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new |nS|g°§‘fS into It.(Exploratory or Formulative
Research Studies)

To portray accurately the characteristics of a
pargular individual, situation or a group.

To dtermlne the frequency with which something
occurs or with which it is assouated M )something
else. (Diagnostic)
Totesta hypothe3|s of a causal relatlonshlp between
variables. (Hypothesis Testing)
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| Research rgethod are the mﬁthods or
n

techniques useds; ',f'researcher |g conducting a research operation.

E.g.: Que,&nnalre Interviews; Experlments Scheduling etc.
i Research me qglol%y is a
scientific and systematlc way to solve a researc pro

Wh esearch, stu yha been undert en Howare earch
B R e S e T

een fo
Ee;_ aJo te for co ectin dgjjata particular technlques 0
Analysis een used a S|m|Iar uestions.
The Scope of Research Methodology is much wider than Researct

Method.

Thus, in Research I\@} thodolo e conS|der”,~_he logic behind the
methods we use In the conte o our researc,;;;»s u
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Research Aﬂ"froach is o; two types:

1. Qua?*l-,;sf("ftlve Approachz Deals with gualitative
phenomenon related to quality or kind.

It IS based on subjective assessment of
_,Iehawour Attitude, Opinion, Impressions etc.

A o
) Quantltatwe Approach z It is based on
measurement of quantity or amount. It is
applicable to phenomena expressed in terms of
guality.






N researchpic
oe that of"‘?’?;ffi"felectlng and properly defining a research
oroblem A researchermust find the problem and
formulate it so that it becomessusceptibleto research
Like a medicaldoctor,a researchemustexamineall the
;‘fjjjgms (presentedto him or observed by him)
concerninga problembeforehe candiagnosecorrectly To
define a problemcorrectly, a researche :ru,stknow what

aproblemis?




(1) There{_.-,_,@ust“be an |ndIV|duaI (or a group or an
organisatic j!?}"”;;;_“let uscall it d foahomtheproblemcanbe
attributed The individual or the organisationasthe case
may be, occupiesan environment,say d\ 0 which is

definedby valuesoftheuncontrolledvariables,Y].

(11) T@ere must be at leasttwo coursesof action,say C1
and C2, to be pursued A courseof actionis definedby
one or more values of the controllefi;;gvarlables For
example,the numberof items purchasedat a specified

time Is saidto beonecourseof action




(i) Theremustbe at leasttwo possibleoutcomessay
O1 and O2, of the courseof action, of which oneshould
be preferablef&fhe other IR other words, this means
that ’[heI’s_;:_"_,?-:,‘;;:»USt be at least one outcome that the

researchewants,i.e., anobjective

(Iv) Thecoursesf actionavailablemustprovidessome
chance of obtaining the objective, but they cannot
provlde the samechance,otherwisethe choice would
‘Matter Thus, if P (Oj | I, Cj, N) representsthe
probability that an outcomeQj will OCCur, If | selectCJ
in N, thenPbO1] | , C1, Ng , PbO1| l /C2 ., Ng .
simple words, we can say that the chmcesmust have
unequalkfficienciesior thedesiredoutcomes




(i) There must be ar _individual¥or a group which has some

difficulty or th_f_roblem
(i) Theremustbe someobjective($)to be attainedat If onewants
nothing,onecannothavea problem

() Theremustbe alternativemeans(or the coursesof action)for
obtaining the objective(s)one wishesto attain This meansthat
theremustbe at leasttwo meansavailableto a researchefor if he

“1 .‘r

hasno ?:’h()lceof meanshe cannothavea problem

(v) Theremustremainsomedoubtin the mindef a researchewith
regardto the selectionof alternatives This i},f%f?{eansthat researct
must answerthe questionconcerningthe relative efficiency of the

possiblealternatives

(V) There must be some environment(s)to which the difficulty
pertains




The foII0W|p_; pOInts may be nbservedby a researchernn
selectinga reSearchproblemor a subjectfor research

(1) SubjectWAhlch IS overdoneshouldnot be normally chosen,
for it will beadifficult taskto throw any new light in sucha
case

() Controversialsubjectshouldnot becomethe choiceof an
averagaesearcher

(i) ToO narrow or too vague problems should be avoided.

(iv) The subject selected for research Sa%f?%‘guld be familiar and
feasible so that the related research matetial or sources of
[ S e arCllY | ' N onNeos r



(v) The importanceof the subject,the qualificationsand the
training of a researchetthe costsinvolved, the time factorare
few othercrlterlath“ tmustalsobeconsideredn selectinga

LA
problem In Ither,s;;,;;'ords be_.ﬁ_re the final selection of a

problemis d ,a researchemust ask himself the following

A\ R 0
N Py sty

questions

(a) Whetherhe is well equippedin termsof his backgroundo
carryouttheresearch?

