
Topic:ELEMENTARYCONCEPTOFSTATISTICS

Introduction:

Thewordstatisticscomesfrom theItalianword‘Statista’ortheGermanword

‘Statistik’eachofwhichmeansapoliticalstate.

Intheolddays,statisticswasregardedasthe‘scienceofstatecraft’andwas

by-productoftheadministrativeactivityofthestate.

Governmentrecordistheearliestfoundationofstatistics.Governmenthasa

traditionalfunction/jobtokeeprecordsofpopulation,births,deaths,taxes,crop

yieldsandsoon.Countingandmeasuringthesetypesofeventmaygeneratemany

kindsofdata.Statisticsissaidtobeabranchofappliedmathematics.Thepresent

body of the statisticalmethods,particularly,those concerned with drawing

inferencesisbasedonthemathematicaltheoryofprobability.Hence,thescienceof

statistics is originated from two main sources, government records and

mathematics.

Statisticsisusedforthecollection,analysisandinterpretationofdatainorder

toprovidebasisformakingcorrectdecisions.Thewordstatisticswasoriginally

appliedtodatawhichwascollectedandrequiredtostate/nationforitsofficial

purposes.Now,thewordstatisticsisusednotonlyforthematerial(numericaldata)

whichisanalyzed,butalsoforthemethodsappliedinitsanalysis.

Hence,thewordstatisticsisusedintwosenses i) As numericaldata

and

ii)Asstatisticalmethods.

Inthefirstsense,thewordstatisticsisrefersto numericaldescriptions

(countsandmeasures)ofthequantitativeaspectsofthings.Inthesecondsense

thewordstatisticsreferstostatisticalprinciplesandmethodsusedincollection,

presentation,analysisandinterpretationofdata.

Statisticsdefined:-Theterm statisticshasbeendefineddifferentlybydifferent

authors.

Definitionofstatisticsasperfirstsensethe‘numericaldata’givenbytheauthorProf.

HoraceSecrist.

‘Bystatisticswemeanaggregatesoffacts,affectedtoamarkedextentby

multiplicityofcauses,numericallyexpressed,enumeratedorestimatedaccordingto

reasonablestandardsofaccuracy,collectedinsystematicmannerforapre-defined

purposeandplacedinrelationtoeachother.’

From thisdefinition,itisclearlyseenthatnumericaldatamaybecalledas

statisticsifandonlyifitpossescertaincharacteristics.Thesecharacteristicsareas

follows.

1)Statisticsareaggregatesoffacts:Singleandisolatedfiguresarenotstatistics.

2)Statisticsareaffectedtoamarkedextentbymultiplicityofcauses:Generally,

factsandfiguresareaffectedtoaconsiderableextentbyanumberofforces

operatingtogether.Forexample,productionofricedependsonfactorsuchas
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seasonalrainfall,fertilizersapplied,qualityofseed,soil,methodsofcultivation,

seasonalweatherandsoon,hencedata collected/relatedonproductionmay

constitutestatistics.

3)Statistics are numerically expressed : Statementoffacts mustcontain

appropriate numericaldata. The qualitative statements do notconstitute

statistics.

4)Statisticsareenumeratedorestimatedaccordingtoreasonablestandardof

accuracy:Standardofaccuracyincountingandmeasuringanycharacteristics

ofthethingis important.Theaccuracyinmeasuringdistanceincentimeteris

1/10thofcm,infeetis1/12thoffoot,inmeteris1/100thofmeter,inkilometeris

1/1000thKm.Inmeasuringdistancearound800meters,itisnotnecessaryto

take into accountfractionalvalue (few distance in centimeters may be

neglected/ignored).

5)Statisticsarecollectedinasystematicmanner:Beforecollectingstatistics(i.e.

numericalfacts),itisveryimportanttopreparesuitableplanofdatacollection.

6)Statisticsarecollectedforapre-determinedpurpose:Beforestartingtocollect

data,itisnecessarytodecidepurposeofdatacollection.Thepurposeofdata

collectionshouldbespecificandwelldefined.

7)Statisticsshouldbeplacedinrelationtoeachother:Thenumericalfactsare

calledstatistics,ifandonlyiftheyarecomparable.Statisticsarecollectedmostly

forthe purpose ofcomparison.Ifrelated data are placed nearabout,the

comparisonwillbedoneeasily.Statisticaldataareoftencomparedperiodwise

orregionwise.

Definitionofstatisticsaspersecondsense‘Statisticalmethods’or‘Scienceof

statistics’givenbyCroxtonandCowden.

“Statistics may be defined as the collection,presentation,analysis and

interpretationofnumericaldata.”

Ifonemoreterm ‘Organizationofdata’isaddedinthisdefinitionthenthe

definition becomes. “Statistics maybe defined as the science ofcollection,

organization,presentation,analysisandinterpretationofnumericaldata.”

From thisdefinition itisseen thattherearefivestagesin astatistical

investigation.Thesearecollectionofdata,organizationofdata,presentationofdata,

analysisofdataandinterpretationofdata.

1)Collection:Thecollectionofdataisthemainfoundationofstatisticalanalysis.

Ifcollecteddataarefaulty,theconclusiondrawnfrom suchdatacanneverbe

reliable.

2)Organization:Datacollectedfrom publishedsourcesaregenerallyinorganized

form. Data which are collected orgenerated from surveyfrequentlyneed

organization.Thedataareorganizedinthreedifferentstagesnamelyediting,

classificationandtabulation.

3)Presentation:Thedatacanbepresentedthroughdiagramsandgraphs.
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4)Analysis:Thepurposeofanalyzingdataistodigoutinformationusefulfor

decisionmaking. Somecommonlyusedmethodsofstatisticalanalysisare

measuresofcentraltendency,measuresofdispersion,correlation,regressionetc.

5)Interpretation:Thelaststageinstatisticalinvestigationisinterpretation.The

interpretationmeansdrawingnumericalconclusionsfrom thedatacollectedand

analyzed.Correctinterpretationcanaidintakingsuitabledecisions.

Limitationsofstatistics:

1)Statisticsdoesnotdealwithindividualmeasurements: Since,thestatistics

dealswithaggregatesoffacts,thestudyofindividualmeasurementsliesoutside

thescopeofstatistics.

2)Statisticsdealsonlywithquantitativecharacteristics:Statisticsarenumerical

statementoffacts.Thus,qualitative characteristics like honesty,efficiency,

intelligenceetc.cannotbestudieddirectly.Wemaystudytheintelligenceof

boysonthebasisofmarksobtainedbythem inanexamination.

3)Statisticalresults are true onlyon an average :The conclusions obtained

statisticallyarenotuniversallytrue. Conclusionsaretrueonlyundercertain

conditions.

4)Statisticsisonlyoneofthemethodsofstudyingaproblem :Statisticaltooldo

notprovidethebestsolutionunderallcircumstances.Statisticscannotbeof

muchhelpinstudyingproblemslikecountry’sculture,religionandphilosophy.

5)Statisticscanbemisused:Themisuseofstatisticsmayariseduetolackof

complete information, improper use of statistical methods, improper

interpretation,improperunderstandingofthesubjectandinexperiencedpeople.

SomedefinitionsinStatistics:

Population:Anywelldefinedsetofobjectsaboutwhichastatisticalenquiryisbeing

madeiscalledapopulationoruniverse.Theobjectsmaybepeople,trees,T.V.sets,

bulbs,students,etc.Thetotalnumberofobjects/items/individualsinapopulationis

calledthesizeofthepopulation.

Individual:Eachobjectbelongingtoapopulationiscalledanindividualofthe

population.

Sample:Afinitesetofobjectsdrawnfrom thepopulationwithanaim tomake

observationsfrom them,iscalledthesample.

Samplesize:Thetotalnumberofindividualsinasampleiscalledasthesample

size.

Characteristic:Theparameteronwhichinformationrequiredfrom anindividual

duringthestatisticalenquiry(survey)isknownasthecharacteristicofanindividual.

Observations/informationofcharacteristicofanindividualunderstudymaybenon-

numeric(descriptive)ornumeric(qualitativeorquantitative).Ifobservationisnon-

numeric,the characteristic understudy is called as qualitative characteristic

(attribute). Ifobservationisnumeric,thecharacteristicunderstudyiscalledas

quantitativecharacteristic(variate/variable)

Attribute:Aqualitativecharacteristicofanindividualwhichcannotbeexpressed
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numericallyiscalledasattribute.e.gcharacteristicslikecolourofeye,colourof

hairs,sex,occupationetc.

Variable :A quantitative characteristic ofan individualwhich can always be

expressednumericallyiscalledvariateorvariable.e.gheight,weight,income,marks

etc.

Discretevariate:Avariatewhichisnotcapableofassumingnumericalvaluesina

givenrangeiscalledasadiscretevariate.(variatewhichtakesvaluessuchas1,2,3,

…..i.ecountingnumbersorwholenumbers)e.g.characterslikemarks,numberof

students,numberofplants,…..

Continuousvariate:Avariatewhichiscapableofassumingallthenumericalvalues

inagivenrangeiscalledasacontinuousvariate.(variatewhichtakesvaluessuchas

1,1.23,3.546,8,9,3.22…..)e.gcharacterslike height,weight,income,temperature

……..

