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1. 1. IntroductionIntroduction

WeWe wantwant to to designdesign a a sensorysensory experimentexperiment forfor thethe comparisoncomparison of of 
severalseveral productsproducts..

EachEach assessorassessor tastestastes somesome / all of / all of thethe productsproducts..
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PossiblePossible Problems to deal Problems to deal withwith

PeriodPeriod effectseffects

CarryoverCarryover effectseffects

CorrelationCorrelation of of observationsobservations duedue to to otherother effectseffects

PossiblePossible solutionssolutions

UseUse balancedbalanced designsdesigns

balancedbalanced forfor subjectsubject effectseffects

balancedbalanced forfor periodperiod effectseffects / uniform on / uniform on thethe periodsperiods

balancedbalanced forfor ((firstfirst order) order) carryovercarryover effectseffects

RandomizeRandomize

CanCan wewe combinecombine thesethese solutionssolutions in in thethe rowrow--columncolumn modelmodel??
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ThereThere areare productsproducts,    ,    asseessorsasseessors and           and           periodsperiods

GeneralizedGeneralized YoudenYouden designdesign (GYD)(GYD)

EachEach assessorassessor receivesreceives eacheach productproduct at at mostmost onceonce..

TheThe numbernumber of of assessorsassessors receivingreceiving anyany pair of pair of distinctdistinct treatmentstreatments
isis a a constantconstant..

EachEach productproduct appearsappears in in eacheach periodperiod eithereither oror timestimes..

TheThe numbernumber of of periodsperiods wherewhere anyany pair of pair of distinctdistinct treatmentstreatments occursoccurs isis
a a constantconstant..

Uniform on Uniform on thethe periodsperiods

EachEach productproduct appearsappears in in eacheach periodperiod equallyequally oftenoften..

CarryoverCarryover balancebalance

EachEach productproduct isis precededpreceded byby everyevery otherother productproduct equallyequally oftenoften..

2. 2. ValidityValidity and and thethe rowrow--columncolumn modelmodel
BalancedBalanced experimental experimental designsdesigns
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TheThe rowrow--columncolumn modelmodel

wherewhere isis thethe responseresponse vectorvector,      ,      isis thethe treatmenttreatment designdesign matrixmatrix,,

areare thethe directdirect effectseffects of of thethe productsproducts,     ,     thethe periodperiod effectseffects,,

thethe effectseffects of of thethe assessorsassessors and                         and                         isis thethe errorerror term.term.

KeepKeep thethe responsesresponses fixedfixed and and randomizerandomize w.r.tw.r.t thethe designdesign..

validvalid modelmodel (Bailey and (Bailey and RowleyRowley, 1987): , 1987): TheThe rowrow--columncolumn modelmodel isis validvalid forfor

a a givengiven randomizationrandomization ifif forfor anyany contrastcontrast

and    and    
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Theorem 1Theorem 1

IfIf wewe randomizerandomize assessorsassessors and and productproduct ordersorders, , balancebalance forfor
carryovercarryover effectseffects isis destroyeddestroyed..

IdeaIdea basedbased on Bailey (1985)on Bailey (1985)

Start Start withwith a a generalizedgeneralized YoudenYouden designdesign thatthat isis uniform on uniform on thethe
periodsperiods withwith desirabledesirable carryovercarryover structurestructure..

RandomizeRandomize productproduct labelslabels..

RandomizeRandomize assessorsassessors..

Theorem 1 (Kunert, 1998): Theorem 1 (Kunert, 1998): IfIf therethere areare no no carryovercarryover effectseffects, , thisthis
procedureprocedure validatesvalidates thethe rowrow--columncolumn modelmodel and and preservespreserves thethe
carryovercarryover structurestructure..
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SomeSome authorsauthors suggestsuggest usingusing ““nearlynearly“ “ balancedbalanced designsdesigns

Ball (1997) Ball (1997) 

PérinelPérinel and and PagèsPagès (2004)(2004)

WhatWhat happenshappens ifif

wewe useuse GYDsGYDs thatthat aren‘taren‘t uniform on uniform on thethe periodsperiods??

wewe don'tdon't useuse generalizedgeneralized YoudenYouden designsdesigns??

wewe don‘tdon‘t useuse carryovercarryover balancedbalanced designsdesigns??