(b) Whe,.tl&erthe studyfalls within the budgethe canafford?

(C) Whetherthe necessancooperationcan be obtainedfrom
thosewho mustparticipaten researcrass,.j;%?a‘j;blects’?

If the answerso all thesequestionsarein the affirmative, one
may becomesure SO faras the practicability of the study is
concerned




prel|m|nar$*f;ffr~f?{;-‘tudy This may not be necessarywhen the
problemrequiresthe conductof a researcltcloselysimilar
to onethat hasalreadybeendone But whenthe field of
Inquiry is relatively new anddoesnot haveavailablea set
of vml! developedtechniques,a brief feasibility study
mustalwaysbe undertaken



half solved Thi‘sfstatemenslgn|f|esthe needfor definingaresearct
problem The problem to be investigated must be defined
unambiguouslhyfor thatwill helpto discriminaterelevantdatafrom
the irrelevantones A proper definition of researchproblem will

enablegi_'_}g researcherto be on the track whereasan ill -defined
problemmay: createhurdles Questionslike: What dataare to be
collectedAWhat characteristic®f dataare relevantand needto be
studiedWhat relationsareto be explored W'?};fatftechnlquesareto
be usedfor the purpose@andsimilar otherquestionscrop up in the
mind of the researchemno can well plan his strategyand find
answerso all suchquestionsonly whenthe researchproblemhas

beenwell defined







_,_Iem should be stated In a broadgeneralway, keeping
In view either s@me practical concernor. some scientific or intellectual
Interest For this'purpose the researchemustimmersehimself thoroughly
In the subjectmatterconcerningwhich he wishesto posea problem In case
of social researchijt is consideredadvisableto do somefield observation
andassuchtheresearchemayundertakesomesortof preliminarysurveyor

what is often called pilot survey Thenthe researchercan himselfstatethe
problem »he can seekthe guidanceof the guide or the subjectexpertin

accomplis ;i--"lngthls task Often, the guide putsforth the problemin general
terms,andit is thenup to the researcheto narrowit down and phrasethe
problem In operationalterms In case there is somedirective from an

organisationalauthority, the problemthen can be stafedaccordmgly The
problem statedin a broad generalway may contain various ambiguities
which must be resolvedby cool thinking and rethinking over the problem

At the sametime the feasibility of a particularsolutionhasto be considered
andthe sameshouldbekeptin view while statingthe problem

First of all the ¢

—Q A




The next steplriff,_f, 'flnlng theproblemis to understandts
origin and: %tureclearly The bestway of understanding
the problerms to discusst with thosewhofirst raisedit in
orderto find out how the problemoriginally cameabout
and with what objectivesin view. If the researchehas
statedthe problemhimself, he shouldconsideronceagain
all those points that induced him to make a general
statement concerning the problem For a better
understandingf the natureof the probleminvolved, he
can enter into discussionwith thosewho have a good
knowledge of the problem concernedor similar other
problems The researcheshould also keep in view the
environmentwithin Which the problemis to be studied
andunderstood




ilable Ilterature concé‘mmgthe problem at hand
essarilybe surveyedand examined before a
definition of theresearctproblemis given This means
that the researchemustbe well-conversantith relevant
theoriesn thefield, reports and records as also all
otherrelevantliterature He mustdevotesufficienttime in
revieWing of researchalready undertakenon related
problems This is doneto find out what dataand other
materials,if any, are availablefor operationalpurposes
i K n o wihat dataareavailableoften servesto narrow

the problemitself aswell as the techniquethat might be
usedo.




Discussio,g; ncernlnga problem often producesuseful
mformatlc)n {ff’i’anous new ideascanbe developedhrough
such an exercise Hence, a researchemust discusshis
problemwith his colleaguesandotherswho haveenough
experiencein the sameareaor in working on similar

prolg[gms This Is quite often known as an experience
survey




Finally, th@-—«d;esearchelmust SI’[ to rephrasethe research
problemint@ a working proposition Once the nature of

the

oroblemhasbeenclearly understoodthe environment

(wit
defi

nin which the problemhasgot to be studied)hasbeen
ned discussionsover the problem have taken place

i lhe available literature has been surveyed and

examlhed rephrasing the problem into analytical or
operational terms IS not a difficult “task Through
rephrasingihe researcheputsthe researckproblemm as

spe

cific terms as possible so that it may become

operationallyviable andmay help in the developmenof
working hypotheses



(&) Technicaltg, -msaridwords or ”;p’: f";raseswlth specialmeanings
used in thefStatementof the problem, should be clearly
defined

