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Abstract

In this studywe explorea novel application of thBiscrete Choice Experiment (DCHjatresembles the
Time Trade Off (TTO}askto estimate values on the health utility scale for theSBQThe DCE is

tested in a survey alongside the TTO in respondents largely retatageofthe Canadian general
population. The study finds that the DCE is able to derive logical and consisliges for health states
valued on the full health dead scaleThe DCE overcame some issues identifiedhe version of TTO
currently usedo value EQ5D, notably whether to exclude respondents who fail to understand the task
and incorporating valueonsidered worse than deadhout transformationThis has important
implicationsfor providingvalues that represetite preferences of allspondents.
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1. Introduction

The Quality Adjusted Life Year (QALY) is a widely used measure of haalpnovementor guiding
healthcare resource allocation decisioAskey input to QALY calculations is thelative value of time
spent in different health stat€Borrance 1986). Methods for eliciting these values have been dominated
by cardinal preference tedlnes such as the Standard Gan{Bl&)and Time Trade Off (TTQOgiving
values anchored on 1 (full health) andd@x (herein referred to as tHaealth utility scal® (Brazier

et al. 2007). QALYs are to date most commonly used in societal resource afl@etisions, and so
values are tymially obtained from a representative sample of the society’s population. Thereen

that the tasks involved in the SG and TaKk@too complex for certain population®gsulting in many

inconsistencieand subsequent exclusiahatlimit representatieness of the valug€raig et al. 2009).

As a consequence, researchers have sought alternative elicitation methodshealti states, with
ordinal techniques such as ranking becoming the focus of attentioeragctent literaturée.g. Salomon
2003, McCabe et al. 2006, Ratcliffe et al. 2009, Craig et al.2009). Such techniques reponeees
simplyto rank responsesuch as stating that health state A is prefetwdsl, without going through an
iterative process of identifyiniipe degree by which A s preferred to BBeingcognitively simplerthe
choices are less prone to eramd through greater inclusiorglues will bemore representativef all the

surveyed respondents.

An alternativeordinalelicitation method thatas becomeopular inthe health economics literatuie
the pair wise discrete choice experiment (DQEuviere et al. 2000 ypically, this approah involves
the construction ofes of profiles® based on a descriptive system made Up\als of dimited number
of important attributesPreference®ver twoor sometimesnoreprofilesareobtained by respondents
simply choosing their most or leaseferred.The exercisean berepeated wittlifferent profilesin
order to infer the relative weight attached to each level of each attffyutequiring individuals to
tradeoff between attribute© CEsovercome some limiting assumptions in ranking datahave been
shown to be consistent with the conditional logit model (Louviere and Woodworth 1983),irooted
Randm Utility Theory(Mcfadden 1974)The relative simplicity of the task involved means timat
contrast to the TTO and SG, DCEs are typically condustdtbut an interviewerin the pasbften by

#While a profile might be made up of a solely a health state, for this papefer to profiles if it includes additional
attributes such as life years



paper but more recently using computers which through the use of the internet ensihlidsxile and

precise surveys.

While the appeadf using DCE as an alternative to conventional techniques appeae/esome
methodological and theoretical basis, care needs to be taken to undiérstamdations that DC&

bring over conventional elicitation techniques (Bryan and Dolan 2004, Lancsar and Dorzdas).

To date, here has been littempiricalresearcltomparing DCE to cardinaeklicitationtechniques and
soadvantageare largely theoretical key challenge to the use of DCEs is the anchoring of values to
the health utility scaldDCE datathrough the variations of trenditional logitmodel, can provide
estimates of cardinal utility fumions from ordinal preferences on the latent utility scale. While this can
provide information on the relative preference of one health state to artbéhecales not anchored on

full healthand deadndso camot be directly incorporated into QALY calculations.

This paper explores a new application of EKeéE which closely resembles th& TO to produce health
state values on the health utility scidethe EQ5D. The DCE is tested imaoniine survey alongside
the TTO in respondents largely representativiheCanadian genat population. In section 2, brief
review of previous DCE studies ustedvalue health states is presentgdction 3 describes the survey
methods while section 4 details the econometiacielling and rescaling assumptiongized in the
study. The results of the TTO and DCE are described and compared in section 5thénally
implications of these results for future elicitation of health state values atssksl.



2. A brief review of the use ofDCEsto value health status

While the use of DCEs in valuing preferences for health states dates back ovarsl@ ye Hakim and
Pathak 1999), only recently have studies endeavoured to ghelesulting values on the health utility

scale for use in QALY calculations

The studies by Ryan et al. (2006) and Burr et al. (208&0 profiles made up solely of health state
descriptions andssume thahe best health stabe their descriptive system (level 1 of each attribuge) i
equivalent to full health (e.g. equal t@d the health utility scaleand the worst healttateis

equivalent to dead (e.g. equal to Dhevalues forother halth state are then rescaletbrrespondingly.
This is similar to conventional valuation studies using TTO, where, for exampl8DEfate 11111 is
assumeda be equivalent to full healthlowever, assuming the worst headtiateis equivalent talead
asdiscussed by the authors of the studges, moreundesirable assumption. Studies using the SG and
TTO have shown that the heafitateindividuals consider equal tbeadvaries based on the descriptive

system(Brazier et al. 2007and indeedanany health statemre considered worse than dead.