Topic:FREQUENCYDISTRIBUTION (CLASSIFICATION)

QuantitativeClassification(classificationaccordingtovariableorclassinterval):

Quantitativeclassificationreferstotheclassificationofdataaccordingtosome

characteristicthatcanbemeasurednumericallysuchasheight,weight,income,

production etc. In a quantitative classification framing ofdifferentclassesis

important.Forexample,thestudentsofacollegemaybeclassifiedaccordingto

weightasfollows

Weight(Kg)(Class) NumberofStudents
40-50 250
50-60 50
60-70 29

This type ofdistribution is known as empiricalorsimple orunivariate

frequencydistribution.Hereweconsideronlytwoelementsi)thevariablei.e.the

weightandii)thefrequencyi.e.theNumberofstudents.

Classificationofnumericaldata/quantitativedata/variable:

Quantitativedata

Discretedata Continuousdata

Discretefreq.ndist.n Continuousfreq.ndist.n Continuousfreq.ndist.n

Exclusivemethod Inclusivemethod Exclusivemethod

Frequencydistribution:Afrequencydistributionorfrequencytableissimplyatable

inwhichthedataisgroupedincontinuousclasses(ordiscreteclasses)andthe

numberofcases/itemswhich fallin each classarerecorded.Thenumberof

cases/itemsineachclassisreferredasthefrequency.
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Relativefrequencydistribution:Inafrequencydistribution/frequencytableifeach

class frequencyis expressed bytheirproportion (ratio offrequencyand total

frequency),thetableisreferred to asrelativefrequencydistribution orsimply

percentagefrequencydistribution.

Formation ofdiscrete frequency distribution :To prepare discrete frequency

distribution,wehavejusttocountthenumberoftimesaparticularvalueisrepeated

andthisrepeatednumberiscalledfrequencyofthatclass.Inacolumnunder

headingclass,placeallpossiblevaluesofvariables(from givendata)from the

lowestto thehighestvalue.Prepareanothercolumn‘tallies’or‘tallymarks’to

facilitatecounting.Foreach&everyitem inthedata,putthetallymarkorbar(small

verticalline)againsttheparticularclass(discretevalue)towhichitrelates.To

facilitatecounting,blockoffivebarsareprepared.Finally,countnumberofbarsand

getfrequency.IfX1,X2,…..,XNareNindividualvaluesofdiscretevariableX,thenthe

formatofdiscretefrequencydistributionisasfollows.

Class(X) Tallymarks Frequency(f)
x1

x2

:
:

xn

|||||||
||||||||||

:
:

|||

f1

f2

:
:

fn

N=∑fi

Where,x1,x2,…..,xnarenallpossiblevaluesofdiscretevariableX.

Continuousfrequencydistribution:Sometechnicalterms-

ClassLimits:Theclasslimitsarethelowestandhighestvaluesthatcanbeincluded

intheclass.

LowerLimitofClass:Thelowerlimitoftheclassisthevaluebelowwhichtherecan

benoitem intheclass.

UpperLimitofClass:Theupperlimitofaclassisthevalueabovewhichtherecan

benoitem intheclass.

Classinterval(widthofclass):Thedifferencebetweenupperandlowerclasslimit

ofaclassisknownasclassintervalorwidthofthatclass.Thewidthofclassis

dependsondifferencebetweenthelargestandthesmallestitem,thenumberof

classestobeformedandthedetailsrequiredasperproblem.

Classfrequency:Thenumberofobservations/values/itemscorrespondingtoa

particularclassisknownasfrequencyofthatclassorclassfrequency.

Classmid-pointsorclassmark:Itisthevaluelyinghalf-waybetweenthelowerand

upperlimitsoftheclassinterval.Mid-pointoftheclassrepresentsthatclass.Itcan

becalculatedwiththehelpoffollowingformula.

Upperlimitofaclass+Lowerlimitof
class
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Mid-pointofaclass=

Accordingtoclass-intervalsofcontinuousfrequencydistribution,thereare

twomethodsofclassification i)Exclusivemethodandii)Inclusivemethod

i) Exclusivemethod: (Firstexplain quantitativeclassification)When theclass

intervalsaresofixedthattheupperlimitofoneclassisthelowerlimitofthenext

class,itisknownastheexclusivemethodofclassification.ORWhentheclass

intervalsaresofixedthatthelowerclasslimitisincludedinitbuttheupperclass

limitisexcludedfrom it,thenitisknownasexclusivemethodofclassification.

Thistypeofclassificationisusefulfordiscreteaswellascontinuousdata.

ii)Inclusive method: (Firstexplain quantitative classification)When the class

intervalsaresofixedthatthelowerlimitaswellasupperlimitofoneclassis

includedinthatclassitself,thenitisknownasinclusivemethodofclassification.

Thistypeofclassificationisusefulonlyfordiscretedata.

(Note:Thenumberofclassesshouldbebetween4and20.Classintervalshouldbe5ormultipleof5.

Thelowerlimitoftheclassshouldbeeither0or5ormultipleof5. Toensurecontinuityandtoget

correctclassintervals,weshoulduse‘exclusive’methodofclassification.Itisdesirabletouseclass

intervals(widthofclass)ofequalsizes.Thisenablesustocomparisonoffrequenciesamong

differentclassesandsubsequentstatisticalanalysis.Avoidopenendclassification.)

Topic3.MEASURESOFCENTRALTENDENCY

Introduction:

Ifweobservethefrequencydistributionofquantitativedata,wefindthatthe

frequenciesofcentralclassesarehighascomparedtostartingandendingclasses.

Ifwedraw frequencypolygonorfrequencycurveofsuchafrequencydistribution

thenitlookslikebellshapedasshownindiagram.Ifindividualvaluesarelocatedon

X-axis,maximum valuesliearoundcentralvaluesasshownindiagram.

From this it is seen that maximum number of

values/observations/itemscrowdedatcentralportionoraroundcentralvalue.The

propertyofconcentrationofthevaluesaroundacentralvalueiscalledcentral

tendencyofthefrequencydistribution.Thecentralvaluearoundwhichthereisa

concentrationiscalledasmeasureofcentraltendencyormeasureoflocationoran

averageorexpectedvalue.

Oneofthemostimportantobjectivesofstatisticalanalysisistogetsingle

valuethatdescribesthecharacteristicsoftheentiremassofdata,suchavalueis

calledthecentralvalueoranaverageortheexpectedvalueofthevariable.

Averagedefined(bycroxtenandcowden):

Since,averagerepresentstheentiredata,itvalueliessomewhereinbetween

2

CentralvalueonX-axis
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thetwoextremes.Hence,anaverageisreferredtoasameasureofcentraltendency.

(Objectivesofaverage:Togetsinglevaluethatdescribesthecharacteristicofthe

entiregroup.Tofacilitatecomparison)

Characteristics(requisitesorpropertiesorqualitiesorrequirements)ofaideal

(good)average:Averageisasinglevaluerepresentingagroupofvalues,hence,it

shouldsatisfiesfollowingproperties.

1.Itshould be easyto understand :Average should be easyto understand,

otherwise,itsusebecomesverylimited.

2.Itshouldbesimpletocalculate:Ifitissimpletocalculate,itcanbeusedwidely.

Sometimes,intheinterestofgreateraccuracy,useofmoredifficultaverageis

desirable.

3.Itshouldbebasedonallitems:Theaverageshouldbedependsuponeachand

everyitem ofthegivendata,sothat,ifanyoftheitemsisdropped/changedin

magnitude,theaverageitselfisaltered.

4.Itshouldnotbeundulyaffectedbyextremeobservations:Eachandeveryitems

ofdatashouldinfluencethevalueoftheaverage,noneoftheitemsshould

influenceitunduly.Ifsomeverysmallvaluesorverylargevalues(extremevalues)

presentinagivendata,suchvaluesundulyaffectsomeaverages.

5.Itshouldberigidlydefined:Anaverageshouldbeproperlydefined,sothatithas

one and onlyone interpretation.Itshould be preferablybe defined byan

algebraic/mathematicalformula.

6.Itshouldbecapableoffurtheralgebraictreatment:Ifselectedaverageisuseful

infurtheralgebraic/mathematicaltreatment/computationthenitsutilitycanbe

enhanced.

7.Itshouldhavesamplingstability:Ifthereisnosignificantdifferencebetween

averages obtained/calculated from two or more samples drawn from a

population,thenwecansaythatsuchanaveragehavesamplingstability.

Typesofaverages:Arithmeticmean,Medium,Mode,GeometricmeanandHermonic

mean

Arithmeticmean(A.M.):Thearithmeticmeanismostpopularandwidelyused

measureofcentraltendencyoraverage. Arithmeticmeanisobtainedbyadding

togetheralltheitemsanddividingthistotalbythenumberofitems.

Simplearithmeticmean-Individualobservations/series(ungroupeddata):

IfX1,X2,X3,.................,XN areN variousvaluesofthevariableX,thenthe

simplearithmeticmeanofallthevaluescanbecalculatedbytheformula.

X1+X2+............+XN

N

i.e =
∑Xi

N

Where, =Simplearithmeticmean,∑Xi=Sum ofallthevalues,N=Numberofvalues.
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Arithmeticmean-Discreteseries/Discretefrequencydistribution/Discretegrouped

data

IfX1,X2,...........,XNareNvariousvaluesofdiscretevariableX,butgiveninthe

form ofdiscrete frequencydistribution (1st and 2nd column)then to calculate

arithmeticmeanitisnecessarytopreparefollowingtable.

