
MODULEI

MEASURESOFRELATIONSHIP

Measuresofrelationshipsbetweensexandperformanceheightandmass(weight)and

similarcomparisonsofvariablesespeciallywhentheyaremorethanone.Theseare

theareaswherecorrelationandregressionoperates.Theyhelpindeterminingthe

extentandnatureofrelationshipbetweenvariables.

Aseducationist,wemaybeinterestedintherelationshipbetweentheBiologytestand

thegradepointaverage(GPP).Orwemaybeinterestedintherelationshipbetween

intelligencescoresandperformanceofsciencetest.Correlationco-efficientareusedin

establishingsuchrelationships.Thesymbolforcorrelationco-efficientisr.

Thevalueofthecorrelationco-efficientr,varybetween1.00and-1.00.Acorrelationof

+1.00representsaperfectpositiverelationshipbetweentwosetoftestscoresunder

consideration.Thismeansthatindividualsobtaininghighscoresononetesttendto

obtainhighscoresonthesecondtest.Theconverseisalsotrue,thatis,individuals

scoringlowononescoretendtoscorelowonasecondscore.

A correlationof-1.00,ontheotherhand,representsaperfectnegativerelationship

betweenthetwosetoftestscores.Inthiscaseindividualsscoringlowononetesttend

toscorehighonthesecondtest.

Acorrelationco-efficientofzerorepresentsacompleteabsentofarelationship.

Itshouldbepointedoutthatnaturedoesnotstructuredeventintoperfectrelationship

(beitpositiveornegative)witheachother. Inreality,thecorrelationweobserve

betweenthepsychologicalmeasuressuchasperformanceinArithmeticandSpelling

departfrom perfect.Theyaresuchthatmaybehighbutlowerthat+1.00/

Therearemanytypesofcorrelationco-efficient.



Forinstance,wehave:

1. PearsonProduct-MomentCorrelation

2. SpearmanRankOrderCorrelationorsimplycalledSpearmanRho,andKendall

Rank’sCorrelation

3. MultipleCorrelation

4. PartialCorrelation

5. Point-BiserialCorrelation

6. BiserialCorrelation

7. PhiCorrelation

8. TetrachoricCorrelation

Thedecisionofwhichonetoemploywithaspecifictestscoresdependsuponsuch

factorsas:

a. thetypeofscaleofmeasurementinwhicheachofthescoresisexpressed;

b. thenatureoftheunderlyingdistribution(continuousordiscrete);

c. thecharacteristicsofthescores(Linearornon-linear).

Forourpresentdiscussion,onlythefirsttwocorrelationaltypeswillbetreated.

TypesofCorrelation

Correlationmeasuresthedegreeofassociation(relationshipbetweentwovariables.

Thereforetwovariablesaresaidtobecorrelatedorrelatedwhenchangeonevariable



resultaschangeoftheothervariable.Thedegreeofcorrelation(r)betweentwo

variablesx&yisexpressedbyarealnumberwhenliesbetween-1&+1(-1<r<+1);

simplecorrelationisbasicallyclassifiedaccordingtothevaluesofitscoefficient.

Hence,thereare
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TherearealotofcomputationalprocessesemployedinthecalculationofPearson‘r’.

Thefollowingtwoaremorecommonlyemployed.

1. Themeandeviationformula

2. Therawscoreformula

Themeandeviationformulaemploysafundamentalexpressionintheform of:

r=

TheXandYarevariables,e.g.MathematicsandPhysicsscores.Itshouldbenotedin

theexpressionabovethat(X-X)and(Y-Y)aredeviationscoressimilartotheone

encounteredwhilefindingthestandarddeviation.

EachofthedeviationexpressionsmeasuresthedepartureofindividualXandYscores

abouttheirmeansXandYrespectively. Ifthedeviationsscoresareexpressedas

simplevariablessuchthat(X-X)isrepresentedbyX,and(Y-Y)isbyY,thentheabove

formulacanbestatedas:

r=

where,

r=CorrelationbetweenXscoresandYscores

x=DeviationofXscorefrom themeanofXscores

Y=DeviationofacorrespondingYfrom themeanoftheYscores

XY=Thesum ofalltheproductsofdeviations,suchXdeviationtimesitscorresponding

Ydeviation.

SxandSy=standarddeviationsofyandY

ThisprocedureforcalculatingthePearson‘r’isappropriateandeffectiveifinthesame



calculationwehaveseparateneedforthestandarddeviationofeachofthetestscores

weareconsidering. Ifthestandarddeviationarenotspeciallyrequired,thenthe

formulaabovecouldbeunnecessarilycumbersometouse.Wemayusetheshorter

methodthatomitsthecomputationofSxandSy.

Method1:TheMeanDeviationMethod

r=

where,

X2=sum ofsquareddeviationofXscores

Y2=sum ofsquareddeviationofYscores

XY=sum ofallproductsofdeviations,

eachXdeviationtimesitscorrespondingYdeviation.

