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21.0 LEARNING OUTCOME

After studying thisUnit, you should beadeto:

e Understandthe conceptsof survey research and computer smulation,
e Discussthemethodsd collectingdatathroughsurvey research;

e Explanthestrengthsand weaknessesd differentsurvey methods;

e Destribethewaysd conductingcomputer simulations; and

¢ Highlight theadvantagesand disadvantagesof computersmulation,

211 INTRODUCTION

The present day society isan informationsociety. Thissociety needsinformation on needs,
preferences, and behaviour. Thegovernment, business, and social i ngtitutionsal soneed information
sothat they can meet the preferencesand expectationsd individual s.In thiscontext,information,
as processed data, is essential asan aid to decision-making. Thedata can beeither gathered
through surveysor generatedthrough computer simulation. -
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ThisUnit providesclear understandingon how to collect datathrough surveysand computer
simulation. For this purpose, chooseamethod on thebasisd the naturedf population and its
needs, and assessthelimitationsd datacollection. Thecomputer Smulaionsare useful toundersand
the system that hel psin decision-making process. You mey prefer to usecomputer simulations,
particul arly when themethodsd mathematical optimisation proceduresarecomplex. You will
learn amore detail son thesetopics in therest of thisUnit.

21.2 SURVEY RESEARCH

Survey researchisthemethod of collectingdatafromasampled respondents,that is, representative
o atarget population.Itisoneof themast common types d soda reseerchfor collectingquantitetive
data. Thesurvey isintended to represent characteristicsor perceptionsd atarget population. It
consistsof dl objects, individuas,or socid units. For example, toknow theenvironmentd effects
of an industry inaparticularlocation, thetarget populationmey consgstd all theindividuasliving
in and around that industrial area. Similarly, to know the peopl€'s opinion on constructionof an
irrigation project the target populationmay consist of thepotentia beneficiariesof the proposed
project and those who arelikely tolooseland or get displaced. Therefore, the target popul ation
must beclearly defined.

For avariety of reasons,it may not bepossblefor ustodlicittherequiredinformationfrom the
whole population. | n such cases, we may useasamplethat representsthe,target population. A
sampleisafractiondf populationselected todicittheinformation about the popul ationasawhole.
For example, asampleaof prospectivevotersisquestionedin advanceto determine the public
opinionon thecandidatesor parties contesting thed ection. Similarly, thegovernment may seek
the opinion of peoplethrough asamplesurvey for evauatingthe present or proposedlegislation.

21.2.1 Typesof Survey

Normally, beforeconducting asurvey oneshould decideasto how theresultswould beused. That
is, whether thesurvey collectsdataat asinglepoint of timeor over aperiod of time, Thefirsttype
of survey iscalled cross-sectiond survey, and thesecond onelongitudind survey,

i) Cross-Sectional Survey

Cross-sectional survey is used to gather dataon asingle popul ationor severa populationsat a
singlepoint of time. Thecharacteristicsof these populationscan be examined on the basisof a
number of factors. For example,if acity council isbringinganew legidationon road safety, it may
want to know the opinionof peoplebeforethe new policy.is implemented. Therefore, it may
conduct across-sectional survey among thecity citizens. The populationgroupsfor thissurvey
may consistd heavy vehicledrivers, light vehicledrivers, cycleand auto-rickshaw drivers, and
pedestrians. The factorscould be perceptionson speed limits, typeof punishmentfor road safety
ruleviolators,and how the money generated through finesshould be spent. Onemay alsodivide
thepopulationon thebasisof theirincome, educational qualifications, age, etc. and analyse their
opinions.

i) Longitudinal Survey

Longitudinal survey gathers data on a particular population over aperiod of time to permit
comparisons. For example,if thegovernmentisintroducinganew policy onelectricity billing, bill
distributionand collectioninadity, it may conduct theopinion survey of itspeoplebeforeand after

introductionaf new policy. Thelongitudinal survey canfurtherbedividedintotrendstudies, cohort
studies, and pandl studies.
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e TrendStudies

Thetrend studiesaim at collection of dataat regular interva sthrough repeated surveys, such as,
surveyson unemployment, poverty, consumer prices, etc. Whilesamples areof thesame population
they aretypically not composed of thesame people. Trendstudies, may beconducted over along
period of time. Theresearcher cancombinedatafrom several studiesof the same population in
order to show the trend(s).

e Cohort Studies

Cohort studies al so focus on a particular population or sub-groups of apopulation. They are
sampled and studied morethanonce, but thesestudieshaveadifferentfocus. They study agroup,
which hasexperienceof anevent or aprogrammeor scheme. For example, asample of students
who havecompleted master's degreein Public Policy in 2006 canform acohort and could be
questioned regardingthedtility of theprogramme intheir respectiveprofessions. Fiveyearslater
adifferent sampleof thestudentswho havecompleted their master's degreein PublicPolicy in
2006 can be studied to seeany changesin their perceptions. Therefore, acohort study would
samplethesame population at different pointsof time. Suppose, if you study thestudentswho
havecompletedtheir master's degreein 2008 then it becomesatrend study and not cohort study.

e Pand Studies

Panel studiesaresimilar tocohort studies,except that thesameindividual sareinterviewedineach
period, whereasin cohort studiesonly arandom sampleof thesamegroup (year, age, income,
etc.)isstudied. InPanel studiesthesameset of individual sservethecontrol functionover aperiod
of time, whereasin Cohort analysis random sampling i sassumed to serve as control function,
assuringsimilarity of aCohort by age, education,gender, efc. as it ismeasuredin successivetime
periods. For exampl e, select asampl eof votersand ask themabout their affiliation to political
parties. Every year thereafter, theresearcher would contact thesame votersand ask them similar
guestions, and ask them thereasonsfor any changesin their preferences.

