division is gpplicable when lmE of denminaor is sot egual b

EEITE,

%] lims—a f{x)

lmx—a i

&, Law of root: The lime owissde the ool is spplcable 1o the vanable inside the oo power

Wimi=s .
iy M) =20 T Here, £ i5 @ comerant.

2
6, Low of powers According to the low of power, limil of o function raised (o amy power is

equal o ihe limit of function raised 1o the same power

T g CHEI ™ = [Him smy X33 ° , where nis an integer.
7. Law of constant: According o baw of constant, the lmir of & coss etk B equal 1

the constant value of the fesction, Let us suppese o sonstant function <, im e sl =

L




f. !J.miﬁf constant muliiphed Danction: If o fuscisen & mubigpled with & constan has
lirmit , & & equal to the limit vahe of function muliiplied by the same constunt;

Hm s o Had=, lim g 5}

Y, Limits of trigonemictric functions: The imits of trigonometric functions ms hm x— £ B

fit1] I.ll.‘!rill"é However, limis of rogenometric momibers, i deCmesd s o specile valie. Fore
cxample, lim o ., Sin (=818 a3 lim ., Cos (x]=004 a; lin 5, o (K=tan o lm ., Cosec
()= oo s i o o, 5o (=Sec & b oo . Cor (=00t 0.

e
10, Limits of Inverse u'lamnmm'lcfuﬂhm: laverss trigomemetric functions are called as
Arc functiong. Arcsine | sin (8 =<zl & € [-1, 1]); Arccosane { oo &) = 1 coa{x], &
a-l. 110 Arcrangent (sn'(ax) = «tan'(xh, & € R): Arcootangent (oot '(x) = 7 - cor (k) 5 €
B Arcsecant {see’ %) = 1 -pec {x], K] = L) and Arcoosecant (oosec [ -x) = coseelin), =l =
1.
14 Linuit of & Sequence

A sequence i the chronobegical wrangement of two or more thimgs, sither in finile or mfinge
form. A finite sequence bas an emling term, but an infiniee seguence has o emling temm. For
canmple, if the 1, 2, 3, 4, 5 sequence hos five entries ond the kst entry 15 5, it & o finite
sppuenoe; however, @ sequence I'I.E example 1, 2. 3.4, 5. has infinfe terms, cafled an
infinfie sequence. Ench entry in o sequence is called o terme A sevies can be the sum of all
e m & SEUSTCE, ?'"i-|=|.|1.|un:|.-:-. can he aka e chssilied @ anthmetic, seomeaire, Tzmemmic,
and Fbonseci numbors, Arghimes saquences are fomed by subtracing or addig a specific
fuimber from the proceding number of the antmetic sequence, O the other ide, harmanse
sogueiees have reciprocal terns with the anflunetic sequence, The geomeiss sequenoss &e
formeed by dividing or muliplyisg o specific sumber with the preceding munber of the
gepmeEric saquence. A sequence formed by adding teo preceding elements that stan with
apd | s calbed 2 fibenocer mumber. The following are s fow exsmples of these sequences:

I 4.1 Arithmetic Sequences

An arithmetk sequence con hove terms ke o, o+ oo 8 + 24 + aln-1) d Where nis the nth

term of the wequence and d i the difference between the succeedige and preceding tarms,
Any lemm (agh m the arhmetic seguence can be lpoml wsing ap =aHn=11 d. The sum of all

2a+in- 114 L . .
terms 50 = L::-Il-::—il-—-l The limit of a sequence can abso be caloulated using limits as the
sequeice approaches a specific value. For example, we have a sequesce 1, 372, 303, 74, @3,

[ 176, 1377, .. 2=1in,
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Lom {210 =2
Asn approaches oo fhe limt Ln approaches sero. and the walue of the limit function is equal

i 2. However, this sequence does ol hive any lerm=2, Hence, it is evident thiae o limg may

oF may nod comlsnn a limit as o enm in the segeence,
14.2 Geometric Sequences

A eomelric seqience can assime the tems a, ar, &, ar, . ar™" | The limis of & gesmetric

ALY RN be ealeu lared as shown e the faliowy ing é:-!.'lﬂ!l]!lh!

Let us have an uifinite scews with sum Gz =12+ L4 EHAHLE2 L =1
The sum of this series can be cakwulated veing the following fornmula;
.t
)
1=y

IF the value of r=0, " will grow esporemially as salee of rincreases wooan infinitely larze
vilue amd willl decrease exporentially when r<l. S, m the limit potation, we cin write when

LA RS

B ot =t amd cam take limal viloe of m=|;1l-l_r:.

Lz a simakar fashmn, we can find lmits wo harmonie sequence and fShanscei numilbers.
1.5 Continuity of Functions

W can seo continuity in many matural phenomenn sroend vs, Fer example, wator is lowing
in rivers. hbaod circulstes in the human body, snd growth of plants, ete, 11 s st ke drowing
a praph without Iiltiﬁlllc periil. A contimous unction momathemat ks belds the following
propertaes af a paant X = he

L. [ib} has a finite valee, and & exists.

28
2. Lim :1|.ﬁ:l|=ﬂ-hb

3. The right-side and lefi-side limis are finie and equal.

A function would be costineoss m an mierval of all three condiions are mel, There are teo
impoertant theorems regarding the comtinuity of Fumctions, These are discussed in the next
i,

1.5.1 Intermedinte Yalwe Theorem

Acconding o this I:h.'.ﬁl'tﬁl function fix} is contiminues in the nterval [a, by, if there exists o

e and maxionn valse inthe icerval [a, b] as folkos:
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a=<xmin “banda= xmw = b

Also, the function fx) has maximom 2.0 and miminmmem § £ values ns falloa;

i fwwn] = Wx) = WXl when o= x <h,

This theerem advocates that comfmuous fupcioas abways bave mmimwm aed maxiowm

willuies,

15.2 Extreme YVabwe Theorem

This theorem helps. o ﬁl& minirmamm and maximom valoes of o continwons fincly

Aceonding w0 ths teorem, iFa real-valued function 15 contimicns = the clksed micrval [, d)
whcﬁo-ﬁd. then there exist bawg real mumbers 3’ and ® in this closed mtereal [¢; d| such that
it is the miminum and fk) is the mexinum vadee of the pction fixh. Mathematically, it is

shown = follows:

fla) < fix) = fiby, ¥ x € {4, h]

16 TYPES OF DISCONTINUITY

There are three differest ypes of dicostineity: emovable discontipuity, Dibinie
lisconlmiiiny, amd furm decomimiity, These an: discised w follows:
L.l Removable Discoatinuity

This type of discomtimity occurs when fim s 8x) 2 fia). For example, show that the

tollowmg funetion is not contmuous:

oy = AEH10
K = =18
a

Mow, we can factorse the denominntor %% = 2x = 15= (x-5) (x+1). As we know, mtional
fumetions become discontimeous when divided by gere, The deneminator shows that function

is diseontinuous when (-5 (xe31 =), 1t will hoppen when x=5 andior x=-3

Exercise iz Show that the fik)= 2k* - 8k~ 10k 4 5 has 3 root within the interval range [-
2.2]

Solution: Here we meed o check (f (k=0 between imerval [-2, 2], Now suppose o number 1

berween such thar -2<t < 2and k1 =0
The valse of Fi-2) = 2{-2)° - 54-21°- 10(-21 4+ 5 =-16 20 4H +5=- 11
ond [(2) =2020 - 5027 = 1021+ 5= 162020 +5= = 19

Mo, a5 per Intermedinte Value theorem ©paint that shall exist between the interval =2 <t < 2
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This sobution dad nor provide us any sech podnt. Mow, we can use graphical method 10 locate

this point as shown in figure beloa:

(k)
10
T [=04250308563
.!'_ l
i 1 i I J. ] i i L i 1 H
i 1 ] ;
T R g 3 4 : :
_j_
=10
=15 =

Figure 4: Graph of functinn fk)= 2k7 - 5k5- 10k + 5

Lt us take smocher example,

[x+3Mx+1
f(x) = '——r-r-v—-—': 3}
{(x+1}
This tanction oks ke fx=s+3. However, o we plol the curve, we will Uil Thar the

Fuisctao is nod contineows at x=-1 whach 15 evadent from the fllowme graph:

Figpure 5: Phot of rermovalibe discontinuity graph

The hole b the graph is shown by e circke oo the Boe, It shows the discontmuary of this
fisnction.
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1462 Infinite DMscontinnlty

It is abso colled se essentiol discontinuities due o severily of the infinite discontimity points,
This ivpe of discontimuily arises when o function is pot defined of a specific vabie, wigh the
right-sade nnd left-ssde limats tending to = values, Ecomemasts con closs:iy i os large o scole
dlisconimuty or a st sl I_|i:ﬁ;:||l1|il1l.E They can spla this disconiimairy o feod a sodutionn

o their probem, For example, we have o funetion;

1
Hx) = E
6]
With limit x—0 either fiom the right-side o from the lefi-side. the fupctben is pot defined @

% = 1 which is evidemt from the gmph below showing infinite discontmuoity, The limit on the

lefi sice
-~ f{x])
fle) =2
s
Figure & Graph of nfinite dizcontinaity of functlon fixe=ls

of y-axis, as the volue of x approaches . the infindcly smaller an the negatve y-axis,
.‘ii|1|il:||'|:,'. un Lhe :ighrnxil.le ol yeimnis as x approsches gero, the oonctoen Beconmes infEnmicely
larze. an. infimite diseontimiry shall be visthle if we the graph of fuscison ued er evaluation.
Bt this example, The fuscton has mfinime decont sty af a valie of €=, 1t o called 8 pole i

the graply
163 Jump Discontinuity

This tvpe of discontimiity i never nfiniie because the limns from boch vhe righe and efi are

renl mambers, Let us consider the example given beboa;

0, xill
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fixi= Xa=0

Figure 7 Giraph of jump discomtinoity
1.7 Differentiation

Differentistion is the finding derivative of o funciien. It is vsed to know the instaninoneous
Er{f smill intervall rate of chonge of any quantity. For example, velocity of o scatcr tells
the: rate of change im distance over fime. Dafferentiation in mathematics & defined as the rate
wf chamge of an mdependent variable,

If & fuctien ¥ = fix) goes through an infimtesimal change at any poam. then it can show as

ol ks

y=Hx)
yHAy= T{a+4x), then limiting relative change &= given by

Lim A 0 S0 o B N0 gy gy
We need 0 note here that o differentiable function af any point is contimesus at that point,

However, @ contmnuous fincism s s podnl meay o may mel be differentinble af thar paricu b

perint. The filkowing are importast robes of diflerent ation:

Lot the oo functions £: B —5 amd k @ 5 —& are differentiabde functions atl pomt x, then the

folkowing propenies hald:
1. Differentiation of a polynemial: (x)=x" = Fix)=nxm'
Glven ixi=x "= f(x)=—10r " T=—10x "

2, Differentidion of Constant mulfiplier of a function: Let o be o constam mubiphed woa

femstion a{x}. The derivative Caix)) = F {x), if @ ¢ & {constant),

Giveniri=3r'= f(xp=3 5. '= 52"

e 5|




A, Differentlation of addition or subtraction of functlons: %ﬂ:‘ derivative of the sum or
subtraction of two or more functions = equal to the sum o subtraction of their individual
derivatives:
(050 & K 4=))%= Pl = K'Ce esdditon) subtractsrn),
Gilven (1) = {x° + 3x*):
F'ini=f"({xfp 2f § 32
=2+ 360
=Fizlf v’
Given (xh = {x" + 31
Let {x) = (& + 3"} = g'ix)= 3 + 15

&A=

DR g T & TR i | o )
w4+ 30, (G + 15x%)

4. Derivative of muliiplication of twe functions: Let [and g be twe Dunctsens and their

perescinct is fg. The derivative of teo oo loplying, functions is given by
(). kq)h' = Pz kix) + fies ks

Ciiven (Zp=ixy . (5%}
W know thal [ ix)=0ix g (o + glxi b (o
= x{5) & 5zl 3x7)
=5 % 152
=2
£, Derivative of dividing Fanclions: The derivative of division of the functions is given =

(). kix) = flx) k()
derivative (F(x) 'kix}) = Isqu:il-eul{:{ﬂ :

Giiven [Lx)= :%_: Where # 2
A we know that F O oeh=[hx). g () = (X150 )] ¢ [Rix)
letsizi=x+ lamliixi=x5—2

Ditferentiote them imdividuslly we hove. s ' ixys T amd t " (%) = 1 and suhstitule the vale in

the formuaka we get the folowing:
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oD _LG-2)-(x-1)1
M=o =—3]

o E-B-n41
= ==}

= 1iix-2F
1.7.1 Types of Differentiation

There we fve basic Opes of functions, where we can a:-pl_l.- dafferentistion. Thewe e
trigonomettee functions, algetwaic Minctions, logarichmic fonctions, expomential funcoons,

amd mixed functions. The differentiation of these functions @ dscussed as follows:
Differentiation of triganometric functions: The differentintion of tigonometric functions &

shown below:

g Encthm Ditferemtistion | SN | Function INifterentintion [ x)
fix) "ix) i)
1. aimx G L e G0s L —4in &
3 m x sec X . oM X BT X
A, | #eecx | &0¢ 1 Bt 4, T R X O T
4. |asinla 1 . |Dos'x 1
=) i =)
5. | i | i+ 1. | Cot* —1/{1+5%)
(R 1 (2 [ Cwta - 1
Il JT1 — %) 111 — %)

Exerciese 7: Given f(x)=Cos 5= Sin . find iis denvative,
Solution: Let fix) = cos 5 and gx) = sin &

Usiny e sulsrsctn rubke of dilferent sstion,

|:L': [fx] —gix}] = dida fizp —didx g{x)

didx icos X — 5| x) = didx deos X —dfdx (=in X)

== Mnw - EUE

Differentiation of slgebruic functions:
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DifTerentiution “‘I.Il'.‘"_“ ix Il ix

Sum & Difference difix} £ glx)] iﬁﬂ + Eﬂ’ﬂ

dx =
Product d[F{x). g{xh] d d

—m E'[ﬂd_{?ﬁﬂ;”:' + [{:}d—-u-jg{xj
[ o s d[fix1] ) %‘i‘j = ﬂ#]‘-%—?
E(x)
[aix}]?

Exercke 8: Glven ['ix=3x + (1/x). find its dervative.
Solution; Let us assume two parts of this funciion gixl = 5 and Wsi= 1ix

Mccording o sum rulke of differentiotion the derivative is equol o the sum derivative of

individial eErms. Hence,

didx [gix) + hix)] = ddx gixd + didx Iz

didy |3x # (1/x)] =didx § 3x) + & (1'x)

=3 % (-1/x%)

=31 (1459

Exercise 93 Given fix) = idx" —6x + 1) (x + 1), find its derivative.
Salution: Let us assume twe parts of this fusction g1 = and h[: Iix
Let fix)y = (4x" —bx + | pand g{xl=dx+ 1),

Acconding 1o the product nule of different inebon,

didx [ Hx) glxdl = =k [d9x pixh] + gpix) [ddx {x)]

={4x" - Bx 4 1) [dids (s + 1] +ix + 1) e 457 — px+ 1]

=45 — B+ D+ 0+ i+ 1 [435 -6+
=4’ — b+ 1+ x4 1) (1227 -6)

=dx -6+ 1+ 120 — i + 120 -6

= (6”4 245" - [25 -5

Exercise 102 l_'gren Fix) = 3c'ixd), find its derivative

Rolution: Here, iz =37 (s + 1)
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Bix) = Kb =gxl = hOx

hixi=in 41 =hix= |

According 10 the quotiznt rule of differentiation =F T80 = [z - g[x]-h’l;xjnl.lm:l.]l:

1) = [+ 1) 65 - 3:-‘-5]&: F LY
=f ()= (6 #6n -3 S+ IR
=Piny = (30" + 6x0x + 17

fferentiation of logarithmic functions: Chamorule is wsed for differentiation logarithnic
functions. Inporiant kogarithmic differentistion formolas ane given belbow:

[ b sy =hos a4+ bop y

Jlopxiy=lopx - lop ¥

Ing =¥ = ¥ log »

Iz, = lowge {0 log {y)

Motz Dienvanive of exponenl i fumctions & calcabated wang kparitinee formkas,
Exercise 11:  Given, ¥y =% ™ itz derivative.

Sokotion: Take log on both sides logly) = lopix®)
Using krgarithmic rules = logiyi=x: logix) [Using property kgiay = s logiak]

Step X Now differentare the equation with nesped o x =

d d
= fog(y) = ﬁ{x.]ugfﬂ)

d 8, dx
Elng{y = :r.ﬁlug(x}+ Iug[x]-ﬁ

Ldy o
;E = .'T.E'I' |IJE|::'|:}

d
= = 3.1+ log(R)

dy
Iy = X1 +log(x))
1.8 Maxima And Mimima
(6 ]
Mexima and mmima show the maximum or minimum valae of a fonction. The following
procedure is pdopted to find these bao points;

1. Fimd the derivitive of the given Dosction.
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tt

ot this devivative = 0.

3, Find a second differentiation

4, Put these wvahes in the second derpvative, [T second derivative Mx<l. s the

mmaixima, ond 1f F{x)=), &= the minima.

5, T fined maxdemm amd mitiroem valises e the ealeukired vabees in the function

fin).

Maxima and minima are classified {Figure §) a5 ocol rmxin‘aér minima and absoluie or
chbal smxima and manoma. Lecal maxima o minima give the maximum o manimwem
wakie of 3 point when compared to other points in lﬁdmain of a function. The global
IEs i oF minkne = oe poind thar doesn't bave any poinds i the domain of the function
whose volue & greater or kesser than the value of the global mazima or minima. The point
of milexmn shows the change (rom pmsima oo minima or vice verss The knowlkdge of
moximy ond minims con belp coonomasts to know how profit functiens lims the resoerces

§r |:Zl'.Fl."'L'lll Mres,

i Gk v el Ao 1l
i i
| \ o
i1 . Sl \\
.ll II_ amikdul Pl wirTea
/ i (8] LU T T
f | ety LT
/ . 1
k! [ | Lllnlurn-l i Laramil hdlmdrves 5
-ﬂ-lnl!-l S ol R
iplipgat 1

{Soirce: Byjus and Dogpes )
Figure B: Maxima and minima of & function
Exercise 121 Let o function ¥ = 3x” - 2x° 4 K, find maxima and minima.
Solution: Let fixi=y= 3" - 217 + 8
Caleulnte first derivative, { {x)= 33 2% 222"+ 0
=t An=x ()
Put 1 xi=l=x{9x-5} =3

= gither =0 and or %x-5=0
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=l = x=50
Mow we have taoe vithees of £ where 2= and =59
Take second derivative and put ibe valoes
£ (x)md (9555 Wdx = Bx-5
1™ (=) =lEe-5=18 1.5= =5 <A (=) s painl o frsaximag
[ x=53/1 = {1E.5M9-5=10-5=+50  {x=3/ is poimt of imukimna)
Exercise 13: Let fixp=x" - 2473+ 1 L, find point of inflexion.
Sobutien: [{x) = 1" — S4x7211 (given)
The first demvative of the function {x) = dx° — 1Ex
The secomd derlvative of the functon £ (3] = 1257 — 108
Let us wssumw second derivative £ (x) = 123" — 10K =0
Divida by 1 on both sades, we get 55 - 0=10)
= %' =9, Therefore, k=4 3
To check inflexion ai x = 3, substiute two adjeinmg poinis x= 2 and 4 in £ ()
So. T (2= 1N2) - |08 = -6 (negativel
{41 = 104" - 108 = 84 ( positive)
T check for 5 = -3, substitute = G and -4 m 7 (x]
So, ™ (0= 12000° - 108 =108 {nepalive)
{31 = 12417 - 108 = B4 [positive)
Hence, proved
Mow, subsimute £ =+ Yan 7 (%)
Therefore, it hacomes
F{3=123% -108=0
P {-3p=12{-3F - 10E =1
Therefowe, the inflection podats dre (3, 0, and (<3, 10

Exercise 14: A toyv manufacturing company manufactures and sells WM units per
maonth at a price of TVE0, Reducing the price by ¥ 5 shall help the compapy to sell J6d
addithonal undis per moath, Predict the maxinmum possible revenue of the company.,
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Solutien: Suppose that pois number of deductions of § 5 oo des base price of 100,
Then the wnit price i 100 - 5p
The tatal amount of products seki for ibe month is 3000 + 300p
Henee the teal revenue is given by (R = (100 = Sp). (3000 + 300p)
=300k HE + 30 000 - 15.000p - 1500p°
= -1 500" +15 000 + 300,000
Asspme F{R1= -1 S00p7 15 000p + 300,000
The first differentiateen of the reveme unction F{R)= -3EKkp+1 SHHE

Put 1 (K=l

= MWkp=| 30000

p=3, Mow ke the second derivative TR}

o R=d | - 3000+ LS00 =300 <}

S0, p=5 & a point of maximum as the seoond derivarive is -ve.

The maximum passible reveme per month=Mew prce® Mo of units sokd
= {100-5). (3300) = 231 3500,

Increase in revenes (D51, 2300 1 (K 3006

=3, 13,5300 AR =21 3, 51Kb

1.9 Partial IHiTerentiationg

Thi partml derivative of o funcies is used (o take uF e taipenl lmse of 8 given funciin ta

know its slope. is colled pamial differentistion. IF 24‘-84- tion T {x. ¥b depends om two
independent varinbles 5. v ond we find #s derivative with respest 1o . keeping ¥ a5 o
corsiant, and (s derivative with respect oy, keeping % as a comstan, is called partial

differentiat iom, It i shown as fllows:
Thaz partial derivarive with respect to X whale keeping ¥ constant = pwveds as:

7 S fix + k.y) = f(x ¥)
I“ = a = I|m|,;_.|:| k

The partial derivative with respect oy, keeping x 05 0 constani. is given ps;

g Flxy + ki —fixy)
f:':l' = ﬂ_}- = !lmk_,.n I
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Rubes of partial differentation: The following rules are applcable 1o patial differennatson:
I. Muobtiplication rule of partisl differentistion! Let we have a function f=gleyl, hixyh |

The valve of partial differentionon of the product of thes: wo functions g and b is give

below:
Al ah dg
L=o=8kN= +htyl=
df iih da
f,=—=pia¥]—+ hi%,v]—
2. Drivision or gpuotient rmbe: Ler us assume o function [ = :i-[%:. lts partial derivarive with

@
mespect b xand y s given below:

. e 3% —HL::.}'J-‘;“;

o [h{x, ¥ 2
5
il
hix, y) % —glx¥) 3
fp = -
[
2. Power Hule of partial d ifferentintion: Let = |gjﬁj|" , its purtial derivative with respect
tox aad v is given below; fo=nlpixyl™". fgitx
fr=nlglagn L ca'ty
4.Chain rule of ndependent and dependent variabes: Lzt we bave a=ji1p and y=kit) are
twn sule indepemde ines differentinble with respect o L Alse. there s another

differeninbde [uru.-[inu@ﬂx,yl. differentinble with respect to x, and ¥, Mow . we can write
z=fijity, kiri ). which iz differentéable with respect 1o . The purind derivative of @ with respect
e 't is gaven below:

iy
at

iz oz %
A i At

i
+E.
Let us have uwhcr functions x = j (u, ¥) end 'y = k (0, ¥} are two dependent diﬂ'-:mnlwc
fumctions a = {{x. ¥} &= a differentisble with respect 10 X amd ¥, We can write 2 = £ {j (w,
vhok {u, vib. The partal derivative of = with respect o u amd v is given below;

dz gz d8x dz oy
au dx'du " dy'du
de g dw  dz dy
W on v dy v
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The paresal differentiarion of logavicthmic and weeonomene functions is dose weder the same

procedure ws discussed for mormal differentiation.

Exerciee 15: ket Uix y)= 45 + 3y, Ond s partial declvative with respect to x and ¥,

Sobution: The partinl derivative & colculmed by differentinling the function with respect 1o

avte virkshle mil 'Lﬁ:ph!u_{ anadher virlable a5 & comst

Fin, vi=du + 3y

Ay FAX - BY) A B3N g W

iy i i
B + 3% ¥ 413

B ST N OBy e naaas

iy iy iy dy
Exerchse 16 Let Fix, v = &'y + ain & + cos v, find i partial desivative with reapect 1o amd
¥-
Solution: We can differentiate this function with respect to one variable keeping all oiher
wurishbes comstan

fr=CF8x = {3x) ¥ * cosx 0 0
= 3xy 4 ooE R

Similarly. I = (ifity = ' + 0 # (axin v}

= 8" —&in ¥
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2.0 Objectives
After studying the Linit, studem < will be obls to:

®  Define the Meaning and (ypes of 8 M

«  Apply Additsen. Subtrection and Mubtiplacation of Matrices

= Apply the concept of Matrices to Business and Economic Problems
= [hstinguish between Single and Dowble Entry Syeiems

*  Fingl onii Tramspose a Matrx

#  Llnderstaad the neaniag of 8 vinmieteic, Skew-Symmetric, amd Orthogonal Matrices,

2.0 Inkbrodnction

Mlisrrices qoe one of the most oot and poseriil business mathematics oods, Marrices
apphbcations help solve lnear L‘ﬁ[ilﬁﬂ.‘. al with the help of this oo estiaaton, sales
1iE-'.'l'm1|. ere. can he predicred. & matric consiis of @ rectanguls preseniation ol sumbers
amanged systemataally morows and cobumns describmg the vamows aspecis of a phenomesn

Iner=re laced i@ SOme mEnner.

For example: Marks obtamed by owo stisdems, say. Ram oamd Shyam.  in English,
Mathematics, and Sfatists are os follows:

English Mathematics | Statistics

Ram L] Bl BS

Shyam &5 o0 H

These marks may be represented by the follovwing rectangular arcay enclosed by a par of

brackects

60 BO B5]= First Bow

65 90 B0’ = Sgcond Row
T T T
Firm  Second Thed
Cokssny Calisnn  Calisss

Esch horizontal lme s called a ow and each veriical line is called & colamn. The firel o
inds-ates the marks obtasssd by Raoy i English, Mathe matscs sl Statsiics reapectively and

the second by Shvom in the three respective subjocts
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Sucharcctangular array is called a Marrix.

21 DEFINITION OF A MATRIX

e
Ao = n makna 15 9 rectanguler ormay of mbmlmbms {1 elements ) prranged im the form of

am ondered set of mows and v columins. A matnix A having m onows and 1 cokimas =
typacally wikion &8

fAyy Bz s d3h
Axy EH i1 Han

Bt Bma o Bl

The horizontal lines are called rows and the vemical lines cokimms.

The pumbers @l ool 2, - and amn belopging o the matrix are called clements.

Aomattin kaving e rows amd g eolumns 13 sl o be of order m o= ke dread as "m' by 'n")

The order may be writien on the right of the matris, o5 shown abowve

2.} Motations

Matrices jre denoted by capital letters soach as 4, B, €, ..., X, ¥V, £ and their elements by
simall letters @ b, e, ... &1L 212, ete. There ane different nations enclosing the ckements
corstiuing & matax in common wse, W, | |00 Joond | ), but ﬁshnll use the first one

throughout the chapter. The suffives of the ebensent ay depict that the elemems lie m the it
row and j" column. Note that we always write the mw nomber  first and colimn number
afterward, Alse, oote that, for the sake of vevity, e matng & gaven above anay also be

writien a5 A = |aij] m =n,
24 Types of Mairices

A Row Matreix: 1f a maitrin has only o ow, i is colled o row matroe. Thos, any |

w1 matrik @ ealled 3 vow mateix, for example,

A =lal a?ai ... an|

s a row matmaof order | = 1.