The studyby Ratcliffe et al. (2009addressethis issueby usingvalues forbest and worst heal8tates
from the TTO to inform the rescaling. While this scaling improves hHemtetical basis for the values,
the reliance on using TTO elicitations contradicts the primary motivation of usi&g Stead of
conventional techniques to value heaithtes

Another apprach isto include dead in the desigimerebyeliminating thereliance on external
elicitations or assumptior{glynn et al. 2008, Brazier et al. 2009). Modellemtables coefficients for
attribute levels for states ‘worth livingp beestimated as thedistancdrom ‘dead’. These methods rely
on at least some respondents indicating that at least some states atbavodsad (or not ‘worth
living’). Flynn et al. (2008) has pointed out, however, that if a certain proportion of respondents
categorically do noaccept that there are such states (or that all states are ‘worth living’), iheullth
violate the assumption that health states can be located on a continuous scale that ool é& at
dead and full health.

An alternative approach has been egd arattribute such as probability of death or years of survival
is included as an attribute (Ryan et al. 2006, Viney et al.2007, Coast et al. 2008, Flynn et din 2008)
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the case aiincorporatingyears ofsurvival, his results in a DCE thatsembles th& TO (the TTO could
in fact be considered as a form of DQfy)askingrespondents to choobetween healtprofiles which
contain a health state description ardragth of life that would be lived in that health st&mce health
is typically defined athe product of health status and life years, this would indicate the need for a
multiplicative designin whichinteractionsetween each health statasel and life yearare estimated
It is thisinnovativedesign of DCE (herein referred asDCErro representing its link to the TT)@hatis
considered in this paper.

3. Survey methods

3.1Survey and dicitation tasks

A web survey was conducted asking respondents to complete a series of TTO ard A8Ks Health
states in the survey were described udiegEQS5D descriptive systerfBrooks 1996), which consists
of five attributes (mobility, seltare, usual activities, pain/discomfort and anxiety/depression), with
threepossible level$or each attribute. Level 1 refers to the best level in each attrtaddealth state
11111 refers to full health — and 33333 refers to the worst health state possible in thawesgsiagm.

The survey began by asking respondents to describe their own health using the EQ-5D .€€onthe s
stage of the survey, respondents were randomly assigned to either the TCEr¢s @xercise”. In
each, a description of the “task” involved was given, and a demonstration video provided. In both
exercises, the order of attributes was randomized for each respondent ¢apditefryears’ in the
DCErro Which was at the bottom). At the end of fiist exercise, respondents were asked about any
difficulties with understanding and answering the tasks. In the third stalye sdirvey, the exercise not
utilised in the second stage was used, followed again by questions on their @ifitultinderstanding

and answering the task.

The TTO wawriginally designed as a simpler alternative to the SG for valuing héalésand is
reviewed in detail elsewhe(Brazier et al. 1999)its premise ishat he welfare change associated with
a decrement in health statigsletermined byaluing the amount of life expectancy an induadlis
prepared to sacrifice that leaves overall utility unchanged. In this surveyedi@ ugeb version of the
TTO-prop method developed by the York Measurement and Valuation Health Group (Gudex 1994).
Respondentwaeregiven ahypothetical EQBD healh dateat a timeand asked to assuntkeat the



duration d thehealth state w10 years, followetly immediate death. A choice is then presented: to
live in the given health statar to die immediately. lliving in thehealth state is chosen, tradeoffs are
made using a visual board to determine the nummbgears(herein denoted d$in full healththat is
equivalent to 10 years in the state presented. If the respondent prefers immiediatover the health
state presented, the survey proceeds by asking if the respondentJ0éfgesrs in the given health
state followed by years in full health, or again immediate de&tr. both caseshe timet starts at 5
and is then varied by 1 year and then 6 monthly intervals, based on responses, until the point of
indifference is found. To identify potentially problematic respondent$a preliminary task of this
exercise, respondents are asked whether theidwwefer living in full health for 10 years or the given

health state for 10 years.

The DCErro was designed to reflect the TTO, in terms of bothtdskdescription and the instructions
usedbut after pilot testig, visual aidsvere rot usedPairwisechoices were developdbm profiles

including a health state made up of the 5 EQ-5D attributes, and a sixth attrilmuiieinig$he number

of years the individual would live in that health state followed by immediate deathlevels of life

years werehosen10, 7, 4, and 1 years. The respondent was asked to simply choose which profile they
preferred(e.g. a forced choice)n addition, to test for logical consistenaypttasks were included

where one of the two profiles was regarded as a dominant option (all attetels were regarded as

more desirable and thevels oflife yearswere equal).

A market research company was hired to recruit a representative sample ofaia@aopulation

over 18yeas of age.lnitial contact was made via erhdndividualschoosing to participate in the study
were referred to a passwepdotected website that contained the surdéye market research company
offered incentives to participants who completed the survey questiordadie-demographic profiles
of all participants invited to the survey were provided by the market reseangany. Ethical approval

was obtained from the University of British ColumbithiEsBoard.
3.2Experimental design

The EQ5D has 3 (243) combinations of attribute levels in the full factorial design. Althoughlesmal
orthogonal arrays exist, a near orthogarahy of 36 states was us@€uhfeld 2009) sasto allow
more comparisons withealthstates from th®CErro. Furthermore, it was decided to add 12 more
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healh stateqtotal =49 so that all 1health statescecommended biiamers et al. (2006yere directly

valued enabling the comparisonTofO with manyprevious valuation studies.