The Cohort studies measure net changes over time, whereasthe Panel studies measure gross
changesover time. For example, many votersswitchtheir party identification jn agiven period of
timeand it doesnot takeinto account the new votersto measurethe net effect. Panel studiescan
yieldspecificinformationandextremely useful explanations. But they aredifficulttoconduct.. They
tend to be expensive; they takelot of time and suffer from attrition rates (attrition occurs when
peopledropout of thePanel Study).

21.2.2 Survey Methods

Broadly speaking, therearefour methodsof conductirigsurvey for collecting data: (&)in-person
interview, (b) telephonesurvey, () mail survey, and (d) internetsurvey. Each of thesemethodshas
particular advantagesanddisadvantages. Thechoi cedf aparticular survey methodfor datacollection
should bejustified by itsadvantagesand di sadvantagesinthecontext of the purposefor which a
survey isbeingconducted.

i) In-person|nterview:Basically therearethreeapproachesto collect datathrough in-person
interviewing: (i) informal conversational interview, (ii) general interview-guideinterview, and (iii)
standardised format interview.

Theinformal conversational interviewrelieson spentaneous questionsarising fromthe natural
flow of conversation. During thiskind of interview, therespondents may not even know or realise
that they are beinginterviewed. Theadvantage of thismethod isthat it allowsthepeopleto
respondtoindividual and situational differences. Thequestionscan be personalised in Focusand
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thecommuni cationwoul d be non-threatening, Thedisadvantageof theinformd interview isthat it
" requiresagreat ded of effort and timeto collect theinformationsystematically. Thereisalways

scope to misssomeimportant datasinceduring theconversation uniform questionscannot be

covered. Also, thequdity of thedatadependson theskillsaf theindividual investigator.

Beforeinterviewingtherespondent, aninterview-guidei sptepared that containsissuesor questions
to beasked duringtheinterview. It ensuresthat thedatai scoll ected on thesame issues. Theguide
provides basic topicsor subject areaswithin which theinvestigator isfreeto probeand obtain
information on thesubject. Themain advantageof theinterview-guidemethodisthat it ensures
that investigator usesthelimited timeavailablein the best possiblemanner. Theinterviewwill be
more Systematic and comprehens vewithfocused discussion. Thismethodisespecially useful for
groupdiscussions, wheretheinterview-guidekeeps the discussionfocused, but a thesametime
alowstheindividual perspectivesto beidentified. Therearesomedisadvantagesof thismethod.
Although, thismethod overcomesthe deficiency o omittingimportantissuesas ininforma interviews,
gtill it can inadvertently omit afew importantissues. | nthismethod, theinvestigator can sequence
the questions in hisown way or use hisown wordsin putting questions, which may often be
. misunderstood by therespondentsand lead toinconsistenciesin responses. Also,thereliability of
the datagrestly dependsontheskillsof theinvestigator.

When the data needsto be compared and usedfor further statistical analysis, thedatashould be
collected usingastandardisedformat. In thismethod, each respondent i sasked essentially the
same questions. Theformat can contain open-ended questions or closed-ended gquestions or
both. Thequestionsaresequencedas theinvestigator asks them. The advantaged the standardised
format interviewisthatit minimises investigator'shiashy standardising thequestionsbeingasked
o each respondent. Theinterview i ssystematic and datacomparisons becomeeasier. Also,
questionswill behighly focused and reducesthetimeduration of theinterview.Thismethod has
onedisadvantage. Themethod does not alow theinterviewer to pursueissuesthat may emerge
duringtheperiodof interview.

Generally, thein-personinterviewsarethemost expensiveform of survey research. However, the
responseratesarevery high and theresearcher obtains moredetailed datathrough thismethod.
Also, in-personinterview methodsneed larger and highly trained personstocollect thedatawhen
compared with other methods. Theinvestigator's personal biasal soformsoned thedrawbacks
o thismethod. A number of sampling methodsareusedto draw samplesfrom popul ation under
study. Wewill discussthese methodsin section 21.2.4of thisUnit.

i) TeephoneSurveys. Telephonesurveysoffer acomparatively fast and low-cost alternativeto
in-person interviewsand are particul arly useful when the popul ation islargeand geographically
dispersed. Oneof thedrawbacksof thismethod isthat itislimited to personswith telephones.
Also,if thetelephonebook i sused asthesourceof names, personswho havetelephonesbut their
namesarenot listedin thebook areomittedfrom drawingsamplesfor surveys. Another major
disadvantageisthat many people are switchingover themobilephones, whichispresentedin Unit 24.

Todraw asampleofrespondents, theinvestigator startswith asampling frame containing phone.
numpérs, choosesone unit from thisframe, and conductsan interview over thetelephone, either
with aspecific person a thenumber or anyoneavailableat that number. Thisprocessiscontinued
till al thesampleunitsinthe sampling frameareinterviewed. Another techniquecalled random-
digit dialing permits tel ephonecallsto be made within specificgeographi c areaswithout theneed
for thelist of telephonenumbers.However, thedrawback of thismethod isthat theinterviewer
dials a number nat knowing whether theredefinitely existsalive connection & that number, or
whether itisabusness: hospita or household. It isalwaysbetter to combinethese two methods.
Firg, theinterviewerusesrandomdigitdialingto prepareaninitial list of randomnumbers. Using
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arandom number mechanism (wewill discuss random numbers in section 21.2.50f this Unit),
telephonenumbersarethen taken from thislist to produceafinal setfor the sampleto becovered.
Thegreatest advantageof tel ephonesurvey isthat itistimely and costslesst han in-personinterviews.
But thedisadvantageisthat thetel ephonesurvey requiresseveral interviewersto maketel ephone
calsif thesurvey isto becompleted within a reasonabl e time period. Thesedays most of the
commercia firmsusetelephoneto conductsurveys. Properly conductedtelephone surveysyield
high response rates. However, theinterviewer should keep the number of questions to beasked
to theminimum and simple. Researchersgenerally believethat they get the best responserate
through in-person interviews. But studiesshow that the response rates have been declining
pa ticularly from urban areas and with high-incomegroups. Studies have shown that telephone
interviewsyield about as representativeasampleas in-personinterviews.