B. Colomn Matrixi A matrix uuﬂ'.«:[iu_-_; of cnly o colwmnn 5 called o columnatrix. In

ather words, any m x 1 mareix §s called a column matr, for example
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a3
3_.-
al‘ﬂ
1% @ column marns of order m > 1.

. Zevo or Nall Matrix (00 If every element of an m % 0 matrix is zero, the matris i calied

n zero matrix of order m X i, and 15 denoted by 0, . o oor O or @ simply. For example,

[ L
0 0 0l

ﬂ"]:? - 1
is @ wern matris of onder 2 % 3,
D. Sguare Mabrix: Any motrix s which the sumber of rows s equal o the mumber of

columns is called o Square matrix. Thus any nox n matrix is o square mateix of onder n.

Ceenerally, we denote the order of & squane mateis by a single number . ratker than n = m.
Remark: The elements a; for which Il =jin A = [ay];, , , are called the diadonal lements and

the line along which the elements 35, 8330 00 Ay Be is called the leading dizgonal or
principal diagonal or diagonal smply, In s sgquare mairis the pair of ebements a; and Ay e

said 1o be conjugate clements.

E. Magonal Matrix: A square m whech all elements except these in the leading dagonal are

ceny, is callad 2 dizgonal mairix. This, 2 disgomal wocris ol arder mwill he:

2, O 0 « D
pmf® A Do A
6 0 0 = ay

Sometimes o dingonal matrix of onder n with diagonal elements a,4, 823, ., 8,y B denoted by
A = diag (ay1.a33, 0 8pp)-

(9]
F. Scular Matrix: A diogonal matriz whose disgonal clements are ol equid & culled o
scalar matrix. For examplke,

i5 @ scalar mairix.

o "’&'i""- or Unit Mafrix (1): A scalar mutrix in which sach of it= dingonal elements &
unity & called an identity or unit matrix.

Thus, a square matns A = [a5], . , & called identity matrix, if
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s 1, when =i,
410, when i=].

1]

]] is & unit matrix of order 2,

M ilentity motnx of order 0 is denoted by 1. Thus, 1, = [é

H,mzuhr Matrix: I every elemen above or bebww the kading disgonnl & 2erm, the
i Tix iﬁnlhd i triangular matrix If the zero clement is Lie below the keading disgonal, the
matrix i exlled wpper triangular matriz: I the zero elements & [ above the lesding
diggonal, the matrix = callad lvwoer triamgular matrix. The mairices A, sl A siven bebow

are the examples ut'upp@]uﬂ evver iriangukar matrees respectively:

S @y 3y o dyp
dz Az v A

Apm | B D gy o A | {Upper tiangulor estrin)
Q 1 a B
ik L i i
Sy sy 0 il

Az = |8y a3: Hgz 0 | Lower trangelar matrix)
Ly FApz dpz . vt dlpp

215 Equality OF Matrices

T |mn-k.'m§c called comvparable, if sach of them conazsis of 08 many rows and columms ns
the ather. Two matrices A = |3 ] and B = by | are =il to be equeal, if ) they have the same
ofder and Lai) have equal corresponding elements throughour (g = by, for every | and f). The

equality of matrices A ond B.

. 1 1 2 °3 PR [ 1 1 2 6

Thus, the mutrices {3 ;]md [* - 9] are not comparwble while 13 5 J and [3 3 9]
A comparahls b pot squal,

3 % 31 are equal.

Th.:n.ul:r::n:-:.i; i ';'E}:md[; E!EEE 15 4

2.6 Sub Mateix OF A Natrix

A matoi which 1s obtained from a given matrn by deletmg any muanbes of soows or colomas is

called o sub-matrix of the given matrs.

i 2 3
For example, the matrix [3 i] o obosub-matris of |4 5 6] Obiained by deleting 2od row nnd
L A

Ist cokamn,
G _
2.7 MubBtiplication COF A Matrix By A Scalar
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Let A = [ay] bean m = n mwﬁnd ket b b any real mumber (called scakarh, Then the produoc
of kand A deaoted by kA is defined o be the m = n matrss (4 b clement & kay).ic..

ka), la;; - kay,
s [ He s

I‘ﬁ-ﬂ-m| I'i-ﬂm:r e |'E-|'| min

r=lg slaasliy il

Thos, o

the given scalar.
Properties of Scalar Multipllcation:

Thius, we notsee that, 1o set the scalar produce coch element of the given s is naleaplied by

{i} The poodect of o maceix with & scalar is u;:umuua%. ..k = Ak

il If k=—1,{-11A = |_—:3“|. Cienerally, [—1)A is denoted by - A and s called the
reggiive of matns A, Thm.—lauj = [=ay).

iy If A& and B are comparable matrices and & & any scalar, we bave k(A + B} = kA +
o -

(vl If kand | are ony two sealars and A & any matrix. we have (k+ DA =ka + 1A

i¥p IF k and | are aoy two scalars, we have K(A) = (kA

Example 1. Read the follvwing elements aa), 839, 8y, 84y 18
4 2 3
A=0 ¢ 4
B 7 9
Snlution: ity dennies element in second mow amd first colomn,
By, = Hag, = A, w8, =4,
Example 2.  Consirnet 3 2 % 3 mateix A = [, whose general element & giving by
= 2
3 = (A= .I'r;,.:
; I _=EE Y o 1 R
Solution: = =0 =7 —3ia="3 _;_..?.'
f2-1E 1 {2-=2F f2-mE 1
Az = =3 dyy = 3 =0, 3 = %
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dgy g gy

A= ]
1 Ay Hzzlagg
b = 2
2 tlauy

Example 3. fA=[ > 2] find-3a

iz o [-3%2 —3x3 —3IX5|_[-6 -9 —15
e <1 ) s Byl ot L i it

28 Addition of Matrices

The marmces & and B are confirmable for additen, if they dre compmrahle. ig,, B hs the am&
mamber of rows and the same mumber of columns 05 A, Ther sum, denoled by A+ B, is
defmed to be the matrix obtaxined by addeng the corespondmg elements of A and B,

For cxample, if & = ﬁ g

i+ 7
and =[; ? g].uchnvr

241 343 045
‘“’E'[:H't ¥l T+ 2
avp =2 8 8

b4 O

e
I general. if A = [aglmen and B = [bijlm e, which is & matrix obtaimed by addmg the
elements m e corredpondeng positnns. Thus, from

2y @ vt By
a. Y CRT P
k= e : and
.H|||1 a'|n2 i3 'amn o= s
I:'II hll I:‘|I1
g=|t Jp 7 D
-hml hm! |:"mna.-.-.:.;l-,
itr + b dig T bia - @it bin
Wegei A+ B= A by A Eby - Ay by,
iy + I"|:|:I il + h'm: il T hnul mxe

29 TMFFERENCE OF MATRICES
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I A and B are two comparabde matrises, then their difference A — B is mittris whoess ¢lements are

ebtined by subiracting the clements of B from the comzsponding clemenis of A,

i A= [aylmin I:I.rldE:[h“!m,.-‘
Then J’I_B=!aﬁ_bii]mrn
200 FROFERTIES OF MATRIX ADIDITHMN

Suppose A, B, C are three motrices of the same onder m xm, Then the moiris oddition hos

falkowing properties:
M. .-’laaw'dh‘ih‘
A+(B+C)=(A+B)+C
f,#, he isdivion of marices is associrive,
B. C utativity
A+ B = [ay] + [by] = [y, + byl
=[by +ay] = [by] + lay]
=B+ A
f.&., matrx addsion is commmitative,

. Distributive law

m{A + B} = mA + mE {m being an achitrary sealar ), becawse

16}
miA + B} = m[ay + byl

= [m a;; + i by
= |I'l[:-l||i + |||1l|“I =ma + mh.
42
. Existence of miditive identity
Let A be ony m % n matrs, and 0 the mxn null matrix, Then, we hove
A+D=0+A=4A

Loe, the null matrix is the identity for the ety sddivcon.

E. Existence of sdditive inverse
=8 i= the addgive inverse of A, becase
[—.ﬂ.j + 4= [—EHI +[ﬂ||]
=[-a,+a]=0=a+(-a)
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Thus. forany matrix A, thene exists ooaniguee additive inverse - A,
F. l’_':uﬁlhllan B
AsB=a+C=[a, +b)=[a,+¢g]

= a3 + b“ = dy +0
=y =0y
— [hul o T
=h=0L

This is said to be keft cancellation,

Simailarly, vight cancel laion, namely,

B+A=C+A=08=Ccnbprmveal

Exampled. A=Y > ClanaB=[1 > 7l.findA+BandA-B.

somso: iz 0=, 5+ 7

_[1+1 5-5 6+7
TlnsE T-7 047

[z ° 1
2 0 7
w  Acksloaal=k 3 g

[1-1 5-(-5) 6-7
"[—ﬁ—ﬁ 7 —[=7) :‘J—?]

[0, 1 -
-14 14 =7

Example 5. WA =[5 Hamas=[l % 7% evaluate 38 - 48.

Sotion:  3a—4g=3[0 % -4l 1 7

3
_[e 9 3]_14 i 24
D -3 15 0 =4 12

_15—-*. 9=8 3=({=24)
-0 -3-(-4 15-12

21 2
=]u ; 3?
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e
Example 6. [”i'.é'k‘ are two mairkees given by the equathons

xev=[r Flamax-v=[% ] anaxy

Solution: We leave
:{+'r={; ’f]
Ll
S i ek
:{_?'1—1 i
LAy

By adding equatns (i and (1),

2}';:['1; _4.2]+l—31 §]=H::1i _42++|:2]=[; 3

n]_;e il

x=1; 4I=[% 3}

From equation (i}
v=[; ¥l-x=l F1- il
g Y hl P
CHECK YOUR PROMGRESS (A}

1. Fnd the clements a4, 854, 034,855 incach of the following matnces given bl . Also

give their dingonal elemenis

8 & -3 1 Luds Al &

2 3 5 @ 3 —1 8
A= ., A=|1 5 & 8

3 0 § _7

5 -3 1 0 43 09D

* 3 T 1 9 B

1. Write the mutrix A = [a;] of order 2 % 3 whose genernl clements 15 given by (il a;; = §j

{iir ay = (=1 +)

3. Find x pnd w, if

[ETE xij'|=“ ﬂ

4. |r'.\=[; ‘1! innﬂH=3 i g].ﬁndthr'-:lhlcnlzh-*'dﬂ.
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1 2 -3 -1 2
5 GivenA=[5 0 2ol B= |4 2 S0, G the matrix © sich then A+ 20 = B
1 -1 1 2 0 5

B Solve the folkwing equal ks for A and B:

EH—H=[g '33 g].zmn[_”l L _:"'4]

ANSWERS

Lo3.0,-7, Jand 3 0.8, 3:the disgonal elemeints are 8, 3, B 0 aixl 1.3 6.0

ol 3 dwly 3 3]

L xm5 ym=2

|-\.|-

111 22 15
714 23
T
g =1 1 %
L1
e a=[; 3 ole=[} 1 5

211 Mubtiphication of Matrix
The multmplication of ose matrx by sother s possible, iF ol only oF e sumber of columas of

first Eﬂi: = equal b the mumber of rows of the second matrix. The resalting madric will
have lhnamh:rnfrmuﬁ counl to those inthe first maimx and the number of columns cqual o
those in the secopd matms. Thus i matrix A & of order m = nand B is of order n x p, the
ot ﬁﬂéwmirﬂu. i |1H.-H1riu&ﬁ Acand B oare conformable for muliglication in ﬁ
order A, B, The order of the resulting matrix AB will be m = p. The (i, kKith clement (6 e, the
clement lnying ith row amd kih colammn) of AB is given by

Ay byy + aigbigi + -+ apbne = Eigay by,

Thus. w obtain the i, khth element of the proguct AB, we mukiply the elements of the ith

mow of & ro the correspording elements of the ldh column of B ond sdd the products thss
asbtained. The resu ting sum s the (L kh element of AR

I AR i denoted by C = [o ] 1.6, AB = [e5], we have
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gy oy Dy [y b o by
m LR LR [BE} nmE T
= = Sl o | | By By = By
m1 o Hr-,. e A h“ h"k kL hnp
L11 Cik 1.'-|r|'
=Ty Tik Cip
Cin Tink ':mp

Where ¢ = Ej‘_, ayby. Pultingl= 1,2~ mand k = 1,2 3, ..., p, all the elemenes of C will he

lonemal,

In the product AB, A is zaid to be pre-multiplier or pre-Gctor while B is said to be post-nultiplicr

of ol -Tacrer. 11 o ke sobed thal in maliplying ome mamx by another, unlike ordinary

mamnbers, the plozment of malrces as pre: factor and post ficlor s very mmpoctan, Thus AB s
not the same a5 BA

22 Muatrix Muoltiplication Formuls
Let ug comsuler two matraces A and B ofocder <2 = 27 Then it multipHeaton i achigved

using the Formm la

i [ ': ; ]rnuh'_'f - [ f ': }
AR = (& & s &
- Padi | r -
= {H-_;P e hj.} l:”'fj' ~+ fl.‘-'-'}l
- =
A F {(ep + dr) (g 4 =) }

Ja ¥ Matrix Muoltiplication Formnla

Lzt us consider two matmees P and Q of order =5 = 3, Mow, the matrix mubiplacatson

foremula of =3 = 37 narkees ik,
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Fpp L Iy
X Ta Tm I,
T o U 5

W frz thy
Y W B
| It Far G

(et + Coghnn Tl Wraing + T St GELTG T T T Eamn)
AY = [#agipy 4+ Paohy + Toglia ) (Palne -+ Tosphs o Fapfi ] (Ps g 4 raains 4 Paaiig)
[2api) + Cazdin + Endi) (Faing + Tadhs + Endm) (Eni -+ Szl + Endm)

212 Properties OF Matrix Multiplication

1. Matrix multiplication is nol commuintive, To verify the above sturement, let us take an

cxample. Consider the rralnﬁ
n=lp olE=lo ol

It cam exsily find that

L]

AB = [:': ;].v.hih: BA = {n g

=0 that AR = EA.

Thﬁh-:-wﬂ ithsar asatrix mukiplicatson 15 aod commutaive. Actually speaking, fod a given pas
ol matrices A and B, the products AB and BA oy sot ba even comparable. For example. f A
is an m % n matrix and B is an no= m mainis. AR woulkld be an mo= m moeria and BA woulkl

be ann = 0 malr,
a
It miay alee happen that for a pair of matekees A and Ba'le provduct AB may be defined but the

prixbuct BA may oor be defined. For example, it A s o0 m =0 ouins and B s s onxp
mirixn, AH woeuld be anm X pomatris, ol it s ot meaningful o ik of BA unless m = g

Mot 1. 10 & worthwhile o mute :E the statement “mairs mulipllcatian is nol commutaine
deowcs ot mean that thene are o mainces A and B such thal AB = BA. It a'alply mians that
penerally AE 7= BA. Thus, we wish to convey thit there do exist some pairs of matrices 4 ond

B fiv which AR = Ba.

Mot 2, [t = also o be ni:dl.:llalt im matrkes, AB = 0 need not alweys mmply that egher A = 0

af B =0, The will ke clear, if we consider the matrices,
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. 1 o
Iﬂ“[t I!'H_[—] nl'
Fr Ihese meilraces, AR = [E E| bt e 0T A ad B o= s asalre,

Mote X, The Faumilinr cancellatiom low of mmltiplication tor rumbers foils to be mee for mairis

i,

Bk we give the propertics which hobd good for matisces:

2. Aszociative law: Ler A, C b the matrices of suitsble size for e producis A{BEC)
and (ABYC 1o exist, Then, ALBC) = (ABIC
3. Distributive law: A{B 4+ C] = AB + AC, (lefi discributive} and (B4 C)D = BD 4+ LD
irlghr dswributive), provided thar the matnces A, B, C and I aré of the sizes that they are
formable for the operations involved so that the above relations are meaningful
4. Muktd plication of & mabrix by o unit matrix: If A s souare matnx of order noxomoasd 1 i
thie wnil mairix of the same order ., we pel
Al= A=A

5. Alubi plicwtion of 8 matrix by itself: The %vl A, A e defimed, if the number of column

i aqual to the number of rows of &, e, il A & a square matrix and in deoi case A A = &7
will alse be @ square matrix of the sme type. Also,

AAA=AA=p
Simibarly. A AA . on tmes= AT,

Notez I 115 aunit matnx, we heve l=F =1 = ="

L £

£ 4

—371 &
0

o 2
aml B= [I'.l 1 EI. Olain the prodoct AR and BA aml show than A = BA,
1:2 .40

Example 7. 1A =

Solution:
2 2 3 LU
AB=|2 3 -1 i 1 2
_3 1 E o | 1 2 D‘ iy

Mumiber of column: of & = Nember of rows of B

s AR s delmed
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0 4+04+3 04246
Al=|0+0=-1 0+3-2
04+042 0+1+4
2 B 8
= |—]1 1 14
2 5 =4
0 0 2 2 2
BaA=|0 1 2 2 3
1 2 ﬂ,.u _?1
D+=p5 O0+04+2
=0+2=8 0+3+2
| +d4 40 2+64+0
-6 2 4
w =4 5 3
L6 7 1
Hence AR = HA,

44440
44640
-+ 2+ 0

3
-1
2

F ]

O-+u44
=144
i—Z2+U

i |

Example 8. Write down the products AR and BA of the two matrices A and B, where,

A=[1 2 3 4/ mmdB=

£ b Bk

Bobation; Since 4 isol x4 marrix and B ad x 1 maric, AR willbea 1 ® 1 matrix,

AB=[1

1
z 3 -1r|:-c§

4

=[11+22+33+44] =

BA wall b & 4 = 4 mialrx

1 el 2%l 341
BA = 2 _ 12 2x2 3%2
3 I3 2x3 I3
4 14 2x4d 34
Example 9. Evaluate A* - 4A - 51, where
1 2 1 1
A=z 1 Z|land 1= |0
2 2 1 il
Kolution: We v

256

[30]
gl 1 # 3 4}
4x21 _[2 4 6 B
4x%3 I & 9 12
4w 4 4 8 12 1&
o0
10
[ |




12 2j[™ 2.2
.ﬁ.3=[2 1 2} |12 1 El
221 . |
L+4+4 24+2+4 2+4+12 O 8 &
= |2+I+d 4+1+4 4+E2+E|=|8 7 B
Z+d+2 4+2+2 4+4+1 B 8 %

M —4p -6l =

T & B
g 9 B|l—4

B -8 9

1 2 1 00
2 1 2|=5|0 1 0O
- ArT S | 0o 0 1
=4=5 §=8+0 B=0+0
=|8—B+0 Y9—4—-5 B—B4+0
—B+0 B—8+0 9—4-5
g a0
=[O0 O o]=0.
0 i

Where G is the mall matrix.
Example 10, I[f A = [: ';] and | = [; ‘:|,shuw that

A% — (a+ d)A = (be — ad)l.

Solution: Al =AA= {2 E} - [ﬂr E

={.ﬂ;+h|.' ah + bd
2 I
F| h
I faa _ |a* + be abihu:ll_ a
2 [+ d)A |a:'+-|:d e 4 d* EE-HD[E d}

=[3.:+|:n; ab-i-bl:ll_[a‘-rad ab + bd
ac 4+ o hl,-il--l,lr a ol :I-||-|-||]

_[e=ad 0 J_a _ afl O
= i t:uc—-.n.d]'u"c ““11"[1: 1]
= [be — ad)L.
[ 2 g © - _ .
Example 1. 1 A=[3 {l B=[5 O] and c=[5 | show that A(B+C) =
AB + AC,
Solution: W have

ore=[; S+l 71

=hio Sal=k ol
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1 Ele -1

AlB+C) =

-
J[EEd % [
6+8 -3-8l =l 11k
L)
Again, AH=|-; fx“u —n'i|
_[t+4% 0-8 =lﬂ |
3+8 O0-—13 11 -1
amsd AL= '11. i:":[ﬂ1 _]]]

[0 =142 _ 1 1
1350 -3+4l " lg b

E —E| 1

AR+ AC = +

1'] 1 =12 |3 Il-i- —11
AT

Froem (1) and {iil. we have

AlB+C) = AR + AL,

E-xill'l'lpll‘lzrﬁ=[; :H,B=[: _Il]md[A+B]:'=ﬁI-!-EII Finwd v ol b,

Salution: We hawe
w [i i 1 1 L - LT
and Ei_lh -11] 11:. fJ’tﬁE ﬂ?“
cowe[y Slefa Y-S
il b
s asB=[} Tl L=GT0 DTR-Gl O
armt=l Th] <l

@il+a+0 n+0
Z+bl+al=2{2+b) 0+4

'[ (14 a)® i
(Z+bia—-1) 4I

e |

258




Mow given Lhal (a+ B =A"+ B

Hence from i L) and {2), we get

[ (A +ar I?']=1.13+b—_] a-1
(2+blla=1) 4 ab—Th b

Oof a—1=10 and b=4.

Hi=r:e a=1h=4,

213 Applications (O Matrices To Busines And Economic Problems

Matrices play a crucial rele i various business and economic applisstions dye to their sbilicy
to represent and solve complex systems of equations. model relatienships between varmbles,
amdd el yee ot Here are some ke applications of mairces in Tusiness and econmmics:

I. Limepr Programming Matrices are estensively wsed in linesr programming, o

b mnt nend [I'."li“l'llilllf]ul'.II fiwr CILLTHERMAE, feSOlCe alkecarien, Busmesses can use molmces

1 represeml constraim s, obective hangions, and decision variables, alkewmg them to fingd

the optimal solution foe mesimzzing profits or minimezing oess.

3

- hpur-Ogpu Apalysis Inpur-oupu models in ecopomics use matrices w represent the
relationships between differsmt sectors of an economy. These madels help analvze the
imterdependencees bevween indusiies, consumption, amd peoduction, aiding in policy

decisions and economic plannmg,

3. predcling iine eotHiimnic coditions: Matrices s uselul in (eed oy fuluee ecotsemas

conditions. sech s consumer behavior, myvestment decisions. and market trends,

4. Fmasclal Analyse: Matrsees are used in (omance too model and analyze invesiasent
ponfilios. The risk and retum sssocited with differem assets can be represemed in

mateis forn, fcalitating the cakeulateen of portfolo divessitication amd optimizaine.

. Supply Chain Manogement: Matrices can represent the flow of goods, infoemation, and
resources withm o supply chain, This alkews busmesses fo optimize logistics, minimize

costs, and enhance efficiency in the production and d@srbation processes,

T. Welwork Analyss: Mairices are used 10 model and ambyze networks, such as social
netwiarks or tramsporiaiods netwarks. Thes can be applied 1o undersand the fow of
ifnrmaceos, goods, or services wthin o network, aiding in decision-making for sesowce

allpcation and oplinuzatsen,
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B, Timse Serics Asalyais, Matrces are wsed 1o represent and analyze time seeics data in
ecoppmics, Technxpues like matr decomposition can belp wentify trends, seasonal

patterne, and wnderlying strsctunes in ecomymic 1Ene series

Y, Risk Monogement; Motrices are used to model and anolyee risk i tinancinl and business
comleEsiy, For esample. covarance marrices cian e emplovel 10 assess the risk associaied
with ditferent assets oo portholio,

These applications haghlight the versanliny of marrices maddressing vanols guantmalve

aspects of business and ceonomic problems, inaking them & valuable tool for decison-makers

arsd nnalysts.

Example 14, A manufacturer pradoces thioee items PO and B and sells them in iwo
merrhkiets [ and 1, Annual sales are given below;

P i) R
1| &0 2 W) 3,000
0| %000 4 W 2 000

I sales price of ech wnit of 1, L K s Be, 4, Rs, 3, Ra. 2 respectively, then Tnd the il
revenue of each market using msiriz,

Iadod 2000 E,I',II:EII:I‘] 1% The sales matnn aixld

Saluthin: |_.=|A=” S0 4000 2,000

P I+
B = 0 |3]isthe prce msnis
Bz

& Revenue matrix AB = [

6000 2000 E.muu]f*
8000 4000 2,000

i

o IE:.EII]EI w4 + Z000x3 + 3000k I _ 136,000
B0 =4 + 4000 =3+ E0H0 x E 43, (M

Hi=ie
8]
Todal Bevenue of Marker | = Rs. 36,000

Todal Bevenue of Market 11 = Rs. 481000

CHECK YOUR PROGRESS (B)
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4
7
2

2 wa=[2 Jaas=]2 7 find ABund BA. 15 = BA

[. WA=[3 & -SlandB = Tisd AB and BA.

2 3
4 SI_ il AR aml shaow that AR = BA.

? ““=|~14 32 E]"'"‘m=z 1

When A = ]EI ;] and B = [_ll __ﬂ pnd | = /(=1), determine AB. Also

+

compuie B,

1 1 =l -] =2 =1 -1 =1 1
3 fA=|2 -3 4| B=|6 12 a|edC=]|2 2. =1]
3 =2 3 5 1 & -3 3 3

Shiovar dhat AB and CA ore the null matrices but BA and AC ore not the nall matrices,

o wasf Hwinsfs U]

Fmd a snd b such thit AB = BA. Also compute 34 + 5B,

e bR - AT z; 1 : ;-
1. "ﬂ.-—[j 4].3-[4 gamic=[3 4].~h.m that ATB + €) = AB + AC.
_I1 a ] a_I1 ma
4. Jl.nl—|ﬂ l|.]:|t|.'r'-.-|!|:|]-'|:|:.’|l:|:'|-2||u[r:“u.|uhluc'n-rmﬂu‘l..ﬁ. _]l:' 1
1 1 -1 1 3 ]
4 Liiwr,nﬂ=E 0 3].n=[n zJaum;::Er A
i -1 2z -1 4
Shkaw that (ABIC = A{BC),
=5 =2 1
I, lWa={4 3 3
=fh K =32
Fimad the mairix B such ihat & -+ B = unit matrix.
1 0 21N
.00 1 =l |0 2 1) |1]=0 limd x
2 1 i1

I 2. There nre two Familics & and B. In family A, there are 4 men, & women and 2 children: anx
in family B there s * men, 2 women and 4 children. The recommended daily requie ment
tor cakeries isi

Cubpries;  Mon 2400;  Woman | 500 Child | =00

Proderii Man 35 g Woman 45 poi Child 33 g2m
Calculase the wial requmemenrs of calorws and proteins for each of the two famalies using

marriz meihod,
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a
[3.The co-operative store of 8 putscular sclhool has 10 deen books of plyses. § dozen of
chemistry books snd 5 docen of mathematcs hooks 'Ehc'!rallmg prece are Be 65,70, Rs,
43240 and Bs. 7650 respoctively. Find by matric method the weal ament, the store will

rezive from selling all thres items,

Amswers
12 24 =20

1. .'I.E=I-‘r='li.!34'|.=[21 42 -35], i, ap=F2 e[t 2 .
2 —13. 1-—5 g] [—4 ~9]
3 ap=[0 7Y e ap=[ lea=[% T}

2 6 2 -1

6. a= 65 b= 15[t 135 0|4 -2 -3

. lz? zal 2 &

11.-2

12, Cakerses for Tammly A and B are 24000 a0k 15 B0 sl proteins are 556 g and 332 gms
respeciively,

13, K& 1662120

2,14 Transpuss OF A Matrix

A matrix obovined by neerchanging the comresponding roaws and colunms of a given matrix A s

called the transpose matrix of A, The transpose of o motrix is denoted by A" or A

bFor eximple,

i A=I1 3], then A =[]
F A= ]_"i] then A =[2 —3]
If ;.:{:’; i] then A =[% i]

Propertics of the { ranspse matrix

) [AY = A

i) (A+B)=A+H

1N &\‘J' = AN

vl IFA ond B are fwo matrices which sre conformstde for moetip licutsen, then
(AHY = B'A’

This is called *Rewversal Law”.
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1 2 =3
l-h;nmplrli: Iif A=f3 @ i
4 5 0
1 0 0
and B=}2 1 0O
i 1 3
Then, veraty that (AB)T = HTAT
1 2 3] 1 0 0
Kolution: A=l3 0 2 alBE=42 1 0
4 5 045 0 1 33,3
1 2 =31 2 0
AB=|3 0 3} LR | ﬂI
4 5 oAl 1 o3
(l+4+0) (D+Z-3) (0+0—=9]
=|{(3+0+0) (0+0-+2) (0+0+5]
(410407 (045400 (E40+0)
5 -1 -9
=13 2 ﬁ-l
14 5 4]
303 14
(ABT=|=1 2 5§
-9 &6
i)
1 i 4 1 & 0
AT=|2 D 5‘ JBT=l0 1 JI
-3 2 il [ T | PP
1 Z 0OJf1 3 4
BTA"={D 1 1|2 ©0 5
ooy 3INl-=3 2 i
(I1+4-0) (3+0+0} (4+10+0]
=|{0+2=-3 (0+0+2} (0+5+M)
M+0-9 (0+0+6) D+0+D)
5 2. 14
=|=1 2 §
-4 & 0
A
Frowm (il and (i),
{AB)T =BTAT

215 symmeiric Matrix
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A sEjEire I'J'I%Il: A such that A = A is called symmetric matrs, i e, maotris @] is symmetric

providid ay = ayy forall values of | and |.