Including the life yearsattributeto the DCE profilencreases theumber of combinations of attribute
levelsto 972, and 471,906 potential pairwise combinations foDtbEro task.We constructed a
fractional design using a-Dptimality algorithm(Kuhfeld 2005which considered the inclusion of the
two—way interactions between each of the-&KQ attributes with the Life years attribuiéhis procedure
was complicated by the fatttat the EQGD includes implausible attributevel combinations (e.g
confined to bed uno problems with usual activitieahd that many ahedeveloped designs included
tasksthatwere dominatedand hence provide little information)e therefore generatedfurther1000
designs based on near orthogonal arrays considering all possible combinationsubé ddtvelsThe
final design was chosdrmom these by comparing which design hatth@smallest correlation between
specified effectgso that the covariance between attribute effects was minimieitie fewest
dominatedpairwiseprofiles (which were manually altered to become non dominatedje highest
overlap wiereboth profiles includéealth states included in the TTO enable further comparison in a
follow on study, iv) andthe highest efficiency (defined as the deti@ant ofthe Fisher Information
Matrix). In the end, a design which included 1H@-5D health stateacross 144 pairwise tasks was

selectedand tested using simulated data to ensure that a model could be estimated.

A small ondine pilot study was undertaken in advance of the main study to check that respondents
understood the taskanswerethe questions as expected and to get feedback on the design of the
website. The pilot study also suggested that in 20 minutes, a given participaneasoldably answer 5
tasks in the TTO exercismd 8 tasks in the DCEo exercise Consequently e TTO health states were
blocked into 1Xets.In each setrespondents valued the worst health state (33333) and 4tatey
selected by a computer algbm so thanear level balance was achieved between §h&s144 DCEro
pairswerealsoblocked into 24etsusing an algorithm which alsnatched each setith one of the

TTO sets €.9.2 DCErro sets to each TTO set) such that there was overlap where possiblenbetwee
states in the two sets

4. Modelling health state values
4.1 Time Trade Off



The modelling of the TTO replicates previous studies (e.g. Dolan 1997, Lamkra0&t&. For states
valued better than deadhlues are calculatday dividingthe number of years in futhealtht (at the
pointof indifference) by 10 (the maximum timé&jor states valued worse than dead, vadues
calculated using a monotonic transformation so they are bounded to -1 (Dolan 1997).

A one way error components random effect model which takes into account the varidtianttiot

and between respondents (Brazier, et al. 2B0dgfinedas
—_— , P . .
Vij = f(B'zij) + ey ®

wherei = 1, 2,...,n represents individuals a1, 2,...,nrepresentshe different health states shown to
each respondent. The dependemialde, V;; is the disutility value (Amean TTO value) fonealthstatej
valued by each respdenti. x;; is a vector of 10 binary dummy explanatory variabi#§ (vherer=2,3
indicates the levels 2 and 3 of each attrietg?2,...,5 in health state. Level=1 reflects no problems in
each attributetienceg is vector of 10 variableg, 4=,..., £°). Finallys; is an error termvhich
represents theespondensypecific variationand the error term for thjeh health state valuation of tiih
individual, assumed to be random across observatoligsear additive functioms assumed, as is
commonly done. The normality of residuals and predicted random edfeetssessedia graphical
meansBelsey’s condition index (Belsley et al. 198@s used to assess multicollinearity and Rarasey
regression specification error test (RESET test) was used to test foofahéorm(Ramsey 1969).

Predicted valugof V, (sayi»;jTTO) is the average value for health statéor a given TTO time horizon

estimated directly on the health utility scél® years in this case)

4.2 Discrete Choice Experiment

4.2.1 Modelling framework

To model the health state valuations usingDkd=rro data, we used the rditional logisticmodelas
outlined by McFadden (1974Jhis operationalissthe Random Utility Model, which is describbdlow
as itstheoryis useful in the later discussion.



Theapproach assumes that in a DCE, each individuas a utility functiorfor profile k defined as

U = ik + Eik Whereuix is an observable componerthe part of the utility contributed by

attributes andi, is a random component as it is assumed one cannot fully observe the set of influencing
factors in a persoan decision procest.is assumed that in a settaSksA, individuali will choose

profile kif and only if U;, > U;; for all j#k in A. Since(e;;, — ;) cannot be directly observed, it cannot

be determined i(z4;x — ftij) > (€ir — €ij). Instead, only the probability th(s;;, — £;;) will be less

than(fix — fi;) can be inferred from the choicesch that the probabjitof individual i choosing

profilekis:
Py = P(ng = Ugj) = P{(,ui;; — ,LL-,;J') = (6-;';; — E-,;j))} all 7 7& k 2)

The conditional logit model restricts afl to be independent and identically distributed and exhibits an
extreme valueThe probability that individualchooses health profilecan be solved as a closiedm

solution of

exp(fiik)
J
Zj:l e'xp(l’bﬁj) (3)

ik —

4.2.2Model specification

For the EQ5D attributesin DCErro, a similar model specification is madegquation 1 used for TTO.
However weexpect thatach individual’s utility function ;; is multiplicative betweerhe heah state

and number of life years in each profil@he full model can be written as:
/ /
fij = i + P12ij + Pati; + Paiy - Ly )

Estimates of , (i.e. ,(3}2, }@}3? {3‘?3) are the weight associated with the level of the attribute in each

health state; where thed* variables arelefinedsimilarly to equéon 1. The estimatef L2 (32) is the

weight associated with the ‘lifgears’ attributd. For consistency with the TTO analysis, respondents

are assumed tioave a constant proportional time trade off and the assumptions of the QALY model, and
9



sot is consderedto be linearEach estimate gff; (.5’3) is the weightassociated with the tinmdived in

each health statg. In the full model, we would expect 4,315 to be equal teero atherwise it would
indicateindividuals having a preference for healthiasindependent of time viating akey assumption
of the QALY model. In reality, the inclusion of batbts ofterms(x andx.t) would likely cause
multicollinearity in the estimation gif; andfs, and so from a theoretical and estimation point of viaw,

is excludedrom the model.
4.2.3Anchoring to health utility scale

In the conditional logit model, tharedicted valuguf;€ can be interpreted as an estimate of the utility
of profile k. This estimate is however on the latent scale and so a fugth@mation is required to
anchor the estimates to the health utility scale. For this, we simply bameethodrom TTO by
determiningthe life expectancthe sampleis preparedo sacrificesothatthe changén health sta

leavesthe samplis averag®verall utility unchangedbetween the two options.