Letusnowusetheaboveformulatoillustratethecalculationof‘r’bydeviationmethod

Table

CalculationofPearsonProductMoment

CorrelationCoefficientbetweenTwoSetofscores

X Y (X-X) (Y-Y) X2 Y2 XY

Giyath 13 11 4.6 3.1 21.16 9.61 14.26

Solape 12 14 3.6 6.1 12.96 37.21 21.96

Moronkola 11 12 2.6 4.1 6.76 16.81 10.66

Anita 9 9 .6 1.1 .36 1.21 0.66

Binta 8 6 -0.4 -1.9 .16 3.61 0.76



Yegoa 8 7 -0.4 -.9 .16 .81 0.36

Daniel 7 7 -1.4 -.9 1.96 .81 1.26

Lilian 7 5 -1.4 -2.9 1.96 8.11 4.26

Mercy 5 6 -3.4 -1.9 11.56 3.61 6.46

Sandra 4 2 -4.4 -5.9 19.36 34.81 25.96

∑X=84 ∑Y=79 0 0 76.40 116.9 86.40

X=8.4 Y=7.9 ∑X2 ∑Y2 ∑XY

r=

r=

r=

=0.9142

ThestepsinvolvedinthecomputationofthePearsonProductMomentCorrelation

Coefficientoftheabovedatacanbepresentedthus:

Step1: List in parallelcolumns the paired X and Y scores noting that

correspondingscoresaretogether

Step2: Determinethemeanofthetwosetofscores.

Step3: DetermineforeverypairofscoresthedeviationsXandYandcheckthat

thesum ofthem equalszero.

Step4: SquareindividualdeviationoftheXandYcolumnstoobtainX2 andY2



respectively.

Step5: Findthesum ofthesquaresofeachofthetwosetofdeviationscoresto

obtain∑X2and∑Y2

Step6: Findthecross-productofeachofpairofthedeviationscorestoobtainXY.

Step7: Sum thecrossproducttoobtain∑XY

Step8: Substitutethevaluesofstep5andstep7intheformulaasillustratedin

theworkedexample.

MethodII

TheRawofDataProcedure

ThefirstprocedurediscusseddoesnotmakeuseoforiginaldataincalculatingPearson

‘r’. Thismakesthemethodalittledifficulttohandlebybeginners. Theraw data

procedureaimsatreducingtheamountofworktobedone.Thisisdonebyusingthe

formulabelow:

r=

where,

XandYaretheoriginalscoresontheindividualswithrespecttothevariableunder



consideration.

Nisthenumberofpairedcases.

Thestepstofolloware:

Step1: ListinparallelcolumnsthepairedXandYscores

Step2:Findthesum ofscoresofXandYcolumnstoobtainXandY.

Step3: FindthesquareoftheindividualXandYscorestoobtainX2andY2.

Step4: Sum squareoftheindividualXandYcolumnsabovetoobtain∑Y2.

Step5:DeterminethecrossproductofeachpairedXandYtoobtainXY

Step6:Sum ofthecrossproductabovetoobtain∑XY.

Step7:Substitutethevaluesobtainedinstep1tostep6aboveintheformula.Noting

thattheNstandsforthepairedcrossproduct.

ThenexttableshowscomputationalproceduresforPearson’r’from theoriginalscores.

Table2:ComputationalProceduresforPearson‘r’from theoriginalscores.

X Y X2 Y2 XY

13 11 169 121 143

12 14 144 196 168

11 12 121 144 132

9 9 81 81 81

8 6 64 36 48

8 7 64 49 56



7 7 49 49 49

7 5 49 25 35

5 6 25 36 30

4 2 16 4 8

∑X84 ∑Y=79 ∑X2 ∑Y2 ∑XY

X=8.4 Y=7.9 782 741 750

r=

=

r=

= 0.91

Theanswerobtainedinthisprocessisthesamewiththeonewegetthroughthefirst

methodused.

ItshouldbenotedthattheuseofPearsonrisjustifiedbytheassumptionthatthe

relationshipbetweenthetraitsconsideredisLinearandthatthescoresonthetraitsare

normallydistributed.Thescoresmustbeattheintervalorratiolevelofmeasurement.

MODULEII



SPEARMANRANKORDERCORRELATION

ThistypeofcorrelationisalsoreferredtoasCorrelationbyRanks:Rankcorrelationor

SpearmanRho.

Insteadofactualvaluesorscores,itispossibletoattachrankstovariablese.g.XandY.

theideawasintroducedin1906byC.Spearman.Heusedthealgebraicformulaefor

thesum ofnaturalnumberstogetherwiththesum oftheirsquares.

Spearmancoefficientisrepresentedbytheformula

rrho=.1- 6

where

d=differenceintherank,i.e.d=rankX,rankY

n=thenumberofrankedpairs

TheSpearmanr,rrhoisappropriatewhenoneofthescoreswhoserelationship

youwanttofightwithanotheroneisatordinallevelofmeasurement(rank)andthe

otheronemaybeordinalorhigher.

Inasituationwhereaclassteacherintendstofindoutwhethersocialwithdrawal

amongthestudentisrelatedtoperformanceinMathematics,theteachertherefore

needtoobtainthescoresofanumberofpupilsinaMathematicstestandthereafter

rankthestudentwhohavethehighestinsocialrelationtothelowest.



Theresultingmeasurementconstituteofcourseanordinalscale.TheSpearmanris

preferable. Now followingtherankingofstudentonthesocialwithdrawaltrait,you

mustrankthem onMathematicsscore. Thedataobtainedfrom thestudentsare

presentedinthetable.

Table3

Withdrawal

Rank

Mathematics

Rank

D D2

1 3 -2 4

2 2 0 0

3 5 -2 4

4 1 3 9

5 5 0 0

6 5 1 1

7 9.5 -2.5 6.25

8 7 1 1

9 8 1 1

10 9.5 .5 0.25

∑D ∑D2

0 26.5



rrho =1-

rrho =1-

=1–0.160606

=.839

=.84

Thestepintheprocedurecanbesummarizedas

Step1:Listtherankingofthefirstvariable

Step 2:Determinetheranksofthesecond variableand pairthem with thefirst

accordingly.