Class(X) Frequency(f) Frequency*Class(f*X)
x1

x2

:
:
:

xn

f1

f2

:
:
:

fn

f1*x1

f2*x2

:
:
:

fn*xn

N=∑fi ∑fixi

=
∑fixi

N

Where, =Arithmeticmeanofdiscreteseries

∑fixi=Sum ofproductofvariousdiscreteclassesandfrequencies.

N=Sum ofallthefrequenciesi.e.totalnumberofvalues

Arithmeticmean-Continuousseries/Continuousfrequencydistribution/Continuous

groupeddata:

IfX1,X2,...........,XNareNvariousvaluesofvariableX,butgivenintheform of

continuousfrequencydistribution(1stand2nd column)thentocalculatearithmetic

meanitisnecessarytopreparefollowingtable.

Class(X) Frequency
(f)

Mid-points
(m)

Frequency*mid-points
(f*m)

L1–U1

L2–U2

:

:
:

Ln–Un

f1

f2

:
:

:
fn

m1

m2

:
:

:
mn

f1*m1

f2*m2

:
:

:
fn*mn

N=∑fi ∑fimi

=
∑fimi

N

Where, =Arithmeticmeanofcontinuousseries

∑fimi=Sum ofproductofmid-pointsoftheclassesandtheirrespective

frequencies.

N=Sum ofallthefrequenciesi.e.totalnumberofvalues
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Meritsofarithmeticmeanormean:

1. Itisthesimplestaveragetounderstandandeasiesttocompute

2. Itisaffectedbyeachandeveryitem oftheseriesi.eitisbasedonallitemsof

theseries.

3. Itisdefinedbyarigidmathematicalformula

4. Itiscapableoffurthersubsequentalgebraictreatment

5. Itisrelativelyreliableinthesenseofsampling

6. Itisthecentreofthegravity,balancingthevaluesoneithersideofit.

7. Itiscalculatedvalueandnotbasedonpositionintheseries.

Demerits/Limitationofarithmeticmeanormean:

1 Itisundulyaffectedduetoverysmallorverylargeitems(extremevalues).

2 Itisnotpossibletocalculatearithmeticmeanifgivenfrequencydistributionis

openended.

Median:

Themedianreferstothemiddlevalueinadistribution.Theplaceofthe

medianinaseries(ascendingordescending)issuchthatanequalnumberofitems

lieoneithersideofit.Themedianisdetermined/calculatedbyitslocation/position

intheseries(ascendingordescending).Hence,itisalsocalledpositionalaverage.

Median-Individualobservations/series(ungroupeddata)

IfX1,X2,X3,.................,XN areNvariousvaluesofthevariableX,thentofind

the median,firstarrange these values in ascending ordescending orderof

magnitudeandthenapplyoneofthefollowingformula.

IfNisodd, Median=Sizeof(N+1)/2thitem i.e.middleitem/observation

IfNiseven,Median=[Sizeof(N/2)thitems+sizeof(N/2)+1th item ]/2

= Sum oftwomiddleitems (i.earithmeticmeanof

middletwovalues)2

Median-Discreteseries/Discretefrequencydistribution/Discretegroupeddata:
IfX1,X2,...........,XNareNvariousvaluesofdiscretevariableX,butgiveninthe

form ofdiscretefrequencydistribution(1stand2ndcolumn)thentocalculatemedian

preparefollowingtable.

Class(X) Frequency(f) Cumulativefrequency(CF<=)
x1

x2

:
()
:

xn

f1

f2

:
()
:

fn

cf1

cf2

:
() >=(N+1)/2(say)

:
cfn

i) Arrangethevaluesinascendingordescendingorderofmagnitude(smallestto

largest)

ii)Findoutcumulativefrequencies.

iii)Findthevaluesof(N+1)/2

iv)Lookatthecumulativefrequencycolumnandfindwhichcumulativefrequencyis

equalto (N+1)/2 orjusthigherthan (N+1)/2 and detecta discrete class
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correspondingtosuchacumulativefrequency(suchdiscreteclassisdenotedby

()in1stcolumn).Suchadiscreteclassbecomesmedianvalueforgivendiscrete

series.

Median–Continuousseries/Continuousfrequencydistribution/Continuousgrouped

data:

IfX1,X2,...........,XNareNvariousvaluesofvariableX,butgivenintheform of

continuousfrequencydistribution(1stand2nd column)thentocalculatemedian

preparefollowingtable.

Class(X) Frequency(f) Cumulativefrequency(CF<=)
L1–U1

L2–U2

:
():()

:
Ln–Un

f1

f2

:
()
:

fn

cf1

cf2

:
() >=N/2 (say)
:

cfn

i) Findcumulativefrequencies

ii)CalculateN/2

iii)Lookatthecumulativefrequencycolumnandfindwhichcumulativefrequencyis

eitherequalto N/2 orhigherthan N/2 and detecta continuous class

correspondingtosuchacumulativefrequency.Suchacontinuousclassisknown

medianclass(suchcontinuousclassisdenotedby():()in1stcolumn).

Median=Lm+ N/2 -cfm-1
*im

fm

Where,Lm =Lowerlimitofthemedianclass

N=Sum ofthefrequencycolumn=∑fi

Cfm-1=Cumulativefrequencyoftheclassprecedingthemedianclass

fm =Simplefrequencyofthemedianclass

im =Theclassintervalofmedianclass.

Propertiesofmedian(algebraic/mathematical)

Thesum ofthedeviationoftheitemsfrom median,ignoringsigns,istheleast.

i.e. ∑|Xi–Md|<∑|Xi–A|

Where,Md=MedianandA=Anyothervalueotherthanmedian

Merits:

i) Itisusefulincaseofopenendclasses.

ii)Extremevaluesdonotaffectthemedianasstronglyastheydothearithmetic

mean

i.eitisnotundulyaffectedbyextremevalues(verysmallorverylargevalues).

iii)Inmarkedlyskeweddistribution,themedianisuseful

iv)Itisusefulincaseofrankedorscoredqualitativedata

v)Itcanbedeterminedgraphically.

Demerits/Limitations:
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i) Tofindmedianitisnecessarytoarrangedatainascendingordescending

orderofmagnitude.Ifnumberofvaluesaretoolargethenitisdifficultyto

arrangesuchdatainascendingordescendingorderofmagnitude.

ii) Itisnotdetermined/calculatedbyeachandeveryobservation i.eitisnot

basedonalltheobservations.

iii) Itisnotcapableoffurtheralgebraictreatment

iv) If the number of items in a series is even, the median is

determined/calculatedapproximatelyasthemid-pointorarithmeticmeanof

twomiddleitems.

Mode:

Themodeorthemodalvalueisthatvalueinaseriesofobservations,which

occurswiththegreatestfrequency.Themodeisthemostrepeatedvalueinthe

seriesofobservations.Modeisalsocalledasmodalvalueormosttypicalvalueor

mostrepresentativevalueorpeakindistribution.

Modeofdistribution(definitionbycroxtendandcowden):

Themodeofadistributionisthevalueatthepointaroundwhichtheitems

tendtobemostheavilyconcentrated.Itmayberegardedasthemosttypicalvalue

ofaseriesofvalues.

Mode-Individualobservations/series(ungroupeddata)

X1,X2,X3,.................,XN areNvariousvaluesofthevariableX,thentofind

mode,countthenumberoftimesthevariousvaluesrepeatandthevalueoccurring

maximum numberoftimesisthemodalvalue.

Mode–Discreteseries/Discretefrequencydistribution/Disscretegroupeddata:

IfX1,X2,...........,XNareNvariousvaluesofdiscretevariableX,butgiveninthe

form ofdiscretefrequencydistributionasfollows.

Class(x) : x1 x2 ... ()..... xn

Frequency(f): f1 f2 ... ()..... fn

Todeterminemode,findmaximum frequencyandthediscreteclassvalue

(suchadiscreteclassisdenotedby()inthe1strow)correspondingtothisfrequency

isthemodeofgivendiscreteseries/distribution.

Mode–Continuousseries/Continuousfrequencydistribution/Continuousgrouped

data:

X1,X2,...........,XNareNvariousvaluesofvariableX,butgivenintheform of

continuousfrequencydistributionasfollows.

Class : L1-U1 L2-U2 ...()-()....Ln-Un

Frequency(f): f1 f2 ... ()..... fn

Todeterminemode,findmaximum frequencyandtheclasscorrespondingto

thisfrequencyisthemodalclass(suchacontinuousclassisdenotedby()-()inthe

1strow)ofgivencontinuousfrequencydistribution.Thenthevalueofmodeforgiven

continuousseries/distributioncanbedeterminedbytheformula
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Mo = L+ f1– f0
*i

2f1–f0–f2

Where,Mo=Mode

L=lowerlimitofmodalclass
fo=frequencyoftheclassprecedingthemodalclass
f1=Frequencyofthemodalclass
f2=Frequencyoftheclasssucceedingthemodalclass.
i=classintervalofmodalclass.

(Note:Classintervalofalltheclassesshouldbeuniform)

Merits:

i) Bydefinition mode is the mosttypicalorrepresentative value ofa
distribution.

ii) Modeisnotundulyaffectedbyextremevalues.
iii) Itisusefulincaseofopen-endclasses.
iv) Thevalueofmodecanbedeterminedgraphically.