iii) Mailed Survey:In thismethod apre-designed questionnaireis mailed to the respondents,
who areexpected to compl ete and return thequestionnaire. The main advantageof mailed survey
isthet itissubstantially lesscostly than both in-person and tel ephonesurveys. In order toimprove
the responserate, thequestionnairei sdevel opedwith closed-ended questions that make thedata
analysisrelatively simple and quantifiable. Responses can bedirectly compared and easily
aggregated. Itiscommonly observed that the responseratesin mailed surveysarelow. A high
non-responserate sometimesresultsin non-representativesample. The non-response rates can
betaused by many factors, whichincludenon-availabilityof respondents, or refusal to participate
in thesurvey. A variety of techniquescan be used to improvetheresponserate. For example, a
follow-upof themail canimprove theresponserate. Also, thequestionnaires that arebrief are
more likely to be completed. Somekind of attraction can‘be made to get the attention of the
respondentstofill and return thequestionnaire. For example, the questionnairecan havecopy of
an introductory letterfrom a prominent person, and respondentscan begiventoken gifts. Another
disadvantaged mailed questionnairesi sthat the respondentscannot fit their experienceand views
in thepre-determined categories, Thiscan distort what the respondentsreally mean by limiting
their choices. To partially overcomethesedifficulties, open-ended questions are often added to
thequestionnaires. Again open-ended questionsaregenerally of limited valueon mail survey
becausethey dependentirely on therespondentto answer fully and do not provide an opportunity
to probeor clarify unclear answers.

iv) Internet Survey: A morerecentinnovationin survey research methodsistheuseof Internet
technology. Therearetwowaysof contactingrespondentsthrough Internet. First, theresearcher
canmail thequestionnaireusing e-mail facility Inthismethod, you needtocollect all thee-mail
addressesto which you intend to mail thequestionnaire. In the second method, the researches
simply poststhe questionnairein aweb page with a request to the respondentstofill them. The
respondents who access that web page download the questionnaire and send thefilled-in
questionnaire usingeither e-mail facility or postal mail. Therespondentscan al sosendtheir responses
by smply fillingthequestionnaireon-line usingthe web page.

Thelnternetsurveyssubstantially reduce thecost andtimeof thesurveys. Themajor limitationof
thelnternet mailsisthatthe popul ationwhom thelnternet survey isaimed at should havelnternet
connectivity. Otherwise, thereisathreat for sampling bias. If thetarget population consistsof
computer users, thesamplingbiasmay beminimal. Therefore, thelnternet surveysareideal for
collectingdatafrom networked peopleand withe-mail addresses.

21.2.3 Questionnaire-Design

A questionnairei saformatcontai ning questionsarranged in asequenceto elicit information from
therespondents. A questionnairecan beusedfor in-personinterviews, or mailed surveys or Internet
surveys. Inaway, thequestionnaireistheheart of thesurvey research. Theresearcher shouldbe
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clearin his/her mind what information is needed and from whom? This iscrucial whether the
guestionnaireisadministered by theinterviewer or mailed or posted inaweb page. Also,provide
sorne introduction describing the natureof the questionnaireand the objectivesof thesurvey.
Mailed surveysand Internet surveys should havea brief attachmentintroducingthesurvey and
requesting the cooperation of the respondent infilling thequestionnaire.

Typesof Questions: Each question or set of questionsshould bedesignedand carefully worded.
They should haveclear instructionson how therespondentshavetofill theanswers. For example,
"What difficultiesareyoufacingin your business?Check the reason that appliesin your case.",

Closed-ended questionslimit the respondent'sanswers to thesurvey. The respondentsareallowed
to choosefrom either apre-existingset d dichotomousanswers,such as, Yes/No, True/False, or
multiple choice responses with an option for 'other’ to befilled inor ranking scale response
options(like very important, somewhat important, not tooimportant, not at all important). The
following are someexamplesof closedended questions.
)  Educational Qualifications:

a) Iliterate

b) Below matriculation

o  Matriculationand above, but below graduate

d) Graduate and above

iy Which TV channd would you generally prefer:

a) Sports

b)  Entertainment/music/movies
c) News

d) Spiritud

€)  Other (pleasespecify)
i) Theimost importantproblem that our countryisfacinginthecurrent year is(rank
theimportanceadf each of thefollowing reasonsyou per ceivestrongly):

| strongly | somewha | have no | somewhat | strongly

agree agree gpinion disagree disagree
Poverty ¢ ) « « ¢ ) « )
Population ¢ ) ¢ C ¢ ) ¢ )
Corruption ¢ ) ¢ ) « ) ¢ ) ¢ )
Terrorism (G « ) ¢ ) (G « )
Titeracy ¢ ) ¢ ) ¢ ¢ ) « )
Employment ¢ ) ¢ ) ¢ ) ¢ ) ¢ )

Theadvantaged closed-ended questions i Sthat they aremoreeasily analysed. Theresponseto
every answer can bequantifiedby assigningapre-coded number so that statistical andysisbecomes
easier. Sinceclosed-ended questions aremorespecificand convey similar meaning. They facilitate
comparisons of responses. Thetimetaken by arespondent or interviewerislimited. Because of
this reason, the responseratesare higher insurveysthat useclosed-ended questionsthan open-
ended questions.

Theadvantage of open-ended questionsisthat they allow respondentsto includemoreinformation,
includingfeelings, attitudesand understanding of thesubject. However, theresponseratesmay not
be encouraging when open-endedquestions are used.
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Wording: Thewordingof survey questionsisatricky one. Itisdifficult todevel op questionswith
proper wordsthat convey samemeaning between the researcher and the respondents. Towrite
fectively communi cating questionsthe researcher should keepin mindthefollowing:

e Questionsshould bewrittenin smplelanguage and avoid compl ex or long-winding sentences.
e Questionsshould bekept shortand simple.

e Questionsshould bespecific and focused. Avoidgeneral questions.

e Avoidquestionsthat aresensitiveand hurt thefeelingsof respondents.

