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AnalysisofVariance

ANOVA—ANalysisOfVAriance

�“generalizedt-test”—comparesmeans

�twoversions
–singleANOVA—comparegroupsalong�dim.,e.g.schoolclasses
–multipleANOVA—comparegroupsalong��dim.,e.g.schoolclassesandsex

TypicalapplicationofmultipleANOVA(MANOVA):

compareprocessingtimesfortwosyntacticstructuresundertwophonological
conditions
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MultipleANOVA

LikesingleANOVA

�comparesmeansofdifferentgroups

�basedon
distribution


��� �
���

–alwayspositive
–twokindsofdf:df��,df�� –value�indicatessamevariance,valuesnear�or��indicatediff.

�uses
distribution:comparevariancesamongmeansvs.overallvariances

�ANOVA,MANOVA��
-test!

�expectsnear-normaldistributionsinallgroups,

�sd’sinallgroupsroughlyequal(���������)
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MultipleANOVA

WhyMultipleANOVA?—whynottwo1-wayANOVA’s?

�efficient
–innumberofexperiments,subjectsneeded

�combiningtwoexperimentsintooneimprovesaccuracy(increases�,decreases
SE)

�opportunitytostudyinteraction
–ageandsubtypeofcancerhaveindependenteffects(onmortality)

—butthesearereversedinsomecombinations,e.g.breastcanceramong
youngwomen

Interactionrequirescare!
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MANOVAExample

Withaar&Stoweinvestigatedeffectsofsyntaxandphonologyonprocessingtime

Task:readsentencesword-by-wordoncomputerscreen,pressbuttontoseefollowing
word.Timesbetweenbuttonpressesaremeasured.

Syntax:differencebetweenrelativeclauseswhere

�rel.pronounsareunderstoodsubjects

debakkerdiedetuinmannenverjaagt

�rel.pronounsareunderstoodobjects

debakkerdiedetuinmannenverjagen

Phonology:rhymingvs.non-rhymingwords
Longoni,Richardson&Aielloshowedthatwordlistswithrhymingelementstakelonger
toprocess
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Syntax,Rhyme,ReactionTimes

Design:Fourkindsofsentencesshown:

Syntax
PhonologyObj.Rel.Subj.Rel

nonrhymingnonrhym.obj.relnonrhym.subj.rel.

rhymingrhym.obj.rel.rhym.subj.rel.

“Extras”:W&Salsocontrolledforsubject’sattentionspan,andforwhichsentences
wereshown(nosimilarsentencesshowntosamepersons).

Measurement:timeneededforlastwordinrelativeclause
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Data:Means,SD’sofFourGroups

processprocess
timetime

rhyming(y/n)obj-rel.subj-rel.
____________________________

non-rhyming
Mean1581.861265.90
StdDev341.82316.89

rhyming
Mean1494.511250.55
StdDev382.45198.30

GrandTotal

Mean1538.191258.23
StdDev360.75261.03

N.B.nosdistwiceaslargeasanother(butitisclose!)
MANOVAquestion:aremeanssignificantlydifferent?
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MANOVA:Normality

Lookatdata:aredistributionsnormal?

Rhymedandunrhymedobjectrelatives
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MANOVA:Normality

Rhymedandunrhymedsubjectrelatives
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Remark:longestreactiontimegoodcandidateforelimination(worthcheckingon)
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MANOVAQestions

Askstwo/threequestionssimultaneously:

1.Isrhymeaffectingwordprocessingtime?

2.Dorelativeclausetypesaffectprocessingtime?and

3.Dotheeffectsinteract,oraretheyindependent?

Questions1,2mighthavebeenaskedinseparate(single)ANOVAdesigns(butthese
wouldhavebeenmorecostlyinnumberofsubjects).

Question3isnewtoMANOVA.
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VisualizingMANOVAQestions

Question1.Isrhymeaffectingprocessingtime?
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N.b.similarboxplotsforrhymeinobjectrelatives.
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VisualizingMANOVAQestions

Question2.Dorelativeclausetypesaffectprocessingtime?
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VisualizingInteraction
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Ifnointeraction,linesshouldbeparallel.Infact,rhymingspeedsprocessingofobject
relatives.
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MANOVAwillmeasurethisexactly
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MANOVAResults

Calculationscomparemeangroup(variance)andmeanindividualvarianceasANOVA.


�

MSG

MSE

SPSSterminology:

within-subj.

between-subj.
Phon.Obj.Rel.Subj.Rel

norhyme&rhym.o-rel&rhym.s-rel.

rhymerhym.o-rel.rhym.s-rel.

InvokeANOVA,repeatedmeasures
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MANOVAResults

InvokeANOVA,repeatedmeasures

“Between-Subjects”(Row)effects(Rhyme)

******AnalysisofVariance--design1******

TestsofBetween-SubjectsEffects.

TestsofSignificanceforT1usingUNIQUEsumsofsquares
SourceofVariationSSDFMSFSigofF

WITHIN+RESIDUAL633292038166656
RIJM52734152734.32.577

—rhymedoesn’tsignificantlyaffectprocessingspeed
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MANOVAResults

“Within-Subjects”(Column)effects(Syntax)

Testsinvolving’SYNTAX’Within-SubjectEffect.

TestsofSignificanceforT2usingUNIQUEsumsofsquares
SourceofVariationSSDFMSFSigofF

WITHIN+RESIDUAL13212193834769
SYNTAX15675321156753245.08.000
RIJMBYSYNTAX25917125917.75.393

—syntaxhasprofoundeffect;nointeraction(inspiteofgraph!)
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MultipleAnalysisofVariance

MANOVA—MultipleANalysisOfVAriance

�“generalizedt-test”—comparesmeans

�comparegroupsalong��dim.,e.g.schoolclassesandsex

�assumesnormaldistributions,similarsdsineachgroup

�typicalapplication:compareprocessingtimesfortwosyntacticstructuresundertwo
phonologicalconditions

�comparesvarianceamongmeansvs.generalvariance(
) �efficientinuseofsubjects,experimenttime

�allows(andforces!)attentiontopotentialinteraction
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MANOVA:AnotherPerspective

RecallthatANOVAseeksevidencefor'�(incomparisonofmodels):

(�)��*�+�)� (�)��*�'��+�)�

Similarly,MANOVAasksseparatelyforsignificanceof'�,-�,andinteraction.'-/�)�, comparingmodels:

(�)��*�+�)� (�)��*�'��-��.'-/�)��+�)�
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MANOVAModels

(�)��*�+�)� (�)��*�'��-��.'-/�)��+�)�

firstmodel

�nogroupeffects

�eachdatapointrepresentserror(+)aroundamean(*)
secondmodel

�realgroupeffect(s)

�eachdatapointrepresentserror(+)aroundanoverallmean(*)combinedwithone
ortwogroupadjustments('�,and-�) �possibly,groupeffectsinvolveinteraction
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