Demerits/Limitations:

i) Thevalueofmodecannotbealwaysbedetermined(incaseofbi-modalor
multi-modalseries)foralltheseriesofvalues.

ii) Itisnotcapableoffurtheralgebraictreatment.
iii) Thevalueofmodeisnotbasedoneachandeveryitem oftheseries.
iv) Itisnotrigidlydefined.

RelationshipamongMean,MedianandMode:

Symmetricaldistribution:Adistributioninwhichthevaluesofmean,medianand

mode are coincide (i.e.mean = median = mode )is known as symmetrical

distribution.

Skewedorasymmetricaldistribution:Adistributioninwhichthevaluesofmean,

medianandmodearenotequalisknownasskewedorasymmetricaldistribution.

Inmoderatelyskewedorasymmetricaldistributionsthedistancebetweenthe

meanandthemedianisaboutone-thirdthedistancebetweenthemeanandthe

mode.

. Mode=3*Median–2*Mean

Topic:MEASURESOFDISPERSION

Introduction

We have seen the various measures ofcentralvalue oraverage (e.g

Arithmeticmean,median,mode,geometricmeanandharmonicmean)whichgives

usonesinglevalue/figurethatrepresentstheentiredataorsetofobservations,but

italonecannotadequatelydescribessetofobservations.Hence,itisnecessaryto

seethevariabilityordispersionofthesetofobservationsinadditiontoitsmeasure

ofcentralvalueoranaverage. Thecentralvalueortheaverageoftwoormore

differentdistributions/setofobservationsmaybethesamebuttherecanbeno

same dispersion/disparities in the formation of such distributions/ set of

observations.Significanceofmeasuringvariation/dispersionaretodetermine

thereliabilityofanaverage,toserveasbasisforthecontrolofthevariability,to
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comparetwoormoreserieswithregardtotheirvariabilityanditfacilitatetheuseof

otherstatisticalmeasures.

Dispersiondefined:

1. Dispersionisthemeasureofthevariationoftheitems.–A.L.Bowley.

2. Thedegreetowhichnumericaldatatendtospreadaboutanaverageiscalled

asthevariationordispersionofthedata–Spiegel.

3. Dispersionorspreadisthedegreeofthescatterorvariationofthevariable

aboutacentralvalue–BooksandDick

4. Themeasurementofthescatternessofthemassoffiguresinaseriesabout

anaverageiscalledmeasureofvariationordispersion–SimpsonandKafka.

Bydefinition,thedispersion(also knownasscatter,spread orvariation)

measurestheextenttowhichtheitemsvaryfrom somecentralvalue.Measuresof

dispersion,alsocalledasaveragesofthesecondorder.(Anaverageormeasuresof

centralvalueismoremeaningfulwhenitisexaminedinthelightofdispersion).

Studythefollowingthreedifferenttypesoffiguresrepresentingfrequency

distribution.

1 2 1 2

1 2 3

In1stcase,therearetwodistributionsandhavesamecentralvalue(Say, )

buthavedifferentdispersions(Flatnessofcurveindicatesdispersion)

In2ndcase,therearetwodistributionsandhavedifferentcentralvalues(Say,

1and 2)buthavesamedispersion.

In3rdcase,therearetwodistributionshavedifferentcentralvalues(Say, 1

and 2)anddifferentdispersions.

Hencetodescribesetofobservationsbymeasureofcentralvalueoran

average,itisnecessarytosupportitwithothermeasurelikedispersion.

MethodsofStudyingvariation/dispersion

i) Therange,ii)Theinterquartilerangeorthequartiledeviation.iii)Themean

deviationoraveragedeviationiv)Thestandarddeviationandv)TheLorencurve.

Thestandarddeviation(S.D.)

ThestandarddeviationconceptwasintroducedbyKarlPearsonin1823.Itis

themostimportantandwidelyusedmeasureofstudyingdispersion. Itsatisfies

mostofthepropertiesofagoodmeasureofdispersion.Standarddeviationisalso

knownasrootmeansquaredeviation.Standarddeviationisdenotedbythesmall
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Greekletter(readassigma).

Definition :Standard deviation isthesquarerootofthemean ofthesquared

deviationsofindividualvaluesfrom thearithmeticmean.

Standarddeviationofindividualobservations:IfX1,X2,X3,.................,XN areN

variousvaluesofthevariableX,thenbydefinition

Where, isarithmeticmeanofindividualobservations

Variance:Thesquareofthestandarddeviationisknownasvarianceand

i.eVariance=S.D.2

Where, =isarithmeticmeanofindividualobservations

Standarddeviationofdiscreteseriesordiscretefrequencydistribution:Ifx1,x2,

...........,xn aren variousvaluesofdiscreteclasseswith f1,f2,...........,fn as

frequenciesthenstandarddeviationis

Where,N=∑fi=sum offrequencies

=arithmeticmeanofdiscretefrequencydistribution

Standarddeviationofcontinuousseriesorcontinuousfrequencydistribution:Ifm1,

m2,...........,mnarenvariousmidpointsofcontinuousclasseswithf1,f2,...........,fn

asfrequenciesthenstandarddeviationis

Where,N=∑fi=sum offrequencies

=arithmeticmeanofcontinuousfrequencydistribution

Relativemeasureofstandarddeviationisknownascoefficientofvariationandis

givenby

Coefficientofvariation(C.V.%)

=

S.D.
*100

Topic:STUDYOFCORRELATIONANALYSIS

Introduction:

Wehavestudiedmeasuresofcentralvalueandmeasuresofdispersionofone

variableonly. Iftwovariablesvaryinsuchawaythatmovements(increaseor

decrease)inonevariableareaccompaniedbymovementsintheother,thenthese

variablesaresaidtobecorrelated. Forexample,thereexistsomerelationship

betweenageofhusbandandwife,priceandsupplyofcommodity,rainfallandcrop

production,heightand weightofboysand so on. Thedegreeofrelationship
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between thevariablesunderconsideration ismeasured through thecorrelation

analysis.Themeasureofcorrelationisalsoknownasthecorrelationcoefficientor

correlation index orassociation between variables and itgives direction and

degree/magnitudeofrelationshipinsinglefigure/value.Itispossibletomeasure

closenessortherelationshipbetweenthevariableswiththehelpofcorrelation

analysis.Correlationistheappropriatestatisticaltooltomeasurerelationship.With

thehelpofcorrelationanalysiswecanmeasureinsinglefigure/valuethedirection

anddegreeofrelationshipbetweentwoseriesofthevalues(variables).Oncewe

cometoknow from correlationanalysisthatthereexistsrelationshipbetweentwo

variables,we can estimate the value ofdependentvariable forany value of

independentvariable.Thiscanbedoneusingregressionanalysis.Theprediction

basedoncorrelationanalysisislikelytobeneartoreality.

Definitions:
1)Correlationanalysisdealswiththeassociationbetweentwoormorevariables.

2)Iftwoormorequantitiesvaryinsympathysothatmovementsinonetendtobe

accompaniedbycorrespondingmovementsintheother(s)thentheyaresaidto

becorrelated.

3)Whentherelationshipisofaquantitativenature,theappropriatestatisticaltool

fordiscoveringandmeasuringtherelationshipandexpressingitinbriefformula

isknownascorrelation.

4)Correlationanalysisattemptstodeterminethedegreeofrelationshipbetween

variables.

5)Correlationisananalysisoftheco-variationbetweentwoormorevariables.

Typesofcorrelation:1.Positiveornegative. 2.Simple,multipleandpartial..

3.Linearandnon-linear.

1) PositiveCorrelation:Ifboththevariablesarevaryinginthesamedirection,i.e.

ifasonevariableisincreasing,theother,onanaverageisalsoincreasingor,ifas

one variable is decreasing,the other,on an average is also decreasing,then

correlationbetweensuchtwovariablesissaidtobepositive(directrelationship).

Negativecorrelation:Ifboththevariablesarevaryinginoppositedirectioni.e.

ifasonevariableisincreasingtheother,onanaverageisdecreasingor,ifasone

variable is decreasing the other,on an average is increasing,then correlation

betweensuchtwovariablescorrelationissaidtobenegative(inverserelationship).

2) Simplecorrelation:Thecorrelationbetweenonlytwovariablesisknownas

simplecorrelation.

Multiplecorrelation:Inthisstudythreeormorethanthreevariablesare

included,butthecorrelationbetweenavariableandsetofvariablesisconsidered.

Partialcorrelation :In thisstudythreeormorethan threevariablesare

included butcorrelation between any two variables is considered by keeping

statisticalinfluenceofothervariablesconstant.

3) Linearcorrelation:Iftheamountofchangeinonevariabletendsthebear

constantratiototheamountofchangeintheothervariablethenthecorrelationis

saidtobelinearcorrelation(lineofequationintheform Y=a+bX).

Non-linearcorrelation:Iftheamountofchangeinonevariabledoesnotbear

aconstantratiototheamountofchangeintheothervariablethenthecorrelationis

saidtobenon-linearorcurvilinear

(equationintheform ofY=a+bX+cX2)
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Methodsofstudyingcorrelation:
1)Scatterdiagram method.

2)Graphicmethod

3)KarlPearson’scoefficientofcorrelation

4)Rankmethod(Spearman’srankcorrelationcoefficient)

5)Concurrentdeviationmethod.

6)Methodofleastsquares.