Step3:FindthedifferencesinrankstoobtainD.

Step4:Sum ofthedifferencestoobtain∑Dwhichmustequalzero

Step5:FindthesquareofdifferencestoobtainD2

Step6:Sum thesquareofdifferencetoarriveat∑D2.

Step7:Substitutethevaluesof∑D2intotheformula.

Itisessentialtonotethatcorrelationcoefficientisveryimportantbecauseithaswide

applicationintestingandpsychology.Foranumberofreasonsitisveryimportant,for



instance,correlationisamethodusedinestablishingthereliabilityoftests.Whenthe

consistencywithwhichameasuringinstrumentmeasuresthatitpurportstomeasureis

tobedetermined,correlationcoefficientareusuallycalculated.Thismaybeinfinding

therelationshipbetweentwoparallelformsofthesametestortherelationshipofthe

scoresonthesameadministeredattwodifferentpointsintime.

Second,correlationcoefficientunderlineallformsofprediction,whileitshouldbenoted

thatmore correlation should notbe noted thatmore correlation should notbe

interpretedintermsofcausalrelationship,predictionoffutureoccurrenceofevents

derivedirectlyfrom somesortofcorrelation. Wemightwanttouseascholastic

aptitudetestasapredictorofgradepointaverage,thus,correlationoftestwiththe

gradeswouldgiveanindicationofthetestusefulnessasapredictor.

Exercise

NameofContestants

arrangedalphabetically

RankinginContest

Poise

X

Beauty

Y



1.

FindthedifferencebetweeneachcontestantrankonXandonY.

Prepareanothertabletoincludedandd2

2. CalculateSpearmanrhoforbeautycontest

MODULEIIISCATTERDIAGRAM

ThescatterDiagram

Agraphicalpresentationofbivariatedataonatwo-axiscoordinategraphicsknownas

scatterdiagram.Herethebivariatedataareplottedonarectangularcoordinatesystem

inordertoseetheexitingrelationshipbetweenthetwovariablesunderstudy.The

Bunmi 1 3

Beatrice 5 5

Cornelia 2 1

Funke 4 4

Folake 3 2



followingbivariatedatawillbeusedasillustration.

Drawthescatterdiagram forthefollowingdata

ScoreXin% 30 40 35 40 20 25 50

ScoresYin% 50 70 65 68 40 60 80

Solution

MODULEIV

REGRESSIONANALYSIS

Regressionshowsarelationshipbetweentheaveragevaluesoftwovariables.This

regressionisveryhelpfulinestimatingandpredictingtheaveragevalueofonevariable

foragivenvalueoftheothervariable.Theestimateorpredictionmaybemadewiththe

helpofvariabley.Thebestaveragevalueofonevariableassociatedwiththegiven
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valueoftheothervariablemayalsoestimatedorpredictedbymeansofanequation

andtheequationisknownasRegressionequation.

TypesofRegression

(1)Simpleregression:Theregressionanalysisconfirmedtothestudyofonlytwo

variablesatatimeiscalledsimpleregression

(2)Multipleregression:Theregressionanalysisforstudyingmorethantwovariables

atatimeisknownasmultipleregression

Methodsofobtainingorfittingregressionline

Wehavetwomethodsoffittingtheregressionline.Theseare

(1)Graphicaland(11)Algebraic

(1)GraphicalMethod:Thefollowingstepsaretobetaken

(i) Drawthescatterdiagram forthedata

(ii) Lookattwopointsthatastraightlinewillpassthroughonthediagram (x,y)

(iii) Estimateconstantaandbfrom thegraph

a= Interceptonthey–axis

b= slopeorgradient

(iv) Regressionliney=a+bx

X 0 1 2 3 4 5 6



Y 2 1 3 2 4 3 5

Slope(b) = verticallength = 5–2 = 3 = 0.5

Horizontallength 6–0 6

a=2

y=a+bx  y=2+0.5x

(b) AlgebricMethod:inthealgebraicmethod,weusethenormalequationwhenis

derivedbytheleastsquaresmethodthesaidnormalequationsare

na+bEx = Ey …. (1)

aEx+bEx2 = Exy …. (2)

whichareusedtofittheregressionlineifyonxas

y = abx

y

x

r=+ve



itshouldbenotedthatwhentheequation(1)and(2)aresolvedsimultaneously,we

havethefollowingestimatedofa&b

b = nExy–ExEy --- (3)

a = -b
̅
y

̅
x

Example1:Usethetablebelowtocalculateorfittheregressionlineofyonx

X Y Xy X2

1 3 3 1

2 5 10 4

3 7 21 9

4 9 36 16

5 11 125 55

b =(5x125)–(15x35) = 625–525 = 2

(5X55)–(15)2 275-225

a = -2( ) = 7–2x3 = 1
35

5

15

5

y =1+2xistheincomeandexpenditure(inN)ofamanfor5months.Findtheleast

squareregressionlineofyinx.