(b) Basic assumptionsor postulates(if any) relating to the
researchproblemshouldbe clearly stated

(c) A stralghtforward statemenbdf the valueof the investigation
(i.e.; @e criteria for the selectionof the problem) shouldbe
prowded

(d) The suitability of the time-period and t_;::-f;fééi‘sourcesof data
availablemustalsobe consideredy the researchem defining
the problem

(e) The scopeof the nvestigationor the limits within which the
problem is to be studied must be mentionedexplicitly Iin
definingaresearciproblem




Let us suppos%hat a”résearcrprob"lg min a broad generalway is as
follows: ;

n Whig produc‘twltyln Japanso muchhigherthanin | n d ilnatlos?
form the questionhasa numberof ambiguitiessuchas What sort of
productivity is being referredto? With what industriesthe sameis
related?With what period of time the productivity is being talked
about?In view of all such ambiguitiesthe given statementor the
guestionis much too generalto be amenableto analysis Rethinking

ussionsaboutthe problemmay resultin narrowingdown the
questionto;

n Wh &actorswere responsibleor the higherlabeur productivity of
J a p anmdufacturingindustries during the decade1971 to 1980
relativetol n d manofacturing ndust r+res ?o0

This latter versionof the problemis definitely animprovemenbverits
earlier versionfor the variousambiguitieshave beenremovedto the
extent possible Further rethinking and rephrasingmight place the
problemon astill betteroperationabasisasshownbelow:




fi Twhatextentdld;!f;\_’ourproductlvnyln 1971to 1980in Japan
exceedthat of Indiaiin respectol 15 selectedmanufacturing
industries ?Whidt: factors were responsiblefor the productivity

dn‘ferentlalsbef"""‘*?i’fieerthetwo countriesbyi ndustri es?

With this sort of formulation,the varioustermsinvolved suchas
Ol alpowrduc oOpwoduyditfifve rt e mMustdbd s
explamedclearly Theresearchemustalsoseethatthe necessary
';,,»_»\vallable In casethe datafor one or more industries
selectedare not availablefor the concerningtime-period, then
the saidindustryor industrieswill haveto be s,;;;};bstltutecby other
industry or industries The suitability of the time-period must
also be examined Thus, all relevantfactors must be considered

by aresearchebeforefinally definingaresearctproblem







condltlon” for coIIec:tlon and analysis of data in a
manner that aims to combine relevance to the
researchpurposewith economyin procedure.o

E In fact, theresearchdesignis the conceptuaktructure
yighin which researchs conductedit constitutesthe
bTHEprlnt for the collection, measurementand
analysis of data As such the design includes an
outline of whattheresearchewill dofrom writing the

hypothesisand itS " @perationalimplications to the
final analysisof data




More explicitly, the design decisions

happen to be in respect of:
E (i) What | isithe study @bout?
E (i) WhY is the study being made?
E (iii) Where will the study be carried out?
E (iv) What type of data is required?
E (v) Where can the required data be found?
Ei) What periods of time will the study include’
E (vii) What will be the sample design?

E (viii) What technigues of data collectlon will be
used?

E (ix) How will the data be analysed?
E (X) In what style will the report be prepared?
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the que"stﬁon of how many items are to be
observed and how the information and data
gathered are to be analysed; and

A (d)he o

perational design which deals with

the technigues by which the procedures
specifiedin the sampling, statistical and
observational designs can be carried out.






E Researc:hdeS|n IS needeﬁ becauseit facilitates the
smoothsailing of the variousresearctoperationsthereby
makingresearchasefficientaspossibleyielding maximal
iInformationwith minimal expenditureof effort, time and
money Just as for better, economical and attractive
constructionof a house,we needa blueprint (or whatis
commonlycalledthe map of the house)well thoughtout
andpPreparedoy anexpertarchitect,similarly we needa
researchdesignor a plan in advanceof datacollection
andanalysisior our researciproject ...