This is implemented by assuming, as in TTO, that for each profile made up frogifistate; for 10
years, there is a number of yedarsX0) in full health which generates the same level of utiityhs.

So from equations 3 and 4, the probability of choosing the profile describing living heélth (11111)
for t years is equal to the probability of choosing a profile describing living int@ydar health statg;
for 10 year,

cap(a + [at) __ eap(d+ 510+ a + Gy, - 10)

exp(a + 32) + exp(a + | 5,10 + J’;;!:J 0) expla+ Bot ) + exp(a + 5,10 + %;a:v; - 10) (5)

Theobjective here is to derive the mean utility value of stabased on DCE that corresponds to a 10-
year TTO value, which ig10. Equation 5 can be solved so that this value is expressed as a function of

the regression estimates:

~ t 53
V,DCE -1 _
! 10 3 52 (6)

® Since wherx represents full healtiis simply a vector of zero's. Alternatively effects coding could beiagpb the data
and a value fo8’3x;.10 (wherex;=full health) could be applied, but as the estimation relies on the differenvecnelevels
for each attribute, it can be proverat the results for the rescaled estimates from equation 6 are identical.
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Thus, thesample mealCErro value for state; can be calculated from the coefficients of the

conditional logit model.

4.3 Exclusion of respondents

There is a strong argumetexcluderesults fromboth the TTO an®CErro where individualdhave
failedto understand or pay attention to the elicitation process as their respalhses necessarily
representheir preferencefevlin et al. 2003)Likewiseincluding individuals that do not display
compensatory behaviowuiolates thaunderpinning assumptions of consumer theory on which many
choice based methods are bagecbtt 2002). In the context of a welwrvey, engagement
respondentss expectedo be more problematithaninterview-based administratiotHowever,
excluding respondents is also problematm, only as the statistical efficiency is redudeuat,also
becauseeststo identify‘irrational respondents andexicographi¢ preferences are deficiefitancsar
andLouviere 2006); thusjalid preferencemaymistakenlybe removed. When the objectivea$tudy
is to generate ‘representative’ preferencesoaiety, suctexclusiors might compromise the results

A series of criteria for detecting values that @@emedpotentially problematiare employedit is
acknowledged thdhese criteria arenpreciseand subjective, but use the resultgémerate a sample
that appear to haveo data problemfor each exercise which is used to derive preliminary reshsts.
suggested by Lancsar and Louviere (2086)impacf including respodents that appeared to have

increasingly more data problenssthen examined in terna$ their influence on model estimates

For the TTO, respondents were potentially excluded if theginswered preliminary (dominated)
guestion incorrectly, (ii) hathe values for all 5 health states were the sameh&édn givennumber of
responses or more at 0.5 (which is the starting point for states considerethbatté¥ad, and sbthe
respondent wanted to complete the task quickly, 0.5 would be chosen), (evphesshnumberor more
pairwise logical inconsistencies (as defineddaylin et al.,2003)were found and (v) had given
numberor morehealth states valuaslorse than deag@vhether a health state is worse than dead is the
first choice in the task, so could easily be chosen by a respondent unengaged or standidigithe
task). To detemine the exact criteria to use, we employed the technique illustrated by Bxedlin
colleaguesvhere thampact of modifyinghe criteria wasised tdind the largest sample where values

11



did not systematic differ betwegmoups(see Devliret al.,2003,for further details) This determined
that respondents with greater than one pairwise logical inconsistendyoanabore values worse than
deadout of the 5 TTO tasksere excluded

For theDCErro, respondents were excluded if they: (i) answered both dominated questions ilycorrect
(i) hadall 8 responses aime same side (all choices tleft profile or all the right), (iiihad

lexicographic preferences (where in&lasks, individuals chose the profile with the best level of one
attribute)and (iv)gavetoo little timeto consider the tagklefined as &econds).

Consequently 5 sepate samples are analysed: all_TTO refergspondents that completed the TTO;
noproblems_TTO refers to a subset of all_TTO that completed the TTO and daveany potential
data problems; all_ DCE and noproblems_DCEsarelarly also developed, and finally no
problems_TTODCE refers to completers of both the TTO and DCE demonstrating ncapdsgati

problems in either exercise.

All analysis was performed in Matlalsing Train’s code (Train 200@8nhd SAS9.1.

4.4 Model comparisons

The observed TTO values for the 48 health state first compared to the predicted values from the
TTO and DCEro models.While observed TTO values are not a gold standard for comparing to the
DCErro, they provide an interesting comparidmtween the approachésevious studies have in the
past used a variety of different tests to identify levels of correlation ardragntWe use a battery of
tests that include theearson correlation coefficient atide intraclass correlation cefficient (ICC) for
comparisons between sérved and predicted vakjeand for comparison between the mean observed
and predicted valudsy health statethe root mean squadéference(RMSD), the mean absolute
difference(MAD), and the proportion of health state values predicted to within £0.05 and +0.1 of the
observed mean of TTO values.