For example:
a h g
A=Ih b F|sasymmeiric matrix,
g I e
206 Skew=Symmeiric Matrix

A square malmix A such that & = =4 is called skew-symmetric matrx. i, ¢, matris [a;] = skea-
symmetric provided iy = —ay fior all vahes of | ad |,

For example;

B 1 =R
A=|=1 O 5 |saskew-svmmetric matrs,

i -5 0

Remarks. In o skew-symmetric matnx, w¢ have a; = —ay;. For dingonal elements
Ay = =ag b, dag = Dora, =0,
Thus, every dingonal element of 8 skew-gymmetnc mainy is Zepo,
Example 16, Show that every mairis can be wnegually expressed as the suom of o symmetric
ared n skew -symmetTie natnx,
Solution: Let A be any squire matrix.
Naw, we have A=la+ia=lla+a)+2a-x)
el
Now, A+ A) =4+ AY=A+A=sA+ A
{Since matmx sddition is commmetatve)
aimd A=AY=A-(AT=~A=-A==({A=A"
Hence (A + A" i symmeiric and (A = A" is skew-symmetnc
Conseqguently i[;ﬁ. + &) =P {say) B 1 symmersic matrix and i{ﬁ — A7) =1) (say) I8 o deew.

syrmmeira: matris.

Hence, A=F+1),

e
Thius, any square matr, can be expeessed as the aum of symamere and shew -symimetre matrix.
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Unigueness. To d:nw that this representaten o unigees, k1 os suppose that  anothe
representation A =R+ 5 s posible, where B i symnseiree and 5 B skew-symmetac, i.e.
B=FRaxl= Hr )

Mow N=R+5¥=R+5=R-5§
Ao, A+A =(R+5+{E=5 = IR
el A-A=[R+5)-(R-5) =25
o H=%{A+A']mld_‘i=£[ﬂ—ﬁ']
Hence A= LIM — A+ %{.'"I — A"} s wngue represenlson,
2 6 -8
Example 17, Fxpress | 4 2 1 | 8% 8 sum of a symmetric and skew-symmetric
-8 & 13
matri.
X & =H 2 4 =8
Snlution: Let A=14 2 1 2 A=l 2 &
=8 & 13 =8 1 13
4 m =16 i 4 M —=1h
..1.+n'=1 1w 4 7 ]-'-;{A+A'}=;'1 10 4 7 l
-6 7 26 —la 7 26

Which is & synumeLrse mairix.

i} 2 0
Again s{A=-A)m:il-2 0 -5
1 5 [

Which s & skew-gvmmetric mutrig,

Mivw A=C(A+A)+-(A-A)
J4 1o -1 jo 2 0
e, A=:|10 4 7 |+:]-2 0 -5
-16§ 7 26 0 5 0

@
Example 18, If A and B are both symmetric then, show that AR is symmetric #T A snd B

o,
Salution: Since A and B ure symmetric, we hove
A'=AmdB =8
Then (AR} =B'A’ {reversal law

= BA = AB, T & and B comnwune

i




Thus AB s symmetric #T A and B commute.
207 Orthoponal Matrix
A sCpsire Al A s said 0 beombogonal ATA = AN =

Maow, we know st

| = |A|
Al [A Al = a7 Al
o =A% or JAE=1

This shows that the nwtrix A should be non=singular and invertible, if it 5 orthoponal
migrin. Hence the condition

AA = | Implies that A" = A

: S T
Example 19, Verify that A=§[z 1 —zl is orthegonal.
g3 =
T4 @2
Kolution: We have -“|=; P01 =2
L L |
1z 2
Then N=ilz 1 -2
S e
[1+8+44 2+2-4 -2+44-2
We have, =il 2+2-4 4+1+4 —d+1+12

—2+4=2 —4+2+2 d+4+1

0o 10
09 0=(0 1 af=I
o 09 I |

Hence, by defimgion, matrix A is orthogonal

o |-

CHECK YOUR FROGRESS (C)
1. A and B are symmetnie, then show thet A + B = symmetric,

2. A= [i f] verify that (6AY = 6"

3. Givem A = |_f ﬂll. BE= l: _;J obtoan the matrix 24" + 3B,

i 1 =11
4, Express| s 13 7 | s wsumof o symmetric amd skew-symmeinc milris.
= = 1

Amswers

2EE




=3 10
HE. 7 =151 [0 =5 =
. ;[ 7 26 & II-;[E a 1:17-|
=15 .5 Z T =% 0
218 5UM UP

& A Matrx is @ particular type of amangement of m n numbers which are arranged in the

form el an ordered s of m rows and o colimps.

*  There are different tvpes of Matrices like Bow, Column, Square, Rectangular, Null,
Driagonal, Scalar, Ui, Troangular maric e

#  Nlanix afpebra includes addRion of matrices. difference of matrces, multip lication of 2
mtrix by @ za:aﬁmtl rruitrix multiplication.

#  We can obdain the Transpose of @ Marin by mferchanging the corresponding rows and

cirlummns of & grven mateix,

200 Key Teris

*  Row Matrix: If 2 matrix hos only ome roa it is called & row matrix.
s Colomn Matrix: A matris consisting of only u-lﬁulunm i called a column mstrix,
s Fero or Mull Matrix (0): If every clement of an m ¥ 0 matnx is zeroe. the matrx &
Hied o1 zaro matriy,
* alumz Mutrix: Any mairix in which the oumber of wows are equal o the number of
columas & calked & Square matrix,
*  Diagonal Matrix: A square in which all elements except those i the leading diagonal
ver, is called o diagonal matrix,
= Scalar Matrix: A diagonal matos whose deagonal clements are all egual = called o
sealar magrlx.
*  [dentity or Unit Matrix (Tk: A scabar matris in which each of its diagonil elemenis is
ﬁ'ur m called an Identity or unit matrix.
* Trace of 3 Matrix: The trace of any square matriz & the sum of its mam disgonal
menis,
¢  Triongular Matrix: I every element above or below the leading diagenal is 2era, the
n 1% & called a oriangular marrix
# Transpose of a Matriv: A matrix obtainsd by interchanging the cormesponding rows
mnd columns of o given matrix,
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* mumvetrle Matric & owirix which s egqual wo s own ranspose.

+  Ekew Symmetric Matrix: A st which is equal 1o negative of its own transpose.
2200 Questbiis For Practics
Crl . ¥hat is matrix? Explain lts types,
32 What do you mein by equaligy of matrcesT
(33 Explain ackdition amd difference of matrix,
O What are the propertes of Addstion mans'?
¥ What & Multiplication of Matrices? Give its properties.
Chy Applications of Matrices to Bosiness asd Ecosomie Proldens
Y7 What dooyou mean by transpose of & matrix? Give an example
08 Expluin symmedtric mtrix and Skew-symmetrs mins
221 Further Readings
& Bdeeeali and Johi Sullivas, Mathematics for Busaness and Social Sciences. Wiley and
Hovmes,

s N, Viohra, Business Mothematics ond Statistics, MoGrow Hill Education (Inciag Pyt

Lid
o JK. Thukral. Murhemutics lor Business Soadies. Muyur Publicariens

o [, K. Hingh, Business Mathematics, Himaloyva Pablishing House,
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MAECONOMICS)
SEMESTER I
DUANITTATIVE METHODS |
UNIT Bz STATISTICS: DEFINITION, IMPORTANCE AND SCOPE, LINITATIONS,
MSTRUST

STRUCTURE

A0 Objectives

L1 Introduction

32 Meanlng of Statistics
J.L1 Statistics in Plural Sense
ALI Btatistics in Singolar Sense

33 Delimitions of Statistics

A4 Impirtance and Soape of Statistics

A5 Limdtations of Statistics

A Misuse of 5 tatistics

3.7 Distrust

24 Sam Up

A9 Practice Qhuestiong

X luggested Readings
A Oibjectives
After reading this unik, korper will be able to kearn;

e definitions vien |:l_l.I differemnt EEpeChs
& siatistics along with its npplications
e Limstations misl miswse of sEalsies

s warinus bypes of dacn wsed in statstics will nlso be explored,

31 Introduction
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This module s designed w know abowt the developaient of starmsiacs using  hiswoecal
background. Statistics is nod a subpect that can be studied slone, rather it proves fo be the
baxis for almost all other subjecs s das handlng = essentiol in almose a1l Gebds of life. Die
to this rensom, o nwmber of definitions are given to statistics, Some of the major fields where
stitistics are  promimenily wsed  are plenning,  femez,  boesiness,  agriculiome,  hiokgy,
ceonomics, mdusiry, educntion, elc. Actually, & country’s growth 1s very much dependent on
Apatistics s withesul starpsries i woull mor be possible we estinate e requirements of the
country. However, statisties are based on probabilisie estimaiamns and therefore aof actual (in
some caves), therefore can't be belleved with 10 guarantee. Also, some people may
inisuse statistics for chew own bemefit, But szill swatstics is very cssential and very much
needed of life. There sre variows classificatsns of dwe data ased m stafwies viz., conlimeois,
discrere, nomamal, ondinal. etc. The data can be wsed &y per requircmend for a parcuabar

appheation,
1.2 Meaning of Statistics

Lzt us Iook meo the meaning of the word ‘Statstics’, It conveys different mesning to different
peaple. A common man may simoply mlerpret oasoa ooss of Hgures. geapls o diagrams
relating o an coomene, business or some other sealific scovity, Howeser, for an expert, o
may also imply a atistical method of investgation in adddwen toa awne mass of fgumes. Let

us discuss eoch of these.
321 Statisties in Muoral Sense

Statistics in plural serse means the mass of quantitntive information called ‘deta’. For
A we tnlk of miormation on popalatis or demogmphic feotures of India aviikabie
fromi the Popalation Cemsus conducied every tem years by the Governmemt of India,
Similarly, we can have slatistics (quantitative data or sumply datad on Adso referred 1o
Stamtical Data, Horsce Secriat describes statistics m plural sense as follows: "By Smtistics
we mean appregates of Gl aifecied oo marked estent by muliplacity of caoses
numerically cxpressad, emupsrrated oF estimoted aceordsex B oreasonable standard ol
gcciriey, collecisd inoa systematic manner for o pre-determined purpose aml placed i

telation to each other ™
This definition of statistics in plural sense highlizhts the following features

i) Stalistics are numerical fects: In order that informtion obtimed fom an investigation
cin be called & stutistics or dota, it mest be capable of being represented by numbers.,
The cosllected o Ry he nhizined epher by the measarerment of charnctersics {like ciin
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el

an berglas, weights, ewe. Or by counting when the charscieristics (Bke honeaty, sniking
habil. beanty, ete.) iz not measarshle,

Siatisties are aggregates of facts: Singbe and wnreliced figures even though expressed s
quuntities wre not statitos. For eoimple, oo university examinotion Mr, Sharra secures
65% marks does mol puke satistics or date However, T we find that ot of 2 lakh
universgy stodents whose pverage mocks were 55%. Mr, Shorma secured 5% marks,
then these fgures dne statistics, S, mo single lgare in any sphere of siatistcal imguiry,
gy prodsction, empkyyment, wage and income constitutes stalsts,

Statistics are affected io o marked extent by multipliclty of cawses: In physical
scicnoes il s possible o molate e effect of vasows forees on a partacolar event. B in
Statisties” EBeets and figures, that =, the collected information, are greatly influenced by 3
nunber of factors amd forces working epether. For examphbe. the output of whear in a vear
is affected by vimeous factors Lke the aviilobility of irmigation, quality of soils, method of
cultivation, tyvpe of seed, amoum of fertilizer wsed, ete. In addition o this there may be
coptnin factors which are even difticuli o dentiby,

Stutistics are sumerically expressed: Stistics mre simements of faels e xpresed
numerically or in numbers, Qualitobive statements like "the studenis of a school ABC e
mire intellipent than those of school XYE° canm be reparded starsrees. Contrary 1o this
the statement thal the average marks in school ABC are 0% companed with 0% in
school XYZ, and that the former bad B0% fra division compared with only 30% in the
latrer”. is a 5.1.'1&&.:::1 slafement.

Statistics are enumerated or estimated with a reasonable degree of accuraey: While
enumerating or estimating siatistics, 8 reasonable degree of accuracy must be achieved.
The depree of sccuracy peeded. m oan mvestizaton, depends wvpon the pature asd
cehjective of mvestigation on ong hamd and wpon the tine and resources on the other,
Thuss., it §s pecessary w bave a reasonable degres of scoumcy of das, keeping momind the
nadure andd otjective of investigation and availobility of time and esources, The degres of
awcurscy once deckled et be uniformily mnintined r]lrmwm the inwestipadion,
Statizties are collected in a gystematic manner: Before the collseton of sististies it =
necessary foodeling the objective of investigation, The objective of investigation must be
specific and well defised, The data are then collected i systematic mamer by pooper
plannmg which invobves finding of answers 10 questins such as: Whether ta use sampls
O cenaus investaation, bow fooellect, arrange. present and amalyse data, ¢t b

Statiztics should be placed in relatbon to one another: Unly comparable data make

some sense. Unrelated and mcomparable daw are e daa They are just fpures. For

T




crample, beights and weights of students of o class do sor have any eelaton with the
incomse and qualification of their parents. For comparsbility, the dats showld be
homogenoois: that is, & shoukl beboeg o the same subjeot or cliss or phenomenon. For
example, pocket money of the studems of o cless is certninly reloted to the income of their
parents, Prices of onions and potatoes in Delhi can certamly be relited o ther prices in

other cities of Indin.

Thas, 0 will s be wiong o sy that "all siatstics are mimerical stitaments of facrd bur all

numerical staterents of 03 are not slatisties”,
322 Statistics in Slagalar Sense

Lv chee samgu bar sense, Stibstes refers v what is called mmiﬁ[iuulﬁ:l‘mm which means the
cver-grpwing body of techniques for collection, condensation. preseatation, annlvsis and
imterpretation of Saisticl daaiquantinaive information, In simple lngeage, o meins 1he
ahject ob Statistecs ke any other subject such s Mothe matics or Economics.

Woe cin oo Take L detfinainns Ve t'r:f A [EMOWs SEANSICIans,

A, Lo Bowley pave a few delinitioss but none of then was complete aml sutisfaciory.
However, b two defintions make somme sense even though incomplete. For example, be
suwys, “Stmpisiics may be called the science of counting®, w: he is emphasizing on
crumeraln aspect of stofestes. whech oo doubl @8 amnponan o r plase be describies
statistics as "the science of measurement of the social orgami=m_ . He is also of the view that
"statistics mnﬁg]ﬂl’_ﬁ' be colled the science of avernge”, Although menserement, enomerotken
arxl wvien pes {ArEhmeric, Gecmertric and Harmonic means; SMode and Median whch we will
discuss in the nest Block) are important, vet they are mot the only concern of Statistics, s we
shill stuedy in the subsequent units,

Croxton and Cowden lsve pui forwand g very simple and precise definion of Statistics as

Fhraristcs may be delimed as the collectswn, presemstion, amlysis and mizrpretation of
numerical data”. This definfion lays emphasis on five impomant aspects, which in fac1,

corslinge the vary scope of the subject callsd Starstics or Swisical Methods, These are:

A) Collection of data: In any staiistical inguiry. the collection of dotg is the first hakic sep,

They form the foundotion of stafstieal analyses, ond therefore utmost core should be taken i
collecting dntu&imh}' data will certainly lead to misleading results and can do more harm

b govod, The duta cam be drawn from two sources

#  Prevary sounce where data are generated by the investigater himself through varsius
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ersct bl 3

=  Becondary seurce where dota sre extracted from the existing poblished or unpuhlished
sapirrce, Chat is, from the daa alresdy collectad by others, It saves s bl of lime, effun
and meney of the investignior; bl then he has to be conscious and judicioes in their

L .

B Arrangenmeint of Data: Daca froin the secoisdary sowce arc abrcady airanged or ﬂrpaLLﬂ.r.:i
like populateen data from Census of India, A muner rearrangement (o sul our needs can be
undentaken. However, primary data are in o haphazard form and neod some arrangemest so
that it makes some sense. The stepe imvelved in this process are: -

= Editing: This involves the removal of omissimns and inconsistencies invelvad in the
carlBectod bufor mat .

= Classification of data: i follows editing, & invobves amanging dota secording o some
cammon characteristic’s, Normally the mw information received Fom the respondems
i5 put on the master shests, For example, we mey condect 0 survey on, suy, metal-
hased engincering indusirics of Onssa, from where information are collected on

capital structure, pwput of different types of products, employment of unskilled, semi-
sk albed aml skoilled ﬁnﬁeﬂ.- cost and peice structiere, techiekyry aspects, efe. All this

mifirrasation can b pul on mesier sheds.

) Tabulation: It = the last step m ae arrangement proecess. From the master sheets {or
coded sheets) informetion i abulaied inthe form of reguency distributions or ables. where

informatian 15 grranged in columas aml rows,

T Presentation of ﬂa%hﬂw the datn have boeen amranged and tobulated. they coan pow he
presenied i the form of dimgrams and graphs 1o focilitate the understanding of varows trends
ag well as the process of comparison of variows sitoations, Two different 1ypes of presentation
ol dintix are normally used, these ane;
»  Suanistical tabbes
& Ciraphs including line graphs,
66

E) Analysis of data: It & the most important step inany statistical impuiry. A mmjor portion
of this course in Statistics & devoted 1o the methods used for analyzing the collected data wo

derive o policy conclusions,
14
A3 Delinitions OF Statisthes

Sratmtics hos been defined by the number of suthors in different ways, The main resson for
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the various definitsons s the changes that have taben p%in statistics feoan time to (e,
Statmtics, in peneral 5 defined in two different wﬁ viz . % “elutistical data”, Le., based on
it numericul stapsmeent of duta and facts, and a8 ‘ststistical methods. e, hased on the
principles mnd techmigues wed in mllﬁjng und pmalyzing such dota. Some of the ompostunt

defmitwns under these two categonies are given helow,

Statistics o5 Statistical Datn Webster defines Stafistics a5 "classified facts representing the
corditins of the people ina Stae, especially mcmwﬂ:-. which can b stated in smbers or in
any other bolar or clissified arropgoment.” Bowley defines Sististies as "nunserical
stgtements of Facts i any departmen of enguiry placed inorelation to each other "

A pwae exhaastive defingion 15 given by Peof. Horace Secrist &5 follvws "By statistics we
mean aggregation of ficis affected to g marked extent by multipficity of conses mumerically
expressed, enmernied o estimared sccording 10 reasonobde stundands of aceuracy, ooflecied

in & systematic monner for o predetermined purpese and placed in relotion to ench other,”

Aceording 10 Boddington, "Strsiies is the science of estimates and probabiliie:.” Again. (hs
dcfmﬁvn is not complete as statistics is nid usi probabilities and estimates bat more than
hat, Savime other definifions are: “The science of Statstics & the method of udging collectave,
atural o social phenowenon frem the resuls obained frem the analysis OF cnunesraon o
collection of estinates.”- as provided by Eing. "Statstics 5 the sowesce which deals wh
collection, classification, apd tobulstion of numericel faces as e boasis or explanation,
deseription asd comparison of the phememenen.” as given by Lovitt. Bur the hest definition i3
the ane given by Croseon and Cowden, according 1o whom Statistics may be defined as “phe

science which deak with the collection, anabysis amd iverpretaton of numencal data,”
CHECK YOUR PROMCRESS (A}

01, Statstees in Plural Semse,
A

. Siatistecs in Simgular Sense,
A

(0% Collectson of datn,
Ams;

2 A Importunce And Scope OF Statistics
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Starsncs i oprimarily wied citler to make predictions based on the data available or to make
corclusions nbout g population of imerest when only semple dada is available. In both cases,
apglistivs tries o make sepse of the ubcertaity mo the available daa. When nuking
predictions statisticions determing if the difference in the data points B duee to chance or if
there is a systermatic relationship, The more the systematic relatonship that is ohserved the
better the predictssn a statistician can make. The noere mndom eror that is ehserved the more
uncertain the prediction, Stistcuns con provide a measare of e uncertanty o the
predectaon. When making inferences abeut o population, the statistcmn @& trying o estinsate
how good & sumeary statiste of a sample really @ esnmating a populition stanistle. For
comgiater students, knowing the basie prsciples and methods in statstics could help thea m
doing thewr research work like comparing the spesd of ilemet comection in dilferent
countrics and the probability of how many tmes does each experiece the same kevel of
internet conmectien specd m oo week, month or yeor. It could slso be beiplul in determining
the best operating system o use. Whenever there is the meed to compare data a%knnw the
best option that we shoukd toke stotistics can give the answer, Stotistics is hoving applications
i sl all scienees - social as well as pliysical soch as Bology, psvehoblgy, educaion,
cconomecs, business monogement. ofe. I s hardly possible to think of even a singhe
depariment of humas activity . where siatistes 3 0ol involved, It has rober Becoms

indispensable in all phases of human endesyor

1. Statistics and Planming: Statistes 5 mother of phnmag. In the modern age which =
wermed @ the se of plaoning'. almest all over the woeld. paniculacly of the upcoming
econimed, are resedting to planning for econmomc development. In oeder thar plannme i3
suecessful, it nust be hased sound By an the oorrect analvsis of complex statisticn] data.

2. Stafistics and Economics: Stofisticol dga ond technsque of statisticnl omalysis have
proved immensely usetul mosobdng varkos economic problems. such 85 wiges, prices,
analysis of time serics and demand analysis. & mmber of applications of statistics i the
stidy of ecopcmics have led to the development of new disciplines called Boomomic

dnistics and BEoommmetrics,

d. Statiatics and Business: Stadeticd 15 an essontial tood fos pmulﬁnn codeal. Statistics not
anly helps the Busmess execulives 1o ksow Lhe requrements of the conmimers, it ako
for msany other purposes. The success of a business scnslly dape%upnn the securacy
and precisien of his statistical forecasting. Wrong snalysis, due wo fauky and inaccurate
anglyais of warks causes offectim o particolar phenonsmon, might ove o be a
dis-um' Consider sn examples of monefactuning readymade garments, Before sfaring

ane must have an overall kea as o “how many garmems are o be manafactured’, Tow
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mech raw marersal and labour 5 pecded for that', asd what o the gualiy, shape., coles,
size, ete., of the gorments io be mamafactored'. [F these questions sre nod analysed
stutistically in a proper munner. the bisiness is bound 1o be failed. Therelore. most of te
lapge imdustrinl and commercinl - enterprises are emploving troined ond  efficiznt
atnlesiic Ens,

Simtistics nnd Indostry: In mdustry, stotistics is very wilely nsed m "Ouslity Comtmol’. In
prodluction engineering, W lind whether the product is conforming o specificarions o
nob, gatistical tools, vz, mépection plans, conteol charts, ete . are of exireme inponanee,
Statiztics and Mathematics: Statsrics and mothemoies are very inrEnarely relsed,
Recemt advancements in statistical techniques ane the owoeme of wide applications of
advanced mathemsies, Mainm  costributors to stanstes, nzmely, Beemoulli, Pasesl,
Laplace. De-Mokrve, Guuss, B AL Fisher, to meéntken only & Few. were primarily talented
and skalled muthemmicians, Matistics may be regorded as that brunch of musthematics
which provided ms with systemific methods of analyzing o large momber of refated
mumericel focts, According to Coanor, " Stabistics s @ branch of Applied Maothemaiics
wtiic i spesialise it aatia,”

Statistics and Hinlogy, Astrunomy and Medical Science: The assocwstion between
starestieal methodk and biolopieal theeres was tiest stdied by Francis Galion in kis swork
in Regression. According (o Prol, Karl Pearson. the whaole Theory of beredity’ rests on
statrslical basis. He said, "The whole problem of evoluton = a problerm of vital statistics,
& problem of longevity, of fenilay. of healh, of disease amd it B inpossible 6w discuss
the matsnal medality wighout o emumesation of the pepulation, a clessification of deaths
and knowledge of statistical theory." In astronomy. the theory of Goossian ™ormal Law
of Erods’ for the study of the aovement of st amd planets is developed by using the
Principk of Lepst Squares’. In medical seience also, the statistical tooks for the collection,
presemation, aml analysis of observed Tacrs relating o the causes and diseases snd the
results abtoned from the wse of vorepas doogs ond medicines, are of great importance,
Muorzever, the efficacy of a manefactred drog or injectim, o medicine s tested by
aalyzing the ‘tests of signifcance’,

Statistics and Peychobegy and Education: In ediscation and psycholopgy, oo, statislics
have found wide applicatons, e, 1o determase the relability and validity of a teat,
TFactor ﬂ:‘l.:ll':'u.{. ehe., W imneh Sov rhar @ new :-.1|1'|-||EL"| il lisf 'l‘h}ﬂ!‘u::lm'r'_i." FiEs GO min
cxislence.

Statiztics and War: In war. the theory of 'Decision Fusctions' can be ol greal assistance

wr military amd rechmical persome] w plan ‘maximom destruction with minimuom efforn’
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Thus, we scc tha the science of Statistcs s associated with alosoat all the scicnces -
socinl as well gz physical. Bowiey has righthy said, "4 knowledpe of Statidws is like a
knowledge of foreign lenguage or algebra: @ may prove of e s any e wsder any
crcumstnnge.”