Order of Questions: Thesegquenceof questionsisanother important considerationin devel oping
aquestionnaire. Thefollowing pointsshould bekeptin view:

e Easierquestionsthat therespondentfeel sthat he/she can respond should beat thebeginning.
For example, you can put questionslikename, age, qualifications, sex, etc. at the beginning of
thequestionnaire.

e Sensitivequestions(if any) should beavoided at the beginningof thequestionnaire.

e Donot put mostimportantquestionsat theend d thequestionnaire.Many respondentsmay
not answer the questionsappearingat theend becausethey are likely todevel opfatigueby
thattime.

e Thequestionsshould beorderedin such away that correspondsto the respondent's natural
way of thinking.

e  Oneshouldbecareful whiledesigning contingency questionslike 'Eyour answerisyestothe
previousquestion', etc.

21.2.4 Pre-testing a Questionnaire

Pre-testing of aquestionnairel sessentia toimprovetheeffectivenessof aquestionnairefor collecting
data. Beforesendingthequestionnairetotherespondent or theinterviewer meetstherespondents,
thedraft questionnaireshould betested for itseffectivenesswith a small group of peoplesimilarin
characteristics to your ultimate sample. Pre-testing can help you determinethe strengths and
weaknessesaf your survey concerningguestionformat, wording,andorder. Thereisno hard and
fast rule to decide the number of respondentsfor pre-testing. However, itisideal to havea pre-
test sampleof 10 and not morethan 30.

21.2.5 Sampling Methods

Before conducting asurvey, you must choosea representative sample of the population under
study. Unlessyour target populationisvery small, itisnot awayspossibletocollect thedatafrom
al members of thepopulation.A subset of population that containsall thecharacteristicsof that
populationiscalledasample. In that case, all theinferencesdrawnfrom thesampleare probably
applicable to the entire population. Therefore researchers generally survey asample list of
respondentsfrom apopulation,whichwecall asamplingframe. Thereareanumber of sampling
methods, which can beclassifiedinto: (a) probability sampling methods, and (b) non-probability
sampling methods. These areal so sometimesreferred as random sampling methods, and non-
random sampling methodsrespectively.

Probability SamplingM ethods: In theprobability sampling methodseach unit or item in the
population has achanceof beingincludedin thesample. Thismethod of sampling reducesthe
sampling errors and normally we say that thesampleisan unbiased sample. There are several
methodsof probability sampling. In thisUnit, wewill discussthefollowing methodsof probability

sampling:
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Simple Random Sampling

Thismethodis used when asamplingframeissmall. Weuserandom numberstochoosethe
samplefrom alisted population. Firsteach member of the population isassigned aunique
number. For example, if apopulationcontains1000 members, you can assgn numbers000
t0 999. The random number tablesare availablein any standard textbook on Statistics.

Chooseapage, column and row at random to start selectingasample. Supposeyou want to
select 30 samplesout of 1000 unitsof apopulation. Sinceeach unit of thepopulationis
identifiedwith a3 digit number (0000 999). Yau can start selectingeither thefirst three digits
or last three digits, but not both. Wehavegiven aone pagerandom number tableat theend
of thisUnit. Supposeyou selectedfifth row andfirst column representingthenun “er ‘9981811,
chose either '998' or '811 asfirst sample. In case, you have selected 8! , choose the
directionin whichyou want tomove (left to right, Sight toleft, up or down) t¢ .ook for next
sampleunit. Supposeyou havechosenfrom | eft to right select thenext random number ‘338’

from '2046338'. Continuethisprocesstill you select therequired sampledf 30. In casethe
number does not fall in the region of thepopulation or reoccursthen simply omit it. The
followingrandom numbersareconsideredfor 30-samplesize.

aLi 338 574 962 229 217 192 237 399 176
165 905 523 772 710 216 880 790 358 160
955 251 300 602 190 945 009 963 604 250

Themandisadvantageof simple random sampling has been observed, when the popul ation
Szeisveay large andit isnot possibleto list al themembersof thepopulation.
SystematicSampling

| n thesystematicsampling, thesampleunitsarese ectedfromthepopulation at equa intervals
of time,spaceor order. Theselectionof sample inthismethodisvery simple. Arrangedl the
unitsd the populationin an order by givingseria numbersfrom 1to N. Decidethe sample
size(n)andthen samplinginterval (k) by dividingthepopulationsize (N) by thesamplesize
(n).

k=2

1
Select thefirst member of thesampleat random fromfirst samplinginterval (1tok). Select .
thesubsequent samplemembersat equal intervals (k).

For example, if you haveapopulation of 1000and want to draw asampleof 100 unitsfirst
arrange the population unitsgivingserial numbers 1 to 1000. Sincethe samplesizeis 100, the
sampling interval isK = 1000/100=10. Select first sample unit at random from 1 to 10.
Supposeyou havesel ected 5 then the subsequent sample unitsare 15, 25, 35, 45,...995,

Theadvantageof thismethod isthat it can be used evenif aformal list of populationunitsis
not available. For example, if you want toknow theopinionof an ATM user, ssimply choose
every k™ user (say to begin 10" provided that we know how many usersare visiting the
ATM inaday (say there are 1000 usersin aday and weneed 100samplesize). Thesystematic
sampling isequally preciseassimplerandom sampling. Onedf thedisadvantagesof using
systematicsamplingisthat if thereisaperiodic occurrenceaf the units of population thenthe
samplesel ected may not bea representativesample. For exampleif you conduct thesurvey
of consumersin adepartmental store, thetype of consumers(say housewives,workingpeople,
etc.) depends on thetiming of asurvey. Another disadvantageisthat thefirst sample unit
selected decidesthe rest of the sampleunits. Regardless of how we have selectedthefirst
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)

vi)

sample unit therest of thesample units areantomatically selected. This may lead to not giving
equa chancetodl population unitsinthesample.