E Researchdesign stands for advance pfannmg of the
methodsto be adoptedfor collecting the relevantdata
andthetechniqueso beusedin their analysis keepingin

view the objectiveof the researchandthe availability of

staff, time andmoney
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vigans of obtaining information;

A (i) the é%;éilability and skills of the researcher
and his staff, if any;

A (iii) the objective of the problem to be studied;

A(lvmhe nature of the problem to be studied;

A (v) the availability of time and money for the
research work.



lentvariables: A concept
uantitativevaluesis called
AS suct "ceptsllke weight, height,
Ul examples of variables Qualitative
z@o; :the a trlbutes)arealsoquantlfledon the




Independent variables that
are not related to the purpose of the study, but may
affect the dependenvariable are termedas extraneous
variables Suppesethe resgarchen/vants to test the
hyoothes}a,_, that there ista relationship between
c hi | @ainsim sbsialstudiesachievemenandtheir
se f—concepts In this case selfconcept Is an
Independentariable and social studiesachievements
a dependentvariable Intelligence may as well affect
the socialstudiesachievementhut sinceit is notrelated
to. the purpose of the study undertaken by the
rese archerit will be termedas an extraneousvariable
Whatevereffect is noticed on dependenvariableas a
resultof extraneous/ariable(s)is technicallydescribed
asano e x p e r e me A stu@ymust alwaysbe so
designedahatthe effectuponthe dependentariable is
attributed entirely to the independentvariable(s),and

not to someextraneousariableor variables




One important characteristic of a
good research design is to minimise the
Influence ¢ erfeffect of Qextraneousvarlable(s)
The teghnicalterm 6 ¢'o n is used wben we
designithe study minimising the effects of
extraneous Independent variables In
experimentalresearchesthe term 6 c o n tsr
usedto referto restrainexperimentatonditions

K When the
dependent variable is not free from the
iInfluence of extraneous variable(s), the
relationship  between the dependent and
Independenariablesis said to be confounded
by anextraneousariable(s)




When a prediction
or a hypothesisedrelationship Is to be tested
oy scientific ethodsitiis termedasresearch
qypoth;;ls The research hypothesisis a
predictive. statement that relates an
Independenvariableto a dependenvariable
Usually a researchhypothesiamustcontain,at
Ie-,_slt one Independentand one dependent
vafiable Predictivestatementsvhich are not
to be objectively verified or the relationships
that are assumedut not to be tested,are not

termedresearcinypotheses




= /dependenlvarlables
termed oexper |



For instance,supposea researchemwants to study whether
Intelligenceaffectsreadingability for a groupof studentsand
for this purposehe.randomly selects50 studentsand tests
their intelligence @r geability by calculating the
coefficientof correlationbetweerthe two setsof scores This
is anexampleof norrexperimentahypothesigestingresearch
becausehereinthe independentariable, intelligence,is not
manipulated But now suppose&hat our researcherandomly
selectsb0 studentdrom a groupof studentsvho areto takea
coursein statisticsandthendividestheminto two groupsby
randomly assigning.25 to Group A, the usual studies
programme, and 25 10 Group B, the special studies
prog ?ammeAt the endof the course he administersa testto
eachgroupin orderto judgethe effectivenesf the training
programmeon the s t u d earfarmasicdevel. This is an
exampleof experimentahypothesigestingresearctbecause
In this casethe independentariable,viz., the type of training
programmeijs manipulated




In an
experimental hypothesistesting research
when a groupgi"—;  exposedo usualconditions,it
is termeda 6 ¢ 0 ngtr roolyt whenthe group
IS expos@;o somenovelor specialcondition, it
is termedané e x p er g me.unpha dbove
illustration, the Group A canbe calleda control
group and the Group B an experimentalgroup
If kath groupsA and B are exposedto special
studfesprogrammesthen both groupswould be
termedo e X p € r groupsolt i& possibleto
designstudieswhich include only, experimental
groups or studies which include both

experimentaandcontrolgroups




The different conditions under
which experg;;}ental and control groups are
put are us\ua»i%" referredto as6t r e atlme
the |IIust“?z-e,}'?%i§ff'0n taken above,the two treatments
arethe usualstudiesprogrammeandthe special
studies programme Similarly, if we want to
determine through an experiment the
’f‘-\_“f*aratlve Impact of three varieties of
fertilizers on the yield of wheat,i in.that casethe
three varieties of fertilizers will Ile treatedas
threetreatments



The processof examining the truth of a
statistical hypothesis,relating to someresearchproblem,
IS known as an experiment For example,we can conduct
an experimento@xaminethe §sefu|ness3f a certainnewly
developeddrug  ExperimentScan be of two types viz.,
absolute eXperimentand comparativeexperiment If we
wantto de‘termlnethelmpactof afertilizer ontheyield of a
crop, it is'a caseof absoluteexperiment but if we wantto
determinethe impact of one fertilizer as comparedto the
Impactof someotherfertilizer, our experimenthenwill be
termedas a comparativeexperiment Often, we undertake

mparative experimentswhen we talk of designs of

The pre-determined plots or
the blocks, where different treatments are used, are
knownas experlmentaUnlts Suchexperimentalinits must
be selecteddefined)very carefully.







cies Exploratory research studies
are also term;jf_,vf las Formulativeresearchstudies
The maii

il purpose of such studies is that of
formulating a problem for more precise
Investigation or of developing the working
hypothesefrom anoperationajpoint of view.