Statistics and Physical Sciences: Statistics s proved o he wseful in physical sciences
like Physics, Geslogy, Astronomy, Helogy, Medicime, etc, A modern doctor melies
heawily on the information on varsoe parameters of @ patient in diagnosing Wis diseise,
These anclude his body temperatare behaviour, blood pressure and Blood sugar level,
B, etc. Doctor needs thes infoemation all the more when perfoemang surgery. Fumhes,
before introducing & sew deag. data aee collscred aond analysed foe s effects on rats,
miiekeys, rabbis. ete. IF Fousd statistically sasfactory, the experimests are then
conducted on boman beings. The efficecy of the medicine is stwdied statstcally. For
cxample, researchers may be interested in finding whether gquinine 5 s0ll etfective in the
controel of malaria with o mew strain of mosguito. They may comnduct the experiment on,
sy, 1OHKD putients selected of mndom. 15 the percentpge of =seccess s guae high,

mesgentic e miEdy e lare ylmid e 5 il effective in the comten | of makiria,

315 Limitations of Staistics

Starstics, with its wide applications in almest every splsere of human activity; i mot withoir

limiverias, The folkowing are some of s Imponant imitions:

L

Statiztics I8 not suited to the study of the qualitative phenomesan: Statistecs, being o
science dealimg with n set of numerical data, is applicable o the shudy of only thoss
subjects of enguiry which are copable of quastitative messwement. A= such; gqualitotive
phenomena like homesty, poverty, cultore, etc., which canm be expressed nomerically,
are not capable of dircct statistieal anslysis, However, statsticnl technkpues may be
applied badirectly by first seducing the gquaBititive expressui [0 precise guantbative
terms, For example, the mielligence of & group of candidates com be gadied on the basks
of ther scofs dna certain st

Spatistics does nol =iudy ndividisds: Stasnics deals with an agerepate of obgects and
does e give ainy specific meoognitaen to the mdividual sems of o seres, Individual tems,
taken separately, do nod constifnle stpstcal dara and are meaning ks for any scatistical
ciquiry. For example, the oadividual figures of agreculural production, mdustraal oucpat,
ar mational imcome of any country for a porticular vear are meaningless unless, 1o
facilitobe comparisen, simibar Feores of other countres or of the same cowsmry for

different venrs are given. Hence, stotistical nnalysis &5 spked to only those problems
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wheve growp characiersts are wo be studied.

3, Messurement errors: Dunng the data collection process, measurement errors migh
huppen. resulting i inaccwrate results being reported. These ervors can be caused by
factors such ps oMy instnements, hemon error, nespandent bios, or misunderstand g of
survey questions, The validity and reproducihility of statistical analysis can be impactesd
by messurement mistakes,

4, Sampliog biss: Sampling  biss occurs when cenain groups or individesls e
systermatically overrepresented or underrepresented in the sample. This may ocowr as a
result of ervors in the sampling procedure or nosresponze bris, where some people decade
pob 1o take put o the stody, Samplmg bias can resoll in erropeoos mferences and
unrelizhle pencralizatmns.

5. Misuse and misinlerpretation: Statics can be misused or msinerpreted. leading (o
incorrect conelesions, Improper siatistical analysis, intemtionnl manipulntion of data, or
selective reporting of resubis can diston the fmdings and mislead the aodence. It is
imipsrriant i use statistics appropristely and mmicrpred them critically,

6. Stafistical lows are ool exact: Unlike the Liws of physieal and mitaral scence . stalsies
are only approximations and not exect. Based on statistical analysis, we can talk only in

Termns ol ‘|"I:'I"I|!l'lh||:|1:|. and chance amd Bol 0 feoms of cemurmy. 3aElsnical conclugions are

nok universally true; racher they are troe only on averaze
A6 Distrust of Statistics

Dristruast oof utistical doin refers o o Bok of confidence woward the information and fimdings
derived feom statestical aalysis, This distrest can stern froon varioss factors, sacliding
corcerns  abous data collection methods, biases n data interpretifion. manipolation or

misrepresentabion of dats, towords the relinbaliy of siofstical methods,

There are several peasons why ndividuals or groups may exhibi distrust of staistcal data:

1. Methpdological concerns: Some people question the scouracy ikl reBabiliy of das
collection methods wsed w goha statsieal information. They may believe that the
samnpling methods are faley, the sample sice is o small, or the datas collection process is
hansed.

2. Biases and manipulation: Skepticism can arise when peapls suspect that statistical datn
is mpmpulated or biased 1o serve o paticulor ngenda, This can occur theough schective
dutn presentation, chemry-picking data, or sfering the analysiz to support 8 predetermmined
comnchusion,

J. Lock of transparency: When statiticnl dotn = nod accompanisd by transparent and
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detailed mformuton sbowr the methodokegy, soarees, and assumptions wsed, i can lead 1o
distnest, Peopl: miy be suspicious of hidden binses or vested intereste that coukd
infMuence the resubs.

4. Complexity and misimferpretation: Stoatstion] anolysis con be complex, ond the
inl:-.rprclaiinn ol &a r|:|;||.:'r:5-. £5 perise, Mhirnrrrrgliltinﬂ nr |11i~;r|,'prt:-r.r|lurm11 nl
stutpstical finddimes by individuals or the med s can contribute to distrust, Pecple moy feel
overwhelmed or confised by the mmbers, kadimg therm o question their vilidiny,

5. Historical mistrust: Historical events or instasces of stistical moampolation con
contribine w & genesal diserast of seatistical data, Past cases of mizbeading or fakafied
stntistics cande public tug sed ke people more cautiows abow accepling staristcal

fnrmatee ar fee value.

s essenial o remember thar critical thinking is mecessary for analyzing all dsa, incheding
statistical data, o total reecteon of all statistical dito can hinder policy ereation, decision-
making, and the comprehension of many phenomena. Tramsparency, Clear commuamicilion,
and strong procedunes are needed fo address the ssees with statisticnl datn m order bo deliver

accueale and trustwarthy mfornation.

3.7 Misuse of Statistics

Starstis = liable o be misused. As they say, "Staiigical methods are the most dangerous
wnrs i the bopds of the expers. Statistics s one of those sciences whose adepis mus
cuercise the solf-rostrast of an actit” The use of stmistical wols by isespessenced and
untrained persons might besd o very fallacioos conclusions . One of the preseest shortoomings
of steemtics is that by just looking &t them one can't conmment on their quolity and as such can
be mepresemted in opny manner B suppor one’s way of argument and reasoning, The
requirement of experiense and judickms wse of sotstical methods restncts their use o
experts Gily and lanits the chances of the o@es popuboay of the wseful amd importam
science, It may e pointed ool that Stadistics peither proves anyihing nor dispraves anything,
It = ealy a tood whach if fightly used may prove extremely vaeful and of aisesed meglit be
disastrins, Accoeding o Bowkey, "Siansies only furnishes 3 ool recessary thoegh imperfec,
which is dangesous in the bands of those whoe do pot Enew ds wse and s deficescies.” Tis
ot the sEatistics that can be bBlamed but those persoms whie Twist the memerscal data and
instse thean cither due to igiovance o dsliberarely for personal selfoh wotives, As King
peinted out, "Science of Statistics is the mos! useful servant bot only of great valpe 1o those
wiho understand ks proper wse

CHECK YOUR PROGRESS (B)
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Ol Explain the tmportance of the stabstics

Ane;

032, Give omy two Bmitatcens of sutistics

Ans

O3 Explain the distrust of stagistics

Ans:

4, Explain how statistics are misused,

fns;

A8 Sum Up

A modem man must possess knowledpe of Staticties like that of reading snd wriging, The
wirnd Statistics ina singular sense implies stalstical methods aimed af collsciing, arranging.
presentmg, analyzing and interpreting datm. In the ploral sense. it means moss of quanttative
infirmagkon like popukstion dati, The wonl satistic fas againsd salistics) means an estimanr
obained from n sample with the purpose of inferming abowt the populntion valoe calked o
pararmeter. Staistics has wtiliny in abnost sl branches of knowledge. In Economics and
Busmess, it hos a special utiliy. A combination of Econemics. Stotestics and Mathematics has
led 1o a mew subject called Econometrses. Despie samense uility, somse anserupubie
persons have misused statistcs driving i to the kevel tht is worse than damned lies, Becaose

af the, sometomes, £ has been lemmed a5 unscropa lous scienoe.
A8 Quoesthons For Practlee

I, Give o historical bockpround of statistics,

I

Write varous defingions of gatistes and discuss these delinnions in brief.
3. Sl anmd r.-:ll]rhi:u WIS Hﬁ'lli\::ﬂinm ol sLalislics.
4, What wre the varsous limitations of siatisfics?

5. Provide o few examples which can lead w0 incosrect conclusions dise 10 wiospg
analys ol slalsics.

f. Give any two examphes of collecting datn from dav-fo-day Tifie
2,00 Suggesied Readings
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MAECONOMICS)
SEMESTER |
DUANTITATIVE METHOIDS |
UNIT d: COLLECTION OF DATA: TYPES AND SOURCES
STRUCTURE
4.0 Learning Objegtives
4.1 Introductiog
4.2 Types of Dida Collection
4.3 Sources of Data Collection
4.4 Colbection of Primary Data Survey Technlogues
4.5 Limatations of Primory data Colkection
4o Codbection of Secondary Data Sources
4.7 Limuitations of Secondary Data
4.8 Precautions tis Collect Secondary Data
4.0 Suin g
4. 10 Ciuestinms for Practice
4.11 Suggested Readings
400 Learning Objectives
O gomg throweh this unit, you will be able to:

+« Explam the concept and types of dats collection

e Sources ol Dida ooliect e

& varions si vy |-\."I:JL1I.i:i.|'I.hl-\. under pril'lu.u':t,' data and seen |'|.|.1u.|:_'r dati

& fimpations of primary data snd secondory datn

o Precastions o Caolkect Secondary Dala

4.4 Introhuction

We face problems in warious fields of our life, which force us 1o think and discover their

solutions. When we ore genuipely serions sbhout the selution of o problem faced. a thinking

R L HE B Srarisacil Thinksg or Satsieal Ingaery & ong Kined of thinking frrocess Thas

reguires evidence in the form of some mformedion. prefermbly guantiative, which is known
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as data'stanstical information. In o statstcal mguary. the first step is wo poocwn: o coliect
datn. Every time the investignior may nod start from the very beginning. He must try do use

what others have already discovered. this will save us in cost. effores and time.

They ore collectsns of any number of relnted observations with o predetermmed moal, We
e ol lect inkarmdiaen on the mmber of TV, seis sl by fopartcsiar salesman or q g ol
slesmen, on weekdoys in ditferent ports of Defhi to study the pattern of sales. lean doys.
effect |1fL‘u1|1|r.rE[i1hl|: prosfincls . modrme belivawir and other related maners. The mibamation
thus codbected 8 called o dats set and & smele observation a dota point. All types of
informution collected without proper gim or ohjective is of no nse. For example. Iohn's height
i5 50" oo monthly wage of Me. X on 151 Jarsary 2004 were Be L3000V - dre it data. Mot all
quantitative information is statistical, Isolated mensurements are not statistical data, Stamstecs
{that B in singular scrse) B concerped with collection of dam relevann o the solution of a
particizlar problm, Accorfing te Simpson snd Katko (Bastc Statistics)"Duta have no

stamdding i rhemselves; they have u basis for exisienoe only where there is 0 problem®.
2 Types of Didn Collection
By noa vl fave known ol data owild be classified in the folowing firee wiys:

a1 Quasiative and Qualitative Dato
b} Sample and Censos Diata
¢) Primary wnd Secondery duts

o) Quantitative sod Quakitative data: Quentitative dota sre those set of information that are
|;|||.ln1|ﬁ:|1rl-|: el Cam e |::-:]'n-'u:nﬂ] in soere sEandard onps ke TR, kih1|;n|1r|:~. Rrers, &l
For exsampl, poecket money of stedents of a cliss amd the income of their parents can be
expressed I g0 many rapees: the producton or import of wheat can be expresceed in s many
kikegrams or likh quintals; the sonsumpiion of petmol and desel in Indin oz 50 mamy Jak b
Isters in one year and o on. In other words, Quealitative data. also kaoven as the categorcal
dlata, deseribes the dats that s into ihe ceepories, Qualiative dara are ool pormerieal, The
categocical informestion nvelves categorical variables that descrde the features such as a
person’s gender, home town ele. Categorical measurcs are defined in lerms of natural

laigpuape specificatzms, but not m terms of sumbers
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Claks
1. Omalitative data: onthe other hand, gre not guantifinbde, that is. cannod be expressed in

standard units of meswrement |ike rupees, klograms. lkers, ete, This 15 because they are

Teatures', ‘gualities’, or ‘charactenstics’ ke eye colours, skin complexion, honesty, goosd
o bl efe, These are abo referred g atrires, In his case, hivwever, @l is possible 1o
count the mamber of mcdividuals (or Bems) podsessing a partcukar atrbuace,

&  Mominal Cata: Mominal data is one of the fypes of gualitative information which
belps w lubel the varighles withow proveling the numerical valee. Wominal daca is
nlso ealled the nominal scole, It connot be ordered nnd measured, Bul sometimes, the
data can be gualivarive sl guantitgive, Exsamples of nommal dos ane keners,
symboli, words, gender ete. The pominal dofs are examined using the groupisg
meat bl In this methund, the data are grouped mio calegones, amd then the freguency
or the pereentage of the data can be calculaed. These data are visually reprosented
usEg 1he pie charts.

# Ordinal Data; Ordieal dea b5 o tvpe of data that folkows a nafural order. The
significant fepture of the nominol datn s that the difference between ihe dotn values is
ol determined, This variablie s mesaly fousd nosreeys, lnance, eopmomics,
questionnaires, ard 5o on. The ordinal dota B commonly represented wsimg a bar chart,
These data are mvestigated amd aterpretad through many visealeaion ook, The
mbermton may be expressed using tahles i which each mw in the table shows g

dist inct category. Quantaative or Numerical Data.

2. Quaniitative Dats: Cluantiative dota is abo known as pomerice] dain which repeescns
the numserical valoe (e, bow moch, bow ofien, how many). Mumerscal data goves
informacknn shout the quantities of aspecific thing. Some exomples of mimeniceal dota sre
height, length, swe, weight, and so on. Quontgative date com be clissificd o twao
different types basedd on the data sets. Thetwo different classifications of nomerical data

are dscrete datn and contimaous diti.
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contpins only o finite nomber of possible valees, Those walues canped be subdivided

n'le.:lllirlgl'ully. Here, thanps can B counted in
students in the closs

mumber of probable vilues thar can be selecied within o given specific range e,

Temperatune rangs:,

Discrete Dala: Discrete data can take oply discrde vakies, Discrete informatsen

wilhele nigmbens - HY the migmber ol

Continnous Data: Continnons data s dats that can be caloulated. 1t has an infinite
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Flpure 1.2: Types of Qualitative Data vie, Disorete and Continmus

Figure 1.3 showes the types of quantitative data e, pominal and ordinal dats.

Fipure 1.3: Tyvpes of Quantitative Data vie, Nominal and Ordinal

bl Sample amd Census Data: Data can be collected either by comus method or sample method,
Information collacted through sample indquiry s called sample data and 1he one collected throagh
census mquiry is called consus data. Population consus data are colkacted every ten years in India.
¢} Primary and Secondary Data: Primary datn sre collected by the investigator through field
aurvieys. Such duts are noraw form end mes be eefined befre use. On the other hand, sscondary
datn are extracted from the existing published or unpublished sources, that is:; from the dia
abrecly colkzcied by others, The collection of &ita s the st sk sep owamds the sl
annlysis of any problem, The collected datn are suitably transformed and amolyzed o drw
corekisions about the popalation.

These comclusions may be el or both of the followng:

{if Toestimate ong or more parameters of @ population or the petore of the populaton fseif This
forms the subject mateer ol the theory of estinataen.
1ii} T test @ hypothesis, A hypothesis s a statement regarcing the parmmeters or the nature of the

population.
4.3 Sources of Data Collection

A pertinent duestion Thatl arses sow 1% how and from where to get dara? Dastn are obtained throogh
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twn fypes of investigations, namely,

17 Drect Investigaten or Friomry Data winch implies that the investigator collects information
by ohscrving the items of the problem onder investieation, As cxplained above, it is the primory
souree of aeiting dEa or the soufce of geltmg primarcy dsta and can be dode (hiough observiatog
af inguiry. I the former we watch an event happeamg., for exomples, the oumber and iype of
vehicles passing throngh Vigpy Chowk in Mew Delhi during differemt howrs of the day and night,
I thee l@toer, we nsk questhons fromthe respomdents theosgh & geestionnaire {persenally or through

muxil), 115 & eostly methesd i terms of money, time, and etfort

23 Ivesigntion theouzh Secondary Sowrce which means obtoining data frome the already
collected duta, Secomdury dotn ore the mber people's statistes, where other people include
povernments st all levels, inernsionnl bodies or instintions like IMF, TBRD. etc., or other
coppinies, private and povernment rescarch organsations, Reserve Bank of India and other banks,
fesearch scholars of repute, eic. Broadly speaking we can divide the sources of seondary dala

into pwo catcgores: published sources and sapublisled sources. A) Published Sources
11 Ddficial publications of the govermnent o all levels — Cemtral, Stage. Unlon
2y Ddficial publicatinnz of foreizn commTies.
31 Odficial publications of intermational bodies like TMF, UNESCD, WHO, etc,
4] Mewspapers and Jourmals of nepate, both oeal and sernationl.

51 Officinl publicatisns of RBL and other Banks, LIC, Trsle Uniens, Stock exchanges,
Chambers of Coinmeree, ¢lc.

fi Bepons submitied by reputed soomwmsis, weseanch scholars, aniversities, and commissions
af mgquiry, 1t made public,
Trata Collection MMethodds
Sorme main souree of published data m Iedia ore Central Statistical Organisation (0 5.0.% Which
publshes data on mationdl mooomse, savimgs. capital forralion. ete. m a publication called Natwasal

Acconnis Statistics,

Matimal Sample Survey Organisateon (M 5.5.000 Under the Ministey of Statistics and Progranme
Ermplementation. this orgamisisoen provides us with dada on all aspects of the mitonal ecommany,

such a3 agrcwbhure, mdustry. Bber and consumptaon expeisditure,
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Reserve Honk of Indin Publications {R.B.1.): It publishes timoncial stotisties. Its publications are
Report on Currency and Fimioce, Beserve Bank of India Bulletim, Stanistcal Tables Rekating 10

Banks in India, ctc

Labaur Buseau: s publications are Indian Labour Stavstics, Indian Labour Year Book, Indian

Labawr Journal, =ic.

Population Censos: Undertaken by the office of the Registmar Generl India, Ministry of Home
Alfairs. It provides uws with differem (vpes of statistcs abeut the popualation,

B Un-pablished Sources
1y lmpabelished Gadings of certain inge ey commillees,
2 Rescarch workers' findings.

3b Unpiibdmhed ssstenal found with Teade Associatonms, Labour Organisatons and Chambers

of Comimerce,

CHECK YOUR PROGRESS (A}
(217 Explam 1he term quantitarive data,

Ans

O Whiat 55 provary dats?

A

3 What (s secondary datn set?

Ang

() Defne samiple and populztion

s

44 COLLECTTON OF PRIMARY DATA SURVEY TECHNIOQUES

Adter the myestigator s convineed that the gain from primacy data oweighs the money cost,

effort amd time, she'he can go in for this. She'he can u=z any of the folkswing metheds @ collect
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primury dut:

Direct Personzal Envestipation

Indred Oval Investigetion

LUse of Local Bepoots agencies o ged A v
Mailed Questwennawe Method

oo o

e, Schedules sent through ensmeritors

a} MHreet Personal Investlaation: Here the nyestigaior colkecs infrmatken persenafly from the
tesponddents, She' he mests them personnlly 10 collect misrmation. This method requires mach

fromi the investizgator such as:;

e Shefhe should be police, mbsased and tactful,
=  Shethe should know the kecal conditions, customs and tmditions
o Shelhe should be intelligent possessing good abservataon power. Dac Collection Methods

e Shehe should wse simple, eisy and mesningfu] questions o exiract informatioo,

This method is sunable enly for intensive investigations. I is a costly method i terms of money,
cffort and time. Further, the personal bins of the myesiigaer caneot be rulad oot and & can do a kx

of hirmito the investigaton, The method is a complete flop if the imaestizatar docs not possess the
abave-mentaxned qualitaes.

bi Indirect Cral Invesigation: Metbod This method s generally used when the respondents are
reluctant W part with the sntormaion due 1o various reasons. Here, the informacoen = collectad
from & witness or from a thicd party whe are dirsctly or islivectly refaced w0 the probdem and
prrasess suffacicnt knowbedge. The personis) who isnfare selectad as informants: mst posseas the

fsl kvarimg qisalicies.

= They should possess full Knowledge about the isue,

«  They st be willing we eeveal it famhiilly and honesily,

& They chould not be higsed and prejodeed

o They must be capuble of expressing themse bes 1o e trae sgit of the mguairy,
¢} Use of Local Beports: Thiz method involves the vse of local mewspaper, magazines amsd
Journals by the investigators. The informsarion (s collacted by local press correspondents and nat

by the arvestigators. Mecdless to say. this oo docs sot vield sufficicnt asd ecliabie data The
method 5 kess costly bot shoukd not be sdopted where high degree of nocumey or poecision &
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required,

) Mailed Chuestionnaive Method: 11 is the most mportant and systematie melbod of collecting
primary dota, cspecilly when the inguiry is quite extensive, This method entails creating a
questonnare (@ cobllection of guestons pertaining 1o the ressarch area with o chance for
mespondents o fill i therr replics) and oanilng i to the respondents with o deadline for respondang
quickdy. the respondents ore ssked to extend thedr full cooperstion by providing socurate responses
apel timely submission of the cxnpleted questionnome. By assuring them that the informution they
provided in the guestionnnme will be keps tedally secare nnd hidden, respendents are alse given a
sense of security. The investigator typically pays the relurn podal costs by mailing a self-
scklressed, stemped envelope o0 schieve n speedy and better responss, Besearchers, individunls,
non-governmental organizations. and occasionally even the powvernmem are invobeed in this

technique,

@) Bchedules sent through Enumserators: Usmg snumersiors for primary data colleclion = 4
COMEE PRActEce i varions fescarch studies, surveys, and data colbectson e orta. Embinerators arc
indsviduals respomsibe or collecting data directly from respondents i the Hield. thes is the method
aof obtwinng answers o the guestions oo form ihat (s filled ow by the imerviewers of
erumerators (e Debd agems who put these questions) in a face-to-face siuation with the
respondents. The questionnaire & a list of guestions that the responddent himse I answers in his
o' hamdwnting. Scledules sem through the cmmmerators’ s the major data collectairg techmgue
that & commonly used. This &= the case because the earlier ways that kave been explained thos far
have smme drawbacks that this method does mol, With the schedule (a list of questions), the

eomerators directly contact the respoadent s, ask them gquestims, and reoord their esponmses.

The yuestiommseire in pemnary data s divided into two pans;

[} General mtrgductory part which contasins questeons regarding the dentity of the respondent
angd comtaims informatien such as name. sddness, telephone number, qualificacion, profession,
[ [

21 Main question part contmnmg questions connected with the moguiry, These guestions differ
frorm muuiry-to- inguiry Prepantion of the guestiennaire s o highly specializid job amd s
perfecied with experience, Therefore, some experienced persons should be associnted with i,

D img sl Tramming & gquestionmsing & 3 eritical step in primary das collection, A well-desigmed

questonnare ensures that you gother refevant ond relivhle datn to address vour research
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ohjectives, The tollowing few importont points shookl be kept in omind while drafting o

sl nare:

i} Clearly cutline the research objectives and the specific informntson you want 1o coflect
throusgh the quesssonnine. Idencify the key research questions thal nesd 1o be answered,
{11} Make sure your guestions are casy bo wsderstand. Avoid nonsense and complex language.
Keep sentences und questions short and to the point,
ditiy The task of seliciting information from people i the desied form asd with sa et
poguraey is the most difficult problemi. By ther natore people ore not willing to revenl any
infermathn becanss of cerain (ears. Many times they provide incompleie apd Fauky
mbormation, Theretore, it is pecessary thit the respondents be token inde conbidence. They
should be assured that their individaal nfirmation will be kept confidential and no pare of i
will be revealed to tax apd other government mvestigotive ngencies, This is very essentinl
mdeed. Where providing mifores ion 1= ool legally binding, the informant has o be sare i
convineed that the results of the survey will help the authorities to frame policies which wall
ultismately bemetl them. It i obvious thal some ehemaent of good sabesmamsdup s ko required
in The investigation
{iv) Maoke o decisam regardmg the questons thor will be mcloded bohe questosnoan. Typical
softs of queries inehude:
+  Closed-cisded inguiries. Those who respond select feom o set of predetermined responsses
(such a5 multiple-choice inguiries),
¢ Open-ended inguiries; These that respond provide their own, individonl responses,
+  Doestiens vsing 1 Likert scnke: Determine if respondents agree or dissgree with a
stalement using o siale (such as 1o 3)
¢ Bemantic differentiol questions: Bequesst o rating on a scale of good (o bad or satisfied o
dissatisied from respondents
v} Questions huarting the sentane s of respondents should not be asked. These include questions
o hs gambling lhits, s=x habarsg, indebledness, e,
fwr) Questzons Involving lemethy and complex calcubstins should be avoided becase they
require tedious extra work in which the respondemt may lack both imterests & wefl a8
capubiliies,
4.5 Limdtwtions OF Primary Data Collection

Primary cdata refees o data eollected frsthand throogh divect ohservation, survevs, inferviews,
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experiments, or other dutn collection methods, Whils primery duta cam be villunble for research

arl analysis, it ako s certuin limiations, Here are some cormnmen Bmitstions of primary data:

1. Cost and time: Collecting primary dotn can be a time-consuming ond costly process, It
TRUEES FESOURNES [0 design research istrumems, recoull participants, conduct s collection,
and analyze the dats, Therefore, prinsry data collectgn may be mpractical or unsffosdable.

2, Limited sample size: Primary dafa collecton often involves g smaller snmple size compared
e secomdury dath seurces, The sample size muy be comstmised by factors such as time,
budget, or socessibility of the twpet populntion. A small sample sie may lim the
penerilizability of the Mndings to a larger population,

J. Swmpling bims; Similar be tbe limistions of saistics, primary dota eollection con be
sumceptible w sampling bias, IF the sumple i not representative of the populon of imersst,
the findings may mot pcouratedy refledt the characteristics or behaviors of the brger popualation,
Careful attention must be given o sampling methods 10 mmimize b,

4, Hesponse bias: Response bigs occurs when participants = sty provide insccunitle o
mizleading responses. It can be influesced by tactoes such as socml decicablidy  biss
iparticipans providing responses they think gre socially acceptabben or recall bias {paricipsns
maccurately remembermg pas evensp. Resporse basocan undeenune the validiny and
refisghiliy of primary data.

5. Suhbjectivity and researcher bias: Primacy data colbscrioen methods often imvelve intersction
between (he researcher and participants. The swhjective interpretstion and bisses of the
reseorcher con unintentionally influence the doto collection process and the responses
abained, Hes=archers need to be mware of their own bigses and taks steps to mininiize their
imipact on the data,

&, Limited scope; Primary data collection typically focuses on specific research questions or
obectives. While this targetal ipproach can yield detiked insights min specilfic arsas of
mterest, i osay ool caplure o breader range of facters or provide a comprehensave
understandmg of the plenomenca being sudied. Usmg secondary data of emplyying o mived-
methords approsch can help overoone this lunitatin.

7. Ethical considerations: Primary dota collection invelves ethical considerations regarding
panticipant privacy, informel censcie, und datn protectson. Bescarchers must adhere W ethical
puibelines and obtain pecessary approvals, which can introduce addigional time snd logistical

COTALTAINT &,
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Undder stinding these limitations of primary data can help reseorchers and analysts moke informed
dectsions abot data collectsm methods dmd consider (he stremgths and weaknesses ol primary
datn abowi ther rescorch objectives, It moy also be beneficiol to supplement primary data with

secoriary dita sources to enlzusce the beeadth s depth of the snalyse.
CHECK YOUR PROGRESS (B
3. Explain direct persenal imvestigation ond indirect oml investigation

A

2, Do Che il gueest onmsine oethod and schedoles sent throogh emmeratons

A,

O3, Grive limmations of primary data

A

4.6 Collection of Secomdary Data Sourves

Tlhe diect imvestigation, though desirable, is costly i wons of mosey, e and effor,
Advermatively, miormation can alse be obtained duough a secondlary sowrce. [ means drawing o
collecting duta from the aleeady collected data of some ofher agency. Technically, the dsta s

collected are cilled secomlary data,

Secondsry dain sources in satistics refer @ existing datn that has been collected by someone else
or for o different purpose but can be utilized for statistical onabysis, These sources provide a
wizalth of mtormation that can be used fo explore research questions. test hypotheses, and derive

insighis, Here ane some common secondary data seurces wsed in statistecs;

Lo Government agencies: Government apencies af the kocal, mtonal, and ioternational levels
collect amd mainin o vast winoumnt of stuistic] dety. Examples oclude censes data, labor
stnfasfics. economns indecators, crime rates, bealth stotstics, and demograplee wfornmton.
These datssets are often publicly avniloble and can provsde valuahle msights oo varioos

socind, coomomic, and demographic trends.
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1.