X Y



0 1.0

1 1.8

2 3.3

3 4.5

4 6.3

Solution

X Y Xy X2

0 1.0 O 0

1 1.8 1.8 1

2 3.3 6.6 4

3 4.5 13.5 9

4 6.3 25.2 16

10 16.9 47.1 30

Y=a+bx

b = =
n -∑xy∑x∑y

n∑ -x2(∑x)2

-(5x47.1)(10x16.9)
-(5x30)(10)2



= = = 1.33
235.5-169

150-100

66.5

50

a = –b = -1.33
̅
y

̅
x

16.9

5 (10

5)

= 3.38-2.66 =0.72

a =0.72

y= a+bx y=0.72 + 1.33x

Exercise

Thetablebelowshowstheincomeandsavingofastudent

X(000) 7 5 10 15 13 14 8 11

Y(000) 1 1 4 6 5 2 2 4

(a)Constructascatterdiagram

(b)Findtheleastsquareregressionlineofyonx

(c)HowmuchisstudentlikelysaveiftheincomeisN20,000

MODULEV

CHISQUARE



Thisisanotherdistributionofconsiderabletheoreticalandpracticalimportance.When

researchersaremakingtheirguessesinanexperimentalsituation,theymaywantto

compareobservedwiththeoreticalfrequencies. Informationobtainedempiricallybe

directedobservationinanexperimentarereferredtoasobservedfrequencies.While

thetheoreticalfrequenciesaregeneratedonthebasisofsomehypothesis,whichis

differentfrom thedataobtained.Theresearcherhowevermaywanttofindoutwhether

thedifferencebetweentheobservedandtheoreticalfrequenciesaresignificant.Itis

theresultthatwillthengivehim/hertheopportunitytorejectoraccepthishypothesis.

Itshouldbeexplainedfurtherthat,onthebasisofprobability,certainexpectationsexist

from changeespeciallyforpreviouslyestablisheddistributions. Andinactualfact,

thingsdonotworkasexpected. Insteadthereisactualhappeningsasopposedto

theoreticalpredictions.Forexample,inamarketresearchsurveyoftwotypesofball

penamongtheuniversityundergraduates,EleganzaballpenandBicballpenwere

distributedtorandom sampleof100undergraduatesatUniversityofIbadan. After

about6weeks,thestudentswererequestedtoindicatewhichoftheballpentheyprefer.

Theresultshowsthat60preferBicballpenwhile40preferEleganzaballpen.

Theprobabilityisthatweexpecttheundergraduatetocomeoutwith50:50response



(thatis,achangeof50:50isexpectedfrom theresult).

TABLE1RxCCONTIGENCYTABLE

ROW(R) 1 2 3 4 …….. C

n11 n12 n13 n14 n1c

2 n21 n22 n23 n24 n2c

3 n31 n32 n33 n34 n3c

4 n41 n42 n43 n44 n4c

.

.

.

.

.

.

.

.

.

.

.

.

r nr1 nr2 nr3 nr4 nrc

total n.1 n.2 n.3 n.4 n.c

Thetotalfrequencyineachroworcolumniscalledmarginalfrequency.Thismarginal

frequencyfroR1isn1andthatifcolumnjcallednj.

NotethatPij=nij

P(Ri) = = = Pi¬∑c
j

n
ij

n

n
i

n

P(Ci) = = = Pi¬j∑r
i

n
ij

n

n
i

n



n = =∑r
ini

∑c
jn

ij

= = 1∑r
iPi

∑c
jP

ij

GiventhatPij=P(RinCi)underthenullhypothesis,iftherowandcolumnclassifications

areindependent,then

Pij = P(Ri)P(Ci)

= (n
i

n)(n
j

n)

= PiPij

Therefore,theexpectedfrequencyforeachcellisobtainedas

Eij = nPij
2

= n(n
i

n)(n
j

n)

= (ni)(nj)

n

=
rowitotalxcolumnjtotal

Grandtotal

Forlargenithestatistics

=X2



= wherenij=0

Isapproximatelydistributedaschi-squarewith(r-1)(c-1)degreeoffreedom ifthe

hypothesisistrue.Hence,wewouldrejectthenullhypothesisofindependenceifthe

calculatedvalueoftheteststatisticisgreaterthanthetabulatedvalue ( ).X2X2

α, ,(r-1)(c-1)

Note:Thatthechi-squareasexpressedabove,canbewritteninanyofthefollowing

equivalentform

X2 =

Or X2 =

TheChisquaretestortestofgoodnessoffitisthestatisticsusedtofindoutifthereis

amarkeddifferencebetweentheobserved(O)oractualfrequenciesandtheexpected

(E).IfthereisamarkeddifferencebetweenboththeChisquare,i.e.X2testwillyielda

numericalvaluelargeenoughtobeinterpretedasstatisticallysignificant.

TheformulaisforChi-squareisgivenas:



Where,OrepresentsObservedfrequency

ErepresentsExpectedfrequency

X2=Thecalculatedvalueofchisquare

X2tablemeansthetablevalueofChi-square.

WemustpointoutthatifX2 calculated∑X2 table,thenthereissignificantdeviation.

Thismeansthatifthecalculatedchi-squareisequaltoorgreaterthan“tablevalue”of

chi-square,thereissignificantdeviation.

ComputationProcess

Example1

Apsychologicalskillwasintroducedtooneortwogroupsofpeoplewhoweresuffering

from acomplaint(INSOMNIA).Thenumberscuredineachgrouparegiveninthetable

below.Testifthepsychologicalskillhashelpedincuringthecomplaint(INSOMIA).

Toanswerthisquestion,youneedtodrawa2x2contingencytable.

Step 1:

Group Cured NotCured



Step2:Findtherowtotals,columntotalandglandtotal.