AssessAssess thethe validityvalidity of of thethe modelmodel whenwhen

therethere areare no no carryovercarryover effectseffects..

carryovercarryover effectseffects areare presentpresent..
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Theorem 2Theorem 2

Consider a GYD where each assessor gets each product once and Consider a GYD where each assessor gets each product once and 
the number of assessors is not a multiple of the number of produthe number of assessors is not a multiple of the number of products.cts.

Randomize assessors and product labels.Randomize assessors and product labels.

Assume that there are no carryover effects.Assume that there are no carryover effects.

Then this randomization still validates the rowThen this randomization still validates the row--column model.column model.
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Theorem 3Theorem 3

Consider a generalized Consider a generalized YoudenYouden design.  design.  

Randomize assessors and product labels.Randomize assessors and product labels.

Assume that there are carryover effects    Assume that there are carryover effects    

Then the contrast estimates from the rowThen the contrast estimates from the row--column model will column model will 
generally be biased.generally be biased.

Theorem 3: If the starting design and the design which consists Theorem 3: If the starting design and the design which consists ofof
the first the first periods of it are both periods of it are both GYDsGYDs that are uniform on thethat are uniform on the
periods and if the starting design is balanced for carryover effperiods and if the starting design is balanced for carryover effects,ects,
then the variance of the estimate is the same with or withoutthen the variance of the estimate is the same with or without
carryover effects.carryover effects.

1−k

.ρ
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3. Simulation 3. Simulation StudyStudy

UseUse artificialartificial datadata withwith periodperiod effectseffects..

RandomizeRandomize 10000 10000 designsdesigns..

For For eacheach permutationpermutation computecompute andand

UseUse thesethese statisticsstatistics to to assessassess thethe validityvalidity of of thethe rowrow--columncolumn modelmodel..
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AssessAssess unbiasednessunbiasedness of of thethe contrastcontrast estimateestimate

Tests / Tests / confidenceconfidence intervalsintervals on on arithmeticarithmetic meansmeans of of contrastcontrast
estimatesestimates basedbased on on centralcentral limitlimit theoremtheorem..

OnlyOnly of of interestinterest whenwhen therethere areare carryovercarryover effectseffects..

AssessAssess unbiasednessunbiasedness of of thethe variancevariance estimateestimate of of thethe contrastcontrast
estimateestimate

Partition Partition thethe permutationspermutations in 100 in 100 groupsgroups..

EmpiricalEmpirical variancevariance of of thethe contrastcontrast in in eacheach groupgroup isis a good a good estimateestimate of of 
thethe truetrue variancevariance..

ArithmeticArithmetic meanmean of of thethe variancevariance estimatesestimates fromfrom thethe linear linear modelmodel
isis a good a good estimateestimate of of thethe meanmean of of thethe modelmodel--basedbased variancevariance
estimatesestimates..

Tests / Tests / confidenceconfidence intervalsintervals on on differencedifference of of thethe twotwo estimatesestimates basedbased
on on centralcentral limitlimit theoremtheorem..
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ComputeCompute permutationpermutation tt--statisticsstatistics

CompareCompare EDF of EDF of thethe tt--statisticsstatistics withwith thethe CDF of CDF of thethe tt--distributiondistribution
withwith dfdf..