Stratified Sampling

In thismethod aheterogeneouspopul ation isdividedinto stratums. Simple random sampling
and systemati csampling methodsareided if you havea homogeneous popul ation. However,
if you have heterogeneous population likemale/female, rural/urban, literate/illiterate, low
income/high income groups,etc. and you want to havearepresentativesampl e from each of
thesestratums then you can choosethemethod of stratifiedrandom sampling. Thestratified
random samplingisinfact asmplerandomsampling of each stratum of the population. For
example, in astudy of differentincomegroups, asiinple random sample may bedrawnfor
each incomegroup (either in proportion or disproportion tothestratum populationsize). The
main advantagedf stratified random sampling isthat since therandom sampleisdrawn from
each stratumof the population, thismethod ismore representativeand thusrepresents more
accurately the characteristicsof the population. The drawback of thestratified sampling is
that it isoften clifficult to preparealist of population members for each stratum sincethelists
may not bereadily available.

Clugter Sampling

In cluster sampling wedividethe population into smaller groups called clusters and then

select sarnples randomly from one or moregroups(clusters). Here we assume each cluster of

population will havedl thecharacteristics of thepopulation asawhole. The cluster sampling
is"more appropriatein geographical studies. For example, suppose you areconducting a
survey in Mumbai. Instead of spreadingthe sampletothewholegeographical area of Mumbai,

you can divide thecity intosay 30 blocks, select afew blocks(say 3 or 4) and then select a
representative sample from each block. Selection of groupsor clusters of elementsrather
than ihdividual elementsisregarded as amore practical approach to surveysit samples.

However, theaccuracy of thesurvey may declineif theclustersare not representative of the
populationcharacteristics. Sometimes, thecl uster sampling i sal so called as two-stagesampling.
Multi-stageSampling

Multi-stage samplingisageneralisation of thecluster sampling. | ncluster sampling whatyou
haveobservedisatwo-stageprocess. In thefirst stagedividethe population into anumber of
clugters,andin thesecond stagefromeach of thesampled clustersyou choose a representative
sample. Multi-stagesampling is, thus, carried out in anumber of stages. Progressively smaller
popul ationisselected randomly at eachstage. Further, at each staged themultistage sampling
you can useasuitable method of sampling (say stratified, simplerandom, or systematic, or
cluster). For example, if you areconductingasurvey covering al the geographical areaof

India. You can choose arepresentativesample of statesin thefirst stage, and in thesecond
stageyou can select arepresentativesampleof districtsfromeach state, and soon. Themain
advantage of multi-stage sampling isthat it reduces the costs of datacollection when the
survey isin-person. Thedrawback of the multi-stagesamplingisthat if the sampling units
selected a different stagesare not representative, thefindings of the survey havealower
valuein termsaf their generdisability,

~ Non-Probability Sampling M ethods

Thenon-probabilitysamplingmethodsarewidely used as acasesel ectionmethodinqualitative

. research or for preliminary and exploratory nature of quantitative studies where random

sampl ingistooexpensve. However, theprobability methodsof sampling areawayspreferable
and fipn-probability methodsof samplingare not asubstituteto theformer. In thissection,
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w ecover three non-probability sampling methods, namely, conveniencesampling,judgment
sampling, and quota sampling.

e (Qonveni ence Sampling: In this sampling, theresearcher selectsthe samplesthat areconvenient
or on the basisof availability. For example, in conducting opinion polls people who are
comingoutof pollingboothandarewillingtotak arechosenfor interview. Mail-insurveysin
newspapers, magazinesor TV areother examples of conveniencesampling.

e JudgmentSampling: Injudgmentsampling,theresearcherinterviewsapand o individuas
known toexpertsin afield. Thissamplingmethod is dso sometimes called purposive sampling.
The sample is selected entirely on the basis of researcher’s/expert’s judgment on the
characteristicsof thesample. Theconsumer priceindex isbased on ajudgmentsample. In
theabsenceof representativedataor whereitisdifficulttoestablish the universefor asample
onemay resorttojudgment sampling.

e Quota Sampling: Quota sampling issimilar to convenience sampling, except that the
proportionality of each stratum is preserved. Thesamplesareselected on thebasisof some
parameterslikesex, age, region,income, etc.,in order to makearepresentativesample. The
researcher then choosesafixedquotafromeach of the sub-groups. Unlike stratifiedrandom
sampling,in quotasamplingthe samplesarenat drawn randomly butafixed quotaischosen.
For example, amarket survey may cover 5 market centresaf acity and from each market
centreafixedquotaof S0consumerscan beinterviewed. Their sdectionisnot donerandomly,
but only according to the researcher's convenience.

21.2.6 Sample Size Determination

How large the sampl eshould beisaquestion that arisesat theplanning staged any survey. If you
tekealarger samplethan required thenit resultsin wastage df resourcesbecauseyou will not gain
any additional information. Ontheother hand, if you havetoosmall asamplethanrequired, you
may not get reliableresults, and hencethey aredf no practica usein makingagood decision. The
main objectivein sampling iS to obtain adesirableaccuracy and desirableconfidencelevel with
minimumcost. All probability-samplingmethodsensurerepresentativesampling. Also, technicaly
gpesking, asampl esizeisrelated to theconfidenceleve or precisonlevel. Thetypica confidence
levels are 95 per cent, and 99 per cent and typical precision levelsare5 per cent, and 1 per cent.
Thediscussion on how toestimatethe samplesizeisnot covered heresinceit isbeyond thescope
aof thisUnit.

21.3 COMPUTERSIMULATION .

Simulation isa method of solvingproblemsin decision-making by developingamathematical
modd of aprocessand then conductingaseriesd experimentsto predictthebehaviour of that
process. In other words, simulationis used todescribeaprocedureof establishingamodel and
derivingsolution numerically. Weuseasmulation mode toconductexperiments.