This isobtainedthrough

thefollowingprocess:

Rowtotal =19+6=25

Rowtotal =11+14=25

Columntotal=19+11=30

Columntotal=6+14=20

I

II

19

11

6

14

Group Cured NotCured Total

I

II

19

11

6

14

25

25

30 20 50



Grandtotal =30+20=50or25+25=50

Step3.Workouttheexpectedfrequency(B)foreachofthecellseparatelyusingthis

formula

h = rowtotalxcolumntotal

grandtotal

For CellA,B=

ForCell E=

ForCellB, E=

ForCellC, E=

ForCellD, E=

Cured NotCured

GroupI C=15A O=6B 25

GroupII O=11C O=14D 25

30 20 50



Thereforethetablewillnowreadthus

Step 4:CalculatetheX2

by workingoutthe

differencebetweenOandEforeachcell.

X2=1.06+1.6+1.06+1.6=5.32

X2=5.32

The degree offreedom (df)foranystatisticisthe numberofcomponentin its

calculationthatarefreetovary.

Cured NotCured

GroupI O=19

E=15

O=6

E=10

25

GroupII O=11

E=15

O=14

E=10

25

30 20 50



df =(R-1)(C-1)

=(2-1)(2-1)

df =1

Weobservedfrom X2tablethefollowingX2at5%(1)=3.84.

Since5.32>3.84,thenullhypothesisthatthenumbercuredisindependentofthe

psychologicalskillsisrelatedatthe5percentlevelofsignificance.Thusweconclude

thatthepsychologicalskillshavehelpedincaring:

Plant(INSOMNIA)

Example2

Arandom numberofpersonsintwogroups,wereaskedtotestiftheycouldtellthe

differencebetweentwobrandsofbutter,theresultsaregiveninthetablebelow.

Sex Responses

Couldtell Couldn’ttell

Male

Female

5

20

12

13



Step1:Letusfindtherowtotalscolumntotalsandgrandtotal.

Sex Responses

Couldtell Couldn’ttell

Male

Female

5(a)

20(c)

12(b)

13(d)

17

33

25 25 50

StepII:Workouttheexpectedfrequency(E)foreachcellseparatelyusingthisformula

E = RowtotalxColumntotal

Grandtotal

ForCell(a)E=

ForCell(b)E=

ForCell(c) E=

ForCell(d), E=

Sex Responses



Couldtell Couldn’ttell

Male O=5

E=8.5

O=12

E=8.5 17

Female O=20

E=16.5

O=13

E=16.5

33

25 25 50

Step2:CalculatetheX2byworkingoutthedifferencebetween(O)and(E)foreach.

X2=1.441+1.441+0.7424+0.7424

X2=4.5668.df=(2-1)(2-1)=1

=4.77 df=1

Weobservedfrom theX2tablethefollowingX2at5%(1)=3.84

Since4.37>3.84,thenullhypothesisthatthedifferenceinthebutterisindependentof

sexisrejectedatthe5percentlevelofsignificance.

Example1



Todeterminewhethertheageofadriverage21yearsorolderhasanyeffectonthe

numberofmotoraccidentsheisinvolvedinasurveywhichwasconductedandthe

followinginformationwasobtained.

Testthehypothesisthatthenumberofaccidentsisindependentoftheageofthedriver

at5%.

Ageofdriverandnumberofaccident

Numberofaccident 21-30 31-40 41-50 51-60 61-70 Total

0 148 221 186 120 72 747

1 44 30 21 36 20 151

2 19 13 10 4 3 49

Morethan2 4 5 2 1 3 15

Total 215 269 219 161 98 962

Theexpectedvalueforeachcellisobtained

E11 = = 166.95
215x747

962

E12 = = 208.88
269x747

962

E13 = = 170.06
219x747

962



E14 = = 1.5
15x98

962

Thecorrespondingtableforexpectedvalueisgivenbelow

Numberofaccident 21-30 31-40 41-50 51-60 61-70 Total

0 167 208.9 170 125 76.1 747

1 33.7 42.2 34.4 25.3 15.4 151

2 11 13 10 4 3 49

Morethan2 4 5 2 1 3 15

Total 215 269 219 161 98 962.1

Thenullandalternativehypothesisarestatedas

Ho:Theageofadriverage21yearsorolderhasnoeffectonthenumberofmotor

accidentsheisinvolvedin

H1: Theageactuallyhaseffectonthenumberofaccidents

Thechi-squarestatisticsisusedandcomputedasfollows

=X2

= + + + + +
(148-167)2

167

(221-208.9)2

208.9

(120-125)2

125

(72-76.1)2

76.1

(44-33.7)2

33.1

+ + + + +
(30-42.2)2

42.2

(21-34.4)2

34.4

(36-25.3)2

25.3

(20-15.4)2

15.4

(19-11)2

11

(13-13.7)2

13.7



+ + + + + + +
(10-11.2)2

11.2

(4-8.2)2

8.2

(3-5)2

5

(4-3.4)2

3.4

(5-4.2)2

4.2

(1-2.5)2

2.5

(3-1.5)2

1.5

= 21.6+0.0054+1.51+0.2+0.22+3.15+3.53+5.22+4.53+1.37+5.82+

0.036+0.13+2.15+0.8+1.06+1.52+0.58+0.961+1.5

= 36.4524

DecisionRule:WeRejectHoifX2>X2

0.05(4-1)(5-1)

Decision:sinceX2=36.45> =21.0werejectHoandconcludethattheageofaX2

0.095..1,2

driveraged21yearsorolderhassignificanteffectonthenumberofaccidenthe

isinvolvedin.thisconclusionsimplymeansthatthenumberofaccidentsadriver

involvedisdependsonhisage.

