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Experiment:TheTeaTastingLady

TheladyoftheRothamstedExperimentStationstaffclaimed
thatshecoulddiscriminatebetweenacupofteamadewith
milkandonewithteaaddedfirst.Fishersexperimentdesign
consistedofmaking8cupsofteawith4madeinonewayand
4intheother.Theladywastoldofthisstructure.The8cups
arepresentedtotheladyinrandomorderandshehasto
partitionthe8cupsintotwosetsof4.Theinterpretationwill
bemadeonthebasisthatthereare70partitions.So,ifthe
assignmentwasrandom,theprobabilityoftheladyobtaining
thecorrectpartitionis1/70,ifshecannotdiscriminate.
Because1/70isasmallprobability,itisrationaltoconclude
thatifsheobtainsthecorrectpartitionshehasgivenevidence
infavorofherclaim.(R.A.Fisher,TheDesignof
Experiments,1935.)
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Definitions
�Experiment:anoperationorprocedurecarriedoutunder

controlledconditionsinordertodiscoveranunknown
effectorlaw,totestorestablishahypothesis,orto
illustrateaknownlaw(Merriam-Webster).

�Factor:variablewhoseinfluenceuponaresponsevariable
isbeingstudiedintheexperiment.

�FactorLevel:numericalvaluesorsettingsforafactor.
�Trial(orrun):applicationofatreatmenttoan

experimentalunit.
�Treatmentorlevelcombination:setofvaluesforall

factorsinatrial.
�Experimentalunit:objecttowhichatreatmentis

applied.
�Design:asetofcarefullychosenfactorvaluesusedfor

conductingtheexperiment.
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ASystematicApproachtoExperimentation

�Statetheobjectiveofthestudy.

�Choosetheresponsevariable:shouldcorrespondtothe
purposeofthestudy.

�Nominal-the-best,larger-the-betterorsmaller-the-better.

�Choosefactorsandlevels.

�Chooseexperimentaldesign(i.e.,plan).

�Performtheexperiment(useaplanningmatrixto
determinethesetoftreatmentsandtheordertoberun).

�Analyzedata(designshouldbeselectedtomeetobjective
sothattheanalysisisefficientandeasy).

�Drawconclusions.
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FundamentalPrinciples:Replication

�Eachtreatmentisappliedtounitsthatarerepresentative
ofthepopulation(example:measurementsof3unitsvs.
3repeatedmeasurementsof1unit).

�ReplicationvsRepetition(i.e.,repeatedmeasurements).

�Enabletheestimationofexperimentalerror.Usesample
standarddeviation.
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FundamentalPrinciples:Randomization

�Useofachancemechanism(e.g.,randomnumber
generators)toassigntreatmentstounitsortorunorder.
Ithasthefollowingadvantages.

�Protectagainstlatentvariablesorlurkingvariables.

�Reduceinfluenceofsubjectivebiasintreatment
assignments(e.g.,clinicaltrials).
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FundamentalPrinciples:Blocking

�Ablockreferstoacollectionofhomogeneousunits.
Effectiveblocking:largerbetween-blockvariationsthan
within-blockvariations.(Examples:hours,batches,lots,
streetblocks,pairsoftwins.)

�Runandcomparetreatmentswithinthesameblocks.
(Userandomizationwithinblocks.)Itcaneliminate
block-blockvariationandreducevariabilityoftreatment
effectsestimates.

�Blockwhatyoucanandrandomizewhatyou
cannot.
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FullFactorialDesign

�Goal:Explorethepossiblecombinationsofsettings
effectively.Successfullyinvestigatetheeffectsoftwoor
morefactorssimultaneously.

�2
k

Design

1.kfactors:Totalkfactorsareinvolvedintheexperiment.

2.2levels:Weassumetwolevelsoftreatmentforeach
factor.

3.2kDesign:Sowewillobserveatleast
2×2×···×2=2kobservations.
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2
3

Design
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EpitaxialLayerGrowthExperiment

�AnAT&Texperimentbasedon2
4

design;fourfactors
eachattwolevels.Thereare16(=2

4
)levelcombinations.

Table:FactorsandLevels,LayerGrowthExperiment

Level
Factor−+

A.susceptor-rotationmethodcontinuousoscillating
B.codeofwafers668G4678D4
C.depositiontemperature(◦C)12101220
D.depositiontimeshortlong
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MainEffects

•

•

•

•

•

•

•

•

13.8
14.0

14.2
14.4

-A+-B+-C+-D+
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InteractionEffects

B

13.6
13.8

14.0
14.2

14.4
14.6

-+

A--

A+

AB

C

13.6
13.8

14.0
14.2

14.4
14.6

-+

A--

A+

AC

D

13.6
13.8

14.0
14.2

14.4
14.6

-+

A--

A+

AD

C

13.6
13.8

14.0
14.2

14.4
14.6

-+

B--

B+

BC

D

13.6
13.8

14.0
14.2

14.4
14.6

-+

B--

B+

BD

D

13.6
13.8

14.0
14.2

14.4
14.6

-+

C--

C+

CD
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One-Factor-At-A-Time(OFAT)

�OFATapproach

1.Identifythemostimportantfactor
2.investigatethisfactorbyitself,ignoringtheothers
3.makerecommendationonchanges(ornochange)
4.moveontothenextimportantfactors.
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OFATandFullfactorialdesign
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Figure:ThePathofaOne-Factor-At-A-TimePlan
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CompletelyRandomizedDesign

Apharmaceuticalcompanyconductsanexperimentto
compare5drugs.30animalsareavailableforthetrial.Each
drugisinjectedinto6randomlyselectedanimals.Allthe
animalsareverysimilar.Afteranappropriateperiodoftime2
bloodsamplesaretakenfromeachanimalandduplicate
analysesaremadeforeachbloodsample.Thereadingfrom
eachanalysisrepresentstheobservationtobeusedforthe
statisticalanalysisofthisexperiment.
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RandomizedBlockDesigns

Astudyiscontemplatedtoexaminetheeffectivenessofthree
methodstomemorizeGermanvocabularyatthehighschool
level(Kirk,1982).Itseemsreasonabletotakestudentability,
asmeasuredbyIQ,andgenderintoaccount.Thus,one
approachwouldbetosetup,say,fiveIQclasses,withthree
studentsforeachclassandgender,leadingtotenblocks.In
eachblockthethreemethodsunderinvestigationwillthenbe
assignedrandomlytothethreestudents.
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LatinSquareDesigns

Amanufacturerwantstoinvestigateandcomparedifferent
productionprocessesforceramiccookware.Extraneous
sourcesofsystematicvariabilityareidentifiedas(i)different
batchesofrawmaterialand(ii)differentovensusedforbaking
theproduct.Thebatchesofmaterialareobtainedfrom
differentsourcesandpossiblyatdifferenttimes.Theovens
availableinthemanufacturingplantareofdifferentmakesand
differentages.Wehave4differentprocesses,4different
batches,and4differentovens.
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LatinSquareDesigns

Oven1Oven2Oven3Oven4
Batch1DBCA
Batch2CABD
Batch3BDAC
Batch4ACDB
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