1)Scatterdiagram method:Thesimplestdevicetoseerelationshipbetween

twovariablesisaspecialtypeofdotchartcalledscatterdiagram.Ifvaluesof

twovariablesaregiventhenwecandrawgraphbytakingonevariableonX-

axisandotheronY-axisonagraphpaper.Foreachpair(X,Y)ofvaluesifwe

puta dotthen we obtain as many points as the numberofpairs of

observations.Lookingtothescatternessandtrendofthevariouspoints/dots

wecometoknowsomeideaaboutrelationshipbetweentwovariables.

Relationshipanddirectionofcorrelation.

r=+1(perfectpositive)
(Pointsarelieonline)

r=-1(perfectnegative)
(Pointsarelieonline)

Highdegreepositive
(Pointsarecloselydispersedaroundline)

Highdegreenegative
(Pointsarecloselydispersedaround

line)
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Lowdegreepositive
Pointsarewidelydispersedaroundline

Lowdegreenegative
Pointsarewidelydispersedaround

line
2)KarlPearson’scoefficientofcorrelation:Thisisthemathematicalmethod

ofmeasuringcorrelationbetweentwovariables.ThePearson’scoefficientof
correlationisdenotedby‘r’orrxyanditgivesdegree/magnitudeanddirection
ofrelationship between two series ortwo variables.The mathematical
formulais

Where,Xi = ith individualobservations ofvariable X,Yi = ith individual

observationsofvariableY, =ArithmeticmeanofX-series, =Arithmeticmeanof
Y-series,Cov(X,Y)=CovariancebetweenXandyseries,X=Standarddeviationof
X-series,Y=StandarddeviationofY-series
Someremarks:

1)Thevalueofrxyliesbetween-1and+1 i.e.-1≤r≤1
2)Ifr=1,thereexistsperfectpositivecorrelation
3)Ifr=-1,thereexistsperfectnegativecorrelation
4)Ifr=0,theredoesnotexistcorrelation.
5)Ifr=0.45,thereexistpositivecorrelationwithmagnitudeofcorrelationis0.45.
6)Ifr=-0.46,thereexistnegativecorrelationwithmagnitudeofcorrelation0.46.

Properties:
1)Itliesinbetween-1to+1,symbolically-1≤r≤+1or|r|≤1
2)ItisindependentofchangeofscaleandoriginofthevariableXandY
3)rxy=ryx(i.e.therelationshipbetweenthetwovariablesissymmetricorequal)
4)Itisgeometricmeanoftworegressioncoefficients,symbolicallyrxy=√byx*bxy

Topic:SIMPLELINEARREGRESSION

Introduction
Thecorrelationstudyisconcerned withtherelationship orclosenessor

associationbetweenvariables. Iftwovariablesarecloselyrelated,thenwemay

interestedinestimating(predicting)thevalueofonevariableforgivenvalueof

another. Regressionanalysisrevealsaveragerelationshipbetweenvariablesand

thismakespossibleto estimateorto predict. Weknow thatthereisclose

relationshipbetweenyieldofriceandamountofrainfallreceived,thenwemay
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estimate orpredictyield ofrice forgiven amountofrainfallwith the help of

regressionanalysis.

Regressionanalysisprovidesestimatesofvalueofthedependantvariablefor

thevalue(s)ofindependentvariable(s).Thedeviceusedinthisestimateprocedure

istheregressionline.Theequationofthislineisknownastheregressionequation.

Wemayestimatevalueofdependentvariableforgivenvalue(s)ofindependent

variable(s)from thisequation.

Definitions
1)Regressionisthemeasureoftheaveragerelationshipbetweentwoormore

variablesintermsoftheoriginalunitsofthedata.

2)Thetermsregressionanalysisrefers,tothemethodsbywhichestimatesare

madeofthevaluesofavariablefrom knowledgeofthevaluesofoneormore

othervariables and to the measurementofthe errors involved in this

estimationprocess.

3)Regression analysis attempts to establish the nature ofthe relationship

between variables i.e.to study the functionalrelationship between the

variablesandtherebyprovideamechanism forprediction,orforecasting.

Regressionlines
Ifweconsidertwovariablessay,XandY,thenweshallhavetworegression

lines.i)RegressionlineofYonX andii)RegressionlineofXonY.

TheregressionlineofYonXgivesprobablevalueofYforgivenvalueofX

andtheregressionlineofXonYgivesprobablevalueofXforgivenvalueofY.Ifr=

1orr=-1(i.e.perfectrelationship)thenboththelineswillcoincideatoneplacei.e.

wewillhaveonlyoneline. Thepointofintersectionoftwolinesgivesvalueof

arithmeticmeanofX-series,andY-series[i.e.(,)].Ifr=0,thentwolinesintersect
-

X
-

Y

toeachotheratrightanglei.e.oneparalleltoX-axisandotherparalleltoY-axis.As

two intersecting lines comes nearerto each other,degree ofmagnitude of

correlationincreases.

Regressionequations:Regressionequationisthealgebraicexpressionofthe

regressionline. Therearetworegressionlines,hence,therearetworegression

equationsi)RegressionequationofYonXandii)RegressionequationofxonY.

Methodofnormalequations:
RegressionequationofYonX:TheregressionequationofYonXisexpressedas

Y=a+b*X ........(1)

Where,a,b = Numerical constant, Y=Dependent variable, X=Independent

variable

ais‘interceptoflineonY-axis’andbis‘slopeoflinewithrespecttoX-axis’.

Todeterminevaluesofconstantsaandbalgebraicallyormathematically,we

havetosolvefollowingtwonormalorsimultaneousequations(equation2and3).

ΣYi =N*a+b*ΣXi .........(2)(equationobtainedbytakingsum ofboththe

sidesofequation1)

ΣXi*Yi=a*ΣXi+b*ΣXi
2 .......(3)(equationobtainedbymultiplyingequation1

byXandthentakingsum ofboththesides)

RegressionequationofXonY:TheregressionequationofXonYisexpressedas

X=a+b*Y........(1)

Where,a,b = Numericalconstant, X=Dependentvariable,Y=Independent

variable
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ais‘interceptoflineonX-axis’andbis‘slopeoflinewithrespecttoY-axis’.

Todeterminevaluesofconstantsaandbalgebraicallyormathematically,we

havetosolvefollowingtwonormalorsimultaneousequations(equation2and3).

ΣXi =N *a+b*ΣYi .........(2)(equationobtainedbytakingsum ofboththe

sidesofequation1)

ΣXi*Yi=a*ΣYi+b*ΣYi
2 ........(3)(equationobtainedbymultiplyingequation1

byYandthentakingsum ofboththesides)

Methodofscatterdiagram
RegressionlineofYonX:Inthis,scatterdiagram ofvariouspoints(X,Y),lineis

drawnpassingthroughthesescatteredpointsthenitispossibletofindvertical

distanceofeach pointfrom line. Theverticaldistanceofeach pointcan be

determined from line bytaking difference between value ofY ata pointand

correspondingvalueofYontheline.ValueofYonalineisalsoknownascalculated

value(Yc).Accordingtothemethodofleastsquares,theregressionlineisdrawn

throughthevariouspointsinsuchamannerthatthesum ofsquaresofdeviationsof

theactualvaluesofYfrom thecalculatedvalues(i.esum ofsquaresofvertical

distancesofpointsfrom theline)istheleast.i.e.Σ(Y-Yc)2istheleast

Thus,lineforwhichΣ(Y-Yc)2istheleastorminimum,fitsthepointsbestand

suchalineisknownasbestfitline.

Characteristicsofbestfitline

1)Σ(Y-Yc)2isleastorminimum

2)Σ(Y-Yc)=0

3)Thelinegoesthrough( , )

4)Leastsquarelineisabest

estimate ofthe population

regressionline.

RegressionlineofXonY:Inthis,scatterdiagram ofvariouspoints(X,Y),lineis

drawnpassingthroughthesescatteredpointsthenitispossibletofindhorizontal

distanceofeachpointfrom line. Thehorizontaldistanceofeachpointcanbe

determined from line bytaking difference between value ofX ata pointand

correspondingvalueofXontheline.ValueofXonalineisalsoknownascalculated

value(Xc).Accordingtothemethodofleastsquares,theregressionlineisdrawn

throughthevariouspointsinsuchamannerthatthesum ofsquaresofdeviationsof

theactualvaluesofXfrom thecalculatedvalues(i.esum ofsquaresofhorizontal

distancesofpointsfrom theline)istheleast.i.e.Σ(X-Xc)2istheleast

Thus,lineforwhichΣ(X-Xc)2istheleastorminimum,fitsthepointsbestand

suchalineisknownasbestfitline.

Characteristicsofbestfitline

1)Σ(X-Xc)2isleastorminimum

2)Σ(X-Xc)=0

3)Thelinegoesthrough( , )

4) Leastsquare line isa best

estimate

of the population regression

line.
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RegressionequationofYonXifdeviationstakenfrom meanofXvaluesandY

values.

Where,Y=Dependentvariable =MeanofY-series

X=Independentvariable =MeanofX-series

rXY=Correlationcoefficient Y=StandarddeviationofX-series

X=StandarddeviationofY-series

The

term
rXY

Y
isknownasregressioncoefficientofYonXandisdenotedbybYX,hence

X

RegressionequationofXonYifdeviationstakenfrom meanofXvaluesandY

values.