2x2CONTIGENCYTABLE

Inthiscase,wehavetwovariablesorcategoriesofinterestclassifiedinonlytworows

andtwocolumnsasfollow

Row(R) Columns(c)

1 2 Total

1 N11 N12 N1

2 N21 N22 N2.

Total n.1 n.2 N



Equivalently,thechi-squareunderthissituationiscomputedas

=X2

EXERCISE

ThebelowshowstheperformanceofstudentsinMathematicsandAccount

Mathematics Recover DidnotRecover total

60–79 15 20 35

40–59 10 12 22

20–39 5 9 14

TestthehypothesisthatperformanceinEnglishlanguageisindependentof

performanceinMathematicsat5%levelofsignificance

2. Asurveytoinvestigatetherelationshipbetweenexposuretounprotectedsex

andHIVinfectionandtheinformationbelowwasobtained

HIVinfection NOHIV

Unprotectedsex 70 200

NoSex 15 20



IsHIVinfectionindependentofexposuretosex?Takeα=1%

Exercises

1. Fivehundredindividualsareclassifiedaccordingtosexandwhetherornotthey

areshort-sighted,theresultsaregiveninthetablebelow.Testifshort-sightednessis

independentofsex.

Male Female

Not short-

sighted

233 246

Short-sighted 7 14

2. Thetablebelowgivesthepercentagesoftwosamplesize100ofGhanaianand

NigerianinregardtotheirMathematicalabilities.

Nationality Good Fair Bad

Ghanaian 32 38 30

Nigerian 53 28 10

Do these figures indicate a significant(i.e.1 percentlevel)difference between



nationalities

Thecomputationsforccanbearrangedasshownintablebelow:

MODULEVI

ESTIMATIONANDTESTOFHYPOTHESIS

INTRODUCTION

Hypothesiscanbedefinedasaconjecturalstatement,atheoreticalcompositionoran

assertionaboutsomecharacteristicofapopulation

HYPOTHESISTESTING:Thisistheinductiveprocessofdrawingsamplefrom the

populationinordertoascertainortestwherethecertainorstatementaboutthe

populationcouldbeupheldorremovedbytheobservationdata.

NULLANDALTERNATIVEHYPOTHESIS

ThisnullhypothesisisdenotedbyHoisastatementthatclaimstheexistenceofno

disagreementwiththeconditioninthepopulationorinterest.

ALTERNATIVEHYPOTHESIS:Thealternativehypothesisofanystatementthat

contradictsthenullhypothesisitisdenotedbyH1intherejectionofthenullhypothesis

leadstotheacceptanceofthealternativehypothesis.

TYPES1ANDTYPES2ERROR:Types1errorcommittedwhenatimehypothesisis

rejected.ThatisrejectedHowhenisshouldbeaccepted.Type1erroristhereforethe



probabilityortheriskofrejectingatruenullhypothesis.'Itisdenotedbyalpha(a)

Henceα=P(RejectedHo/HO istrue)

TYPEIIERROR:IscommittedwhenHoisacceptedwhenitshouldberejected.Thatis

acceptingafalseHo.TypeIIerrorthenistheprobabilityortherisk:ofacceptinga

falseHo,Itisdenotedbybeta(β)

Henceβ=P(AcceptingHo/Hoisfalse)

Thesemayberepresentedas

Decision

Stateofnature

. -

RejectHo AcceptHo

TrueHo TypeIerror. Noerror

FalseH0 Noerror

Error

Type11error

Inthehypothesistestingoneisalwaysfacedwiththeriskofmakingonetypesoferror

ortheother.AlsointypingtoreducetheriskoftypeIweautomaticallyincreasethe

riskoftypeIIerrorandviceverse.

LevelofSignificant:Thisistheerrormarginfixedbytheresearchablepriortothe

research.Thatis,itisthepre-setprobabilityofrejectingatruenullhypothesisandit

isdenotedbyalpha(α).SimplyputthesignificantlevelastheprobabilityoftypeI

error.Itisconventionaltofixthisat5%1%or0.1%.



CriticalorRejectionRegion:thetailendsofthenormaldistributioncurveinwhich

theextremevaluearcfoundandreferredtoasthecriticalregionortherejected

region,

Rejectionor

criticalregion AcceptanceRegion Rejectionor

criticalregion



Onetailedandtwotailedtest:thecriticalregionmaybelocatedonbothtailsofthe

normalcurve.asaboveoritmaybeconcentratedononetailofthedistribution,the

levelofthesignificantequalsthetotalareaenclosedwithinthecriticalregions

distributiononbothtailsofthedistributionisreferredtoastwotailedortwo-way

test,whiletestinwhichthecriticalregionislocatedonlyononetailofthe

distributioniscalledonetailedorone-waytest.

One-waytestisusedwhenthealternativehypothesisclearlyspecifiesthedirection

inwhichthevariationwilloccur.

Example

H1:μ<a

Hencethecriticalregionislocatedatthelowertailenddistributionas

AlsoifH1is

α



H1:μ>b

Then,thecriticalregionwillbelocatedattheuppertailendofthedistributionas

Notethatthesizeoftheshadedportionisdeterminedbythesignificancelevel(α).

Twotailtestsisusedwhenalternativehypothesisdoesnotspecifythedirectionofthe

variation.