ComputeCompute thethe EDF at EDF at thethe 5%5%--quantile of quantile of thethe tt--distributiondistribution..
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ValidityValidity of of carryovercarryover balancedbalanced GYDsGYDs

ExampleExample (Kunert, 1998)(Kunert, 1998)

2 1 5 4 3   5 4 3 2 12 1 5 4 3   5 4 3 2 1
3 2 1 5 4   4 3 2 1 53 2 1 5 4   4 3 2 1 5
1 5 4 3 2   1 5 4 3 21 5 4 3 2   1 5 4 3 2
4 3 2 1 5   3 2 1 5 44 3 2 1 5   3 2 1 5 4
5 4 3 2 1   2 1 5 4 35 4 3 2 1   2 1 5 4 3

ThisThis designdesign isis composedcomposed of of twotwo latinlatin squaressquares..
ItIt isis a GYD.a GYD.

ItIt isis uniform on uniform on thethe periodsperiods..

ThisThis designdesign isis carryovercarryover balancedbalanced..

TheThe firstfirst 9 9 columnscolumns of of thethe designdesign still form a GYD uniform on still form a GYD uniform on thethe
periodsperiods..

Theorems 1 and 3 Theorems 1 and 3 aboveabove hold.hold.
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ResultsResults forfor 10000 10000 permutationspermutations of of thethe designdesign

3.84903.84900.24820.2482--11--3.01093.01090.31140.3114001010--11CaseCase 66

3.84903.84900.24820.248200--2.01092.01090.00590.005900101000CaseCase 55

3.85023.85020.24820.2482--11--1.01091.01090.00000.0000101000--11CaseCase 44
3.85023.85020.24820.248200--0.01090.01090.00000.000010100000CaseCase 33
0.24860.24860.24820.2482--11--1.01091.01090.62380.62380000--11CaseCase 22
0.24860.24860.24820.248200--0.01090.01090.05050.0505000000CaseCase 11

MeanMean ofofEmpEmp. var. of. var. ofMeanMean ofofProportion ofProportion of
1τ

05.0,32
)( tt i < )(ˆ' iτ2ρ1ρ τ' )(ˆ' iτ )()ˆ'r(âv iτ

CaseCase 1: No 1: No directdirect and and carryovercarryover effectseffects..
EstimateEstimate of of thethe variancevariance isis unbiasedunbiased: 95%: 95%--CI (CI (--0.0059,0.0058) 0.0059,0.0058) 
includesincludes 00

CaseCase 2: 2: DirectDirect effecteffect of of productproduct 1. 1. 
ContrastContrast estimasteestimaste isis shiftedshifted byby --1, 1, variancevariance staysstays
thethe samesame..

51 ˆˆˆ' τττ −=
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ResultsResults forfor 10000 10000 permutationspermutations of of thethe designdesign

3.84903.84900.24820.2482--11--3.01093.01090.31140.3114001010--11CaseCase 66

3.84903.84900.24820.248200--2.01092.01090.00590.005900101000CaseCase 55

3.85023.85020.24820.2482--11--1.01091.01090.00000.0000101000--11CaseCase 44
3.85023.85020.24820.248200--0.01090.01090.00000.000010100000CaseCase 33
0.24860.24860.24820.2482--11--1.01091.01090.62380.62380000--11CaseCase 22
0.24860.24860.24820.248200--0.01090.01090.05050.0505000000CaseCase 11

MeanMean ofofEmpEmp. var. of. var. ofMeanMean ofofProportion ofProportion of
1τ

05.0,32
)( tt i < )(ˆ' iτ2ρ1ρ τ' )(ˆ' iτ )()ˆ'r(âv iτ

CaseCase 3: 3: CarryoverCarryover effecteffect of of productproduct 22
TrueTrue variancevariance doesdoes notnot increaseincrease..
EstimateEstimate of of thethe variancevariance isis inflatedinflated byby factorfactor 15.15.

CaseCase 4: 4: 
ContrastContrast estimasteestimaste shiftedshifted byby --1, 1, variancevariance staysstays thethe samesame..