Resenrch arganizations and institotes: Mony resesrch organizations and instiutes conduct
sarveys, studies, and dana coflection effoens fur specific research purposes, These onganizatinm
may focus on topecs such ns educotion, public health, social issees, or specific indusirics, Their

datisets can provide detaibed infornution on s pecilee domaans o research areas

Intermational organfzatlons. Inemational  orgenizations, such as de World Bank,
Intermational Monetary Fund {IMFy, Unfed Mations (UN), and World Health Cirganizotson
(WHOL collect and maintnin extensive datdsets on global developoesnt. soovmsmnics. health.
angd social imdicators, These dotasets cover o wide range of conmtries and can be used for

cormparative analysis and cross-couniry stocsss.

Acwdemic institutions: Universitics and rescarch instiutions often conduct research studics
and surwveys, resuling in datasets thor can be voluable for satistical analysis, These dapasets
may sover various disciplines, inchuding social scences, peychology. econcmics. education.
and more. Academic mstiutions ofen nake theo datasers available to researchers, subject to

certain frestractions and cehacal comiderarsons.

Nonprofit organizations: Mosprofn organeareens iocused on specfic couses or social ssaes
aften collect da related 1o cheir missisn. Thes: organizstions may comluct sumveys, compile
reports, or collnborsle with other entities to collect deto. Their datosets can provide msights

into aras such as poverty, environmental issues. buman rights. ond social ustice.

Commercial dota providers: There ore commercial emtities that collect, aggregste. and sell
datseets on wariows industries, market trends. consumer behavior, and more. These datasets

can be uselil fr market rescarch. basiness analvtics. and uvnderstamding consumer preferences

and trends.

Omline platforms and social medin: Online plafonms and social media meiwvorks penerile
vast amotimts of data. This data ineludes nser-geperated content, mteractions, hehavies, asd
demographic mformation. While nccessing and analysimg this data may reguire specific
pedmmssions and complance waln privacy regalatmas, 0 o offier insights mio onlise

behavior, sentiment analyeis, and social netwark anolveis,

When ssing secondary dota sources, researchers should consider factors such as the data gualny,

relibiliy, representativeness, nnd potential limitations or binses, It 15 essential 1o orstically

evalisae the daa source and ensere et i aligm with the research obiciives amd analyical

TECUTE ST &
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4.7 Limitstions (F Secondary Daia

Mdrbenegi the secomiary source 15 cheap i terms of money, e and e, atmast cane shoubd be
taken in ther use, [t is desirable that such data should be soe ond reliable and the terms and

defmitsns must match the terms and defmitons of e current Inguiry, The suftabiliy of the da

iy be judzed by comparing the nanre ad soope of the present gy winh that of the original

inquiry. Secondary data will be reliable if these were collected by unbiased, intelligent and trained

investEzators, The ime period o which these daia belong shoukl alse be properly scrutinized.

Secondary dato refars to data that & collected by someone else for o different purpose bt com be

ufilized for reseamch or anabysis. While secondary data can be convenient @nd cost-effective, it also

has certam limitations. Here are some common limigations of secondary it collection:

¥

4.

Lack of control over data collection: Since secomlary dats is eollected by others, rearchers
have no eontmd over the data collection process, This can resulk in data et may ot perbectly
abgn with the reearch obpcuves o may lack specific varmbles or measures that the
rescireber requires, The data muay oot have been collected with the same level of rigor oc

procesion as dedmed.

Diata relevamee and sccursey: The relevance and acoumcy of seoondary data can vary. i
muy he challenging to find secondary deta that precisely matches the reseanch needs, as the
dats may be oucdsed or collected vsing different methodologies, In some cises, the dsta may

CONIXIn SIToTs, Iconssiencies . or missing values, which can affect s relinbihity amd validity,

Limited contextual informatbon: Secondary dats may lack detatled information abour the
comdest i which it wies collected, Undersfanding the specilic cimcumstances, cmslitons, or
nuances surrounding the data collection process way be crucial for sccurate intes pretain and
analysis, Without sufficient contestua informarion, e ressarcher msy face challenges i

fully understanding ad mterpreting the data.

Paotential hiss and wvalidity concerns: Secomdary data may contain mherent bigses or
limitations introdused by the onginal dota celicction process, The bivses coukl be dug o the
reearch design. snmpling methods. or dota collection instruments weod, Hesearchers must
crifivally evalupte the relobifity and validity of the secondary dati source 0 epsure its

suiability bor their research ohjectives,

Incoampatibiliey. amed  inconsistency: When waork g wath secomdary da fram muliigle

sourees, resarchers may encounter Baues of incompatibilicy and incomsistency. The data may
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have heen colkected using different formats, classifications, or units of messurement, muking &
challenging 1o combine or compare the dai elfectively. Harmongzaion or sandanlization

efforts may be necessary to address these issmes,

6. Limited contrnl over variables: Secondary diata may sel include all the variables of mesest
10 the rescarcher. Centain variabies that aee critscal for the research objectives may be messing,
limiting the wwope of wnalysie or preventing the mvestipation of specific relationships or

{Bcrors.

7. Data avaiability and aceess; Accessmg certain types of secomdary data can be chalkenging
due 10 restrictions, copyricht issses. of proprictary oonsiderations. Bessarchers may foce
limitations in obtoining the specifc dota they need or may meed io rely on nggregated oc

sumimarized data, which may not provide the level of detail required for the research,

Despite these limitatons, secomdary data can still be s valuabde resource for ressarchers, providing
a foundaten Ser analysas, hypothesis generition, and comparson with primary data. Researchars
shoubl critically evaluste the gualiy und rekvance ol the secondary data md consider its

limsitarsens i the inpecprecaion amd amlyas process,
4.8 Precantions Tn Collect Secondary Drata

According 1o Praf. AL, Bowley, "It & never sofe 1o tnke the published statistics ot their tace value

WLk L‘I:k'lll.'l.‘l% Thelr meanng  and lmitataens amd i f= i||||l.:'l}'§. NeCessary o craliciae [he

arguments thit can be based upen them,” In wsimg secomlary dita, we should take spesial note of

LIE] [I.'I||LI'I-||'IHE Lacbons.
13 Rebible, 21 Suinbe, and 31 Adegquate,

Fuwsily, the reliabilicy of data has to ke te obvions deguirement of any data, arsd nwere so of
spoondary data. The vser must make himselfherseld sure abomt . For chis (s)be must check
whether data were collectiod by relinbde, wained and unlsased mvestigators frem dopendable

SOUNGEs or not,

Second . we should see whether data belong to almost the same tvpe of class of people or no, (1)
To look & apd compore the given imquiry's objectives, nature, ond scope with the original
mesearch, To venly thin ail ol Ol termes amd Lniis were Llnlﬁ:ml'ﬂ}' detmead throughsur e pn-rl.'i:rll'-.
invesiEraton and that these definitions are appropraste for the comentl investizataon as well. Foe

insance, a ung cin be defined o |:||JII:i'||-1|.' (UHET -:!v=|:|-=:uli:||3_ o s confe s, such dx d househo ki,
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wige, priee, form, ete. The secordary dets will be considersd inppproprite for the present
mesearch if the mnits were slentified differeniky i the originl investrzation Man whal we wan,
Insiby, consider the varmitions m dato collecting periods and consistency of condiftxns comparing

T IZ'IrIEII'IiI| mvestigal s and the [erEsRenL WVES Ll .

Third, even if the econdary data see relinble and sustoble o, 8 miaeht nob e adequaie For the
particular inguiry's objectives. This hoppens if the onginal data refiers (o an seea or o perind that B
mich karzer o smaller than the nssded one.or when the coverage given in the mitial research was
toc narmow oF oo wide than what = desred in the current research. Therefore, € 5 making sure
et doe o the gap of time, the comdiions prevailing then are o much different from the
comditions of today with respect to habits, cusboms, fashion, ete, OF course, we connot haps to pet
ihe =ame comaditions.

The sustabiliy of dita is another requirement, The research worker must ensure thal the secondary
dala he plans [0 use soils his ngooy. He st omich the class of people, peographical areq,
definitksns of concepts, uni of measencoent, tins and other such paramsters of the source he
veants to use with those of b imguiry. Not oaly this, but the am and objectives should also be
mched for swicabilicy.

Secondary datn shoukd not only be relishle and suitnble, but also sdequate for the present inguiry,
It s always desitnbbe that she available dotn be much more then Fegoired by the ingquiry. For
cxample, data on, say, the consumption poitern of o state caneot be derivesd from the dato on its

mapor ¢ ities and [owmns,
CHECK YOUR PROGRESS (C)
0] Explasi the method of colbec secondary data.

A,

2, Define the Mailed questionmaire method and schedules sent through the enumerator? Give

e limikat kams of prenary data,

Ans,

O3 Grive pwo limitations of secondary data,

Ans
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4.9 Sum Up

Dara Collecton Metbods Dava / Statestics ave quantitative infoemation and can be distimemished oz
sample or census data prevacy or secondary daca. We reanive inforneien for an invesoigareon Dhat
can be gathered from either a primsary @owwce of 4 secondary sowrce. Both reguive statisical
surseys, which have two stapes: plamming and executazn., The investigator should choose the
Primary or secomlary seunces, censis oF sample inguiny, tvpe ofF statistical units @ measiremen
units, kevel of precision desiced, amd ether fnciors during the design stoge, In the execution slage,
the chiel investigator has o set up administruton, select and rain fisld staff and supervise the
entirg process of dote collection. Using secondary dota from published or unpublished soumges
requires caution becpuse they can bead o 0 number of problems, The questionnaire method is the
miost crucul of all survey methods, A gquestionmaire provides o st of relevant isquines, which
shoukd be shor, Chear, and of the Yes'No vatiety wh illosrarnve respodawes. They <howldaT have a

leimelay Bise, Chucsss ions ot ave private or buoskliating shoubd be avoided.
A0 Duestions For Pracilos

I What are the technigues 1o oollectiom of dain

et

What do you mean by primary dodo?

5. Whar are the sourges of pramary daia?

What is questioner, Whist oo the points to kept in mind before dafting questioner?
Explam the term secondary detn with its sources

fimiations of primeary dota and secondary data

R S R

Precavtions to Collect Secondary Dara

411 Suggested Readings
A Ahebe | Danels, 1YW, Mokean, “Siatistics aml Diaa Analysis”™.
o Clarke, GM. & Cooke, D, A Buasee course m Statistics”, Arnold.
e [Dovid M, Lane, “Infroduction to Statistcs",

w507 {:HITH;,I anld VK. B.',.lpnnr, “Fundamentals of Marthemancl $I;ri:~h;:h"| Lailran Chand
& Sons. New Delhi.
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M.A (ECONOMICS)
SEMESTER 1
DQUANTITATIVE METHODS |
UBIT 5 CLASSIFICATION AND TABULATION DF DATA
STEUCTURE
S0 Learnbng (Majectives
.1 Introduction
5.2 Classilicidivn of dats
3.3 Functions of Ulssification
5.4 Basis of Classiflication
£.5 Freguency DHstribution
550 simple Array
5.5.2 Disvrede or Unpgrowped Freguency Disto ot ion
553 Continoous or Grouped Frequency [Hsir bathon
554 Various Forms of Frequency Distributlons
5.6 Tabulation of Data: Meaning
5.7 Parts of a Tahle
5.8 Importance of Tubles
S8 Dmestions for Practioe
5.0 Suggested Headings

50 Objectives
O going throwgh this Unit. you sall be able to explam:
«  slages of statistical inguiry afier dustn hive been ol lected
#  clissiteiton of data
e prethods of organizing {clussifcatiom and arcangemen ) and condensing suamistical dara
o coneepts of frequency dstribotion for individond, discrete and contineoes series
o Tabwibarmein of dina

=  Parsof inble in statistcs

5.0 Imtroduction

Datn collected either from census or somiple impuiry, thot is from primary sourge, ore always
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hatchpateh and m redimentary torm. To start with, they ore contuined n hoandreds ond thossand
of yuestionnaires, To make @ head and (@il our of Them, they must be orgamizeal, O e, clissified
ardd wrranged) summnrmed, For this purpose, we can wse varkens methods like preparing masier
sheets in which varous infnmaation ae recorded directly hm the guestionsaires. From these
sheers small summary 1ables can be prepaved manaally. Now -a-days compuaters can be wsed fin
grganmalion asd condensation of dats more swifily, efficienly and in much less (mwe. Some
corgiater sofiwnres are available which helps us to constiect variows types of graphs and
digprams. Data can be supunared fumerically abio. Here we use suntnsey measares bke
measures of central endency (such as Arithmetic, Cepmetric aml Hamwomic Means, Mods wsl
Mediank, messures of dispersion {sech ns RBamge, Qwartile Devition, Mean Deviation, and
Standard Devation);, measutes of assocition in bivanate analysis {(such as Comelition and
Regression], Index Numbers, ete, In this Unit, we plon te discuss how dota con be summarizes
nging tahles and graphs. I mess Be Kept in mnd that a @nnd sumEnari zation and presentation of
data 15 not undertaken lor its own sake, 1 s netan end m fsell It sets the sage for wselul analysis
and avierpratation of data, Agam, & good presenfation helps us to highlight sipmtszant faets amd
Thazir comapemisons, Freures can be nisde 10 speak oun thereby mmking possible their inteliigent use,
This swslube 5 desezimed o know aboar thee repeesentation of dola 1 tabular and graphical fodms.
For wnilvzimg the staistical dats, it must be epresented in a tabufar form and this modale does the
s, Leo deseribes the echaugues o comvert the dota oo abular forms. To plan and ioterpret the
datn, visual effecis are very useful and necessary. The visual effects in statisliics con be obfained
by representogg the dota through graphs.
5.2 Classification OF Data
According o Twitle AM,, “A clssification s a scheme for breakmg ncategory into & =1 of paris;
cilled elasses, peoording o somme precisely defimed diffening chamcteristics possessed by el the
elements of the calegoey”
Thus classification impresses upon the arrangement of the Gata into different classes, which are 1o
be determined depending upon the natune, objectives and scope of The enguiry. This ckassificatsn
i based on sex, age. religion, wessht, height, amd oo, of otber fctos.
5.3 Functions OfF Classificatbon
Tlee functions of classificatssn are as follows:
1. Summarization: Clhlssheaiod presams the heavy raw daa in s reduced foem seadly
comprebensible to the mdnd amd avempis wo highlight the significant festures contumead in the
daim,
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1.

To make data comparable; Classiticotion ennbles us o moke mesningful comparisons
depending on the hasis or criieron of classificaron, For examphe, the clissification of the
stdents in the university scconding to sox ennbdes us to make o comparative study of the
prevabence of university aducatan amaong amles and females

T make relationships among data: The clessafication of the given data w ol two or more
crileria, say, the sex of the students and the feeully they o in the universay will ensble os 1o
stiady the sebstimship between these v criteria.

Statictical treatment of the data: serangement of the big heterogeneous data ito relatively
ho msgenenis groups das per their points of similarities mekes B omore inellgible, wseful, asd
readily willing tor turther processing Dike tabulvtion, snalysis, amd mterpretation of the data
hetempeneons data mio relatively homogeneoos groups or classes acoording o their points of
similaritizs itroduces homogeneity o unitormity for further processing hike tabulation,
analysis and mterpretation of the data.

Decision Making: Classification of dats-informed decison-making by proveling stooclured
wfprmaton about differest growps or categories. This 15 especially valwable in busness,
healtheame, fmd other ekds where decisiems are Based on dars-=diven insghis,

Report Generation: When presenting statistecal resubia, classafication of data samplifes the
presemation of complex data by presevting it in o caiegorized format. This aids in conveying
mformatin o different sudiencos cleady and effecively.

Tata Viswalization: in the case of vismaleaion of daia, classification facilitaies the creaton
of various types of data visualizations, such as bar charts, pes chants, and bstograms. These

visunlizntions help comvey the destribition and characterstics of data within each catepeey.

5.4 Basis OF Classification

The basis of classiticotion reters o the criterin or abtributes wsed tooproup amd cotegorze doka o

distingt classes or cegories. The choice of bisis for classification depends on the aaiure of the

datn aed the goals of the analysiz. Here are some common bases of classification i statistics:

L]

Geographical Basis: Data can be clasified based on geographical regioms, such as countries,
stuies. cities, or other specific locutions. This is wsefu] when snalyeing daio that varies senss
ditferent Incations,

Clrnsalogical Basis: Daia can be classilped based on diflerences in mine. For exump e, Kee
of differest vears, profit, production, demand and sapply. cte, for different porods cithar by
mcrEasmg or decreasmg time, This s alo called s seres data osually used @ economics
and business.
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¢ Ouantitelive Boasisz Dot con be classificd based on gualiative dota which represents the
nuaserical value (L., bivw' much, how afféen, how asasyh. Mumencal dam gives informatsn
abwiit the quantitess of aspecific thing, Sonse examples of aumerical data are height, length,
seze, weght, and =0 on. Quanidstive data can be classified o two different types based on
ihe dota sers. The ta different clhssifications of memerical data are discrete dets and
contimious dato

o Dualitative data: Dana con be chisified baed on gualintive daca, aed cannol be expresed io
stondord wnits of measurement like rupees, kilogroms, liters, etc, This & becwuse they ore
featires, qualitles, of 'claractenstics’ ke eye enlods, st coamplaxion, ey, good o bad,
et These are abso refermed o as atrbutes, In this case, however, 0 is possible to count the
nuasher of mdividuals (o0 nems) posessing a particular attriets.

SSFREQUENCY DISTHIRUTION

Fresueney Distributions When observations, descrete or contimious, are availabke on a single

characteristic of & large number of individuaks, often it becomes necessary o comdense the data as

far o5 possible wihout bosing any mformation of mierest, For condensing the data, o is

represenied nsing either discrete or continooos freqoency distribution tables

Terms used in a Frequency distribution

Closs Intervak The wholke runge of variable vilees is clasafied mEo some grovps in the form of

imervisls, Each interval is colled o class inferval,

Class Freguency! The number of observations im o class s wemed the frequeency of the clas or

chiss frequency,

Class limis and Class boundanes: Class limits ane the two endpomis of o class interval that are

used fodk the conameeton of 4 frequancy distrbation, The lwest value of the varable ot can be

inclsded in o class imterval is called the lower-closs limat of that closs imerval. The highes value

of the varinbde that con be included in & cliss mierval &5 called the upper-cliss Timit of that cliss

intervil

551 Simpk Armvay (Individual obscryvations): when row dsto s armanged in asending o

demcending onler of neigningk: & called arnving of din

For cxnmple, the weekly wages poid to the workers ore given below:

000, 2400 15D, 160, 145, 130, 320, 146, 130k, 175, 143

A simple aray inescending order i

1200, 130 D440, 143, 145, 130, 160, 175 240, 3000, 320

Aosimple aray i descending ordes 52
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F20h, 3OHh, 20, 175, 160, F50, F45, 143, 140, 1HD, 120
5.5.2 Discrete or ungrvaped fregquency distribotion: Tn o discrete freguency distrbd m, vakies
of the viriable are arranged individually. The frequencies of the vamous vales are the nomber of
tires each vaklie necues. For example, the weekly wages paid o the workers are given elow,

06y, 240, 240, 150, 120, 240, 120, 120, 150, 150, 150, 240, 150, D50, 120, 300, 120, 150, 240,
L5001 5eh, B2 2400, 150D, 2400, 150, 1200, F20k, 2440, | S0k,

Thete are varsds ways W0 fodm 4 fregeeincy distibution for this data. B the first case. et os
assume that data s represeated o terms of tally marks in a abakar msanner as shown below in
Tuble 2.1;

Table 2.1: Representation of Data using Tally Marks

Wages Months Marks [ Aarks
5 e -

50 THH TR 1 12
240} FIET 100 -]

3k [ET [2

This datn con nko be represemed withowt using marks e, using frequency only os shawn m Teble
2.2 which is knowwn as the frequency table.
Table 2.2: Freguency Tabbe for the Duta in Table 2.1

Weekly Wagesdx) | 120 130 | 240 | 300 Total
Moo of Workers (D e 12 8

The frequency tabk: 2.1 is on ungrouped frequerncy fable,

553 Grouped Fregueney Distribation:

A groaped fregquency disiribution is & oethod ased o organioe aond presenst Quanditaeve data in a
wider range of datasets. The process mvolves dividing the data =to inervals or groups, sach
represeniting 2 specilic range of valoes. By doing o, the distrbutaon of data beconsss clearer, and
patters o rends are casicr 10 dentaly,

To create # grouped frequency distribotion, the first step is o determine the range of the duts,
which is the difference between the highest and bowest valwes. Mesd, the mumber ol nrervals &
chosen baged on the desired level of detail. The interval width is calculsted by dividing the ramge
by the muimber of incervals. A staning poinn is sebecred . often slightly below the lowest dam vaboe,
and intervals are defined socordmgly, The frequency of detn points within each miterval 15 then
coamled and reconded in & rable,

This table tvpically imchsdes columns for intervals, frequencies. and sometimes odditioml
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cokimns for cumulative freguencies and midpoimts, Comualitive frequencies provide o runaing
Tokal of it pornes up tooa certam intenval, while midpoims offer an averige valoe within each
inferyul

A Emu]'H‘.'d 1|.‘-r."r.i-M|:'k::_l,' ikl ﬁlmpllrll‘:i [l dalm representataen, making [ e msecessible for
analysia, comparizon, and inteepretatsa, [t condenses the information whibe retaining the cssential
charasieristics of The data’s distribution. When interpretmg the able, researchers and analysis can
quiickly grasp the overall distribureas pattems and deaw meaning ful insighes. Carefu] considesation
should be gives to tee chowee of mterval widil aind the number of sdervaly o emare that tse
alistrabution wocurately rellecs the daia's nolere,

We can al=o draw o grovped fregquency table depending on the dots we haes, For designing o
prouped  fregquency table. let os consider the following example regarding daily maximom
temperatures m o iy for 30 dovs,

2R, 28, 30,30, 35 33,26, 30, 34, 20,25, 27, 3933, 30, 21,32, 26, 26, 2, 20, M0, 22,24, 28,

A0, 34, 33,35,29, 23, 2030, 19, 14, 18, 19, 17, 20, 19 EE, TR, 19, 27,17, 18, 20, 21, 14, 1%,
Table 23 Temperatares ua city for 50 days

Class Interval N 'Freq_umﬂ'
17-21 17

1306 )

27-31 12

32-36 B

Tuial Sl

“The clisses of type 17-21 and 22-26 are inchssive {2, both the lower bound and upper bours! are
included in the L.
Althenegh Theres are no hard and Gt mbes thil lave been laid down for it The fllwing points may
e Boegst inomeisd for classificatsn:
(1) The classes shonld be cleorly defmed and shoukl not kad o ambiguity,
{iid The classes should be exhaustive, .., coch of the given values should be mchided in ene of
the clnsses,
{ind The classes showld be muteslly exclosive and non-overbpping,
1) The classes showld b of equal width, The prineiple, however, cannot be rigadly {ollowed,
vl Ieeketermimate classes, o2 open=enied clsses such as Jess i 0o grester i b shoukl
b avoided as far os possile sinee they create diffculty m asalysis and interpeetation.

fvrl The nuinber ol clirses shouk]l nemher b ton hrg: mor oo seaall, 11 shold mufauﬂ_‘-’ I
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between 5 and 15, Hewever, the number of clisses may be moee than 15 depending upoen
The wal freguency and the details requrirel, Bt ools 15 desiables (han i s msl s thean 5
since i that cose, the clissification may mot reveal the essentml charcteristics of the
P lar i,
I Table 2.3, the class imervals ave 17-21, 22-26, 27-31 and 232-36. Here, say for the class 17-21,
the lower.chss limit & 17 and the upper-chis limit is 21, Both 17 and 21 are past of this class.

This i called an melusive closs. Apothes tyvpe of class 6 oan exchetive class & shown below in

£.34 Continuous Freguency [istribation

A coptinopes Fequency distributsom is wsed 1o present and analyee quanticaeive data that 18kes on
& wide ronge of possible volues within o comineoss range, Unlike dscrete dota, which comprises
distimct . sepamte values. continnous datn inchades valees that cam take any real number within a
piven interval, The concept of o comtinuons frequency distibution s particularly relevant when
deallig with messufenedts such as helghe, welght, winperatione, of Tine.

Creating o contimsous frequency distribution imvolves dividing the entire range of data ke
intervials, ofien referred 1o ay “ches miervak®, These intervals are constructed in @ way thal
emsures they are non-overlipping and collectively cover the enfine mnge of daa. The requency of
data points falling wiehin cach irterval is then counted, and this information = oypically
represenied ina tabde or histogram.

Continuous frequency disutbutions are essentinl teols o data analysis, enabling us w0 cxplore asd
summarize large datisets while preserving the imegrity of the dat’s comtinuows nature. The
accumney of the distribution heavily relies on the choice of class intervals and the visualization
method wsed to represent the data, making thoughtful considemtion of these Botorms crucial for
micaning ful interpreiatsn,

Forms of Continuous Frequency Distribation

1. Inclusive Cliss lnierval

The melosive tvpe of data bas the closs iorerval 200249 30-30. 40-4%, and 50-5%9, in which the
ufper Taet aind the lower hitit ave incloded o the class. The feictional values Betwaan 19 to 30
caneol be accouwted for s aich & classificatsn. Tlerefoe, inclusive type clessifation s wsed
prowped frequency distribution for discrete values lke no of stodents in the class, no. of rosd
accidents, ete . here the value tukes wn only meeger vk,

2, Exelusive Class Intervalks

let us consider the temperatare in exclusive form,
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_Tnmptrﬂuu Fregueney
17 b lees than 21 n
21 but less than 25 7
25 but less than 20 ity
20 P lesa than A3 4
33 bui less tham 37 7
Total S

I8 Tahle 2.4 Ll]:q:;r_'r vithes are evcluded Tromm the diss .I.|.'., i the chiss 1721 anly wilses from 17
o ) are tnken and the values of 21 are considered in the next class. Such a type of disteibution &
known as an exclusove class,
3. Open-ended Freguoeney distribution

It moy be the cose that some values i the dets st are extremely small conpared to the other
valuss of the datn set amd simikarly sone viahees are extremely large in comparson. Then wha we
do & we do not use the lower limit of the first closs and the upper Bmit of the st class, Such
chisies are called open-emd chisses, A disiribmion of open-ended frequencies with al lest one end
open is known as en open-erd distribution, The first closs's lower Timit, the last class's wpper limit,
of both are rod specified. "Below” o "less than” and "ahove' ar "greater than” are weed.

Table 2.5 Open-end Cliss Grouped Freguency Table

| Marks Mo, of students

' Less than 20 5

i 20-4400 14

[ s |
i Gi-80 b |
i BO & e 35 |

Swe of the Class: The length of the class i called the class width, It = ako ]:'.I'H:ll'-'i'l a5 class size,
size of the ¢lass = Upper Limit- Lower Limit

Mid-pomt of the Chiss: The medpoiot of a class mierval is called the Mid-point of the Class. It is
e representative value of the eime cliss,

Mid-point ef the class = {Upper Limit + Lower Limitg £ 2

Contmuaus Frequesey Disteibstion: I we deal with s contimous varnble. o s ol possble (o
arvainge the data in the class ntervals of ke aboyve type.