Ggmerally the following three methodsin the
context of researchdesign for such studiesare
talkedabout o

A (a) the surveyof concerningiterature:';""}fﬁq' 

A (b) the experienceurveyand

A (c) theanalysisof 6 I n ssit g hntu bExamples g 6




Analysis of 6 1 n ssitgihntu | examplesg o
alsoa fruitful._ methodfor suggestinghypotheses
for researchit is particularly suitable in areas
where there IS little experienceto serve as a

guide &

This method consistsof the intensive study of
selectedinstancesof the phenomenonn which
one Is interested For this purposethe existing
records, If any, may be examined, the
uﬁg«tructuredmterwewmg may take place or
someotherapproacimay be adopted Attitude of
the investigatorthe intensityof thestudyandthe
ability of the researcheto drawtogetherdiverse
Information Into"a unified Iinterpretationare the
main features'which make this method an
appropriatgrocedurdor evokinginsights




Descriptive: f___‘.,,searchstudles are those studieswhich are
concerned:With ‘describing the characteristics of a
particular individual, or of a group, whereasdiagnostic
researclstudiesdeterminghefrequencywith which

somethingoccursor its associationwith somethingelse

The studies concerning whether certain variables are
assggiatedire examplesof diagnosticresearctstudies As

againstthis, studieseconcernedwith specific predictions,

Wlth narration of facts and characteristicsconcerning
individual, group or Ssituation are all  examples of

descrlptlve researchstudies Most of the social research
comesunderthis category From the point of view of the

researchdesign, the descriptive as well as diagnostic
studiessharecommeonrequirementsand as suchwe may
grouptogetherthesetwo typesof researclstudies




Hypotheslstest[;-:éjg reseafch studies (generally
known as. f,,,;;fperlmentalstudles)are thosewhere
the researchertests the hypothesesof causal
relationships between variables Such studies
requireprocedureshat will not only reducebias
and i in creasereliability, but will permit drawing

inferencesabout causality Usually experiments
meet this requirement Hence wh:__,,...ﬁ.;_f;n;;.;we talk of

researchdesignin such studies,we often mean

the designof experiments




Professor RA. Fi1 s h eaam@ sis associated with

experimentatlesignsBeginningof suchdesignsvasmade
by him whenhewasworking at Rothamstedexperimental
Station(Centrefof Agricultural Researchin England) As
such the study of experimentaldesignshas its origin in

agriculturalfesearch

ProfessorFisherfound that by dividing agriculturalfields
or plots into different blocks and then by conducting
experimentsn eachof theseblocks, whatevennformation
is collectedandinferencesrawnfrom them ,happendo be
more; eeliable This fact inspired him to develop certain
expefimental designsfor testing hypothesesconcerning
SC|ent|f|cmvestlgatlonsToday,theexper|mentade5|gns
are being used in researcheselating to phenomenaof
severaldisciplines Since experlmentaldeS|gnsor|gmated
In the context of agricultural operations,we still use,
thoughin a technicalsense severalterms of agriculture
(suchastreatmentyield, plot, block etc) in experimental
designs
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0




According to the Principle of Replication, the
experiment should be repeatedmore than once Thus,
each treatment s applied in many experimental units
insteadof one By doing so the statisticalaccuracyof the
experimentas increasedFor example,supposewne areto
examinethe effectof two varietiesof rice. For this purpose
we may divide the field into two parts and grow one
variety in one part andthe othervariety in the other part
We canthencomparethe yield of the two partsand draw
conclusion on that basis But if we are to apply the
pringiple of replicationto this experiment,then we first
divideithe field into severalparts,grow onevariety in half
of thesepartsandthe othervariety in the remainingparts
We can then collectthe dataof yield of the two varieties
anddraw conclusionby comparingthe same Theresultso
obtained will be more reliable in comparisonto the
conclusion we draw without applying the principle of
replication The entire experimentcan even be repeated

severakimesfor betterresults




The Principle of Randomizationprovidesprotection,when
we conductan experiment,againstthe effect of extraneous
factors by randemization In other words, this principle
Indicatesthat we'should designor plan the experimentin
sucha Way,_thatt:% € variationse ausecby extraneougactors
canall beg ]_,,_‘mblnedunderthegeneralheadlngof nchaonc
For instangeif we grow onevariety of rice, say,in the first
half of the partsof afield andthe othervarletyls grownin
the other half, thenit is just possiblethat the soil fertility
may be differentin the first half in comparisorto the other
half. Ift hisis so,ourresultswould not berealistic In sucha
sittation,we may assignthe variety of rice to be grown in
diffegent parts of the field on the basisof somerandom
sampling technique i.e;, we may apply randomization
principle and protect ourselvesagalnstt,gte.-x..effects of the
extraneousfactors (Soil fertility differencesin the given
case) As such,throughthe applicationof the principle of
randomization,

we canhavea betterestimateof the experimentakrror.