The difference between the 243 estimated health states of tb®E& then comparetthin each
elicitation technique based on the inclusion of respondents with potential data prédblemaar
battery of tests are used as above, but since standard errors are estimgiglthusthcovariances, the

12



number of values with differences that are statisyictinificant(p<0.05) using pairedtests is also
reported. $stematic differences between valuesaserved using Blanditman plots(Bland and
Altman 1986).

Comparisons between the final DGEand TTO models are then made via graphical mdéanally,
the results of the self report responses are compared using chi-squareshtests time taken to

complete each dhe tasks reported.

5. Results
5.1 The sample

A sample o#4189memberf the market research paneds initially invited by email to participate in
the surveyOf thesel400 (336) consented to begin the survey and 136 of those that consenfed
completedthe survey of both the TTO and DGE. In total, of the 1355 respondents that started the
TTO exercise, 1175 (87%) completed all tasSamel0% of the respondentisat failedto complete the
TTO exercise droppedut at the first or second task, though this was less in respondents that had
already completed the DG exercise. Of th&275 respondents that started ENeErro exercise, 1220
(96%) completed all the tasks (Figure 1).

Figurel alsodescribes thpotential data problems identifiedtime sampleFor the TTO overall, 62%f
respondents haddr morepairwise inconsistencies within thé&valuations. Similarly high rates have
been found in previous studi@samers et al. 20065ince the first question of the TTO task asks
whether a state is worse than dead, the high number of values worse than dead issingsarpr
respondents that were not engaged or did not understand the task.BFOEthe 412 (346) of
respondents had potentially lexicographic preferences, mostly relatellife tyears attribute (e.g.

choosing the profile with the longest life no matter the other attributes).

In total 537 (46%) of the TTO values and 527 (43%) of the RE€talues were flagged as potentially
problematideaving638 and 693 respondents in the samples noproblems_TTO and noproblems_DCE
respectively It should be noted that sindeetcriteria for problems diffdsetween techniques, tke

numbers should not be directly compared. Of the 1157 respondents that completed bothrthea DL E
TTO exercises, 36@1%) were defined as having no problems in either exercise

(noproblems_TTODCE).
13



The characteristics of respomie are shown in Table 1. Respondents to the survey were older than non
respondents (56.68 vs 48.20, p<0.001). Those respondents completing the tasks were older than those
that did not complete the task (56.12 vs 59.36, p<0.001). The respondents witlalpdétaproblems

tended to be younger than those with no potential data problems, but this wtadisttallysignificant.

The influence of differences in alikely impacted the education, income and marital status of
respondents in each groulfhe EQ-5D profiles of respondents wegieilar to a previous study the
Canadiarpopulation (Johnson and Pickard 2Q00)

5.2TTO modelresults

The coefficients for the random effect models are shown in TablgtB the exception of the usual
activities attribute, all the coefficientilom the TTO analysis were logically consistdntfirst sample
(noproblems_TTODCE)ewels 2 and 3 of the usual activities attribweredisordered buivere not
significantly different from each otheFhe model hadnR-square (square of the&son correlation
coefficient) above 0.40, similar to previous TTO EQ-5D studies and relatively gedittpre
performancéRMSD less than 0.07). None of thealysesuffered from multicollinearity. However,
consistent with previous studies (e.g. Dolan 1997; Shaw et al. &X8)als were only approximately
normally distributed, and the RESET test suggested the presemégspédication due to omitted

variables or incorrect functional form.

Adding respondents who had data problems with the DCE (but not the TTO), defined as the sample
noproblems_TTO show there is high agreenhbetiveen valuewith an ICC of 0.994 and nealues

with a difference greater than 0.1. Levels 2 and 3 of the usual activities attrdzoime logically
consistent. However, the inclusion of respondents with potential data prollem3 Q) has a large
impact on the coefficierdgstimatesnotablythe constant which increasestir approximately 0.1 to

close to 0.5. The Bland Altman pldEigure 23 and comparisostatistics strongly suggest thhe

values obtained frorthe sample all_TT@re systematically different frorhe values obtained from
noproblems samplelf.was consequentlgiecided to use noproblems_T&Sthe final TO values as

these rpresentthe largest sample of respondents that appear to have understood and engaged with the
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TTO task The values fronthis sampl€1 to -0.384) arevithin therangeof values estimated in EQD

TTO studies from other countries (Szende et al 2007).

5.3DCE+7o results

The results from the random effeatenditionallogit model are presented Table 3 Each of the
sampledhasattribute coefficients with the expected sgmthat on average respondents preferred to live
in longer health profiles and in less severe levels di daalth status attribugend are consistently
ordered The coefficient for the constant term is not significant in any model, suggéstre is no
specification error in thanalysegScott 2001)Nearly all the coefficient values are significant at the
conventional significance levels. The inclusioppoterms did lead to multicollinearity with correlation
coefficients between each corresponding atteilbenel ing; andgs over 0.7.

The reanchored coefficientare shown in Table 2Vhile the estimatedalueshave relatively high
correlationstheypoorly predict the TTO observed values. The ICCs are close to 0.6 but over half of the
48 health statesave a difference that is greater ti@ah. However Table 4 showthereis more

agreement in health states with few observed values considered worse than TeadeMWexample

while the overalMAD betweemmodel 6of the DCE+o and the TTO is 0.141, if this is separated into
health states wit@% valuesWTD, 0 to 10%values WTD 10% to 50% values WTD and over 50%

values WTD the MAD varies from-0.029 to 0.067 to 0.165 to 0.43lnce the values considered WTD

are derived using arbitrary transformations, this suggestsrtteractuallyberelatively good

agreement betweddCErro and the TTO values.