A mathematical model can beused eitherfor the purposeof optimisation or description.Using
optimisation model syou can seek pointsaf maximisation or minimisation. For example, apolicy
analyst often would like to know what conditionsor actions would resultin profit/revenue
maximisation or cost minimisation. On theother hand,adescriptionmoded describesthebehaviour
of asystem. Itonly indicatesavaidrepresentation o redlity and doesnot directly suggest optimising
conditions. From this, you can understandunder what conditionsa system performs moreefficiently.
Insimulation, you usea model foroptimizing purposeshy raising ‘'what if” questions. For example,
asapolicy analyst you would liketo know 'what will betheeffect onthe benefits(in terms of
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money) if thecost of aproject increases by 5 per cent or 10 per cent or 15 per cent and'so on?
Usingsimulation you can obtain useful information for optimisation of theproject.

Simulation modelsaretypically used for theanalysisof complex problems. Wewill explainthis
with a simple example. Suppose you are asked to find the sum of the numbers 1 to 20

n(nti)

(1+2+3+4...+20). Using Arithmetic Progressionfonnula youfindthesumof nterms. In

20(20
0@0+Y _ 510 In case you are not

our example, you have n=20 therefore sum of;1to 20is

familiar withtheformula, what doyou do? You may perhapsstart adding 1+2=3 andthenadd 3
to theresultingval ue(3)and continuetheprocesstill you compl eteaddingall the 1 to 20 numbers.
Suppose you are asked to add 1 to 100. In thiscase, imagine how cumbersome it isand how
muchtimeit takesif youfollow the second method. Infact, thefirst method of usingformulais
more efficient. However,therearecomplex situations whereyou may not usedirect formulas, but
try to achievethem through experiments.

21.3.1 A Simple Smulation M odel

Wewill illustratetheconcept of simulation with asimpleexample. Supposea-distance education
indtitutionisofferinga postgraduateprogramme toitsstudents. In refationto the number of students
enrolled, theinstitutionincursRs.60 millionsas afixed cost on devel oping course materialsand.
other overheads. It al soincurs Rs.500 per student asvariablecost for every additional enrolment.

In order tofind thetotal cost for different enrolmentsyou may usethefollowing formula.

L]
IC=FC+VCXS

Where TC=Total Cost
FC=Fixed Cost
V C=Variable Cost per student
S= Number of students

Now supposeyou aregiven FC = Rs.60 millionsand VC=Rs.500 per student, you would liketo
know what will bethetotal cost for different levelsof enrolment. Using the aboveforecasting
fonnulayou may project thetotal costsfor differentlevel sof enrolment asshown in thefollowing.
table.

Table 21.1: A Total Cost Smulation

Number of Fi xed CE)st Variable Cost Total Cost Average Cost Per

Students (Rs.) Per Sudent (Rs.). | (Rs. in lakhs) Student (Rs.)

1000 600,00,000 "500 605,00,000 60500

5000 600,00,000 500 625,00,000 12500
10000 600,00,000 500 650,00,000 6500
15000 600,00,000 500 675,00,000 4500
20000 600,00,000 500 700,000,00 3500
25000 600,00,000 500 725,00,000 2900
30000 600,00,000 500 750,00,000 2500

Further,you may beinterested tofind out what will bethe averagecost per studentif thefollowing
formulaisapplied.
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ac=T¢
)

Where AC= AverageCost

With thesesmulationsas apolicy analystyou may understand that with marginal costsper student
you areabletoachievegreater economiesd scalefor additional enrolments.You may conclude
that higher leve of enrolmentsin distanceeducation will result in higherlevel of cost efficiency.

21.3.2 Reasons for Using Simulation

Simulation isoneof the most frequently used techniquesfor management decisions. Linear

programming problems,input-outputanalysis, cost-benefit analys's, and forecasting techniques
are somed the examples of usingsimulation. Whileconductingcost-benefitanalysisor solvinga
linear programming problem, thepolicy-analystmay try to exploredifferentpolicy alternatives
incorporating different perceptionsand attitudesabout risk and uncertainty. Here, the policy

analyst's god istoclarify theissuesand putforwardthe consequencesof avariety of aternatives.
Thiswill help thedecision makersto chooseoneaf thealternativesthat match their values and
objectives.

Generdly,smulationisusedin conditionswheremathematical formulation and solution by theuse
of modelsare notfeasible. Simulation hasbeen used in numerous decision-makingproblems,
rangingfrominventory and queuing management toenergy policy modeling. Also,smulationsare
used to analyselarge and complex real world situationsthat cannot be solved by conventional
mathematical models. Another advantageof simulationis.that itispossibleto experiment op a
system without exposing theorganisation toreat world dangers. By exploringthechangesinaresl

worldsystem throughsi mul ationyou can learn how toimprovethesystemwithout ttying both bad
and goodproposal son hand.

Thedecisonmaker's past experience andintuition aresignificant factorsfor successful decisions.
Often they haveto manage complex systems. Simulation aids the policy decision makers past
experienceandintuition that ultimately may resultin asuccessful decision.

21.3.3 Limitationsof Simulation

In spite of severd advantages d simulation, therearesomelimitationsin using simulation for

decision making. Someof thedrawbacksare:

e Simulationhby itself doesnot providetheanswer toaproblem. It only providesatechnique
for evauatingpossibleanswers.

e  Simulationsdo not generateoptimal solutionslike other mathematical models.. Itisonly atria
anderror approach that may producedifferentsol utions.

e  Thesmulationfor probabilisti cSystems"is Susceptibletosamplingerror.

¢  Thedevelopment of alargesimylation model can beexpensiveandcan takelonger time. For
example, it takesyearsto develop agood corporateplanhing model.