4. Unegual Class Frequency Distribution

a0




The clesses of o frequency distnbution moy or may mot be of equol width, A fregueency
diseritninion with wmeginl class width is reprodiece) o ihe Table below, Here, the wiglth of e D,
Ind, ond 5th classes is W, whale thot of the Ind s 20 and that of the 4th is 25,

Table of Usequal Cliss Interval

Class Interval Fregquency
0- 10} 18

i el i} Ik

el BT 14

Alk-b5 25

Bi-75 Atk

5, Cumulative Freguency Distribution
A curmlative frequency distribmtion is o statistical representation of quantitaive data that shows
ithez total mamber of observations that fall below or within a cevtain vilue or interval, It provides a
way te understand the distnbution of daa in terms of cormubatve frequencies, allowmg fioe
insights o the overall spread and concentratian of the doa. This conmulative freguency
distrabution is of two types
& fess thon type cumu lative frequency
o priore than Dype cumlaljve frequency
a) Less Than Type Cumulative Freguency: bess tan type camolatwve freguency for any value
of the variable is olsined By adding seccessively the freguencies of all ke previous values,
melisding the freguency of the varsable agoiss which the totals are wrtten, provided the valoes

wre arrmged in scending order

For examyple,

Marks Frequescy Cumulative Frequency
Class Interval

Less than 50 I3 [ 12

Less than 100 I8 | 15418 =33

Less tham 130 40 . 13430 =73

Lerzs. than 200 45 |T3-+45=]]S

Less thum 230 My | VEE430 = |44

Less than 300 25 [ 148425 = 173

Less thon 334 i (17320 = 193
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b More Than Type Comulative Frequeney: this is obtained similarly by finding the cumulative

ks of frequencies stanmg Fom the highest valie of the variable o e fewest wiloes, For

cxamgle;

Mark= Fregquensy | Curmuslative Frequency
Class Interval

Muore than 50 Ik |56

Muore than 10K 0 | 51

More than 150 I 41

More than 200 E il

Maore than 2500 I |1R

More than 30K} 5 7

More than 350 2 . 7

5.6 Tabulation OF Dinda: Meaning

Tabulation of datn means the systematic presentation of the information contained o the data ie .
in the form of rows as well as columns as per the sequied obpective o features. lnoo table, a wow
denodes 2 horizontal arrengement of data, whereas & colamn denotes 2 vertical atrangement, A
fable’s rows and celunms are mdicated by the proper stubs and captions (or headers os
subhegdings |, respectively, to describe the type of information provided. Data should be presented
kagecally, simmply, omid pnambigeously in tabakr borm,

Professor Bowley in his manual of Statistics refers 4o tabulotion ps “the miermediate process
herween the acoumiskarka of data in whatever oo they are obiained, and the linal easoned
account of the resuli shown by the staimnies™,

Tabulation & a midway process berween the collaction of the data and stareaeeal analyss, Rather,
tabuslarao 55 the final stage in te collection aind codnpilation of te data asd fovms the gateway Top
further statmtxcal analyss asd mterpretatons. Tabulaton makes the data understandable and
facilfstes comparisons, amd the work of funber siaistical analysis, averaging, cormelation, etc
different tools of statirics. It makes the data suirable foe furtber representatsen @ the form of
disgrarms as well as graphics.

There are no rigid miles for tabolating the statetical dota, To construct an excellent table. one hiss
i have a clesr undersianding of the informuation o e presented the oints That should  be
emphasized, and familiority with the table process of creation, To ensure thot the relstionship
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hetween the dou of ene or more series, us well us the significance of ol the fipares grven in the
chsification adopred, the organisikm of date iwlinion regires careful consideratsm, dma
represented in the table shows comparsons and contrasts, only the ahildy, knowledge, expericnce,
andd oomEnon sense of the mbalator, while keeping i anind the nature, soope, and aims of the
inquery cam produce & 2ood table.
5.M Parts of a Tahle
Bascd o the ovpe of dota and the goal of e study. the varioos composenats of 4 tabbe vary from
problem te problem. But te following elements must be present o a decent statistical table:

& Table mmber

v Tille

#  Head nowes or Prefaory moles

& Coptions and Stubs

o Body ol he tahle

=  Foot-note

& Source mode
13 Table number: 11 is reguined foe the dentification of o hle maindy when there s mone than
ane Lxhle ma particular asalyss. The table sumber i aleays mentned in che cemer at the wp oe
left side depending upon the ressarcher’s choioe,
2 Title of the table: It mdicates the tvpe of nforesiom contamed m the body of the table, The
tiths of the table provides o brief description of the contents of the table, Tt exsctly describes the
natere of the dota, place (region or variable), time. and source of the data. It should be brief and
complete to describe the nwture of the tablke,
3 Head notes: 11 s also called prefaciory notes are writien just below the tike, IE shows conbens
ard umits of messurement like {napess kakhp or (kh quintalsh or (thoosand repess), It shoukd be
writien in brackers and shoukl appear on the mght-sule top just below the ke, However, every
tahle does nor need a head noe, Lke the nomber of studencs i each cbass.
4) Stwhs and Captions: Stebs are used o dedss ime rows, They appear on the B-hand eobima of
e falde. Stubs consst of s parts: ay Stelr head describes the natues of stab entey. by Stab entey
is the description of ronw entrees, while coptions are called box heads, designate the dats presented
in the columns of the b, It may contain e than one colunn bead, and each colummn el
may be subdivided into more than one sub-head. Por exomple, we coan divide the students of a
college imo Section A and Section B and chen again into mabes and femiles.
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5} Main body of the table; It i= ako called the field of the tabke, and i its most important and
irmmenee part. 10 comtaines (e relevan numencal information which s akealy contained in the
tiths of the tablke, For cresting s wseful it contams mow and celimm totals sepamtely amd then a
Todal.

6 Foot Mote: footiotes are used o mke further elaborasen or some additional information. 15 a
quabiying slarement put just bebow the table (at the botom). Is purpose is 10 cauton aboot the
limnitatuens of the data o cemnain canisseens. Bowill wae the syinbols *FF_ e

T Source of data: It may be the last part of o 1able, ver it = wnpartant. It speaks about the
autbenticity of the da taken imo the whée, It should be bebew the footees. It B penerally
mequired for the secandary data collection, bere it exploins from where the doto has been taken, It

cortaing tahle no. volume, =s0e no. page number.

Formeat of a Blank Tahle
Tithe
_______ N {Head Note or Prefatory Note)
Sub Caption
Heading Suh-Heading 1 Sub-Hewding 2 Total
v e c2 Cl I

. | ' ot R
RZ Body of Tabk Total B2 —
5:3- | Total B3

T'oeal :_anut £l TolC2 | Total C1 | Toul €2 Grand Total
Foot Moz
Solrve!
5.9 OQuestions for Practice
L0 What & you mean by e clssifceation of data?
2. What are the functions of classilication’?
3. Explam the basis of classificatzon.
Ckb. Explain frequency distributon.
2% Explaim discrete or ungrouped frequensy distriuticas,
O Discuss contineows o gzrouped fregeency distribuison with an example

QT Whint are the varssus tormes of frequency distributions?
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L. Whnt is & tnbalution of dots'
9 What are the parts of a tablke? l"l.pt:uu with in |_'::||r||1||.-
5.0 Suggested Readings
A Abebe, ), Dansels, JW. Mckean, “Statsfics aml Daa Analysis'™.

o Clarke. GM. & Cooke, [0, A Basic Course in Statistics™. Arnald.

o Dhavid M, Lane, “Itroduction to Statistics”

s 5.0 Gupla sd V.EL Kapoor, “Fundomentals of Mathematical Statistics”, SuBanChomd
& Sons. Mew Defhi:
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M.A (ECONUMICS)
SEMESTER 1
QUANTITATIVE METHODS |

UNIT 6 DIAGRAMMATIC AND GRAPHICAL PRESENTATION OF DATA

STRUCTURE
6.0 Learning (Mjectives
.1 Introduction
6.2 Dhala Processiieg
6.} Dingrammatic presentation of data processing
f.4 Graplidcal representation of data processing using Excel
6.5 Types of Charts
651 Pe Charts
652 Line and Areas Charis
6,53 Colimn Chart
6.5.4 Bar Chart Varlations
6.6 Apply Chart Legvoul
6.7 Add Labels
6.8 Change the Style of a Chart
6.9 Dhsta Preserving
6.0 Data Preserving vs, Storing Diaia
6011 Dhata Preservation v, Reteation of Data
612 Cuestions for Priectice

6.1 3 Sugpesterd Headings

60l Leaming Objectives

Mlter stucying the Lins, students will be whle tn
¢ Processing the datas afier collection
& [Pazses through variows stages of Processing
o Plin the dida anakysis

e Classify the data
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= Tobulibe the doto
- .ﬁ.:‘ml}'w the data
&  [Doata Preservation, storage und Retention

.1 Introduction

Acfter data collection, de rescancher turms his focus of atient ks o the processig and preserying of
the dats, "Disgrummatic” and "Grmphical” presentution of data both refer (o methods of svisuslly
mepresenting information o eshance understamding and analyss, While the terms are often usesd
interchangenbly, they can have shghtly different commoiatsons,

A dipgrommnt e presentation invalves wsing dingrams or visend wids o represent dots, Diagrams
are wsudlly simplifesd and symbolic represemations dhat convey  mformation clearly  aned
straightforwardly, Comman types of dingrammatic presentoteens incheds bar chorts, pie charis,
lime graphs, histograms, scatter phots, and pictegrams, These visl represent ations help ilhestrite
pattems, trends, comparisons, ard relationships within the dati,

Ceraphical presentation refers o the use of grapls, charts, and visoal elements o doplay data inoa
wity hat makes it gosger o ipterprel and analyee, Graphs can mehsde vanous types of charis, phs,
amd diagrams thal present data in a vesual Geeemat. This tepe of presentation e parbealarly wseful
when dealing with comples data seis o when you wand o emphasize relaniomships wnd Trends
Crraphical presemations can isclude more detailed and sophesticated vismlizotioma, soch as 3D
praphs, heat maps, uren charts, and more

6.2 Drata Processing

Doty progessng refers @ cengin epermions soch as editing, coding, compating of the scores,
preperation of mnster chars, e, A researcher hos to moke o plan for every stnge of the research
process, Ax such, 0 good researcher makes s perfect plan for processimg and analvsis of data, To
ﬁl‘l: researchers” dwta pooessing and analyses i pot & very seriows activity,

Puatn processing ocours when data is collected pnd traeslated into wsabde inbermotion, Useally
performed by a daa scienst or feam of dala scenlists, i & imporat for data processing i he
done comrectly 5o a5 ot o negatively affect the end product o datas o wtpat.

Dara processmg slarts with data in @ e form and converts it imo a more resdabbe forma
{graghs, documents, ebc.), giving it the form and context necessary to be micrpretsd by computers
and utilpzed by employees throoghouot an arganization.

Stages of Data Processing
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Pata Collection: Collecting dwta is the first step in datn processing, Data s pulked from
available sowrces, The dita sources available mus be nsiworthy and well-bilt o the &g
collecied (and kiter used os informedion) & of the highest possible quadity,

Data Preparation: Once the data s collecied, i then enters the data preparation stage. Deita
preparation, ofien referned o a8 “pre-processing™ i3 the stage at which raw data is cleamsd up
and organized for the following stage of dats processmg. During preparatsen. raw data is
diligently ehecked for amy ermes. The parpose of the step B oo climmate bed redundant,
wcomiplete. of iacomract data and begin to create bigh-quality dsta for the best bosisess
intellizence. :

Pata Input; The dotw is then emtered intoe its destinotien and imnsled into o ingeoge that &
can understand. Drata inpot is the first stape i which row data begins o take the form of
usable mformation.

Processing: During this stage. the data inputted o the computer in the previous sage is
processed [or interpretation. Procesing is done usmg pachine karning algorihms, though the
mﬁiaﬂf iy vary slightly depencing on the source of data being processed.

Data outpatfinterpretation: The oaipeimerpretsion stage is the stage af which dam s
finally usable to non-data scientists. It is ransloted. readable, and often @ the form of graphs,
vihens, images, plain e, e ).

Data storage: The final stoge of data processing s slorage. Afier all of the data is processed,
it i5 then stored for fivfure nse. Whils some information may he pﬁn use immediately, mach
of it will serve & purposs lnter on. When dato s properly stoeed, € can be quickly il casily
socessed by members of the crgnnization when needed

i3 Dlagrammatic Presewtithon OF Data Processing

M vow know, dingrammatic presentotion is one ¢f the techniguess of visenl presentateon of data, B

is i Gact Char disgrames doonot sld new meaning o the stariatical Gets b they reveal the fts af

the dara more quackly and clearly. Becouse examming the figuses from mbles beeome baborsous

and uranleresting 1o the eve and abao confusang. Heme, it = A e Do ST the woeds of M. D

Morvoasey, “cokl fgures are uninsparing (o owsl peophe. Daagrams help us to see the pattern amd

shape of any complex sfuation.”™ Thus, the data presented through disgrams are the best way of

appealing i the mind visually., Hepce, disgmms are wilely wsed in practice 10 Esplay the

sirngvre of the dota in research work,

= Ruoles for Preparing Dlagrams
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The prime objective of the disgrmimmatic presentation of datn is to highlight their basic hidden
facts amd relidionships, Tooensure that the presestsian of nuemenscal daga is more smracve and
cifective, thercfore, it is cssential 1o keep the following general mules in mmd while adopting
digrams m research work. Mow, ler us dscuss tham ane by one.

. %ou muost bave noved that ﬁm&gumm st b goeormesttically accurate. Thersfone, they shoukd
be draws on the graphic axe Le., the *X' axiz (horlzontal line) and the *Y " axis (vertical hine).
However, the dingrans are genervally deawi on plain paper after consader jge the scale.

2. While takmg the seale o the *X° axis and 'Y axs, you imust ehsure that the seale showing the
vilues should be in muliiples of 2, 5, 10, 20, 55, e,

i, 54: sende should be set up, e.g., mullions of tors, persens in Lokhs, vablee in thousands, ete, On
the *Y" axis the scale stans from zeTo, as the vertical scale is nod broken

4, Ewery dingrom muest have o concise and self-explanatory title. which may be written at the top
o bitioen of the degram.

S, Todrew the readers’ attent on, disgrams most be stiractive and well-proportened,

6. Different colors or shades shoukd be wsed 1o echibic varows components of dagrams and alzoe
an imelex st be provided e identificinon,
T, ltm-esseni@l to chonse o sutable tvpe of diagram. The sebscton will depend upon the number

af wariabdes, minimum and mosimum valees, snd objeces off pressntaton.

.4 Graphical Reprosentation O Data Processing Using Exeel
Excel charts are graphical representations of numeric dota. Graphs make it easier for users (o
compare and understand numbers, so charts hove beoome o popular way to present memerical data,
Ewvery chart tells & story, Stories can be aimple: “See how our sales have increased”™ or complex;
“Thiz 15 how our overhead costs relate to the prce of our product.™ Whether simple or comples,
the story shoukd be readily understandable. If vou can't immediseely understand wht a chart
miezars, Then o 1sn'1 o good chart

Grapha are constructed with daa poists, which are the indivedoal mumber 0 a worksheer,
s data series, which afe the geoups of felated data podis withm & column of fow, Charts and
eraphs i Micosoft Excel provele a method o visualize mumeric datn. Whik both graphs and
charts dhw}l sets of data points aboot one snother, charts tend to be more complex. varied, and
dynamic. Peopde often use chans and graphs in preseatations We give mapagement, clicnt, or team
members & quick snapsked of progress or reselts, Yoo can creste o chart or graph o represent
nearly any Kind of quanimaive datn — doing so will save you the time amd frostration of poring
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through sprendshests o find relstionships and trends. 165 easy o create charts andd prophs in
Excel. especiilly since wou cin abo sioee your dita drectly in an Excel Workbook, tirher than
imparting dita from another program. Excel alse has a wanety of preset chort and groph tvpes 50
o can select one that best represents the data relatonshiplzs you want 1o hghlight. Excel comes
with a wide varicty of chans capable of graphically representing most stnndard wypes of data
analys is and even sdme more exolic mumeric intempolations. The type of data you are using and

presentiing determines the type of Chaer you will plon tee data on.

6.5 Types OF Charts

1. Pie Charts: These work best for displaying how much each pant contributes to a rotal vakie. Pie

charts con be exploded for greater wisual clarity, or tamed inte doughmt cherts, which can

e m more than st one setof do.

= sz pig charts to compare percentapges of o whole (“whaole™ is the wtal of the walues in your
data). Each valiss is represined o a place of the pee o vou con alestify the propodtions. These
are five pie chart types: pie, pie of pie (this breaks out ene piece of the pie inlo another pie
sbivw ite sub-category proposixe |, bar of pee, 3-D pre, and doaghmic,
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Pie Pia of Pie Bar of Pie

3-D Ple Doughnut

2. Line and area charts: These show dita pomis comscted with Boes. mdecatmg apwand ar
downward tends in value, Area chans show the aren below a line filled i Both ypes can be

o

" with colummn clearts to show more daa,
A line chart i= most useful for showing trends ower time, rother than stotic data poims. The
lanes commsct cach dara polist so that vou can &ee bow the valeeds) increased or decreaded owver
some fime. The seven-line chart options are line, stacked line, 10 stacked line, line with
markers, stacked line with markers, 100% stacked line with markers, amd 3=00 fine,
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Aren: Like Tine charts, ares chanls show chenges in vilaes a

sren beneath each line i solid. nggg charts are useful o call atbestion 1o the differences in
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fine, However, Bésiise e

change among muitip ke varables. Thene ane six area chars: area, stacked area, IR stacked

arca, -0 area 3-D stacked arca, and 3-TF 1000 stacked arca.
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3-0 Area

Stacwsd Ares

3-D Stackas Arsas

3lE

100% Siackes Area

3-D0 100% Srackadd
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1. Colomn nnd bar charts; These compare vakies across cnfepgories, with results presentesd
vertically in cohimn charts sl borimontally m bae clams, The compasition of (e cohimm or
bar can be stacked in more thon one color o represent the contribution of cach portson of a
calegary's data (o ty Todal for Chat category

o Column Charts: Some of the most comeonly used charts, codumnn chans, are best used 10
opmpare information o if you bave muligle categories of one variable [for example . muoliple
produets or geares). Excel offers seven different column charnt types: clustered, stacked 100%
stacked, 3.1 clustered. 3-D stacked, 3.0 100% stacked, and 3.0, pectured below. Pick the
visualization bt will best tell your data’s story.

dn | m@ | (AF

Clustered Calumn Stacked Column 100% Siacked Codumn

3-0D Ciustersd Column  3-0 Stacked Column 3-D 100% Swackeqa

Ciolumn

3-D Column
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Bar Charts: The mam difference between bar charts and column chorts = that the hars are

Porizoaal (nstesl of vermenl, You can often use Wir chars interchangeshly wiil colismm
charts, although seme prefer colimn charts when working with negative volues becose it is

Easier o wismalize negatives vertically, nn & y=axis.

— (Il
= I

(1
[

Clustarad Bar Stacked Bar 100% Stacked Bar

3-0 Clustered Bar 3-D Stacked Bar  3-D 100% Stacked Bar

Special charts: Excel incluies several chants suitable for presenting scientific statisticnd, aml
fimamcinl dara. Scatter charts are wsed io present experimental resulis. Surface and cone chirs
wre godd [or presenting 2-0 and 2-E) chopges in dotn, Badar charts show data values abowt o
single metric, Stock charts present valses for betwesn three snd fve series of dima, including
open, high, low, digse, and volume trading information.

Scatier Charis: Swnabar to line graphs, because they are usefal for showing change in
varishles over tme, scatter chars are wsed specifically w show how one variable affects
another. (This is called correlagion} Mote thar bubble charts, a popular chart type. are
categorized under scatter. There ame seven scatter charl options scatter, scatter with smnoth
Imes and morkers, seatter with smeoth Imes, scatber with struight lnes and markers, scatter
with straight lines, bubble, and 3-D bubhle
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Ecatter Scatter with Smooth Scatter with Emaoth
Lines and Markars Limes

Scatter with Straight Scatter with Siraight Bubole
Limes and Markers Linas

@
o

3-D Bubiole

»  Burface: Use a ﬁur&'t char e represent deta across a 3-0 landscape. This additicon] pliane
makes them xleal for lorge dota seis, those with more than tag vasables, or those with
catepories within a single variahle, However, surface chars cin %dil’ﬁml!t 10 read. 50 make
sure your mudience is fnmilir with them. You can choose from 313 surfoce, wmefrome 3D
surface, comtour, and wireframes contaar,
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3-D Surface Wirelrame 3-D Surface Contour

Z

Wireframe Contour

= Hadar: When vou want to disploy datn from muoltipke varimbles about esch other vse o mdar
chart, All variables begim from the ceniral point, The key with mdar charms & thal sou are
comparing oll mdividual varinhes abowt ench other — they are often used for comporg the
arrengrhs @ wesknesses of differem products o employees. There are three madar charn

ivpes: radar, rdar with markers, and filled rodar,

Radar Radar with Markers Filled Radar

1. Fie Charts
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Lz pie charts 10 show the relstionships between picces of an entity. The implication is that the pie
i lades all or sormetlsing, The pae char isn'n approprsste foe il lusimacmg seme of anythmg, so 07
there’s ot an obvisus “all” m the doin veu're chartmg, don’t vse o pic,

o oy

. Stud Dats

3 Belbe  [Nae Class Punsbi Hinds Crghsh Total

1 &{Harior Skgh | 12th 23 12 56/ gl
. 2| Aman Deep Sing 1.3th 14| [ ET) 1
E1 3 12th 5q| 78 22 15
. aHarman i Kaur|12th 1 54| &7 14
i I

n |

L] { {

A e chart can only Include one data series. IF vou select mode than ope dabs, serss, Excel uses

e st sevies aind ignores all others. Mo amor incsaage appcars, 50 you won't reccssanly o
that the claart doosn't show the data you amtended too inclixle wnless you examoe the chan
carelfully.

When you create o pie chart, Excel totals the dito points in the series and then divides the value of
cuch data point imto the szies total to determineg bow Larpe each data point’s pie slice shoold be.
Por™t inglude o fotal from the worksheet a5 a data point; this doubles the total Excer calculates,
resulting i & poa chart with one targe shee (30 percent of The pee),

2. Line and Area Charts
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The series chort shown in the figure s 0 line chant. oo 2-D version (as shownh or inoo 3-00 version
Thaat s savmetintes calbed o ribbom clar, A ares clart i line chart with the anes below the line
filled, Line charts and orea charts are typicnlly used to show one or more variabldes (such as salcs,

IncoTme, of priogh clianging over time.

-lli-!'llil_ﬂiii'l

3. Colomn Chard

The figure shows the some informaticon presented as o bar chart, The bars give added substonce to
the chart. In the lime chart, what the reader notices is the trend up or down in each Bee and the
Line amd areqn ¢haris share 2 common yout, The horizontal lime is colled the X-nxis, ond the
verlical Hine &s the Yeaxis (the sime 5- smed yeaxis you may have karmed aboul onoalgebm ar

gaps between the lines,
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peometry ¢loss when plotting dota points). In o bar chort, however, the wads 15 tumed 90 degrees so
That the x-inxis is om The befl side,

Excel con also combine columns with line or aren cherts and embellish ling or ¢olumn charts with
300 effects. You can make the colimng and lmes on your charts o bes, pymmeds, cones, o0
cylinders; o0 transform repolor bars o flosting 3-D bars, Plomise data on 1o axes is also
possible wath codusm charts,
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4. Bar Chart YVariations
Column charts are the same a5 bar chorts but with the X-nxis ot the bottom, There are three-
dimensional warieties of bar and column char=, which add depih te the repular chart, Cylinders,

copes, ard pyramids are sarions of 2 colemn chart,
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Fig.
Excel nfso otfers another style of bor ond column chart-the stacked chart, A stacked 3-D cobomn

chunt, using the save data as Fagure. Inoastacked chan, pacallel dacs poiats inesch data senes are

stocked on top or 10 the nght of each other, Stecking adds another dimension to the chart smee o

allows the user 10 campare sakes berween as well as witlin me periods-like providing a column

chort and o pee clart fod cach persod.
The 3-D charts have three axes. Ina 3-00 cobomm chart, the X-nxis 18 on the bottom, The vertical

anls is the L-axis the Y-axs goes from Gom o back, providing the “third dimension” of depah in
the: chart. Don’t wormy about mememzmy which axis 1s which in each chart type; there sre ways 1o
know which is which when you'ne ereating or editing the chart

6.6 Apply Chart Layoat
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Context fobs are tabs that only appear when you nosd them. Called Chart Tools, there ure thres
chirt context tabs: Design, Lavout, anl Foremal, The Gils become available when you creale a new
chirt or when you click on o chart, You con use these fobs (o costomize vour chart, You can
determing wiwt your chart dsploys by choosing a layost. For exainple, the layout sou choose
determines whether your chan displays a titks, where the titke displays, whether vour chan has a
legend, wiwre the legend displays, whether the chart has axis labels, and s oo Excel provides
several layouts from which you can ehoose.

Fig

Sieps o Apply n Chort Layont

1. Chck waer chart. The Chart Taols become available,

2. Choose the Desipn tab.

3, Chck the Quick Layout bunion an the Chart Layout groasp. A Lst of chart lyouls sppears.
4. Chck Layowt. Excel applies the kot to vour ¢l

6.7 Add Labek
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When you apply o livout, Excel may create aress where you con insert lbels, You use bels to
pive ot charn a trke or o bel yoor aces, When vou applied layeur, Excel created label ares for
@ title and the vertical nxis

Chart Thle Toy Sales

1] 00
B 5
!n 200
150 §
{m 0
“ c
0 :

Tegon] Mgl gl kegonl | Regenl | legend
| o CAE
him g mo o om whae e | o Ll
Blore Fig After
Seeps (o wdd labels

1. Select Chart Tike, Click on Chert Trile and then pluce your curser before the © m Chart and
bokd divvn the Shift key while sou aise the vight amow Key po highlight the words Chan
Tithe.

2. Type Toy Sakes. Excel sdids your tle.

3. Select Axis Tale, Click on Axis Tithe, Place your cursar befioas the A in Axis. Hokl dowi
the Shifi key while vou use the nght armow key 1o highbight the words, Axis Tele.

4. Type Sales. Excel labels the axis.

5. Click anywhere on the chart to end your entry.

L] lq;e‘lh Siyle O A Chart

Aoatyle is a set of formatting options. You cal gse aatvke to change the codor and format of your
chart. Excel hos several predefined styles that vou can use, They are numbered from left te nght,
stariing with I, which is located in the upper-left cormer.
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Steps ti Change the Styke of a Chart

1. CHek your chart. The Chart Tools bees me avallabla.
2. Chooae the Design tab.
a.  Chek the Mare bution in the Chart Styles group. The chaet siyles appear.
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bk bbbk bk bbb b
i b b b b b b b
Tk bk bk bk hd b b b
b bk bl b b b bk b
Tt bk bk bk bl b bk b

4,  Click Style: Excel npplics the style to your chart,

6.9 Diata Preserviatbom

Dnta prescevaiion 1s the act of conscrving and mamtaining both the safety and incegrity of data.
Preservation i done threugh formal activities that are governed by policees. regulations, and
strmegivs dirscted towards protecting and prodonging the existence and authemicity of decs. Dats
preservation refers 40 maintaining pocess o dotn amd files over time, For doga to ke presenved, al
i, it st be stored inoaosecure locason. stored scmess muliipks ocations. amd saved in fle
tormats that wall likely hove the prestest wtility in the futore. Date presemeation provides the
usahiliey of deta bevond the lifetime of the research activiey that generated them.