The differences between estimated values from each of theD&&mplesare also summarized in

Table 2. In comparison to values from the noproblems_TTCBBamplean ICC of 0.981 suggests

there is little differenceni values estimated using the sample noproblems_DCE when the respondents
who were deemed to have TTO data problems are included. While 70 of the 243 valuesran bijffe
greater than 0.1, only 1 of these differences is statistically signifiéérn the respondents with DCE
data problems are also added_DCE), in comparison to the noproblems_DCETTO santipdee is

even more agreement between estimated valilnesICC improves to 0.991 and only 17 health states

¢ Mark and Swait (20083tate as a rule of thuntbhat problems of multicollinearity are likely to occur if any of the
correlations between any of the independent variables are greater than 0.7
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have a difference greater than 0.01, none of which are statistically sighifités suggests there is

little difference in preferences between the sample of respondents with no data probldrasantpte

that includes respondenwithanydata problems. The Bland Altman plots in Figure 2 also suggest there
are no systematic differences between vallies.all_DCEsample isusedasfor thefinal values since

the inclusion of more respondents reduces the variance in coefficients and therasondaexclude
respondents with apparent DCE problefiitse estimated for rangeom between 1 (health state 11)11

and -1.133 (health state 33333).

5.5 Comparison ofTTO and DCE+ro

The estimated values for the 243 heatltites for th&Q-5D based on thizgnal TTO and DCEyo
samplesare shown in Table 4 and Figure 3 anfiill list is intheappendixThere is cleadivergenceat

the very mild health states, where the Q&Eestimates values close to 1 (the highest value apart from
full health is 0.956 for state 21111) while the TTO has a gap from full health to impairdd(tiealt
highest value is 0.807 for state 21111). There is also divergence in the lower healti ls¢d€Erro
estimates 55 states to be worse than dead, wkil€ T estimateonly 15.

The mean time taken to complete the whole survey was 22 minutes (IQR 14-26). Asaxpec
respondents took more time in completing the first question of each exercise (ovenidsifar the

TTO and just over 1 minute for the DCE), than in subsequent questions (average of jugtraimlges

for the TTO and just over 30 seconds for the DCE). To complete the 5 TTO valuations, resgoo#éents
9.5 minutes to complete the 5 TTO valuations. This compared to undeutes to comple the 8

DCErro tasks. Times did not vary significantly between the valuation sample and resgonttletata

problems.

In the valuation sample, there was little difference ingbrted difficulty in understanding or
answering the two exercises wiinder 15% of respondents finding each exercise fairly or very difficult
to understand, and 50% fairly or very difficult to answer. Respondents with data prédlemishe

tasks harder to understand, but simpler to answer than the valuation sample.

6. Discussion
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This paper presents a new methodestimatinghealth state valugbrough the use @t DCE The

values appear robustjth estimated coefficienthat arestatistically significant, logically consisteand
with expeted sigrs. TheTTO valuedrom the study cannot be considered a ‘gold standard’ with which
to compare the values generated from PfgEince they are derived usiddferent economic theories
each requiring differerdassumptiongor econometric modéhg. They do however providelasis for
comparison, and give context to a discussidéavider merits and implications of using D&k as an

alternative to the TTO.

A principle finding from this studis thatin contrast to the TTO, the inclusion of respondents that may
not have understood, nehgagedr were irrational in the DCE+o had littleinfluence orthe results
Lancsarand Louviere (2006) suggdsiatthe random component RUT, often referred to as
unobservablecan be interpreted to capture errors madértafional respondentdt is alsopossible

that the DCEro was cognitively easier for respondents than the TTO leading to fewer datanps.
Given the design, we cannot establish whether one technique was necessaitiletpgasier to

another. However, theeB-reportresults suggestithat the DCEro was at least not more cognitively
difficult than the TTQthere were fewer respondents that did not complete the task, and thesDCE

took less time to complete than the TTO

The implication is that usg the DCErro can potentiallyeduce the bias associated with excluding
certain respondentshis is particularly importanh valuation studies where the objective isbimate
representative values from the general population. In TTO studies, regsdratido decide which
respondents with data problems have ‘crucially failed to understand the task’. Thsd#ficult to
determine, largely subjective and based on deficient tests — and in our study hadnagacem
estimated valuesVhile our studyikely magnifies tie number of respondents with potential data
problems by using a web survey instead of an interview, previous intelpased! TO studies have

typically excluded some respoats from their final valuatiorsuggesting the issue is stillgsent.

Buckingham and Devlin (200®)averecently providea theoreticaunderpinningor the TTO drawing

on Hicks'uility theory. However individualsare asked to make choices between certain outc@nés,
can only trade theumber ofyearsin the task. That DCEs are rooted in RUT is a benefit to their use in
health state valuations. In the D&GE, individuals are asked to trade between attributes describing both
levels of health status and life yedRanking datan the pashave beemxplodednto a series of
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pairwise choiceto reflectDCE resultde.g. Salomon 2003, McCabe et al. 20@&iX are lessonsistent
with RUT in comparison t®CEs(Louviere et al. 2000). Ranking datkso require assumptionthat
the ordering of a pair dfealthstaes does not depend on the other states being cons{detepgenden

of irrelevant alternativesyvhich is unlikely to be satisfied.