S
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The Principle of Local Control Is another important
principle of experimentadesigns Under it the extraneous
factor, the <nowji"*§sourceof,varlablllty, IS madeto vary
del|beratelyove'r;f-és;i,s wide a ra@nge as necessaryand this
needso bedonein sucha Waythatthe variability it causes
can be measured and hence eliminated from the
experimentalerror. This meansthat we should plan the
experimentin a mannerthat we can perform a two-way
analysisof variancein whichthetotal  variability of the
data ¥s. divided Into three components attributed to
treatrﬁents(varletles of rice in our case),the extraneous
factor(soil fertility” In our case jandexpesimentaerror* In
otherwords,accordingto the principleof local control, we
first divide the field into several homogeneousparts,
kKnown as blocks,andtheneachsuchblock is divided into

partsequalto the numberof treatments




(a) Informal experlmental deS|g ns:

(1) Beforeandafter without control design.
(i) After-only with control design.

(i) Before-anaafter with control design.
(b) Formal experimental designs:

(i) C"_"“",_é"")_;;pletely randomized design (C.R. Design).
(i) Randomized block design (R.B..Design).
(i) Latin square design (L.S. DeS|gn)

(iv) Factorial designs.




! v
In such @deagna single test group or areais
selectedand the dependentvariableis measured
before the introduction of the treatment. The
treatment s then introduced and the dependent
variable Is measuredagain after the treatment
hasbheenintroduced The effect of the treatment
would be equalto the level of the phenomenon
after the treatment minus the level of the
phenomenonbefore the treatment The design

canbe representedthus:




Testaey  Lewelofphenomenon  Teafment  Levelof phenomenan
before reafment (X) nmduced  aftertreatment (Y]

—

Tegment Efet= (Y- 1




2. After-onlyawith control design:

I dlCc

Testaeg  Treaiment infroduced Level of phenomenan after
treatment (Y)

Control area: : Level of phenomenan without
{reatment (Z)

Treatment Efct= Y) - 2




The basicassumptionn sucha designis thatthe
two areas arﬁ |dent|caIQW|th respect to their
behaviogitowardsthe phenomenomonsideredif
this assumptions not true, thereis the possibility
of extraneouwvariationenteringinto the treatment
effect However,datacan be collectedin sucha
designwithout the introductionof problemswith
th@ )assaget time. In this respectthe designis
superior to  beforeandafter W|thout control
design




In this desig
dependent,, % '
variableis measuredn boththe areador anidentical

time-period before the treatment The treatmentis
then introduced into the test area only, and the
dependentvariable IS measuredin both for an
|denf’-f":'_,\(l time-period after the introduction of the
treatment The treatmenteffect is determined by
subtractingthe changein the dependentariablein
the control areafrom the changein the dependent
variablein testarea Fhis designcanbe shownin this
way.

0 area,sﬁare selected and the




Time Period | Time Penod |

Testares:  Levelofphenomenon  Treamment  Level of phenomenan
pefore reatment () infroduced afterfreatment (Y)

—
Control area:  Level of phenomenon Levef of phenomenan
Without treafment Without treafment
A 1

Treatment Eflect = (Y - X)-(Z- A




_J,;,IS superlorto the abovetwo designs
for the S|mp|e reasonthat it avoidsextraneous
variation resulting both from the passageof
time andfrom noncomparabilityof the testand
cormpl areas But at times, due to lack of
historical data, time or a comparablecontrol
area,we shouldpreferto seIecto’};j;;f;;;f;of the first
two informal designsstatedabove