Where,X=Dependentvariable X=MeanofX-series

Y=Independentvariable Y=MeanofY-series

rXY=Correlationcoefficient Y=StandarddeviationofX-series

X=StandarddeviationofY-series

Theterm isknownasregressioncoefficientofXonYandisdenotedbybXY,hence

Someremarks
1.Boththeregressioncoefficientshavethesamesign(+veor–ve),thatisbothbYX

andbybXYbenegativeorpositive.

2.Themagnitudeofboththeregressioncoefficientsneverexceeds1atatime,if

oneofthemagnitudeisgreaterthan1theothermustbelessthan1.

3.The Coefficientofcorrelation have the same signs as thatofregression

coefficients(sincerXY =√byx *bxy). i.eifbYX andbXY arenegativethenrXY is

negativeandifbYXandbXYarepositivethenrXYispositive.

4.Regressioncoefficientsareindependentofchangeoforiginbutnotonthescale.

Correlation Regression

1 Correlationstudyisconcerned

withtherelationshipbetween

variables.

Regressionstudyisconcernedwiththe

averagerelationshipbetweenvariables.

2 Correlationindicatestheextentof

relationshipbetweenvariables.

Regressionanalysishelpsinestimating

orpredictingvalueofdependentvariable.

3 Causeandeffectrelationshipmay

notbeidentifiedseparately.

Thecauseandeffectrelationshipis

clearlyindicatedthroughregression

equation.
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4 Thecorrelationcoefficientare

equalorsymmetrici.e.ryx=rxy

Theregressioncoefficientsaredifferent

i.e.byx≠bxy

5 Thecorrelationcoefficientis

independentofchangeofscale

andorigin.

Theregressioncoefficientsare

independentofchangeoforiginonly.

Topic:POBABILITY

Introduction

Theword‘probability’or‘chance’or‘possibility’iscommonlyusedinday-to-

dayconversation.In layman’sterminologytheword probabilitymeansthereis

uncertaintyaboutthehappeningofevent.Weusethewordprobabilityintheform of

percentonthebasisofsomejudgmentorsenseoropinionorwishfulthinking.But

instatisticalsense,thewordprobabilityisnotbasedonsuchthings;itisbasedon

collected/generated/availablenumericalfacts/data. Hence,instatisticstheterm

probabilityisestablishedbydefinitionandisnotconnectedwithbeliefsoranyform

ofwishfulthinking.

Someterms

Experiment:Theterm experimentreferstodescribeanactwhichcanberepeated

undersomegivenconditions.

Random experiment:Random experimentarethoseexperimentswhoseresults

dependonchance.Forexample,tossingofacoin(twosides),throwingofadie

(whichhassixsides)anddrawingacardfrom packofplayingcardsaresome

examplesofrandom experiments.

Outcomes:Theresultsofarandom experimentarecalledoutcomesorevents.

Random experimentandevent:Ifinanexperimentallthepossibleoutcomesare

knowninadvanceandnoneoftheoutcomecanbepredictedwithcertainty,then

suchanexperimentiscalledarandom experimentandtheoutcomeofarandom

experimentiscalledaseventorchanceevent.Eventsaredenotedbycapitalletters

A,B,C…etc.

Dependentevents:Dependenteventsarethoseeventsinwhichtheoccurrenceor

non-occurrenceofaneventinanyonetrialaffectstheprobabilityofothereventsin

othertrials.

Equallylikelyevents:Eventsaresaidtobeequallylikelywhenonedoesnotoccur

moreoftenthantheothers.

Simpleandcompoundevents:Insimpleevents,weconsidertheprobabilityofthe

happeningornon-happeningofsingleoutcome.Ontheotherhand,incaseof

compoundevents,weconsiderthejointoccurrenceoftwoormoreoutcomes.

SampleSpace:Thesetofallpossibleoutcomesofarandom experimentiscalled

assamplespaceoftheexperimentanditisdenotedbyS

Mutuallyexclusive events :Two events are said to be mutuallyexclusive or

incompatiblewhenbothcannothappensimultaneouslyinasingletrial.Forexample

ifsinglecoinistossedtheneitherheadortailcanbeup,bothcannotbeupatthe

sametime.Hence,eventofgettinghead(say,eventA)andeventofgettingtail(say,

eventB)aremutuallyexclusiveevents.Intossingadie,theeventofgettingeven

numbers(Say,A)andeventofgettingoddnumbers(Say,B)aremutuallyexclusive

events,buteventofgettingevennumbers(say,A)andeventofgettingnumbersless

thanorequalto3(Say,B)arenotmutuallyexclusive.Inthis,number2(outcome)is
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commontoboththeevents.
EventAandBaremutuallyexclusiveevents EventAandBarenotmutuallyexclusiveevents

Independentevents:Twoormoreeventsaresaidtobeindependentswhenthe

outcomeofonedoesnotaffect,andisnotaffectedbytheother.Ifcoinistossedas

successivelytwotimes(twice)theresultof2ndthrowisnotaffectedbytheresultof

1stthrow.Ifwedraw acardfrom apackofcards(from 52cards)andnotplaced

backintothepackofcardstheprobabilityofgettingaparticularcardat2nddrawis

affectedby1stdraw.Henceeventsofgettingparticularcardfrom packofcardsare

saidtobeindependenteventsifandonlyifweputdrawncardbackintothepackof

cards.Otherwiseitissaidtobedependentevents.[Note:gettingblackcardin1st

draw(say,eventA)andgettingqueenin2nddraw(say,eventB)]

Exhaustiveevents:Eventsaresaidtobeexhaustivewhentheirtotallyincludesall

thepossibleoutcomesofarandom experiments.

Samplespacei.eS

EventsAandBarenotexhaustiveevents EventsAandBareexhaustiveevents

(A–GettingbothH B–GettingbothT) (A-GettingatleastoneH B–GettingatlestoneT)

Complementaryevents:SupposetherearetwoeventsA andB.A iscalledthe

complementaryeventofB,ifAandBaremutuallyexclusiveandexhaustiveevents.

Probability(Mathematicalapproach):
Probabilityisdefinedastheratioofnumberoffavorablecasestothetotal

numberofequallylikelycases.IfprobabilityofoccurrenceofeventAisdenotedby

P(A),thenbydefinition.

P(A)=

Numberoffavourablecasesto

eventA

Numberofequallylikelycases

Supposethereare‘a’numberoffavourablecasestoeventAandtherearen

numberofequallylikelycase,then

p =
a

n

Where,p=ProbabilityofeventA

IfprobabilityofnonoccurrenceofeventAisdenotedbyP(notA),thenbydefinition.

HH HTTH
TTHH TT

HT TT

2,4,6 1,3,5
4,6 1,32

HH HTTH
TT
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P(notA)=

Numberofunfavourablecasesto

eventA

Numberofequallylikelycases

Supposethereare‘n-a’numberofunfavourablecasestoeventA(since‘a’numberof

favourablecasestoeventA)andtherearennumberofequallylikelycase,then

q =
n-a

n

q =
n

-
a

n n

q = 1 -
a

n

q = 1 - p

Hence,p+q= 1

Where,q=ProbabilityofnotgettingeventA

Axiomatictheorem ofprobability.
Additionaltheorem :

Iftwo events A and B are mutuallyexclusive,then the probabilityofthe

occurrenceofeitherA orB isthesum oftheindividualprobabilityofA andB

symbolically.

 P(AorB)=P(AB)=P(A)+P(B)

IftwoeventsA andBarenotmutuallyexclusive,thentheprobabilityofthe

occurrenceofeitherAorBisbysubtractingprobabilityofoccurrenceofeventAand

event[i.e.P(AandB)]from theindividualprobabilitiesofAandB,symbolically.

 P(AorB)=P(AB)=P(A)+P(B)–P(AB),

ProofofP(AorB)=P(AB)=P(A)+P(B)

P(AorB) =ProbabilityofgettingeventAoreventB

Supposetherearenequallylikelycases,andnumberoffavourable

casestoeventAissayaandnumberoffavorablecasestoeventBissayb

P(AorB)=
NumberoffavorablecasestoAorB

Totalnumberofequallylikelycases

P(AorB)=
a+b

n

P(AorB)=
a b

n n

P(AorB)=

Numberoffavourablecasesto

eventA +

Numberoffavourablecasesto

eventB

Numberofequallylikelycases Numberofequallylikelycases

P(AorB)= P(A) + P(B)

Multiplicationtheorem

IftwoeventsAandBareindependenteventsthentheprobabilitythattheybothwill
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occurisequaltotheproductoftheirindividualprobabilities,symbolically.

P(AandB)=P(AB)=P(A)*P(B)

(ForproofofP(AandB)=P(AB)=P(A)*P(B)referbook)

Theoreticaldistributions

BinomialDistribution
ThebinomialdistributionisalsoknownasBernoulli’sdistribution.Binomial

distributionisaprobabilitydistributionexpressingtheprobabilityofonesetof

dichotomousalternative,whichissuccessorfailure(onlytwopossibleoutcomes).

Foran eventwith probabilityofoccurrenceorsuccesssay,p and non-

occurrenceorfailuresayq,theprobabilitydistributionofnumberofoccurrences

(say,r)ofAornumberofsuccessesofAin‘n’trailsfollowBinomialdistributionand

isgivenby,

P(rsuccess)= P(r)=nCrqn-rpr

Where, p = Probabilityofsuccessinsingletrial

q = l-p=Probabilityoffailureinsingletrail

n = Numberoftrails

r = Numberofsuccessesinntrails.