A methodological advantage to the DEGE&is thathealth states can be valuedrse than dead without
alteringthe task and without transformatioref resulting values, as is done in the conventional TTO.
Lamers (2007)emonstrate thsubjectivity of he different approaches used in such transformasinds
show how theyan impact average values stapgially. This has led to the development of new
approaches in the TTO that are uniform across states better and worse thanaleadhe“lead timé
TTO (Devlin et al. 2009). In the DGko, health states can balued worse than dead indirectliyhe
model results derive thelative preferencbetweereach health staten thelatent scale. The latent scale
is then anchored on the health utility scale, essentially firntti@goint on the scale where, on average,
thevalues becomworse than deadsiven theunfamiliarity mostindividuals have witlhealth states
potentially worse than dead, such an indirect apprbaskignificantappealHowevernegative values
obtainedirom DCEro are in essence extrapolatiedthe negative range based on data in the positive

range The DCErro approach could be extended to includeaal timein each profile.

The modelling of both elicitatin methods used in this paper has assumed that the utility function for
additional life years is linear ithme. Tsuchiya and Dolan (2005) find in a review of existing TTO
studies that the assumption of constant proportional time trade off holds on the agguegabeitis
violated at the individual level. Testing this assumption in the TTO recexpEriments to be repeated
with differentsurvival baselinedn contrastthe DCErro enables this assumption to be explored

internallywithout repeating the experimdoy madelling the lifeyears termas categorical varialde

Some limitations of the studsurround theexperimental design of the D&k, and the
representativeness of the invited sample. Experimental dssigggor the DCErro are more complex
than the TTO as the pairing of profiles can inadvertently lead to covarianceehbettiributes, and the
valuation space, with 6 attributes,much larger. The implausible attribdéyel combinations
contained in the E@D led to attributes with moderate correlasanthedesign. Further interactions
between health attribute leveishich are typically includechiEQ-5D valuations, were also not
accounted farln this respect, the experimental design used in this study could most cdxgainly
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improvedsincewhile covariancebetween attributes were small, theuld influence the estimatekhe
resuls of this study could be uséalestimate Bayesian optimal designs in a future study (Bliemer et al.
2008). Furthermore, while respondents were broggflyesentative dhe Canadian general population

in terms of age, gender and educattbere may be concerns since they waembers of anarket
research panelhe practical advantage to this approach to recruitment wasaphdtand inexpensive
valuationscan beobtained without any potential interviewer bias. However, the confirmafitrese
results in a sample of respondents not feomarket research panperhaps in the form of an interview

rather than a web survelg desirable

The resources requiréd undertake valuation studies depends on the number of respondents recruited
that complete the tasks producing usable values, the number of tasks each resposidshtas a
completethe time taken to do thisjode of administratioand the experimental desigrhefindings

can only provide a rudimentanysight intowhich elicitation technique would require the most resources
to dbtain similar precision in estimate#/hile the DCEro produced values with larger variances, in
overall terms, the resources required for the pGkere no greater, and probably less thanftrahe

TTO; this was principally due to a higheercentagef recruited respondents producgpble values

andless timebeing requiredo complete tasks

In summary thisstudypresents a new method for heathtevaluation usig astandalone DCE design
thatproduces values anchored on 1 for full health and 0 for dead. The apraadh to take account
of states worse than dead in a single task, and its results are less pron&oont@asluding
respondents therefore providing moepresentative values-urtherresearch on the patgal
advantages ahlimitations of this approach are necessary,vanik to identify if this approach might
facilitate valuations in diverse settings and population groups is required.
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Table 1. Characteristics of the Sample

Characteristic 1. Completers 2. Completers 3. Non 4.Non P Valuet
with no data | with some datag completas | respondents| 1vys2 [ 1+2vs3 | 1+2+3vs4
problems problems (n=243 (n=2789
(n=363 (n=7949)
Age, mean (SE) 56.87 (0.70) | 55.78 (0.48) | 59.36 48.20(0.31) | 0.199 | <0.001 | <0.001
(0.80)
Sample range 18-83 1899 27-83 1894
Sex, % (n)
Male 161 (44) 384 (48) 117 (48) 1338 (48) 0.205 | <0.001 | 0.673
Female 202 (56) 410 (52) 126 (52) 1451 (52)
Highest level of education, n
(%)
Primary school or less 0 (0) 3(0) 1(0) 31(1) 0.711 | <0.001 | <0.001
High School 78 (21) 171 (22) 56 (23) 749 (27)
Community college 136 (37) 309 (39) 102 (42) 1105 (40)
Undergraduate degree 109 (30) 236 (30) 62 (26) 669 (24)
Graduate degree 40 (11) 75 (9) 22 (9) 235 (8)
IncomeCAD, n (%)
$10,000 or less 1(0) 15 (2) 7 (3) 33 (1) 0.124 | <0.001 | <0.001
$10,000$20,000 19 (5) 37 (5) 7(3) 269 (10)
$20,000$30,000 32(9) 61 (8) 25 (10) 325 (12)
$30,000$40,000 41 (11) 99 (12) 40 (16) 455 (16)
$40,000$60,000 87 (24) 221 (28) 60 (25) 729 (26)
$60,000$80,000 63 (17) 152 (19) 46 (19) 501 (18)
$80,000$100,000 56 (15) 99 (12) 32 (13) 253 (9)
$100,000 or more 64 (18) 110 (14) 26 (11) 224 (8)
Marital status, n (%)
Married 218 (60) 444 (56) 135 (56) 1275 (46) 0.667 | <0.001 | <0.001
Living with partner 24 (7) 69 (9) 20 (8) 271 (10)
Widowed 24 (7) 53 (7) 23 (9) 135 (5)
Divorced 40 (11) 77 (10) 23 (9) 262 (9)
Separated 11 (3) 31 (4) 11 (5) 140(5)
Single 44 (12) 117 (15) 30 (12) 696 (25)
Not reported 2 (1) 3 (0) 1(0) 10 (0)
EQ-5D dimension, n (%)
Mobility
Problems 92 (25) 197 (25) 65 (27) - 0.846 | 0.564 -
No problems 271 (75) 597 (75) 178 (73) -
Self-care
Problems 15 (4) 28 (4) 14 (6) - 0.613 | 0.143 -
No problems 348 (96) 766 (96) 229 (94) -
Usual activities
Problems 96 (26) 161 (20) 52 (21) - 0.019 | 0.781 -
No problems 267 (74) 633 (80) 191 (79) -
Pain/discomfort
Problems 197 (54) 425 (54) 139 (57) - 0.814 | 0.327 -
No problems 166 (46) 369 (46) 104 (43) -
Anxiety/depression
Problems 85 (24) 210 (26) 69 (28) - 0.397 | 0.389 -
No prdblems 268 (76) 584 (74) 174 (72) -
No problems in any 141 (40) 299 (38) 67 (28) - 0.700 | 0.002 -
dimension
EQ-5D UK index, mean (SE)| 0.80 (0.01) | 0.80 (0.01) 0.80 (0.01) | - 0.838 | 0.823 -
EQ-5D US index, mean (SE)| 0.85 (0.01) | 0.85 (0.01) 0.84 (0.01) | - 0.880 | 0.563 -