16167th Sensometrics Meeting

Oliver Sailer, Department of Statistics, University of Dortmund July 29, 2004

ResultsResults forfor 10000 10000 permutationspermutations of of thethe designdesign

3.84903.84900.24820.2482--11--3.01093.01090.31140.3114001010--11CaseCase 66

3.84903.84900.24820.248200--2.01092.01090.00590.005900101000CaseCase 55

3.85023.85020.24820.2482--11--1.01091.01090.00000.0000101000--11CaseCase 44
3.85023.85020.24820.248200--0.01090.01090.00000.000010100000CaseCase 33
0.24860.24860.24820.2482--11--1.01091.01090.62380.62380000--11CaseCase 22
0.24860.24860.24820.248200--0.01090.01090.05050.0505000000CaseCase 11

MeanMean ofofEmpEmp. var. of. var. ofMeanMean ofofProportion ofProportion of
1τ

05.0,32
)( tt i < )(ˆ' iτ2ρ1ρ τ' )(ˆ' iτ )()ˆ'r(âv iτ

CaseCase 5: 5: CarryoverCarryover effecteffect of of productproduct 11
EstimateEstimate of of thethe constrastconstrast isis biasedbiased..
VarianceVariance doesdoes notnot increaseincrease..
EstimateEstimate of of thethe variancevariance isis inflatedinflated byby factorfactor 15.15.

CaseCase 6: 6: 
ContrastContrast estimasteestimaste shiftedshifted byby --1, 1, variancevariance staysstays thethe samesame..
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CDF of CDF of thethe permutationpermutation tt--statisticsstatistics
and CDF of and CDF of thethe tt--distributiondistribution in in 
casecase 11

PerfectPerfect fit.fit.

AgainAgain demonstratesdemonstrates thatthat rowrow--
columncolumn modelmodel isis validvalid..
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CDF of CDF of thethe permutationpermutation tt--statisticsstatistics
and CDF of and CDF of thethe tt--distributiondistribution in in 
casecase 33

EDF has EDF has steepsteep slopeslope::

VarianceVariance isis overestimatedoverestimated..

tt--statisticsstatistics areare tootoo smallsmall..

ConservativeConservative analysisanalysis
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Let‘sLet‘s taketake a a looklook at at thethe designdesign againagain

2 1 5 4 3   5 4 3 2 12 1 5 4 3   5 4 3 2 1
3 2 1 5 4   4 3 2 1 53 2 1 5 4   4 3 2 1 5
1 5 4 3 2   1 5 4 3 21 5 4 3 2   1 5 4 3 2
4 3 2 1 5   3 2 1 5 44 3 2 1 5   3 2 1 5 4
5 4 3 2 1   2 1 5 4 35 4 3 2 1   2 1 5 4 3 













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Let‘sLet‘s taketake a a looklook at at thethe designdesign againagain

2 1 5 4 3   5 4 3 2 2 1 5 4 3   5 4 3 2 11
3 2 1 5 4   4 3 2 1 3 2 1 5 4   4 3 2 1 55
1 5 4 3 2   1 5 4 3 1 5 4 3 2   1 5 4 3 22
4 3 2 1 5   3 2 1 5 4 3 2 1 5   3 2 1 5 44
5 4 3 2 1   2 1 5 4 5 4 3 2 1   2 1 5 4 33

DeleteDelete thethe last last assessorassessor
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Let‘sLet‘s taketake a a looklook at at thethe designdesign againagain

2 1 5 4 3   5 4 3 2 2 1 5 4 3   5 4 3 2 
3 2 1 5 4   4 3 2 1 3 2 1 5 4   4 3 2 1 
1 5 4 3 2   1 5 4 3 1 5 4 3 2   1 5 4 3 
4 3 2 1 5   3 2 1 5 4 3 2 1 5   3 2 1 5 
5 4 3 2 1   2 1 5 4 5 4 3 2 1   2 1 5 4 

TheThe resultingresulting designdesign still still formsforms a GYD uniform on a GYD uniform on thethe periodsperiods..