Itshouldbenotedthatthevariabler(asnumberofsuccess)inthebinomial

distributionisadiscreteoneandnotcontinuous.

Theterm obtainednCrqn-rprforr=0,1,2,3,.......r,r+1,....istheterm from

binomialexpansionof(q+p)n.
(q+p)n=nC0qnp0+nC1qn-1p1+nC2qn-2p2+nC3qn-3p3+......+nCrqn-rpr+..........+nCnqn-npn

[Note:

PropertiesofBinomialdistribution

1)Itisadiscretedistribution

2)Meanofbinomialdistributionisproductofnumberoftrialsandprobabilityof

successi.eMean=np

3)Standard deviation ofbinomialdistribution is square rootofproductof

numberoftrialsandprobabilityofsuccessandprobabilityoffailure.i.eS.D.=

npq

ThereforeVariance=npq

Poissondistribution
Poissondistributionisusedwhentheprobabilityofsuccessofindividual

eventisverysmalli.e.pisverysmall. Thisdistributionisusedtodescribethe

behaviourofrareevents.Forexample,inthecaseslikenumberaccidentsonthe

road,numberofprinting mistakesand so on,in such a evidence chancesof

occurrenceareverysmall,hencetheprobabilitypisalsosmall.

ThePoissondistributionisdefinedas

P(X=r)=
e

-m
m

r

r!

Where,r=0,1,2,3,4… =numberofoccurrences

e=2.7183,thebaseofnaturallogarithms

m=themeanofPoissondistribution

=np=Averagenumberofoccurrences

n=Totalnumberofcases
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p=Probabilityofoccurrenceofanevent.

Properties

1)Itisdiscretedistribution

2)Mean=np

3)Standarddeviation=√m =√np

Thereforevariance=npandhence,Mean=Variance

Normaldistribution
Thenormaldistributionisalsocalledasnormalprobabilitydistribution.This

is a mostusefultheoreticaldistribution forcontinuous variable.The normal

distributionisanapproximationtothebinomialdistribution.

IfµismeanandσisstandarddistributionofvariableX,thenthenormal

distributionofvariableX,thenormaldistributionisdefinedas,

-(x-µ)2

P(X=x)=
1

e
2σ

2

σ√2

Theconstantµandσarecalledparametersofnormaldistribution.Normalis

denotedbyN(µ,σ2)

IfN isthetotalfrequencythenequationtonormalcurvecorrespondingto

normaldistributionwithmeanµandstandarddeviationσisgivenby

-(x-µ)2

y=
N

e
2σ

2

σ√2

Thequantity
N isequalto themaximum ordinateofthenormal

curveσ√2

Ifµ=0andσ=1,thenthenormaldistributioniscalledstandardnormal

distributionandisgivenby

-x2

P(X=x)=
1

e
2

√2

Someremarks

1)Theshapeofnormaldistributionisdifferentfordifferentvaluesofµandσ,

butthereisuniqueshapeofnormaldistributionforanygivenvaluesofµand
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σ.

2)NormaldistributionislimitingcaseofBinomialdistribution(ifn ∞ and

neitherporqisverysmalli.e.pandq0.5)

3)NormaldistributionislimitingcaseofPoissondistribution(ifm islargei.e.n

andparelargei.en∞ andp0.5)

4)Themeanofnormallydistributedpopulationliesatthecentreofitsnormal

curve.

5)Thetwotailsofnormaldistributionnevertouchesthex-axis

6)PoissondistributionislimitingcaseofBinomialdistributionifnislargeandp

tendstoo.

Importance

1)Wecancalculatemaximum andminimum limitswithinwhichpopulation

valueslies(i.edistributionoftotalnumberoffrequenciesortotalnumberof

valuesN).

e.g. Mean–1σtoMean+1σ68.27%values

Mean–2σtoMean+2σ95.45%values

Mean–3σtoMean+3σ99.73%values

2)Ifpopulationhasnormaldistributionwithmeanµandstandarddeviationσ

andifwedrawsampleofsizenfrom thispopulation,thenforlargen,mean

ofthissample isdistributedasnormaldistributionwithmeanµ and
-

X

standarddeviationσ/√n

3)Assamplesizenbecomeslarge,manydiscretedistributionsfollow normal

distribution.

Propertiesofnormaldistribution

1)Thenormalcurveisbell-shapedandsymmetric.

2)Theheightofthenormalcurveismaximum atthemean,hence,Mean=Mode

=Median

3)Thereexistonlyonemaximum pointofthenormalcurve,andwhichoccursat

themean.Theheightofnormalcurvedeclinesaswegoateitherdirection

form themean.Thecurveapproachesnearerandnearertobaseunit(i.eX-

axis)butnevertouchesit.

4)Normalcurvehasonlyonemaximum point,hencenormalcurvehasonlyone

modei.e.curveofnormaldistributionisunimodal.

5)Thepointofinflectioni.e.pointwherethechangeincurvatureoccursarex-σ

andx+σ(i.e.x±σ)

6)Thevariabledistributedaccordingtothenormalcurveisacontinuousone.

7)Thefirstandthirdquartilesareequidistancefrom themediani.e.2ndquartile.

8)Theareaunderthenormalcurveisasfollows

Mean–1σtoMean+1σ(i.e.mean±1σ)68.27%area

Mean–2σtoMean+2σ(i.e.mean±2σ)95.45%area

Mean–3σtoMean+3σ(i.e.mean±3σ)99.73%area

9)Forstandardnormaldistributionmean=0andS.D.=1Henceaboveproperty

forstandardnormaldistributionbecomes.

-1to+168.27%area

-1to+195.45%area

-1to+199.73%area
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Areaunderthecurve

µ+3σ µ+2σ µ+1σ µ µ+1σ µ+2σ

µ+3σ

Topic:StatisticalInference-TestofHypothesis
Someterms
Population :A population (orUniverse)is totality ofitems orthings under

consideration.Itisacollectionofallmeasurementsofaparticulartypeofinterest

tothedecision-makers.Populationmaybefiniteorinfinite.

Sample:Asampleisanygroupofmeasurementsselectedfrom apopulationfor

analysisorstudy.Itisalsoknownassubsetofpopulation.

Elementaryunits:Theindividualitemsinapopulationarecalledelementaryunits.

Parameter:Populationconstantlikemeasuresofcentraltendencyofpopulation(e.g.

arithmeticmean),measuresofdispersionofpopulationareknownasparameters

(e.g.standarddeviation).

Statistic:Sample constantlike measuresofcentraltendencyofsample (e.g.

arithmeticmean),measuresofdispersionofsampleareknownasstatistic(e.g.

standarddeviation).

Estimation:Touse‘statistic’obtainedfrom thesampleasestimateoftheunknown

parametersofthepopulation.

Hypothesis :Hypothesis is an assumption thatis made abouta population

parameter.

Hypothesistesting:Totesthypothesisaboutparentpopulationfrom whichthe

sampleisdrawn.

Introduction
Statisticalinference is concerned with solving problems related with

uncertaintyindecisionmakingbyusingprobabilityconcept. Statisticalinference

referstoprocessofselectingandusing‘samplestatistic’todrawconclusionabouta

populationparameters.

Procedureoftestinghypothesis

1)Setupahypothesis:Thefirstthinginhypothesistestingistosetupa

hypothesisandthishypothesiscanbetestedonthebasisofinformation

generatedfrom thesample.

Therearetwotypesofhypothesis

a)Nullhypothesis:Itisanassumptionthatismadeaboutthepopulation

68.27%area

95.45%area99.73%
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parametersintheform ofstatementofequality.

Forexample,H0:µ1=µ2orµ1-µ2=0orµ1=µ2=µ

i.e.H0:Thereisnodifferencebetweenmeansoftwopopulationsor

differencebetweentwomeansisequaltozeroorbothmeans

areequaltoµ.

b)AlternativeHypothesis:Anyhypothesiswhichdiffersfrom nullhypothesis

iscalledalternativehypothesis

e.g H1:µ1≠µ2,H1:σ1
2≠σ2

2,H1:µ1>µ2,H1:µ1<µ2andsoon

2)Setup a suitable significance level:The significance levelis always

expressedasapercentagelike10%,5%,2%,1%. Thesignificancelevelis

nothingbutprobabilityofrejectingnullhypothesisifitistrue.

3)Setting a testcriteria :Setting a testcriteria means selecting anyone

appropriatestatisticaltestproceduresuchast-test,F-testor2.

4)Doingcomputations.

5)Makingdecisions:Astatisticalconclusionorstatisticaldecisionisadecision

eithertorejectortoacceptthenullhypothesis.

TwotypesofErrors

Therearetwotypesoferrorsintestinghypothesis.Astatisticalhypothesisis

testedbyapplyingcertaintestcriteriatotakeadecisionregardingrejectionor

acceptanceofthenullhypothesis.Therearefourpossibilitieswhiletakingsuch

decisions.

a)Thehypothesisistruebutthetestrejectsit,isknownastypeIerror.

b)Thehypothesisisfalsebutthetestacceptsit,isknownastypeIIerror.

c)Thehypothesisistrueandtestacceptsit,isthecorrectdecision.

d)Thehypothesisisfalseandthetestrejectsit,isalsocorrectdecision.

Thesesituations&decisionsaresummarizedasfollows

Decision

H0isaccepted H0isrejected

H0istrue Correctdecision TypeIerror

Situation

H1isfalse TypeIIerror Correctdecision.