A
Thisde S




Involves only two pr,;; Clp|eSVIZ prmuple of replicationand the
principle of raggomizationof experlmentalde5|gns It Is the simplest
possibledesignanditsiprocedureof analysiss alsoeasier The essential
characteristicof the designis that subjectsare randomly assignedto
experimentaltreatments(or vice-versa) For instance,if we have 10
subjectsand if we wish to test 5 under treatmentA and 5 under
treatmentB, therandomizatiorprocesgjivesevery possiblegroupof 5
subjectsselectedfrom a set of 10 an equal opportunity of being
assigpedo treatmentA-andtreatment8. Oneway analysisof variance
(or ofgway. ANOVA) Is usedto analysesucha design Evenunequal
replicationscan alsowork in this design It providesmaximumnumber

of degree®f freedomto the error Sucha designis generallyusedwhen

experimentalareashappento be homogeneoustechnically, when all

the variationsdueto uncontrolledextraneousactorsareincludedunder
the headingof chancevariation,we referto the designof experimenias
C.R. design




’ﬁ;j‘.f,psmplerandomlze( esign first of all

the population is defined and then from the
populationa sampleis selectedrandomly Further,
requirementof this designis that items, after being
sele.»v;-vt‘;d randomiy from then population, be
hly assignedto the experimentaland control

randof
groups (Such random assignmentof items to two
groups is technically described as prlnc:lple of
randomization) FAUS; this designyields two groups
as representative®f the population In a diagram
form this designcanbe shownin this way:.
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The limitation of ‘t two groupfandomizediesignis usually
eliminated. within ‘the randomireplications design In the
llustration jtist cited above, the teacher differenceson the
dependem‘/arlablewere|gnored I.e., the extraneousariable
was not controlled But in a randomrepllcatlonsde5|gn the
effect of such differencesare minimised (or reduced)by
providing a number of repetitionsfor eachtreatment Each

repetition is technically called a 6 r e p | i Raadom o
replicgtion design Serves two purposesviz., it provides
controls for.. the differential effects of the extraneous
Independent variables and secondly, it randomizes any
individual differencesamongthoseconductingthe treatments
Diagrammaticallywe can illustrate the randomreplications
designthus
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IS an |mprove:nbvertheC R. de5|gn In the R.B. designthe principle
of local contrdlican be applied along with the other two principles of
experimentaldesigns In the R.B. design,subjectsarefirst divided into
groups,known:as blocks, suchthat within eachgroup the subjectsare
relatively homogeneousm respectto some selectedvariable The
variableselectedor groupingthe subjectsis onethatis believedto be
related to the measuresto be obtainedin respectof the dependent
variable - The numberof subjectsan a given block would be equalto the
numlﬁ@}@f treatmentsandone subjectin eachblock would be randomly
assignedo eachtreatmentln generalblocksarethe levelsat which we
hold the extraneoustactor fixed, so that its contribution to the total
variability of datacanbe measuredThe main featlreof the R.B. design
IS thatin this eachtreatmentappearshe samenumberof timesin each
block The R.B. designiS analysecy the two-way analysisof variance

(two-way ANOVA) technigue
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If each student separately randomized the
orderin whtos;.,_he or shetook the four tests(by
using random numbérs or some similar
devme)’%ve refer to the design of this
experimentasa R.B. Design The purposeof
this randomizationis to take care of such
possibleextraneoudactors(say as fatigue) or
pe*j_;:éapShe experiencejainedfrom repeatedly

takingthetest




IS an expeti .,entaide5|gn very! ?requently used in agricultural
researchTheeonditionsunderwhich agriculturalinvestigationsare
carriedout aredifferentfrom thosein otherstudiesfor natureplays
an importantrole in agriculture For instance an experimenthasto
be made through which the effects of five different varieties of
fertilizers on'the yield of a certaincrop, saywheat,it to be judged
In sucha casethe varying fertility of the soll in different blocksin
which-the experimenthas to be performed must be taken into
coﬁi;,_eraﬂon otherwise the results obtained may not be very
depéhdablebecausethe outputhappendo be the effect not only of
fertilizers, but it mayalsobe the effect of fertility. of soil. Similarly,
there may be impact of varying seedson the yield. To overcome
suchdifficulties, the L.S: designis usedwhenthere are two major
extraneousfactors such as the varying soil fertility and varying

seeds
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Factoriak; ,,‘eS|gnsare usedin experimentsvhere

the effecisof varying morethanonefactor areto
be determined They are specially important in
several economic and social phenomenawhere
usually a' large number of factors affect a
particular problem Factorial designscan be of
twaltypes