Theorem 2 Theorem 2 holdsholds..

TheThe designdesign isis onlyonly nearlynearly carryovercarryover balancedbalanced..

TheThe last 8 last 8 periodsperiods of of thethe designdesign no no longerlonger form a GYD.form a GYD.







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ResultsResults forfor 10000 10000 permutationspermutations of of thethe designdesign

4.36184.36180.56560.5656--11--2.98112.98110.24460.2446001010--11CaseCase 66

4.36184.36180.56560.565600--1.98111.98110.01950.019500101000CaseCase 55

4.35424.35420.90750.9075--11--0.99360.99360.00290.0029101000--11CaseCase 44
4.35424.35420.90750.9075000.00640.00640.00000.000010100000CaseCase 33
0.31030.31030.31320.3132--11--0.98910.98910.52330.52330000--11CaseCase 22
0.31030.31030.31320.3132000.01090.01090.04880.0488000000CaseCase 11

MeanMean ofofEmpEmp. var. Of. var. OfMeanMean ofofProportion ofProportion of
1τ

05.0,28
)( tt i < )(ˆ' iτ2ρ1ρ τ' )(ˆ' iτ )()ˆ'r(âv iτ

CaseCase 1: 1: EstimateEstimate of of thethe variancevariance isis unbiasedunbiased: 95%: 95%--CI (CI (--0.0058,0.0094) 0.0058,0.0094) 
includesincludes 0.0.

CaseCase 3: 3: TheThe variancevariance increasesincreases, , butbut isis still still overestimatedoverestimated: : conservativeconservative
analysisanalysis..

CaseCase 5: 5: TheThe contrastcontrast estimateestimate isis biasedbiased. . TheThe variancevariance isis higherhigher thanthan in in 
casecase 1, 1, butbut isis still still overestimatedoverestimated. . 
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Performance of Performance of nearlynearly carryovercarryover balancedbalanced GYDsGYDs

A A designdesign proposedproposed byby PérinelPérinel and and PagèsPagès (2004)(2004)

7   5 10   7  6  4  1   8  6  5  9   2  3   9  1   8 10   2  37   5 10   7  6  4  1   8  6  5  9   2  3   9  1   8 10   2  3 4  6   3   7  9  8   1  5 10   4  24  6   3   7  9  8   1  5 10   4  2
8   3   9   4  1  3  5   4  9  6  6   8  2 10  7   2   1 10  58   3   9   4  1  3  5   4  9  6  6   8  2 10  7   2   1 10  5 7  4 10   3  8  9   6  2   7   5  17  4 10   3  8  9   6  2   7   5  1

10   6   4 10  8  7  4   1  2  8  3   3  9   7  2   6   5   5  110   6   4 10  8  7  4   1  2  8  3   3  9   7  2   6   5   5  1 9  2   8 10  1  3   5  4   6   7  99  2   8 10  1  3   5  4   6   7  9
5   7   8   2  2  6  3 10  4  9  1   9  8   1  3 10   7   4  65   7   8   2  2  6  3 10  4  9  1   9  8   1  3 10   7   4  6 5  9   5   4  2  7 10  8   1 10  65  9   5   4  2  7 10  8   1 10  6
2 10   6   1  7  5  8   6  5  1  4 10  7   3  4   3   9   9  22 10   6   1  7  5  8   6  5  1  4 10  7   3  4   3   9   9  2 8  7   1   6  5  4   2  3   9   8  38  7   1   6  5  4   2  3   9   8  3

ThisThis designdesign isis notnot a GYD, a GYD, notnot eveneven a a balancedbalanced incompleteincomplete block block 
designdesign..

ItIt isis notnot carryovercarryover balancedbalanced..

ButBut onlyonly smallsmall departuresdepartures fromfrom ideal ideal structurestructure. . 