Defimition
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Datn preservation consists of o series of monaged activities necessary (o ensure continued stability
aml aceess o dat for s ong as necessary, For dat o be preservid, s minimiam, it mist he
stored in o secure location. stored across multiple locations, ond soved m open file formots that
will likely have the greatest utiliny m the future. Part of the preseevation process can include
depositing data m an instiutienal, discipling-apecific, or gemealsr dota repositery, all of which
allow for publicateen and preservatxen,

*  The new NIH Dua Managemene and Sharing Poley requires data o be preserved and shared,
so medical resenrcher submits their COWIEY dota to the Mational COWID Cobort Collnborative
(M), as listed in the Open Doamain-Specific Data Sharing Repository.

®  Thene are mony different wavs o preserve digital information, inehefing text. photoes, aodic,
and veden, Some siralegees o preserve dhgaal nfoemation inclode: Refreshing: trangierrmg
diata 1o the same ferna An example would be the ransfer of music frem an old CO-ROM o
anew CD-ROM,

Digital information is an importam souroe im our kpowledpe conpomy. valuable for rescarch and

cducabion, science and the humaniics, creative and cultwrel activities, und public policy. New

high-throughput instroments, tebescopes, satellites, peoslsrmiors, supercomputers, swemsor netwaorks,
amd runming :-imulwuh are peneraling massive gmounts of dsta, These data are used by
decision-mukers 1o improve the qualiey of life of ctizens, Moreover, researchers arg emploving
sophisticaied techmelogics to amalbyree these data o address questions that were unapprosichable
just @ few wears ago. Digeal lechnologes bave fostered o new world of research charactecized by
immerse datsets, unpresedented levels of opemes among researchers, and new connections
anﬁg rescarchers, policymakers, and the public domam. Dhiferent types of threats ane:

Liz=rs many be urahile to oaderiand of use the dara,

2. Lack of sustainable hardware. softwaee, or sappont of the compuler envimmunent may make the

informeat iom inpccessitle,

3. Evelence may be kst because the omgim amd authenticity of the dota may be uncertain,

4, Aceess and use restrichions (eg. Digiol Rights Manpgement] may net be respected m the

fismure,

! ws of abality to identify the location of dota,

%, The curment custodaan o the dats, whether an organealian of poject, oEy cease la exisl a

some paint im the future,

#  Importance of Data Preservation
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Preservation helps protect yon From hardwire obsolescence, Yoo never want to find yourseif in o
siluatiom where all of ok s B saved om |.|1|~:|.1|'|p||r[|.5:| Tl wisare! .-'°|.|'.l.':|_'.'-; migErale W new
hardware Formats s that vour dada will be available long-term. The most responsible way to
preserve your data is to torn it over to a responsible custodian such as a data repository.
When posaible, uy vo preserve rescarch data moa veposivory thar provides di cwvasion semvioes,
nd just preservaion services. Curaed dws = omore valoable, easier 1o rewse, easier 1o Doale, and
ivkare: Bghily cited. Many dats vepositones bave requirements for deposg - ey may only aocept

certam types of data and have file size lmis,

Bl Drata Preserving Vs, Storing Data
Preserving is different from storing and backing up data fes while your research i still ongoing.
The totter tvpically involves mutable daga; the former corcerns data (or mulesione versons of
dlata) thas are “frozen” and not in active use, Long emm preservalion mgquines appropriate actions
1o prevent datn from becoming unavailable and vnpsable over time, for cxemp ke, becawse of;

o Ourdated software o haddwsare

«  Stordpe meds depradation

o A lack of sufficsent descriptive and contexiual information w keep daia understandable
I othier words, dats preservatin involves more then simply oot deleting the data fikes created and
atoped, Muaintaiang dits s usable form Gor the knger term fakes e fort and hos a considerable
cost, Selecting which (poms ofy data o keep, and for how long. & therefore, an essentinl
component of data preservation.
Ax g researcher, vou have a key role in deciding what 1o retain and what net. s you know your
data best, Such decisions may depend on factors such as;

= Thetype of data invalved
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The normes in your discipline
Wiherther you are hﬂptliﬁ: ara e '|u|rel|l'nl future e, verificarnw, or of ber puarpHses
Depending on the purpose, yvou may nocd o keep the raew dota or doktn in o more processes]

form

6,11 DATA PRESERYATION V5, RETENTION OF DATA

Dats retention is & central component of reconds management and imPormaton govemance,
Betention refers to the stioring of data w0 meet regulatory and recondhesping obliget s
The preservation is reloted to the sabekeeping of electroncally stored information {EST) tor
spme aplicipsted degal matker, In oother words, data retentson is & proactive ongoing
process,

Betention is waially a mandated requirement for researchers - it's the task that ensures that
o bare minimum of dsta will remain available n seme format,

Preseevatinn fefers to having an active plan 1o ensane that when you & Bied to acceds your
old data, n's readily available and can be essily accessed and manipulbited by whoewer
needs ir. When omking a plan for data preservation you should melude activitsss such as:
Transferring dwa from older storage forneds 10 mewer ones, This will emure that the
technokegy requared 1o sccess your data 14 stll available.

Transfeming data from older file formats 10 newer opes. This will ensune chat voar dote can
sill be opesed by curent software applacaiiens.,

Howving mushtiple copies of the dats in different locations, This will ensore that your dstn is
not lost in an unespected event . sach os thefi, flood., or fire

Ensuring your dats & well docomented, =uch & making notes on software wsed for
creatmg codehooks as owtlined in ihe Docomentatwn and Descapion section of this guske,
This will ensure that when you come hack to aceess vour dats, vou'll be able to remember

kgt 1n il ks,

6, 11 Questions For Pructice

1.
z

Detine datd procesang . What are the varioss stages of dala peocessing ™

What is 1he purpose of data processing?

3 What s the significance of data processing in the ressarch

Explaim the varkws mles for data processing.

5. What is the role of Excel m the presentutin of data prisessmg?

i

What & chan layour™ How it can be applied in Excel?
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7. What is the utiliy of the stylke of the chanl in date processing? How # can be appled?
K. Delne data |1n.'.-.|;'r'.'.1l'r;1|:. Wihal e the vanoias ullilll;'njr' exoamd heeats o e deeatal
preservatsm of dota’
% Explam data preservation Vs, storge of dala
|1J.H|i':'| by whicl siuation vareaes Types of choes are used s dara processing:
1. P chan
2. Ber clan
X Line and ares Chart
4. Surfmce chan
5. Hodar chan
612 Snggested Readings
o Abebe, | Duamiels, JW, Mokean, *Sanisies amd Dara Amalysis™
# Clarke, G.M. & Cooke, D, A Basic Cowrse in Statistes”, Amold,

o David M. Lo, “Introduction o Statistics™.

o 5.0 Gupta ad VK. Kapoor, “Fusdamentals of Mathematecal Statstes". SulianChand &
Sons, Mew Defhi
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M.A (ECONUMICS)
SEMESTER 1
QUANTITATIVE METHODS |

UMIT T SAMPLE, POPULATION, CHARACTERISTICS OF GUOOD SAMPLE, TYPE
OF SAMPLING TECHNIQUES, SAMPLING ERRORS
STRUCTURE
T Learning otrjectives
7.0 Tntrnduetion Sample and Fapulton
7.2 Purpose of Sampling
7.3 Characteristics of Goad Sample
T A Types' Procechares’ Methods! Technigues of Sampling
T.-ia,] Prohability Sampling’ Random Sampling
TA.L1 Simple Handom Sample
74.1.2 Systemuatic Kendom Sample
TA12 Steatified Random Sample
TA 1A Cluster’ Multistage Sample

TdZ Nun—l"rlﬁul‘tiﬂty Sampling/ Mon-randem Sampling
TA2A Convenlenes' Avallability

TA22 QGuokn Sampling
TALY Judgment’ Subjective Purposive Sampling
7424 Snowhall Sampling
7.5 Sumpling and Noo-sangling Ereors
T Sam Up
1.7 Questbons for Practice
7.8 sugpested Readings

T Objective Lewrmings
After stucdying this unit, vou should be able (o

* expliin the concepts of sample and pomelaixen
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¢ define the chorncleristics of o good sample
& about wvpes of sampling
& pxplain different sampling technigaes

7.1 INTRODUCTION SAMPLE AND POPULATION

Tl [ ems abtowr which informaton & desined @ called population or Iﬁlwm Wiilch &
further classified inpo two categorses i, finse and infise. A finite population consgsis of o fixed
number of slements 5o that it is possible to count in it totality, A ﬂlit-ll% example of o finite
repulatbon is the popelation of o city. the number of stwdents i the closs, the number of workers
in & tactory, eic. While an infinne populition is o popeltion in which & is theoretically impossible
i observe or couni all the elements. In the case of an infinfe population, the number of ifems 5
infimite. A suitable :rl.mm]n:é an intinite populatien is the number of stars in the sky ond some
haizs i the head, The use of the term nfinike populaton for o population that cannet be counted m

a reasonable period of time.

I starsstecs. populatsen e Che agorepate of obpects, anmmage o inxmimae ender stody nany

FPopulation
T

atatistical investigatson.

Sample

A sampde is o finde subsct of the populatien thot 15 sehected from # 10 eanlyvee s propenics, and

e number of units ngc gample 15 known as the sampde size, By examming onfy, the ohjects o
it et are part of the sample, mrpljﬁ'n i method that enshles ws o make inferences shout
the features of the populatin. S0, the sample = a part of ibe population that represanis the
characieristics of the popaliion, while Sampling is the process of selecting ihe sample o
estinmting e population charactesistics, hie-: the process of ablaining information about an entice
popularken By exarmiming onky o part of 0. The main abgctives of the sampling theery ane
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I. Toobtbis the sptimom resals, ie,, the moxinum mformation shout the chameteristics of the
papailation with the available seurces & our disposal i lerms of thne, money sind manppeaer
by studying the somple vialees only,

1. T get the mast accurate populion Femeier esiEmnaies.

7.2 PURPOSE OF SAMPLING
Proviling an estemate populstion parameter snd festing the hypothesis are the two main

purpises of sampling. I order W anfer informaton sbout the entie populacion and drew

conckisions oot it we are gathering dwta from s smaller subs=et of a irger popalation,

20
»  Through sampling a researcher can able 1o oollect data more efficently and cose-effectively

compared o siudyang the entive populstion. [t = ofien ualfcasible, expensive, and tume-
CMISEImIAE T suivey or walch every persod i a populatn. Besparchers can save money by
hawsing a representative swmple while <tll obtabning useful inkrmastion.

s Ennoble collection of comprehensive data,

# FEnable more sceueate measuremest a5 00 & conducted by temined and expersesced
inyesligaors.

e Sompling rensains the only way when the population contaiss infaniely many menbers,

# i certaln ssnetions, sampling & e only way of data collection. For exangde, in testing the
pathoksgical status of Bkaod, beilmg siates af rice, etc

#  LSamplag cmables stanstcal analyais amd popolBiion parameter forecast. Researchers can wse
stifistical methods 1o smalyse datn froom @ represeniative  sample, estimabe  popalation
charctermtics, and compute confidencs istervals or marging of arer. This offers o depnee of
socuracy and permits drwing conchesiens shout the population

o Tos moprove methodobegies, processes, of prolocsds, sanplng is freguently employes) during
pilod testmg or pre-testing ploses of the stedy. Before beginnng the brger study. sesearchiers
can find any probkems or diffcoliies by gotherimg data from o sma Ber sample first, By doing
ihgs, 1he rescarch's validiy mﬁuﬂﬂy are enhamced.

# It provides a valid estimatson of sampling emror,

T3 Characteristics of CGood Sampling

Tlhe process of getheting datn foem a selected group oF somple of the popuatson that & relevasat to

a reearch snely 15 Enown o E:II'ILTII:" size. Researchers et s freoan a msatageable Hroup il &

mepreseniative of the whole populaison rather than the complete popularas and solve e abjective
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af purpose of sample collection. The chamncteristics of the peod sample, which & chosen from the

g Barmsn, e as

L]

(rmed Representativeness: The samplde should represent the popualation tha scrves the
purpoze. It shoukl represent 3 large mimber of the popalan. This makes it possible o agply
the sampde’s results po the entire popalicion, —

Sompling Method: Common sampling techpigues melode mndom sampling,  stratifies!
sampling, clisrer samphing, and comvemsence sampling. The choice of samplmg merbod
depends on the research objectives, available resources, amd the desied level of
TeprEse Nl Ve Ness.

Samphe Slze: The mimber of obsenvstions that make up the samgde is refermed o ihe sample
size, Choosing the right sample size mclodes the research ebectives, desived level of
wecuracy, antiipated population warisbility, and required statistical power, Even though a
lorge somple size typeally vields occurate and relinble results, but it might require more

Sampling Frame: A list or foeework kpown as o sempling frame idendifies the popaation

LT

a:;m which the sample will be taken. It serves as the bosiz o selecting the sumple and,

frovmn the populstion. To ensure the sample is represemtative. the sompling frame nesds to e
canmprzlinsive and celevant,

[ata Colbection from the Sample: Dotn s gothered from the imdividuols or ehservations thai
hive been chosen after the sample. Virdoos collecting informatien echnigues, including
AUCVEYS, IBDervIewa, abdervatons, and rescarch, may be used m thes, The study obpectives and
the chargcreristics of the variables being measurad showkl be consistent with che method thar is
10 he chosern.

Sampling Bigs: Sampling bias is the systematic inpoouracy or misrepresentation inthe sample
that happens when some people or groops are either overmepresented or represemtest. bere, the
vilidity and generuliznbility of the reseorch findings may be offected, To nunimize the hiases

dharing the sampling process, researchers meed o be awire of Them

Sample measurement plays a crucial roke noresearch as it alows rescarchers to collest daca

-erl’u.-len:lé:nld miake inferences about the larger population. Caneful consaderation of the sampling

method, somypele size, and representativencss 4 impoiont o ensere the relisluley ad valadity of

the research findings,
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7.4 Types' Frocedures’ Methods' Technigues OF Sampling

L

-

Technigues of Sampling

Probalilicy Sampliang

Simple Bandam Samphe
Symlomntic Bandom
Samiple

strati fied FEandaom
S L

_| O IiasnEe” Pelnlnistn e

| |
| |

L -
EBlons-Frobability Smmpling

Comeempenae’ Cippoariamais”
Aoyl bt iy

i

Omctn Sampling |

JTudgiment’ Subjective
l I"urpersive Smemplinge

Sapovwiaall Seunpd bog

There are two baxic approaches to sampling:
s Prohabiliy Samling

»  Mon-probabilicy Sanpling

7 [ Frohability Sampling

Probability =ampling is ala kpown as ramdon smplig or chapce sampling. In this, sample is
taken insuch a monner that every unit of the population hies an equal and positive chinee of being

selecied.
B this way, it 8 enswred thar the sample would traly sepresent the overnll papulorsoa. Probabilcy

sampling can be achieved by random selection of the sample among all the unes of the

pepalatben. Major random sampling procedures are:

= Simpl: Bandom Samphk

# Evuiemalie Random Sample
& Sitratified Bandom Somple
s Cluster Multistoge Sanple

Tl Simple Random Sample: For this, each member of the popukation 15 mimbered. Then, a
given siee of the samypde & drawn with the help of & random mumber chart. The other way is 10 do
a bottery, Write all the numbers on small, uniform peeces of paper. fold the pagers, put them i a
coptainer. and tuke out the required lor in g random manner from the comainer as is done in the

kitty parties, It is relatively simple to implement but the finol sample may miss oot on small sub
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LTCupS,

TA4.1.2 Sysiematic Kamdom Sample: 1t abo requires pembering (e entire populatisns, Then
every nth number (say every Sth or [Hith nomber, os the ciee miy bel i selected to constiuie the

smpre. I 24 easeer and moee Dkely 10 repoesent differant SUEFCRIPE.

The samplmg mierval (k) is caleulated h-_-.-&uiding the toaal populatan size (M) by the deswed

sample size {n), Mathemationlly, k=N n. where "N & the popelition size, sand "n® & the sample
size, To imrpduce randomness inuﬁ: saimple sehection process, you andondy selact & stating
peimt within the populntion. You cin wse mndom number Gbkes, computer-generatsd mndom
numbers, of other randomization technigques o pick & mitial clement. After that select the
Spmple, once you hawe the sumpling mterval {k) and a mndom starting point. you sckect every
k™ elemem in the populotion as part of your sample until you reach the desired mmple size (n).
If you reach the end of the population, you wrap arsund and conimue the selection process unkil
you completa the sampbe. The peimary advaniaoe of systematic mandom sampling & that it can
penerade & meproscniative saopde froun & large populaten and & wssally simple 10 apply. To
prevent  baases m the  sample. it © esential o be sure the  populstion &=

sulficiemly modomized belore choosing s staning point,
5.4.12 Siratified Random Sumpde: At first, the popelafion & divided mio groups or strsdn each

of which is homopeneous concerning the given choracteristic feature. From each strata. then.
sampdes are drown ot mndom, This 15 called stratified masdom sampling. For exomple, for the kevel
af saci-economic status, the ]Emlmi-un may first be pouped in sech strata a5 high, middle, bow
aml very low M'-:mmmr.' leveks as per pre=deiermined criferia, and o random samplk drrsn
from each group. The samplhe size for each sub-group can be fixed o get a representative sample.
This way, i & possehle tha dilferent celepores in the populstion ane firly represented in the
aadngde, whach could bave been left out otheranse in o sample random sample.

A with simitified sampdes, the popolotem is broken down inte different categonies. Howewver, the
size of the ml:&i cach category cecs ol peflect the population & a whole. The Quola
samplmg techmigue can be wsed where an unrepresentative samphe 15 desrable ez, you might
weant to interview more children tham adulis for o servey on compuer games b, or where 10 woukd
bz to difficull to undentake o strotified sampls,

TA4.14 Clusters Multistage Sample In some cees, e wlnfli% of unis may pass throsgh

varkwis stiges, before you finally reach your sample of study, For this, m State, for example, mioy
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be divided inte districts, districts imo blocks. blocks into villages, and villages into identifinhle
e ol people, H%[hﬁn the ramlom or quota sample fmom @ach grosp, For example. tiking a
random sclection of 3 out of 15 districts of o Siate, & blocks from esch selected distoct, 1 villnges
Trom esch selected block and 20 households from each selected wilw,e. totalamg A6 respandents.
This design is used for rge-scale survevs spread over large areas, The advantage is tha it need s o
detailed samplims frame for sebectod chisters gnly rather than for the entire target area, There are
aavings @ travel costs and time as well. However, tbeee 5 a risk of missing inportant sul-groags
aid pot haviag 3 complete representation of the target populstion.

CHECK YOUR PROGRESS (A}
O], What & sompling”!
A

Q2. Define Shinple sandoem sasple with an example.
Ans

3, Explain systermatic random sample.
M

O, Wlsat o straafied rapdom samplng 7
Ane

05, Define Chester! Multistage sampling.,
Ans

742 Non-Frobability Saopling

M- probabil ity ing B any sampling Iuw.rquc- whene certain popatsn cate gories have no
p-m'tihllljyﬁ‘ selectson. fe., ane sol covered, or when & difficult to calculse the probabality of
selectwen. It entails choosng conpoacnts based on presumptions about the popalaton of interest.
which serves as the selection critenn, Hﬂn-prd:l&l:lilil}'ﬁrq:llhg prevents the estimate of sampling
cmars sinee the selection of clements s nol mmdem,. Nop-prebability sangding = 2 non-rasdom
and subjective sampling technigque in which the sampler’s discretion or personal jedement i usesd

aor chonse the popodation ebements that will make wp e sampde.
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Mon-probubility snmipling ineludes:

w  Convenlesce’ Dippoctunityd Availahilay sampling

®  Cuotn Sampling
# Judgment! Subjective Purposive Sempling

#  Soowball Sampling

T421 Convenlenve” Opportunity’ Avallability Sampling: Convenience  sampling  (or

oppartunity sompling) & o type of nen-probability sampling that mvolves the sample bemg drawn
Troem that part ol the populsion that is mnuu]lul&. That is. 2 sample populaion s selected
becouse it 15 readily svadloble ond convenient. Swch o sample would not be sulfecently
mgwesﬁuutitegu the mesearcher 1o draw any scentific conclusions aboul the entie poputation
from i, As an exmple. if the interyiewer were 1o conduct such o survey at a shopping center carly
in the moming ona partcular day, the people that could be mtecviewed would be restricred o
Mg preseemt there: af that dime, which would ool represent e vews ﬂfﬂ:‘r mermhers of scrEy
i sueh on anea. Pilod iesnie benefds the most fromm this kind of ﬁmkz. This type of sumpling i
mrsl wseful for pilol testing . In convenience sampling, the magesr problem is that ene can pever he
certain what population the participants in the stsdy represent, The populstion is unknown, the
mechod fir selecting cases ks ramdom, and the cases sudied prohshly don't represent any
populatien vou coukl eome up with. However, there are some skuations in which this kind of
design has advantages - for example, survey designers often want 4o have some people respond to
their survey before ® B given owl in the ‘read’ research sefting a5 o way of making certain the
questions make sense 1o respondenis. For this parpose, avakabiliny sampling i noed 2 bad way 1o
£t & proup W lake o survey, (hiugh in this case researchers care less abool the specilic respranses

Liven than whether the instrument @ confusmg or makes people feel bad,

TAL2 Quota Sampling: A non-randem sampling, ahich includes dividing the populstion into
predetermmeed Calegories or guitas aoconding to specific crteria, ad then choosing those who (2
those gquedas, 'When obtaining o random 1ampl-r&-:'l'u|i|:ﬂ|;.ing or when socess to g sampling frame
is constrmieed, guoin sampling is frequently wsed. In guss sampling, ihe population s lirs
sermened o muteally exchisive sub-growps, just ps similar 1o stratified sompling, These
cutegorizations can be the demographic hﬁm;.. age, gender, education level) or behaviorl
ie.g., purchosing hobits, brasd preference). Then mdgment is used to select the subjects ar unis
fromm each sepment lased on a specified propormien, Bar issae, o s |n|:-ll:& AN e amd 200
wiamen between the ages of 45 and &0 may be asked of the imerviewer. The selecison of the
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spmple in guota sampling s not random. Inkerviewsrs might be drwn to individuals who wppear
T hex st helplul, for instance, Becase nol everyone is given The opportenity 10 be chosen, the
issue 15 that these samiples may be binsed, Its biggest driwhack & this rondom component, and the

melartave merits of queots and probability have kg been asource of debate,

TA422 Subjective or Purposive or Judgmeni g‘.ﬂ]ﬂ.ﬂ:‘ L this technique, the sample s
selected with a pre-definfe purposs in view and the choice of the sampting units depends entirely
an the jodgment of the rescarcher, This sampding suffers from drowbacks of favorism and
partiplity depending upon the beliefs %prqudgm:m; of the resenrcher and does nol give o
represeniative sampe of the pepolaton. This method is rarely wsed and canmst be recommended
tior general as bosed on bess doue tooan ekement of subjectivity on the part of the researcher,
However, jisdpment samples may produce useful resulis if the imvestigacor is knowledgenbie and

talented and this sempling is used based on usdgment,

5424 Snowball Sampling: socwball sampling = a non-probabalicy sampling used m resgarch to

identify and pamicgmae people by way of suepgesttons from ongingl panicipants. When
investatmg diffsculi-to-reach populaion or when thefe st a complete list of the target
populatken easily accesasible, it is ﬁ&luunl'_r usedd, Studying social nevworks, secret populalions, or

sedksative topics mnkes goddd wse of snowhall sampling,

This =ampling techmigoe ixoused agninst rare papolations. Sampling is o big problem in this case.
a5 the detined population from which the sample con be drown & mot ovatlable,

The process of spowhall sampling typically first, identifies an initial participant. This individeal &=
wsally well-commected within the target pepulsion and can help in the recruitmen process, After
that. & researcher conducts an interview o data collecton with the mnital participant. Afterward,
e prricipant is asked to provide refermls 1oomers whee meen the sikly's eriteria or have relevian
eapefiences of chorseteristes. Thesofoee, it crestes a referval chain, where sewly identified
participants become par of the sample. The .*.nl:lwla'll sampling process cantinues Aeratively ungil
s desored ssnmple siec or dﬂl fulbicss s reached. Thenefoee, the process sampling depends on the
chain syslem of referraks, Although small sample sizes are the clear advantagess of snowhall
sampling, bias is o of s disachvniages.

7.5 Sampling And Mon-Sampling Errors

Sraisticaily. Temw” refers o the discrepancy betwesn the troe vahse amld the esimsed o

approximote vahse, In other words, eror refers to the difference between the tree viloe of a
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repulateen parnmeter uﬁi&s estimate provided by on appropriste sample statistic computed by
sorme staistical dewice . As @ resuill, the serm “emoe” Jas o very specilic and dilTeran meaming m
ithe: fickl of statisties. The cxistence of these ermors the various Factors ke approximations in
MRS PC Nl S, ﬁmnudulwuﬁes becass: of incormect data collection and sy and persoosal

bises of the rescarcher. Errors are of two types:

=  Sampling Errors
Monezampling Errors

Samipling error: This type of o arises due w the vanalility i the process of selectmg a

sampde from a larger pupjla:h:lh.-'u. oaly o small popolatem = measored, so the nresulis are
differene from the census, Errors minbueed o fluctustions of sampling are called sampling errors.

Reaons tor sampling ermors are:

®  Incorrect sample selecton

*  Bizsness in the estimaton method

+  Heterogengity of the populstion

+  Bample sme. sraller samples are move susceplible o larger sampling erroes, while larger
samples tend W have smuller sammpling ermors., asswmning raodoem saming

. Eu:tmd of samgling

+  Mon-Hesponse Bias, when wdeviduals from the sample do ol resposd (o the sarvey

*  Measuremem Eooor, arises fom maccaracies in dss collecton or meeasuremem
Non=sampling Errors; Non-ssmpling ermers are cmors that ocow m the date collection methods

ather than those caused by the sampling procedure. These can be becavse of various ssurces and
con impect the gqualiy os well 25 accumey of the collected dofe, Mon-sampling crors com be

attrited to feetors such as data collection. data processing. mensurement, and analvsis,
Riegsans [or mu-4ampding errors

. Ec;pmldcm Errars, because of mistderstand ing on the pan of sespondent.

*  Mon-response errors, biss happens when certiin mdividuml selected for the samplke do oot
ferlicipate o respomd fo he sy,

v Processog Ervoes. ocour daring data emtry, ooding, o data cleaning. Human eroes as well as

software bugs can lend to data meccumeies during theae sapes,
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¢ Duta Editing Errors, occur when dato 5 medified durmg the dofo cleaning process, While dota

EB.IHIIIH_ I4 essential 0 ensure dana I.'Illi.ll|[:!|'1 sane of The errors litrodice Inacourasies.

+  Compiling and publishing errors.

Check ¥ our Progress (B
O, Wit e the Dvpes of non=grobabiliy simpling?
A

2. Define covenicnce sanspling .
A

3. What s Quora Samplmg?

A

Ci: Diefine Tudgment Sampling.
A

L5, What is Smrwhall Sempling?