(i) simplefactorialdesignsand

(i) complex factorial designs We ‘take them
separately



In case@f SImplefactorlpal designswe consider
the effects of varying/ two factors on the
dependentariable, but when an experimentis
done with more than two factors, we use
complex' factorial designs Simple factorial
deS|gn|s also termedas a 6 t Afaotorfactorial
di® s i gheréascomplex factorial design is
knownas6 mu | t - fatctarralld&mgnoSlmple
factorial designmay either be a2 x 2 simple
factorialdesign,or it may be, say, 3 x40r5x3
or the like type of S|mplefactor|al design We

lllustrate somesimplefactorial designsasunder




2 % 2 SIMPLE FAL

TORIAL DESIGN
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In this designthe extraneouwsariableto be controlledby homogeneitys
called the control variable and the independentvariable, which is
manipulated,is called the experimentalvariable Then there are two
treatmentsof the experimentalvariable and two levels of the control
variable As suchthet@are four cellsinto which the sampleis divided
Each of theifour combinationswould provide one treatment or
experimentaligendition  Subjects are assignedat random to each
treatmentin the samemanneras in a randomizedgroup design The
meansfor different cells may be obtainedalong with the meansfor
differentrows andcolumns Meansof different cellsrepresenthe mean
scoresfor the dependentariable and the column meansin the given
designaretermedthe maineffectfor treatments without taking
Into accountany differential effectthatis dueto the level of the control
variabl@Similarly, the row meansn the saiddesignaretermedthe main
effectsfor levels without regardto treatment Thus, throughthis design
we canstudythe maineffectsof treatmentaswell asthe main effectsof
levels An additionalmerit of this designis that one can examinethe
interactionbetweentreatmentsand levels, throughwhich one may say
whetherthe treatmeniandievels are indepenaenpf eachother or they
are not so. The following examplesmake clear the interaction effect
betweentreatmentsandlevels Ihe dataobtainedin caseof two (2 x 2)
simplefactorial studiesmaybeasgivenin Fig.




STUDY | DATA

Traiming
Treatrment Treatment Row
A B Mean
Control Level | (Low) 15.5 233 19 4
(intelligence) | | et 11 (High) 35.8 302 33.0
Column mean 25.6 267
STUDY Il DATA
Training
Treatment Treatment Row
By B Mean
Control Level | (Low) 10.4 206 15.5
(Intefligence) | | cvet 1 (High) 30.6 40.4 355
Column mean 20.5 305
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The graphrelatingto Study | indicatesthat thereis an
Interactionbetweenthe treatmentandthe level which, in
other words, meansthat the treatmentand the level are
not |ndepende,),;of each other The graph relating to
Study Il showsthat thereis'no interactioneffect which
meanshaftreatmentndlevelin this studyarerelatively

Independentf eachother

The 2 x 2 designneednot be restrictedin the manneras
explainedabovei.e.,, having one experimentalvariable
andone controlvarlable but it may also be of the type
hawing two experlmental variables or two control
vatiables For example,a college teachercomparedthe
effectof the classsize aswell asthe introductionof the
new instruction technigueon the learning of research
methodology ForthiS purpose he conducteda study
usinga 2 x 2 simplefactorial design His designin the
graphicform would be asfollows:
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There ar@@everal researchx eS|gnsand the researcher
mustdecidein advancef collectionand

analysisof dataasto which designwould proveto be
moreappropriatdor his researciproject He

mustgive dueweightto variouspointssuchasthetype
ofitmiverseandits nature the objectiveof his

AN -.‘,.

study the resourcelist or the samplingframe, desired
standardf accuracyandthelike whent: kmg a

decision in respectof the design for ‘his research
project










ple ,,,‘,_;S|gn|s a deflglte plan for obtaining a
sample from a 'given population It refers to the
techniqueor the procedurethe researcherwould
adopt in selecting items for the sample Sample
designmay aswell lay downthe numberof itemsto
beincludedin the sample: .e., the sizeof the sample
Sample design is determined before data are
collected There are many sample designs from
which a researcheican choose Some designsare
relatively more precise and easierto apply than
others Researchermust select/preparea sample
designwhich shouldbe reliable and appropriatefor
his researclstudy







The first: stepin: developing any
Sample design I1s to: clearly definestie Set of objects,
technicallycalledthe Universe to bestudied Tihe universe
canie finite orimiinite. In fml_te universethe numberof
items Is certaln But in caseor an infinite universethe
numberof: %mss Infinite, I'€.;" Wwe cannothaveany idea
aboutthe total numberof iterms The populationof a city,
the numberof workers in a factory and the like are
examplesof finite Universeswhereasthe numberof stars
I the sky, listeners of a specific radio programme,
thro_,_\ Ingof adiceete areexamplesf infinite universes

(Ir) “ ARUECISIONhasto be taken concerning
pllng UnitSEiokesSelecting sample Samplingunit
| @ z,,|str|ct V|Ilage

uly@oec an individual: The researchewnl haveto deC|de
r more of suchunits that he hasto selectfor his

study