21.3.4 Computer Simulation

With theadvent of computers, simulation modelsare yidely used to gaininformationuseful for
decision-making. Computer spreadsheet softwarelikeMicrosoft Excel and L otus 1-2-3areused,
for financial Simul ations. Thepower of thesespreadsheetsistodo "whatif' analysis. Thespreadsheets
aso havearandom number generator that supportsprobabilisticsimulations. Wewill give (section
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21.3.5) anexampleof smulationusedin financial planningtoil lustratethe potentia of aspreadsheet
for conductingsmulations.

A number of general-purpose compiiter languages, such as, FORTRAN, BASIC, PASCAL,
PL/1, and C/C++areusedfor computer smulations. In additiona large number of specia purpose
smulationlanguageshave been developed. Themost popularamongthemare GPSS, SLAM and
GEMS. All theseprogrammesare used to simulatequeuing systems. |FPSisanother special
purposelanguagesuited for financial applications, but can al so be used for other applications. The
artificial languagesL1SPand PROL OG arethespecia purposelanguagesused to devel opexpert
systemsthat s mul atedecision-making.

A computer programmer can useeither agenera purpose or special purposecomputer language.
However, generd -purposel anguages havecertainadvantages. General-purpose computer |anguages
alow moreflexibility in describing asimul ationmodel Maximum flexibilityisalowedinterms of
type of experimentsthat can be conducted.

Thespecid purposes mulationlanguagesa sohave someadvantages. They reducetheprogramming
timeand effort. They provideconceptual guidanceinformulatinga model, describing amodelled
systemand analysing the system. The special purpose simulation languages also have some
disadvantages. They haveinherentlimitingstructuresand, therefore, arenot flexible. Forexample,
alanguagedevel opedfor financia planning may not be suitablefor some other application.

21.3.5 Some Applications of Computer Simulationsin Public Policy

Therearenumerousareasand problemswhere computer ssmul ationshavebeen used successfully.
Togiveyou someunderstiandingon how thesmulationhasbeen used in deci s on-making process,
wewill illustratesomeexamplesinpublicpolicy.

Simulation Using Spreadsheet

Spreadsheet software programmeslike Microsoft Excel and Lotus 1-2-3 are not exclusively
devel oped for smulation. But you can use the special features of these packages to conduct
financial Smulations. Many of thefeaturesarecommonto both these packages. Si nceM icrosoft
Excd iswiddy usedinlndia, weillustrateour exampleinMicrosoft Excel.

A spreadsheet cons stsof rows and columns. At theintersectionof each columnand row you have
acdl. A cdl isised to enter dataand formulae. Each cell isaddressed by its column label
(A,B,C,D, etc.) and row number (1,2,3,4, etc.). For example, cdl B5indicatescolumn B and row
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5. Formulae are entered to perform a range of arithmetic calculations. For example,
=SUM(A4-+B4) meansthe sum of two numberslocatedin cellsA4 and B4.

The power of these spreadsheets is to do 'what-if' analysis. For example, suppose you are
involvedinthepreparationof abudget of astategovernment. In theprocessyou areinterested to
know how much revenue can be generatedthrough sa estax on petrol. Suppose, thecurrentsales
tax is30 per cent of the cost of petrol anditislikely that therewill not beany changeinthesales
ta inthe coming budget. Thereare twoways you can expect additiona revenuethrough thistax.
Theseareif and only if either cost of petrol or unit salesofpetrol or bothincreases. However, you
may not exactly know how much thesetwo unitsincreaseand want to experiment with different
rates. This can bedone using the spreadsheetand conducting‘'what-if' andyss. Thisispresented

inthefallowingfigure.

Z] e Edk Vew Inset Fomat Jools  Data ,

L asm SR S il Bl ~ .

Arial «10 » B I U BEEEE 2 fj:ﬁf_;-f v A

F17 - A e .

. a B c . D E . F =
1 Assumptions ‘”‘“;
2 Petrol sales increases by 2%. 5%, 7.5%, 10% {
3 Petral cost Increases by 5%, 10%, 15%, 20% !
4 Current year unit sales (in litres} = 100,000,300 ’
5 Current unit cost (Re./litrg)= Rg 25

B .
7 Petrol sales increases by Cument . 2% 5% 750% 10% >
8 Petrol coslincreases by Current 5% 10% 15% 20% i
-8 Petral sales {litres) 1004000000 102000000 105,000,000 107,500,000 11D,000000 |
10 'Petrol unit cost {Rs.Aitre) 25.00 26.25 2750 2878 oo
11 Petrol unr cost including sales tax 30% (Rs fiire) 32.50 3413 - K W) 3738 CEUL I
12 Petrol salesintluding sales-tax {Rs.) 3.250,000,000 3480750000 3753,750,000 4007 812500 4790000000 |
13 Petrol sales excluding sales-tax{Rs ) 2 500,008,000 2677 500,000 2,887 503,000 3 0901,625 000 3 300,000,000 i.
14 Revenue (Rs) 750000000 803250000 86250000 927187500 980,000,000 |
15 !
b R |

Thelikely scenarioof revenuethroughsal estax isa sopresentedintheaboveFigure. Youmay
asobeinterested to see adifferent scenariolikeabsence of increasein thecost of petrol or sales
volumeor adifferentrateof sales(or cost) increase(or decrease). Thiswill takelessthanaminute
toseethenew estimates. Itisvery easy to perform'what-if' analysisusing spreadshests.

Simulation Using a Special Pur poseL anguage

A special purposesimulation language called SIM SCRIPT wasdevel oped by the New Y ork
City-Rand Ingtitute(Grace Carter, 1974) to optimisethedevelopment of firefightingunits. The
decision variableshereinclude how mény fire-fighting units arerequired to'operate, whereto
deploy them, and how to dispatch them. The SIM SCRIPT language usesthree programmes,
namely, (a) incident generator, (b) smulator, and (C) compares. The'incident generator’ creates
adatafileonthesequenceof alarms. Foreachalarm thedata continueswhenandwherethealarm
occurs, what typeof firefighting equipment isrequired, and how long theequipmentis required.
The‘simulator’ isthemode defined by the'incident generator’. Themodd capturestheinformation
on dispatchof vehicles, servicing, andreturning tothefirestationtoawaitthenext cal. Findly, the
third programme'compares theinformationgenerated by thes mulator darm-by-aarmbasison
the assumption of number of firestations, their locations,and dispatch rules.