A

6. Ervors m sanglug,
A

70 Sum Up

A sumple s o pan of the population Ul represents the charmcenstics of the poputaton, while
Spmpling & the process of selecting the =ample for estimating the population chiracterstics, It s
the process of obfaming information shout an entme popalation by examining only a pan of it
There nre different spmipling techmigues available in stabistics depending on the research. These
are prodabiliny mud mon-probability campling techniques. Probabiliny sompling echnigues are
Sunple Random Sumple, Syt Random Sample, Steanified Randem Sample. and Cluster!
Multistage Samplke. 'While non-probahiliey sampling & Convenience! Opportunity! Availability
samgdmg, Quota Sampling, Jodgment’ Sobjective’ Purpesave Sampling, and Seowhall Sampling.
There are ban types of error in the sample which ane campling and non -sampling ermor. Sampling
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e i the error thot erises due to the vorishiliey i the process of selecting o sumple from o larper

e anmen . Ak only & sl population is measured, s the resulis are obvisis, The men-sampling
cmor & because of vanmous sources and con impact the quality as well as the accuracy of the
collected data, Nos-samphag emoss can be attributed fo tactors soch as data collectsn, data

PRGCCsEINE, measuscienl, okl analyses.

1.7 Quiestions For Practics
QL. What do you mean by sample sl populoten? Explain with an example.
X, What are the technaques for the cellecton of data pvailoble in statistics™
O3 Whie o oyou mean by primary data? Give the sources of prineary disga.
L What is the questoner” What are the poimis 10 keep in mind before drofting questioner?
Q5. Explain the verm sscondary dota with its sources,
026, Give imitotions of primary dots ond secondery data

(37, what are the preciil ks 0 oolkect !-L'\\'."'L'Iﬂliill:':r dara?

LB, Expliin sampling wnd non-sampling ermors,

7.5 Sugzesitvd Headings
A Abebe, 1. Danssls, LW, Mokean, “Statseecs amd Data Analysis”.
s Clarke, GM, & Cooke, DA Basie Course in Stabisties”, Amokl,
o [evid M, Lane, "Infroduciion to Satistics™

e S0, Qupra and VK. Kapoor, “Fundamentnls of Mathensatscal Stasstics”, SubanChand
dr Song, Mew Diebhi,
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B0 Learmbng (b jectives
After studying the Unat. the karmer will be abde 1o learn about:
*  Meaning of Endex Mumbers
#  Lses of Index Mumbers
¢ Understand how mdex numbers are prepared
®  Prohlems to constnsct Index Numbers

o Different methods o constnect Index Number

Tl Introduction And Meaning (F Index N amber

Hurmin lifz is dynomic snd haedby there B anything thal remsins the some over a period of ome,
whether it is the price of poods, Population of the country, Industrinl Produection. impores and
Expocts of the country. evervihing changes with the passage of time. I8 is the tendency of Tsmians
that e wants to measure the changes that ase taking place over & period of tese. Now queestions
arise ElwEl BesY W can oEnsire 1Ese n:I::|||gP.-: That aire Lisking pliu.':. Iglex puiember & e such
statistical ool that can belp us o measuring these changes.

A index number 15 o stotisticol tool thst measures the changes in the data over a peniod of tine,
Insfex pmmber is mot @ new ool vsed in statisties, mther the use of index mombers is very ald, As
per availnble records, the index mumber was first time constructed in the vear 1764 by an ltalian
aitierd Carlh. 1a lis indes siiaber. Carli coimpared the prices of the Year 1750 with the peice level
af the year 1500, Thoush mownmlly index pumbers are wsed for measuring the change in prace
aver & persed of time, hardly there & any area m Boonanics or Comemerce where Lidex numbers
are e wsed. There are differem types of imlen mimbers that are sad in ecemmics ssch us
Lsfuztrial Production lndex, Azricaliural Productsen Index and Populatson Index, o,

Ao index number a5 a devece with the belp of which we can measure 1he relative change inoone
varmhle aver some tme. Noemally while preparing the index number, we oompare e current
praces of & product with the price of some past potiod Koo as the base year, The mdex aumbe
of the bose year 15 mestly taken as 100, A few definitions of mdex mumbers given by defferent
experis are g folkvws:

Acenling (o Croxton amd Cowden, “Index mumbers are devices [or measoring dilferences in
the asgnitude of & group of relaed varibles.”

Accordimg to AL, Bowbey, "A serics of index numbers reflccts inois trend snd fluctuations the

i vernenls ol sane guastity o which & relaned "
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According to spicpel, "An Index mumber B 8 statistical messure desipned to show changes inoo

variahle, or @ group of relaed variables with nespect o time, geographic locstion, o ofher

chirocteristics such as income, professin ete,”

¥.2 Featares (0 Index & oumber

1=

Index numbers are specialized type of average. Momally used measures of sverpe hke
Mean Median asd Mode con be used for two or more different series. of their units are same,
I case unns of two wees aré different, thew canool be represented by aormal average,
However. Idex numbers can help in this shustion,

Momsslly index mumbers are pepresented i peroeitages.  However, the % slgn 5 mob msed
while showing index rmmbers

Iindex muimbers give the effeet of clungs over some time or the change that is taking place in
tw different bacotions

Index mumbers measure those changes that are mot cupable of measurement poemmeally in
quank itnfive figures, For example, we commot mensare the change i the cost of living directly,

bt Index nomibers can help us in this sititon

B3 Uses O Indbex Numbers

Ty

Inchex susmber is a very poawerful tool for ecomomie asd hasimess analysis, We olten call index
numiler ‘Barcemeter of the Econeany”.  With the help of Index Numbers, we can see pulse of
the eeanniy.

[ndex mumber s a very helpful tool mplinmng actvities and foemaloton of busosess policy.
With the belp of msdex numbers, economess try to find owt rends i prices, productaon, trpaet
sl expons. e

Index number shows the cost of living over 8 pericad of fime, This also helps the govemment
in fiximg the wagze ric of lahour.

Index number abso helps ws m the cabeulation of Real Nationzl Income af the courntry,

1.5 Problems In Construction OF Index Numbers

1.

Purpose of Index Mumbsers: The (st siep in constnecton of index pumbers s 1o decide the
purpose of prepuring the Index Mumber. As there = mo single purpose index, so0 we musi

diegule The objective of imdex very carefully.
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1.

i,

Selection OF Hase Year: The selection of base period is most importand stepom preparotion of

mhex migmber, The best base period (s the perwd with which we can Tind accirabe change in

the virmble, FoBowmg arc same of the guidelmes that must be kepe in-mimd while sclecting

he hase s,

#  The period selected as base periwd should be normal ope. Thers mst me be any problems
like War, Flood, Enfhquake, Economic Depression ete, in the base period,

o The difference between base period and the corrent perisl shoald oo be very large

e Cnly that perood shoukd be token as base period full deta is availablbe,

Selection of Mumber of lems or Conumadities: The next major problem i pregasation foe

index number i toselect the number of Rens that will form the Index number. The folkwing

pomts must e kept in mind while deciding the number of #2ms in the mdex numbers

& Only those jtems should be selected that represent the habis and tastes of majonty of
cusiomers,

#  The suinber of ifems sefected should st be very large or veoy small,

&  Cply those Aems shoauld be selectad that are available in standand goandity,

e Only those iems mast be selected that were available in bse period as well as current
pirind.

Selection of Soarve of Data:  As in mdex nembers. we compare curnenst varinhkles with the

vintiables of past periods, the soarce from which daca is cellectad must be authentic. In case of

nop-guthentic dato, it owill give wrong picture,

Price Qustations: The prices of the commodities differ from ploce to ploce, It s very

impactant 10 select the price which represents majority of places, Further while preparing

medex s, we may feke whobesoke prces or retail prices in consideraton,

Sebection of the Avermge:  There are ditterert types of aversges, ke Anthmetic Mean,

Cieometric Mean, Harmonie Mean, Med o aml Maode that can be osed in preparation fiv isdes

nuelers. One mast seloer appeopdiate averages in preparation of mdex numbars based on ow

alecrive,

Selection of Appropriate Welght: The acst major problem n poeparation of index minhers

is 1 nssign weight 10 the ditferent items.  All the items of the data under consideration are pot

coually important, some ifcms may be more imponant and some tems may be less inponant,

S0, more weight must be assigned to important itemis while preparing the indes mumber, Mg
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the probiem is bow 1o pssign weights @0 the tems. Nommally we take quaniily of the dems
coviiatmied as weighn in Indes Nomher

8. Scbection of approprinte formuli: There are several formulas that can be wsed for preparing
mdex nmibers. for example, Laspeyer s method. Bowle Method and Fisher Methiod eic. Each

methad has its ad vamages and limitations, 50 must be selected very carefully.

B Diflerent Types O Lndex Nambers

.

1. Price Index Numbers: These index mambers are psed for measuring the change im prices of

the cormmedities over o period of tme . Inoother words, we can say that thess indes annbers
find the change i wohie of morey over 3 period of time, These index numbers pre most
papular index mumbers. These Iedex rumbers may be based on Whnlesabe Price Index or
Redail Prce Index,

2 Oueamtity Index Numbers: The Quaniay or YVolume Index Numbers measure the change m
guantities used by peopk over o period of tme,  onder these index numbers, we calculute
change in physical quantity of goods peoduced. consumed or sold over a persod of time. There
are different wvpes of quantiny indes numbers soch as Agricaliars] Production Index Number,
Lischustrial Productien Index Mumber, Expont Insport Index Mumber sie.

3 Yaloe Index Numbers: Valoe Indes Numbers comgraare the clamge in totil valee oser period
of time., These index numbers foke into consederation both preces and quantity of the produc
whike finding the change over & persosd of time, These Index Mumbers are very useful in

finding consumption habits of the consumers,

8.7 Different Methods OF Index Mumbers

As we hove already discussed, Index sumber is o device thet shows changes in price over o peros
oo Tirme, Neww o oguestion arises that bow e calealine the mdex mimber. There e several metliods

for preprng the indes mumbers. The following chart shows vanous methods of preporing mdex
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numbers.

el =
= [ PR e | |

%.7.1 Simple Index Number

This further divided into the simple aggregative ond simple price relative
H.7.0.1 Slmple Agaregative Mothed
This is oonz of the old asd simple methods of foding the imlex mumber. Under this metbod we
calculate the index number of 3 given period by dividing the agoregate of all the prces of the
current year by the agerepare of all the prices of the base vear. Afer that we muliply the resulian
fgure with 1000 10 find the index number, The following are the steps:

1. Decide the b year.
Ald all the prices of bese vesar Tor all availabbe oorrmedities, 0 1= depated by T8,

e

3. A all the prsces of base vear for all avalable commodities, o 1= deaoted by TR .
4. Use followmg the formula for calculsting index number under this method:
o
r = b 1IHD
i3] Et'ltl
Where,

Py~ Prace Index Mumber of Current Y ear
¥ - Aggregate of Prices of Current ¥ ear
NP — Aggregate of Prices of Bose Year

Example 1. Construct Simple Aggnegative Index number of the vear 2020 by toking the hisse
ms prices of 2015,

| Commudity | Price of the Year 2015 | Price of the Year 2020 |
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“Wheat - ) |
Sugar 40 34 |
Oil ) 120 i
Py | M | a0 |

Sl:l"l.lhlllh Fnc::__l_ndit_!;'l'h: year ltil_ﬁléh_;:h @b thc'l:m }_ﬂn’b

Commedity | Price of the Year 2005 | | [ Price of the Year 2000
P!I I Pl
Whet 20 , 76
Sugar A} [ 14
ol B Bl [ 120
Pulszs H[l | |-1-“
ol I Fﬂ_ 0 = .“'-m
Price Index ( P gy = EF: Ly 1 = S 100 = 160

Price index shows that prices have increased by G095 m 20200 than 2015
Merits of Simple Aggregative Method
1. This method is sungle e calowlse.
This method is very simpde to understand.
3. This method does eot seed mansy matlematical caleulations

Tt

Limitations of Simple Apgregative Method

I. This meihod does pot give change in price over a period of time,

Fd

Prices of different commodities see messured in different onits some are measured in
Eilogrrmes wikere is ofhers i Meers e, 10 crestes prodens mocalcolation,

This method is inflecacsd by unit of pesasurement .

4. This method igmores the relative impomance of the item.

5. This swthod wses gnly Asghmetic mean as a ool for caboulating index nuesber,  Other
measues of avernge like Geometric mean or median e, cannot be used in this method

G, lndex number in this method s influeaced by magnitude of the price.

#.7.1.2 Simple Price Relative Method

This method & o hic improved aver the shmphe aepregative methold. The simple agerepative
method is affected by the magnitude of the price of the #em. However, this methed is not offectes
by magnitisde of the prce of dem. Fuaher, in thas method 1 s a0t necessary 1o wse Arithmetic

mcan s average rather we can vse any awthod of fnding average. such as Arithisets awan,
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Creometric Mean, Madian, Mode ete. However, normally we prefer to use Arithmetic mean in this

e, Folowmp are the sl ol this merbiul:
I, Decide the base year
2 Calcukite the pEsce relative L et yedr for e comimadiny by dividing curfent Prices
: P
(Pp with base vear prace (PFa) wang che following formska E’: « | (M1

3. Fiod sum of all the peoce relatives s cabeu laed.
4. Divide the sum or prce relatives by tumber of Mems to gt index mimber by wing the

following Formmla:

TE %100
Py = —t———
|

Merits of Simple Price Helative Method:

I. This method is very simple (0 caloulste amd mrderstnd

(]

This method i e affected by the magnaude of prace of & particular e,

i. This method & not affected by unit of measurement of the item,

4, This method 15 not necessarily based on Arithmetic Mean. we con use other averages like
Cienmerne Mean, median s also,

3. Equal wesghts are provided foreach nem,

Limdtations of Simgle Price Rebative Methisl:

1. Selectu of averipe is & difficall sk in thes method.
2 Wi B0 be calculated using Germedric Mean, then a calculatin is very difficalc.
3. It doees pot consader which iem is uded more and provades equal weights to all e,

Example 2. Constroct Simple Price Relative Index number of the vear 2020 by taldng the
hase as prices of M5,

Commudity | Price of the Year 2005 | Price of the Year 2020 |

Wheat . |} i {

Sugar 40 M |

AN o L |

Fulsis i 140 |

Sohudion: Price Index ( Year 2005 taken as the base vear)
Commesdity | Price of the Year 2015 | Price of the Yeur 2020 Price Relative
Pr P n
I - w10
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Wheat 0 2% 3?: % |06 = 1 %)

Sugar 40 3 % s 100 =55

0l 60 120 % w100 = XN

Pubes 80 ET %.: =175
Y% 100 = son

Eck=tnn
Price hndex ( P gy} = EH =$=14?_=rn

Price index shows that preces lave increased by 47 5% in 2050 thas 2015,

TEST YOUR PROGRESS (A)
I. Calculate Imlex mimber for 2005 raking 39 as base using Simple Agoregative Method and
Simple Averape of Relatives Method:

Items | Price2010 | Price 2015

A W | sw

B 45 | 40

C T 15

b 37 i 1

b 4] 12

2, Fined meex using simple averepe of price relgive ysing A7 s base,
| liems Price 2017 Price 2014
5 x L5 30
f B 18 L
C | & 20
[ 14 21
E 25 35
F ALk 3
3. Find simiple aggregatave index
I lems [al P
ol ) 70
Pulscs 0 1]
Rie At 40
Sugar 40 A0
Answers
11 1474, 132384, 2} B3 7oA, 3 G545
£.7.2 Welghted Index Number

Which s fusther divided o wenghted ageregative and weizghted price eelmtive mwilod
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B0 Weighted Agpregative Price Index

Stnpde Ageregative nwihods of Index Mumbers assume thar all the items of Index Muomber are
cqually impartant. There is no ftem that s more miportant thon others. 50, this method provides
cqual weiphtzge to all items. However, in practical lite it B not tree, Some flems camy more
impartance than other items, for example in human's life expendiiure on food cames more
imprrtnee than expesditure on entemainment. S, we kave weighted method of index mimbers
which considers relative importarce of the item alse,

The weighted Aggregative Method is one such methosd, Thes method 5 moeee or kess same as
Snple Aggregative Wethod buc main difference & that it alse considers relative weights of the
items ko, Generally, the guantity of the item consumed is considersd a5 weight in this case
There nre many methods of calculaing Weizhted Agprepative Price Index which are diseossed ns
fiol bevvs:
a)  Laspewre's Methodd:
This methodd was suggested by Mr, Laspeyre in 1871, Under this method base yesr quantines of
the varsis products ase assumed as weight for preparing the mdex mimbers, The following steps
iy b e

. Mulriply Prices of the base year (Pl with the quantities of the base vesr (O Tor every

commodity,

I

Add he values calculated in step 1, the sum i deroted as T e Oy

3. Muleiply Praces of the current year {Py) with the quantities of the base year {Qyl Tor every
comrnodaty.

4. Al ahe values coloubimed in seep 3 the swim s denoted a8 Y Py Oy

5. Use followmg fermuln for ealeoloting indes mamber:

IR,

F =
o Th,

x 100

b1 Paasche's Method:
This method wis sugpested by Mr. Passche in 1874 Under this method coment vear quentities of
the various products are assumed as weight for preparing the indes mumbers, The [ollowing steps
miy b med;
1. Mukiply Prices of the base year {Fy) with the quantitics of the coment year () for every
commadity,

2. Add the walues caloolated inostep |, the sumn s denoted as % Pe O
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3. Multiply Prices of the current vear {Fi) with the quontities of the current venr (0 for
every commsliny,
4. Add the values calculmted in step 3, the sum is denoted 0s 5 1 )

5. Usethe idlowing formaila fior caloulating index number:

R
Foo = gpg W

o) Dorbish and Bowley "s Sotbud:
This method & based on both Lasypesyte's Method and Paasche’s Method. that™s why this methad
is abso known os L-P fornmula, Under this method, we coloulate the index mmber by taking the
anthmetse mean of the fomila given by Laspeyre and Paasche. So, folowing formmula s used in
cise 0f the Dorbash amd Bowley Method

IPQ . IRQ

'F'Iul. = EPIJQ'I 5 EFIIQI w 1000

d} Fisher's Ideal Indes Methodd:

This method was suggested by Prof Dreing Fisher and 1 is assumed as ene ol the best metbods of
corstrueting e Index Mumber. That's why this method ig ako called Edeal Index Number. The
meshod is based on b Lasypeyre’s Method and Passche's Method, bt insgesd of wking
anthmete mean of buh formulas, Fisher wed the geometric mwean of the formula given by

Laspevre and Paxzche. So, follawing formuls for caleulating Fisher's ideal Index number;

ZP0 | ERQ .

J IR IR,

Frahor g Method fg called ideal indexs mutiber due wo following reazons

I. This method uses geometric mean ng base which is perhnps best sversge for constructing
Index mambers,

2, Thiz method comsiders both quaniites of base year as well ms oument vear as weighi,

3. This method satisfies bodh the vime reversal amd fctor reversal iesis.

4. It is comprebeasive methed and covers all values of data b, Poo Qe P Q) et

@) Marshal Edgeworth Index Metlvod:

Like Fisher's method, this netwd abo uses the quastitics of base as well as cumenn year as
wiedght, Under this method arithmetse mean of te guantity of bose asd current vear (s assumed as

wiedght. This method B comparatively simple than Fisher's method & it doees not wse comgles

357




concept of Geometric menn. Follwing is the formula of this method,

= P Qg + 0y )
ERQa+0Q,)
EMhQe + X0,
ERQ, + ERQ,
Example 3. Construet Wetghted Aggregative Index number of the vear 2020 by taking the
base as prices of 2005 wsing Laspeyre, Paasche, [rbish & Bowley, Fisher, Marshal
Edgewarth and Kelly's method,

Fotis = 100 or

L L

:Em Price oof the [ Quantiy of the Price of the | Quum:ly af the
The year 205 The year- 2015 Year 20620 Yenr 2020

I A fi Sih [(h 56
B 2 i 10K 2 [0
{C 2 i 60 f Bl
i [0k I ALk 12 4
e 8 | A0 12 £
i rimin R S R S PR T ST o
| e [ s ™ i Poldn | Fold i B

M fr ] (4] il LY LR Shn Sl

B 2 [ wo | 2 130 M0 | D 200 40

L 4 il (1] 1] b 244 A Sl
[ D [w | 3 | 12 | 24 | 30 240 360 | 288

E K 4 2 il 3 . 28R 45D 432

IPis | TRQ: | TP | TP
=13 | =134 | =100 | = 1880
lI. Lagpewe's Method: .
P %x 100 =12 x 100 = 13971
2. Pazsche’s Method:
~ i’;;‘;: X100 = = 100 = 139.88
3. Dodbish amd Bowley's Method:
FAALL B e LIV L0 1o

Py, = JE&TIHEL ® 100 = J.’EI.I%I.H w 100 =?_';'ﬂ=13gl‘?g

2

4. Fisber's ldeal Imlex Method:
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EfgSn o By ooqpp = JEBOD o B Loann = 19543 X 100 = 13979

EPuly ¥Pals 1360 1344
" LP ol 0y
A, Marshkad Edeeworth Index Method: =——————— x 1{H)
# TP Qs EPelds
1900 + 1880

x 100 = i ® 100 = 139.79
T 1360+ 1344 o204 E x

Expmple 4, Constrici Weighted Aggregative Index sumber using Laspeyre. Paasche,
Dorbish & Bowley and Fisher, methods,

| Item | Price of the | Expenditure of the | Price of the | Expenditure of the
Base Year | Bose Year Curreni Year | Current Year
[ A 2 an 5 74
| B 4 1 b &0
| C 1 10 2 24
I 5 &5 | 10 i)
Solution:
W know that Expenditure = Price = Quantity
5o, Clanmy = W
Item | P [ O | P h Palls Folli | Pl M|
A | 2 200 5 I5 40 30| |k TE |
B 4 4 E 5 16 20 32 4
L™ 1 1] 2 i 10 12 X 24
(1] i ! I & 25 0 | S0 LU
TP | TPy SPiCu | EO0
—} l,'l-[ = 91 = 1“1 = Hl'!:l
I. Laspewwe's Method:
ERQa cild :
P = e 3 M) = == 100 = 221,98
o TR0y a1
2. Paasche’s Method.
T 19%
Py = =% 1 = === x 100 = 214637
" ERQ 92
3, Dorbish ard Bowley's Method:
E!F!%n'l' EEP!%I
Py = ||n3 DXL o 100
202, 199
+ 43628
- _@ X100 =—— = 219,14

4. Fasber's Ideal Index Method:
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|ZPQy IRQ,

‘] R, 4 YrQ, b

|EHE w9
= 4ﬁ HE ®100 = 48015 = (0= 219.12

8.7.2.2 Weighted Price Relative Method

This method almost similar 10 simple price-relntive method. However, simple price relative gives
cqual imporonce 1o sl fems under consicderntion, But in our life, all items do oot carry equal
imperinnge, Some items are moTe important or on some fems we spend more pnsown, Changes in
price of some fdems alled us more than changes in price of some otber ilems, So, we hove
weighied price relsiive method. This method g somilar o simple prece relative method bue alzoe
.amigm. WEE s T e ilEms. Furtheer, in this rmethocd 1 1% ool MECESSATY [0 e Arimlmetic el as
averaze rather we can use any method of finding average, such &5 Arithmetic mean, Geonsslric
mesan, ¢ However, toermilly we ]:t'e:ﬁ:f iy i Arithmense mean i this chse Frdlowving are Che
atipe of this method:

. Decide the base year
. Calcubate the price relatrve 1o cument year for each commodiy by dividmg currest Prices

[B¥)

: 1 P
(P owith base vear prace (Fy) isang the Following fonnsk ?‘ 1M,

3. Find the weights of the items o be assigned.

4. Muleply price relabive so caleulaied wih the weights ond find owd the product of both.

5. Fiod sum of product so cabeabiied.

b, Fand quem of the wesshits aesigaed.

7. Divide the sum of the weighted price relatives by sum of weights to get index number by

usng the following forawla:

F,
W

TWE x 100

Py =
Merits uf Weighted Price Relative Methnd:
1. This methodd s very simple w calculate and osderstamd
2. This method = ot affected by the magnmade of prece of a particular sten.
3. This method = no affected by wn of eeasurement of the iem.
4. This method s not secssanly based on Avithoseric Mean, we can use ofher averages like

Cleometric Mean, median eic also.
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5. Weights wre sssigned secording to mmportunce of the items,

Limitations of Weighied Price Relative Met hod;
I. Selectin of average is a difficul task in this method.

2. I it & o be cokulated vsing Geometric Meoon, then coleulntion = very diffcuk,
3. Selection of weights is & difficult task .

Example 5. Construct Weighted Price Relative Index number of the vear 2020 by (aking the

basewsprdoesof20dy,
Commodity | Price of the Year 2015 | Price of the Year 2020 | Weights
Wheat |} b 4
Sugar <l M 5
il il 120 3
Pulses B0 140 | 2
Solution: Price [ndex (Year 2005 wken as the base vear)
Price of the | Price of the Price Relative Werhts | Weighted Price
Comiesdity | Year 2015 Year 120 B0 (W Relatives
Iy Py i W EL % 100
Fu
Wheat M Ih %_ w |00 = |30 40 SHK
Sugar 1 M _-ﬁ. w 101 = %5 3 424
ol Al 120 | jn-200| 3 60
]
Pubies &0 140 00 =1T5 2 350
&0
W= ¥ oW EI.I x 1K =
50 g
fAT5
Ewl 180
Price Index ( P gy} = —— =222 = 13150

Prce index shows that preces lave moreased by 31.5% in 2020 than N1 5,

5.9 5um Up

o Inclex mimber shows change in varahle over o period of time,

e Price index shows change i price in current year in compani=on o Base year,

& MNormally the base of mdex & taken as 100,

& There are different types of mdexes like price indes, quaitity indes, vabie index

e Index mumber can be prepared without assmog weiehts or after sssipning weighs.

E{ )




= Popular weighted ageregative mdex B Laspeyre. Poosche, Bowley, Fisher, Marshal
Edgeworth and Kelly.

.00 Key Terms

o Index Mumbers: An bdex nomber i2a device with the belp of which we can megssarne the
relative change o oe variobde over & period of tiose. Normally while preparing the index
numbier, we compare the cument yeor wrinble with the variablz of ae base year. The index
number of the buse yeur is mostly taken as [

s Price Index Mombers; These index rumbers are vsed for measuring the change in prices of
The comnmumliries over o perwsd Of Timse, o oother womds, we can say thal these ilex nuobers
find the change in valee of money over w period of time. These imdes numbers are most
popular index nomiber. These Index nuembers may be based an Whelesale Price Index os
Retail Prace Index,

o uantity Index Numbers; The Quantity or Yelume Index Mumbers messure the ¢hange in
quank ities used by people over a period of time. Under these index numbers, we calouloie
changz in physical quontity of goods produced, comsumed or seld over o penod of time.
There are ditferent types of guantity mdex numbers such as Agriculbern] Production Index
Fumber, Imlustrial Production [ndex Number, Expon Import [ndes Mumber eic.

o Value Index Numbers: Valse Index Nusmbers compare the change in total valie over pemod
af time. These index mumbers take o consideration both prices and quantity of the prochsct
while finding the chanpe over o peroad of fime. These Inclex Numbers ore very wselal in
finding consumpion habits of the consumerns.

.11 QUESTIONS FOR PRACTICE
O Whar are index numbers? What are #s uses?

2. Explam problems faced in comstruction of mdex numbsers

3. What are different types of Inday numbsaes.

4 Explam different steps m construction of index mimbers,

5 What are different methods of consteection of bdex numbers?

O Explam Simple Aggregative Indes mimbers. What are s Merits and Limstations?

QF What w Smaple Price Belavive ndex numbers? What are s Mergs and Lrnitaton?
Of.Explain Weighted Aggregative Indes numbers. Wht are its Merits and LimsaisonsT
O What = Weighted Praoe Relative Index nuembers? What are s berits and Limastons?
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