TheThe designdesign isis ““nearlynearly” ” balancedbalanced. . 












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
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ResultsResults forfor 10000 10000 permutationspermutations of of thethe designdesign

1.39321.39320.31690.3169--11--2.99222.99220.96470.9647001010--11CaseCase 66

1.39321.39320.31690.316900--1.99221.99220.52210.522100101000CaseCase 55

1.39321.39320.47310.4731--11--0.99530.99530.08470.0847101000--11CaseCase 44
1.39321.39320.47310.4731000.00470.00470.00240.002410100000CaseCase 33
0.16840.16840.17080.1708--11--0.99830.99830.78070.78070000--11CaseCase 22
0.16840.16840.17080.170800--0.00170.00170.05070.0507000000CaseCase 11

MeanMean ofofEmpEmp. var. Of. var. OfMeanMean ofofProportion ofProportion of
1τ

05.0,107
)( tt i < )(ˆ' iτ2ρ1ρ τ' )(ˆ' iτ )()ˆ'r(âv iτ

CaseCase 1: 1: 
EstimateEstimate of of thethe variancevariance of                        of                        seemsseems to to bebe unbiasedunbiased: : 
95%95%--CI (CI (--0.0021,0.0068) 0.0021,0.0068) includesincludes 0.0.
IfIf thethe designdesign isis notnot validvalid, , thethe biasbias isis veryvery smallsmall..

51 ˆˆˆ' τττ −=
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ResultsResults forfor 10000 10000 permutationspermutations of of thethe designdesign

1.39321.39320.31690.3169--11--2.99222.99220.96470.9647001010--11CaseCase 66

1.39321.39320.31690.316900--1.99221.99220.52210.522100101000CaseCase 55

1.39321.39320.47310.4731--11--0.99530.99530.08470.0847101000--11CaseCase 44
1.39321.39320.47310.4731000.00470.00470.00240.002410100000CaseCase 33
0.16840.16840.17080.1708--11--0.99830.99830.78070.78070000--11CaseCase 22
0.16840.16840.17080.170800--0.00170.00170.05070.0507000000CaseCase 11

MeanMean ofofEmpEmp. var. Of. var. OfMeanMean ofofProportion ofProportion of
1τ

05.0,107
)( tt i < )(ˆ' iτ2ρ1ρ τ' )(ˆ' iτ )()ˆ'r(âv iτ

CaseCase 3: 3: TheThe variancevariance increasesincreases, , butbut isis still still overestimatedoverestimated: : conservativeconservative
analysisanalysis..
CaseCase 5: 5: TheThe contrastcontrast estimateestimate isis biasedbiased. . TheThe variancevariance isis higherhigher thanthan in in 
casecase 1, 1, butbut isis still still overestimatedoverestimated..
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Performance of a Performance of a stronglystrongly imbalancedimbalanced designdesign

So far So far wewe onlyonly lookedlooked at at designsdesigns withwith a “a “smallsmall degreedegree of of 
imbalanceimbalance“.“.

1 1 1 1 1 1 1 3 2 2 2 2 4 5 41 1 1 1 1 1 1 3 2 2 2 2 4 5 4
2 2 2 2 3 3 3 1 3 3 3 3 5 4 52 2 2 2 3 3 3 1 3 3 3 3 5 4 5
4 4 5 5 4 4 5 5 4 4 5 5 1 2 34 4 5 5 4 4 5 5 4 4 5 5 1 2 3

ThisThis designdesign isis no GYD, no GYD, notnot eveneven a a balancedbalanced incompleteincomplete block block 
designdesign..

ItIt isis also also notnot balancedbalanced forfor carryovercarryover effectseffects..


