=Prob(TypeIerror)=

Prob(RejectHoifitistrue)

=Prob(TypeIIerror)=Prob(AcceptHoifitisfalse)

(Note:Whiletestinghypothesisouraim istoreduceboththetypeoferrors,butitis

notpossiblebecauseasprobabilityofmakingonetypeoferrorcanbereducedifwe

arewilling to increasetheprobabilityofmaking theothertypeoferror(asα

increasesβmustbedecreasessinceα+β=1)

Toacceptfalsehypothesisisequivalenttoacceptlotofbaditems.Hence,it

ismoredangeroustoacceptthefalsehypothesis(TypeIIerror)thantorejectatrue

hypothesis(TypeIerror).HencewekeepTypeIerroratacertainlevel.Levelof

significanceistheprobabilityofcommittingTypeIerror.(Thelevelofsignificanceis

alsoknownassizeofrejectionregionorsizeofthecriticalregionorsizeofthetest).

a)5%levelofsignificancemeans(α=0.05)meansoutof100decisionsmade,

only5wrongdecisionaretolerableandwehave95%confidencethatthedecision

madeiscorrect.
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b)1%levelofsignificancemeans(α=0.01)

Note:=0.05(i.esignificancelevel =5%)

Samplingdistribution
Itisnotpossibletostudythecompletepopulationbecausesomepopulations

areinfinite,somepopulationsarefinitebutlarge,somepopulationsarefinitebutitis

notpossibletostudyeachandeveryunitofitforvariousreasons(like,timelimit,

economy,experiencedmanpower,destructionofunitsatthetimeofstudyandso

on).So,tostudyragardingpopulation,wehavetoselectarandom samplefrom the

population.Thevalueofstatisticobtainedform sampleisconsideredasestimateof

the population parameter. These two values,sample statistic and population

parametermaynotbeequal,butdifferencebetweenthesetwo occursdueto

samplingerror.

Considerpopulationhaving mean(populationparameter)and standard

deviationσ(populationparameter).Supposewehavetaken100random samples

eachofsizesaynviz.S1,S2,S3…S100from population.Form these100sampleswe

cancalculate100samplemeans(statistic).Itwillbeobservedthateventhoughall

thesamplesareofequalsizeanddrawnfrom thesamepopulation,thevaluesof

samplemeansvaryfrom sampletosample.Ifwedrawallpossiblesampleofsizen

insteadof100samplesfrom population,thenvariationofmeanofdifferentsamples

canstudiedbyconstructingafrequencydistributiontableofallmeans.(meansofall

thepossiblesamplesofsizen). Suchafrequencydistributionofthestatistic

(samplemean)iscalledas“samplingdistribution”ofthestatistic.

Populationdistribution

Samplemeandistribution

Mean= Standarddeviation=σ/√n Mean= Standard deviation =

σ/√nThearithmeticmeanofpopulationandsampledistributionremainssame.

1)Thestandarddeviationofsamplingdistributionisequaltoratioofpopulation

standard deviation and the square rootofthe sample size.(Standard

deviationofsamplemeandistribution(i.edistributionof )isalsocalled
-

X

standarderrorofsamplemeandistribution(i.edistributionof )).
-

X

2)Evenifpopulationisnotdistributednormally,thesamplingdistributionis

Acceptanceregion(Say95%)
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distributednormally.

Studentst-distribution:Thistestisusedwhensamplesizeisleesthan30. If

samplesizeislessthan30thensuchsampleisknownassmallsample.Inthis,we

arenotinterestedtoestimatepopulationparameterwiththehelpofsuchasmall

sampledrawnfrom apopulation,onlyourinteresttotestthehypothesisi.etotest

differencearisesbetweenobservedvalue(calculatedfrom sample)andpopulation

valueisduetosamplingfluctuation.Whileusingthistestweassumethattheparent

populationisnormallydistributed.

Theoreticalworkont-distributionwasdonebyW.S.Gosset.Hewasknown

byhispenname‘Student’,andhisworkwaspublishedbyhispenname‘student’.

Hence t-distribution is commonlycalled as student’s t-distribution orStudents

distribution.Thet-statistic(sincetisderivedfrom sample)isdefinedas

Anditsdistributionis

f(t)=c(1+

t

)
– (+1)/2



Where,

t = -
-
X n

S

t =
-

-
X

n
S

c=aconstantrequiredtomakeareaunderthecurveequaltoone

=n–1(degreesoffreedom )

Properties: i) t-valuerangesfrom - to+

ii) Valueofcdependson

iii) Distributionoftissymmetricandmeanequalto0.

iv) Valueofstandarddeviationisalwaysgreaterthan1andittends

to1as tendsto30orastendstoinfinity.

i.e.astendsto(orlarge)
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Mean=0andStandarddeviation=1

Henceastendsto(orlarge)t-distributionbecomesstandard

normal distribution.

Applicationoft-distribution:

I) Totestthesignificanceofthemeanofarandom sample(Singlesample)

Indeciding,weatherthemeanofasampledrawnfrom anormalpopulation

deviatessignificantlyorsignificantlydifferentfrom populationmean,whenvariance

ofthepopulationisunknown,wecalculatethestatistic

Where, X=Mean

n=Samplesize

S=Standarddeviationofsample

Ho:o=i.eHo:Populationmean=

Ifcalculated|t|>tablevaluet,thenwecansaydifferencebetweenmeanof

sampleandmeanofpopulationissignificanti.e.sampleisnotdrawnfrom

populationhavingmean. Ifcalculated|t|<tablevaluet,thenwecansay

differencebetweenmeanofsampleandmeanofpopulationisnotsignificanti.e.

sampleisdrawnfrom populationhavingmean.

II) Totestthesignificanceofthemeansofatworandom samples(Independent,

Singlesample)

Indeciding,weathertwoindependentsampleshavingmeans1and1and

standarddeviationS1andS2respectivelycome(ordrawn)from asamenormal

population,wecalculatethestatistic

Where, =Meanof1stsample

=Meanof2ndsample

n= Sizeof1stsample

m = Sizeof2ndsample

Sx=Standarddeviationof1stsample

Sy = Standard deviation of 2nd

sample
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Ho:x=y i.eHo:Meanof1stpopulation=Meanof2ndpopulation

Ifcalculated|t|>tablevaluet,thenwecansaydifferencebetweenmeanof

sampleandmeanofpopulationissignificanti.e.sampleisnotdrawnfrom

populationhavingmean. Ifcalculated|t|<tablevaluet,thenwecansay

differencebetweenmeanofsampleandmeanofpopulationisnotsignificanti.e.

sampleisdrawnfrom populationhavingmean.

III) Totestthesignificanceofthemeansofatworandom samples(Dependent,

Singlesample,matchedpairobservationsorrelatedsamples)

Inprevioustestitwasassumedthatthetwosampleswereindependent.Two

samplesaresaidtobedependentwhenthemeasurementsofonesampleare

relatedtothoseinotherinanysignificantormeaningfullmanner.Inthis,samples

mayconsistofpairsofobservationsoftwocharactersofsameobjectorindividual

orselectedpopulationelements.

Indeciding,weathertwosamplesarerelatedtoeachother(i.eboththe

samplesaredrawnfrom samepopulation),wecalculatethe‘statistic’

Where, =themeanofdifferenceofpairsofvalues

S=thestandarddeviationofdifferencevalues

=
∑di

S=
∑(di- )2

n n–1

Ho:d=0i.eHo:Populationmeanofdifferencevalues=0

Ifcalculated|t|>tablevaluet,thenwecansaytwosamplesarenotrelated

orsamplesisnotdrawnfrom twopopulations. Ifcalculated|t|<tablevaluet,then

wecansaytwosamplesarerelatedorsamplesaredrawnfrom samepopulation

IV) Totestthesignificanceanobservedcorrelationcoefficient:

Supposecorrelationcoefficientbetweentwovariables/charactersonthe

basisofsamplesissayrxy (ie.calculatedorobservedcorrelationform twosetsof

values).Withthehelpoft-testitispossibletotestthehypothesisthatthe

correlationcoefficient()betweenthosetwovariable/charactersinpopulationis

equaltozero.i.ethesetwovariables/charactersareuncorrelated.Thetestis

t =
rxy

1-rxy

Ho:=0i.eHo:Populationcorrelation=0

Ifcalculated|t|>tablevaluet,thenwecansaycorrelationcoefficientoftwo

variablesisdifferentfrom zeroi.etheyarecorrelatedvariables.Ifcalculated|t|<

tablevaluet,thenwecansaycorrelationcoefficientoftwovariablesisequaltoi.e

theyareuncorrelatedvariables.

F-testorvarianceratiotest:

TheobjectofF-testistofindoutweatherthetwoindependentestimatesof

populatonvariancediffersignificantlyorweatherthetwosamplesmayberegarded

asdrawnfrom thenormalpopulationhavingthesamevariance.Totesttwo

variancestheFratioisdefinedas
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F =
Sx

2

Sy
2

Where, Sx
2=

∑(Xi- )2

N1–1

Sx
2=

∑(Yi- )2

N2–1

(Note:1=n1–1 2=n2–1)

ifSx
2>Sy

2andtablevalueistakenagainst1,2d.f.

F =
Sy

2

Sx
2

ifSy
2>Sx

2andtablevalueistakenagainst2,1d.f.

SinceF-testisbasedontheratiooftwovariance,itisalsoknownasthe

varianceratiotest