Example

IfH1isgiveas

H1:μ≠a

Theabovemeansthat

μ<aorμ>a

α

α/2α/2



Exercise

I. Differentiatebetweenthefollowing

(i) Nullandalternativehypothesis

(ii) TypeIandIIerror

(iii) Acceptanceandrejectionregion

(iv) Onetailedandtwotailtest

a a



MODULEVII

STEPINHYPOTHESISTESTING

1.Formulatethenullandalternativehypothesis

2.Specifythelevelofsignificanttobeused

3.Selecttheteststatistics

4.Establishthecriticalvaluetakingintoconsiderationifitoneortwotailtest

5.Setthedecisionrule

6.Determinethevalueoftheteststatistic

7.Makingthedecision

TESTINVOLVINGONEPOPULATIONMEAN

Wemaywishtotestthenullhypothesis

Ho:μ=a

Againstanyofthealternative

(i)H1:μ<α(ii)H1:μ>a (iii)H1:μ≠a

Thechoiceofthebeststatisticdependson

- Whetherthesampleisdream from anormaldistributionpopulationwithknown

variance

- Whetherthesamplesaredrawnfrom anon–normallydistributedpopulationbutthe

samplesizeissignificantlylarge.



Case1

Whenthepopulationmeansandvarianceisknownandthepopulationisnormally

distribution,weuse

Z =
x-μ

σ

Z = =
x-μ

σ
n

(x-μ)n

σ

CaseII

Whenthesampleisdrawnfrom anon=normallydistributedpopulationandthesample

sizeislargeenough(i.egreaterorequalto30)wealsoemploythestandardnormal

test(z-test)asincaseI

x-μ

S/n

Where

∑
(x-x)2

n-1

IsdistributedstandardnormalweuseZ–testasincaseI

CaseIII

Whenthesamplearedrawnfrom anormallydistributionwithunknownvariableandthe



samplesizeissmall(i.elessthan30),we

Where

S = ∑
(x-x)2

n-1

DecisionRule

Givenαlevelofsignificance,thedecisionruleortherejectionpointconditionbaseonthe

alternativehypothesisis

AlternativeHypothesis

H¬1:μ>a Z>Zα(Z1–α)

H¬1:μ<a Z<-ZαorZ<-Z1–α

H¬1:μ≠a |Z|>Zα/2or|Z|>Z1-
α

2

Foraonetailtest

AcceptHoif|Z|<Z1-α or|Z|<Zα

RejectedHoif|Z|>Z1-αor|Z|>Zα

Foratwotailtest

AcceptHoif|Z|<Z1- or|Z|<Z
α

2
α

2



RejectedHoif|Z|>Z1- or|Z|>Z
α

2
α

2

Note:whensamplingisdonewithreplacementfrom afinitepopulationorwhensampleis

selectedfrom aninfinitepopulationthentheteststatisticis

Z =
x-μ

σ/n

Whensamplingisdonewithoutreplacementfrom finitepopulationthen

Z =
x-μ

σ2

n(N-n

n-1)

When iscalledfinitepopulationcorrectionfactor(N-n

n-1)

Example

Itisknownfrom pastexperimentthatthemeanbreakingstrengthofaspeciesofrockis

1800Nandvariance1000Ninageologicalsurvey,arandom sampleof50piecesof

therockwastestedandameanstrengthof1850Nwasobtained.

Testthehypothesisthatthepopulationmeansstrengthoftherockis1800Nat5%level

ofsignificance.

Solution

Ho:μ=1800N

H1: μ>1800N



Z = =
x-μ

σ/n

1850-1800

1000

50

= 11.18

DecisionRule:

RejectedHoif|Z|>Z1-αotherwisedonotrejectedHo

Z1-0.05 = Z0.95 =1.645

Decision

WerejectedHoandconcludedthatthemeanstrengthoftherockisgreaterthan1800N

Example

Usingthesameexample

TestHo:μ=1800N

TestH1:μ=1800N

At5%levelofsignificant

Z = =
x-μ

σ/n

1850-1800

100

50

=11.18

Decisionrule



WerejectedHoandconcludedthatthepopulationbreakingstrengthoftherockisnot

equalto1800N

Example

Apopulationof100itemshasmeans200andvariance49.Arandom sampleof25

itemsselectedwithoutreplacementfrom thispopulationgaveameansof185.At1%

levelofsignificanthasthepopulationmeanoftheitem decrease

Solution

Ho: μ=200

H1: μ<200

Z = =
x-μ

σ2

n(N-n

N-1)
185-200

49

25(100-25

100-1)

=
-15

1.4848

-15

1.2185

= 12.31

Example

Themeanofanormalpopulationis17.0andasampleofsize25drawnfrom the

populationgaveasamplemean18.1andasamplevariance16.Verifywhetherthe



populationmeansisgreaterthan17.0at5%

Solution

Ho: μ=17.0

H1: μ>17.0

Sinceσ2isnotknownandn<30,weusetheteststatistict

t = = = 1.375
x-μ

σ/n

17-18.1

16

25

DecisionRule

RejectedHo:ift>tn=1α

tn-1,α=t24,0.05=1.711

Decision

Since1.375<1.711weacceptHoandconcludethatmeanofthepopulationis17

MODULEVIII

TESTINVOLVINGPOPULATIONPROPORTIONS

Inthemostexperimentinwhichthereisonlytwopossibleandmutuallyexclusive

outcometesttheproportionmayberequired.Giventhepopulationproportionπoand

thesampleproportionPmaywishtotestthehypothesisthat

Ho:πo=π



H1:πo≠π

Weemploythez-testifn>30

Z =
P-π

π(1-π)

n

Ifsamplingwasdonewithreplacementorthatsamplewasdrawnfrom aninfinite

population,ifhowever,samplingwasdonewithoutreplacementfrom afinitepopulation.