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ResultsResults forfor 10000 10000 permutationspermutations of of thethe designdesign

3.45673.45673.81753.8175--11--4.35714.35710.73240.7324001010--11CaseCase 66

3.45673.45673.81753.817500--3.35713.35710.50780.507800101000CaseCase 55

3.48313.48315.61205.6120--11--0.99280.99280.20540.2054101000--11CaseCase 44
3.48313.48315.61205.6120000.00720.00720.08900.089010100000CaseCase 33
0.66990.66990.70840.7084--11--0.98790.98790.31040.31040000--11CaseCase 22
0.66990.66990.70840.7084000.01210.01210.04920.0492000000CaseCase 11

MeanMean ofofEmpEmp. var. of. var. ofMeanMean ofofProportion ofProportion of
1τ

05.0,24
)( tt i < )(ˆ' iτ2ρ1ρ τ' )(ˆ' iτ )()ˆ'r(âv iτ

CaseCase 1:1:
EstimateEstimate of of thethe variancevariance isis biasedbiased: 95%: 95%--CI (0.0164,0.0609) CI (0.0164,0.0609) doesdoes notnot
includeinclude 0. 0. 
IsIs thisthis biasbias relevant?relevant?
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ResultsResults forfor 10000 10000 permutationspermutations of of thethe designdesign

3.45673.45673.81753.8175--11--4.35714.35710.73240.7324001010--11CaseCase 66

3.45673.45673.81753.817500--3.35713.35710.50780.507800101000CaseCase 55

3.48313.48315.61205.6120--11--0.99280.99280.20540.2054101000--11CaseCase 44
3.48313.48315.61205.6120000.00720.00720.08900.089010100000CaseCase 33
0.66990.66990.70840.7084--11--0.98790.98790.31040.31040000--11CaseCase 22
0.66990.66990.70840.7084000.01210.01210.04920.0492000000CaseCase 11

MeanMean ofofEmpEmp. var. of. var. ofMeanMean ofofProportion ofProportion of
1τ

05.0,24
)( tt i < )(ˆ' iτ2ρ1ρ τ' )(ˆ' iτ )()ˆ'r(âv iτ

CaseCase 3: 3: TheThe variancevariance isis inflatedinflated byby a a factorfactor of 8.of 8.
TheThe variancevariance estimateestimate clearlyclearly isis tootoo smallsmall..
AntiAnti--conservativeconservative analysisanalysis ((empiricalempirical levellevel of of thethe tt--testtest isis 8.9%)8.9%)

CaseCase 5: 5: 
TheThe contrastcontrast estimateestimate isis biasedbiased. . TheThe variancevariance isis underestimatedunderestimated..
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CDF of CDF of thethe permutationpermutation tt--statisticsstatistics
and CDF of and CDF of thethe tt--distributiondistribution in in 
casecase 11

Design Design isis clearlyclearly imbalancedimbalanced..

ButBut: : tt--distributiondistribution still still seemsseems to fit to fit 
well.well.
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CDF of CDF of thethe permutationpermutation tt--statisticsstatistics
and CDF of and CDF of thethe tt--distributiondistribution in in 
casecase 33

VarianceVariance isis underestimatedunderestimated..

tt--testtest isis no no longerlonger conservativeconservative..
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4. Summary4. Summary

Randomization of treatment labels and assessors validates the roRandomization of treatment labels and assessors validates the roww--
column model (when there are no carryover effects) for special column model (when there are no carryover effects) for special 
types of balanced types of balanced GYDsGYDs. . 

If the various types of balance are only slightly violated, the If the various types of balance are only slightly violated, the analysisanalysis

may still be valid.may still be valid.

even if it is invalid, it is not changed much.even if it is invalid, it is not changed much.

If there are carryover effects, the estimates are biased whetherIf there are carryover effects, the estimates are biased whether we we 
use carryover balanced designs or not.use carryover balanced designs or not.

Slight violations still don't make much of a difference.Slight violations still don't make much of a difference.

Departures from carryover balance seem to be more serious than Departures from carryover balance seem to be more serious than 
departures from the GYD conditions.departures from the GYD conditions.
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