Theabovemodd wasused by David and Thomas (1977) to analysethefire suppressonsystem
of Denver, Colorado. Thesimul ation analysi sperformed recommended areductionof the number
of firefightingstationsfrom 44 to 39. Thisincludes closingdown obsoletestationsand building
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better ones at new locations. Therecommendationsresulted in annual cost avoidance of $1.2
millions and accumulated net cost reductiondf about $2.3 millions over a7-year period.

21.4 CONCLUSION

ThisUnitintroducedanumber of methodsfor conducting surveys used frequentlyin policy analysis.
Yau havelearned the differencesbetween cross-sectional surveysand longitudinal surveys. The
Unit attempted to answer questions, such as, What isasample and popul ation? Why samples
should bedrawn in such away thet they representdl| thecharacteristicsof thepopplation AWVhat
arethe considerationsin deciding asamplesize?

Four methods of survey arediscussed. Theseare: In-personinterview, Telephonesurvey, Mail
survey, and Internet survey. Each method hasitsown advantagesand disadvantages. After going
through this Unit, you should by now confident of choosing any of the methodssugtable for your
Survey. Thesedays themailed survey and I nternet survey are gaining much importancebecause of
their cost-effectiveness, timesaving,and advancementsin theapplication of information technol ogy.

Thequestionnaire-designisanother importantaspect of any survey. Someguidelinesareprovided
in designingquestionnaires that will be helpful in improving theresponserates.

Thesampling methodscan beclassifiedinto: probability sampling and non-probability sampling
methods. The probability samplingmethodsarebased ontheequal chancedf each populatios unit
getting included in asample. Thenon-probability methods are not in support of representative
samples, but they aresoften used becausedf their convehienceand thereis no other way d selecti ng
asampleforconductingasurvey.

InthisUnit, youhavelearned what issmulaion, and why doyou needsimulationin policy decisions.

Tn additive an analysisdf advantagesand drawbacksof smulationisalso provided. Thesewill help

you to understand before actually usngsimulation. Twotypical examplesaregiventoprovidea,
conceptual framework for simulation models. You can either use the general-purpose computer

languages|ike FORTRAN, Pascal ,C/C++, etc. or specia purposesimulationlanguageslikeGPSS,

SLAM, GEMS, SIMSCRIPT, etc. However, each one of them hasit's own advantages and

.disadvantages. »

21.5. KEY CONCEPTS "

“Cluster Sampling . Wedividethepopulationinto groups called clustersand then
select sampl eunitsrandomly from oneor moreclusters. This
method isal socalled two-stagesampling.

Cohort Studies . Cohoststudiesfocuson thesaime popul ationover aperiod of
time, butthedifferenceisthat thesamplesaredrawnfromthe
samegroup, which has experienced an event or participated

inaprogramrhe.

Convenient Sampling :  Inthismethod of non-probability sampling, the sample units
areselected accordingtotheconvenienced theresearcher/
interviewer.

Judgment Sampling . In this non-probability sampling method the samples are

selected accordingto an expert’s/researcher’s judgment, which
perceivesthat thesampleunitshaveall thecharacteristicsof
thepopulatianof the universe.
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Longitudinal Surveys : Longitudinal surveys are used to collect data on apopulation
or sub-groupsover aperiod of time.
* Multi-stageSampling : Thisprobability sampling method is an extension of cluster
samplingwhere thesearemore than two stages.
Questionnaire :  Apse-designedformat of questionsused for collecting data
. insurvey research.
QuotaSampling -+ Inthis non-probability samplingmethod the sampleunitsare

selected according to some quotas after grouping of the
popul ation units based on characteristics, such s, age, sex,
region,income, education, etc.

RandomSample ° : Anunbiased sample that consstsof dl thecharacterigticsof a
population of the universe,

Sample : . Asamplethat representsal thechasacteristicsof thepopulation
d auniverse.

SimpleRandom Sampling  : A probability sampling method whereeach unit o population

*has equal chanced inclusoninthesample.

Simulation :  Simulation isa method df solvingdecision-making problerns
by devel oping mathematical model sand then conducting a
series of experimentsto predict the behaviour of interacting

. variables.
Stratified Sampling, . In this sampling method, the heterogeneous population is
stratified to make homogeneous gropps (stratums)for the
purpose of sampling. .. .
Systematic Sampling : In thisprobability sampling method the sainple units are

selected at equal intervalsin terms of time, space, ar order
provided that thefirst sampleunit isselected at random from
: thefirstk (interval) unitsof population.

L]
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21.7 ACTIVITIES

D
2)

3)

4)
5
6)

7)

When aresimulation models aremoreappropriatethan optimisation model S?Discuss.

Discussthe advantagesand disadvantagesdf general-purpose computer |anguagesand special
purpose Smulationlanguagesfor conducting simulations.

Consider thefollowing totd revenuefunction:
R=45-0.5Q>whereR isthetota revenueand. Q isthe Quantitysold.
a) Usingoptimisationconcept (discussedin Unit 22) find out thevalue of Q that maximises R.

b) Suppose you donot know the differential cal culus,how doyou solve the above problem-
using acomputer ?Explain the modeof analysisperforined.

Discussthedifferencesbetween trendstudies, cohortstudies, and pane! studieswith suitable
examples of policy analysis. What ‘are thelimitations of panel studies?

Discussthe merits and drawbacksof variousmethodsof survey. Why are mailed surveys
and Internet surveysgaining importance these days?

Why are probability-samplingmethodspreferred to non-probability sampling methods?
Discuss.

What are theissuesthat you consider whiledesigning aquestionnaire?I sit important to have
alarger samplesize?Discuss.
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