Then

Z =
P-π

π(1-π)

n (N-n

N-1)

Or

Z =
P-π

π(1-π)

Example

Themanufacturerofapotentmedicineclaimedthatthemedicinewas90%effective.In

sampleof200peoplethemedicineprovidedrelieffor160persons.Determineifthe

claim islegitimateat1%levelofsignificanceusetwotailtest.

Solution:

Ho:πo=0.90



H1:πo≠0.90

P = = 0.8
160

200

Z = =
P-π

π(1-π)

n

0.8-0.90

0.9(1-0.9)

200

= = = -4.717
-0.10

0.00045

-0.10

0.0212

MODULEIX

TESTTHEDIFFERENTBETWEENTWOMEANS

Thestandardnormalscorezisalsousedhereandtwoindependentsampleare

involving

Theteststatistic

-Z =
- -( - )x

1
x

2
μ

1
μ

2

+
σ2

1

n

σ2

2

n

Notethatn1andn2mustbegreaterthan30.Alsounderthenullhypothesis,thetwo



populationsmeansareassumedtobeequal.Henceμ1=μ2andμ1–μ2=0andthetest

statisticbecomes.

Z =
-x

1
x

2

+
σ2

1

n

σ2

2

n

Notethatwecanreplacer2intheaboveformulawiths2=samplevarianceprovidednis

largefrom theabove,itisnotonlyassumedunderHothatthepopulationmeansare

equalbutthatthetwosamplevalueareobtainedfrom thesamepopulation.Thismeans

thatalsothevarianceareequal( = )σ2

1
σ2

2

Toobtainthecommonvariance,wepoolthetwovarianceas

=σ2

p

+( -1)(n-1)σ2

1
n

2
σ2

2

+ -2n
1

n
2

Then

Z =
-x

1
x

2

σp +
1

n
1

1

n
2

Example5

Themeanweeklywagesforasampleof30employeesincompanyAisN14.00.Alsoin

companyB,arandom sampleof40workshasameanswagesofN270withasample

standarddeviationofN10.Assumingthepopulationvariancesareequal,testthe



hypothesisofnodifferencebetweenthemeanweeklywagesofthetwocompaniesat

5%levelofsignificance.

Solution

Ho:μ1=μ2

H1:μ1≠μ2

Z = =
-x

1
x

2

+
S

1

n
1

S2

2

n
2

280-270

+
142

30

102

30

= =
10

6.53+2.5

10

3.005

Z1- = Z0.975 = 1.96
α

2

DecisionRule:

RejectHoifZ>Z1-αotherwiseacceptH0

Decision:sincezcomputedisgreaterthanztabulate,werejectthenullhypothesis

andconcludethatthereissignificantdifferenceinthemeanwagesofthetwo

companies.

MODULEX



TESTINGTHEDIFFERENCEBETWEENTWOPROPORTION

Giventwoproportionfrom normallydistributedpopulations,theteststatisticfor

testingthesignificanceofthedifferencebetweenthem isgivenas.

Z=
- ( - )ρ

1
ρ

2
π

1
π

2

+
ρ

1
q

1

n
1

ρ
2
q

2

n
2

However,underthenullhypothesisπ1=π2andassuch

Z=
-ρ

1
ρ

2

pq( +
1

n
1

1

n
2
)

Whereρ = (n1-1)ρ1+(n2–1)ρ2

n1+n2–1

and

q =1-ρ

Example6

Asampleof300votersfrom zoneAand200votersfrom zoneBshowedthat

56%and48%respectivelywereinfavorofagivencandidate.Atalevelofsignificance

of0.05,testthehypothesisthatthereisdifferencebetweenthedistricts

Solution



H0:p1=p2

H1:p1≠p2

Z=
-ρ

1
ρ

2

pq( +
1

n
1

1

n
2
)

ρ = (n1-1)ρ1+(n2–1)ρ2

n1+n2–2

=
+ (0.48)(300-1)(0.56)(200-1)

300+200-2

= 167.44+95.52

498

= 0.528

Hence,

Z=
0.56-0.48

(0.528)(0.472)( +
1

300

1

200)

= 0.08

0.6456

= 1.75

Z1- =Z0.975 =1.96
α

2



Decisionrule:WerejectH0ifZisgreatertheZ1- ,otherwiseacceptHo
α

2

Decision:SinceZ=1.75islessthanZtab=1.96wecannotrejectH0,wetherefore

concludethatthereisnosignificantdifferencebetweenthepreferenceofthevoters.

Exercise:

1.Outlinethestepsinhypothesistesting

2.Atestofthetensilestrengthof6flatmetalsheetsmanufacturedbyarollingmill

showedameanbreakingstrengthof7750Nandastandarddeviationof145N,

whereasthemanufacturerclaimedameantensilestrengthof8000N,asabuilding

contractor,canyousupportthemanufacturer’sclaim at0.01levelofsignificance?

3.Themeanbreakingstrengthofacordmanufacturedbyacompanyis300Nand

standarddeviation24N.itbelievedthatbyanewlydevelopedprocessthemean

breakingstrengthcanbeincreasedandarandom sampleof64newcordswas

testedgivingasamplemeanof305N.testthehypothesis40N=300NusHi:N=

B10N.calculate:

(i) TypeIerror

(ii) TypeIIerror

2. Outlinesthestepsinhypothesistesting




