T T-test for continuous data, ebguare test for categorical data
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Table 2 Parameter Estimates from modeled TTO and rescaledDCE+ro models (on the health utility scale)

Variable TTO: Random effects model DCE+ro: Re-anchored esimates
Estimate (SE) Estimate (SET)
Model 1 Model 2 Model 3 Model 4 Model 5 Model 6
Group | (n=363) Group Il Group 11 Group | (n=363) Group Il Group 11
(n=638) (n=1177) (n=693) (n=1220)
Mobility level 2 0.026 (0.026) 0.023 (0.020) 0.003 (0.018) 0.092 (0.05p 0.085 (0.042)** | 0.050 (0.031)
Mobility level 3 0.326 (0.031)** | 0.309 (0.024)** | 0.172 (0.020)** | 0.599 (0.064)** | 0.596 (0.049)** | 0.563 (0.036)**

Self-care level 2

Self-care level 3

Usual Activities level 2
Usual Activities level 3
Pain /discomfort level 2
Pain /discomfort level 3
Anxiety /depression level 2
Anxiety /depression level 3
Constant

0.070 (0.026)*
0.230 (0.027)*
0.107 (0.028)*
0.101 (0.032)*
0.061 (0.027)*
0.334 (0.026)*
0.052 (0.027)
0.299 (0.027)*
0.118 (0.030)*

0.078 (0.021)*
0.235 (0.021)*
0.097 (0.022)*
0.124 (0.025)*
0.036 (0.021)

0.315 (0.020)*
0.070 (0.022)*
0.294 (0.021)*
0.107 (0.024)*

0.105 (0.018)*
0.198 (0.018)*
0.112 (0.019)*
0.087 (0.021)*
0.050 (0.018)*
0.203 (0.017)*
0.036 (0.018)

0.214 (0.018)*
0.486 (0.022)*

0.056 (0.066)
0.351 (0.065)*
0.029 (0.071)
0.172 (0.070)*
0.110 (0.063)
0.527 (0.064)*
0.094 (0.061)
0.372 (0.064)*

0.065 (0049)
0.398 (0.049)*
0.103 (0.03)
0.243 (0.053)*
0.115 (0.048¥
0.501 (0.049)*
0.115 (0.@6)**
0.395 (0.049)*

0.085 (0.036)**
0.393 (0.036)**
0.089 (0.039)**
0.238 (0.039)**
0.095 (0.036)**
0.447 (0.036)*
0.104 (0.034)**
0.384 (0.036)*

2178

4158

7320

Number of observations 1815 3190 5875

Predictive performance

(48 TTO health states)
Correlation 0.677 0.653 0.411 0.671 0.67F 0.64¢
ICC 0.854 0.844 0.454 0.594 0.589 0.60F
MAD -0.004 -0.006 0.007 0.106 0.197 -0.147F
RMSD 0.073 0.052 0.063 0.148 0.2122 0.163%
n >|0.05| 30 25 27 36 402 358
n >|0.10| 14 7 9 26 328 27°

Model comparisons (with

values from 243 health

states from group 1)
Correlation ref 0.997 0.966 ref 0.995 0.992
ICC ref 0.994 0.612 ref 0.981 0.991
MAD ref -0.019 0.225 ref 0.072 0.016
RMSD ref 0.024 0.226 ref 0.074 0.045
n >|0.05| ref 17 229 ref 168 103
n >|0.10| ref 0 213 ref 70 17
n diff stat sig ref 0 200 ref 1 0

*p<0.05

**n<0.001

a- compared to TTO valudsom 638 respondenta model 2
T SEs calculated using the delta meth@lkehlert 1992)average SEs for each attribute level presemedused in pairedtests




Table 3 Parameer estimates from the DCEto models (on the latent utility scale)

Variable

Parameter

Conditional logit, estimate(SE)

Model 4

Group | (n=363)

Model 5

Group Il (n=693)

Model 6

Group |11 (n=1220)

Life years

Mean coefficient
S.D of coefficient

0.435 (0028)**

0.420 (0.020)*

0.435 (0.015)*

Mobility level 2
x Life years

Mean coefficient
S.D of coefficient

-0.040 (0.013)*

-0.036 (0.009)**

-0.022 (0.007)*

Mobility level 3
x Life years

Mean coefficient
S.D of coefficient

-0.261 (0.017)*

-0.250 (0012)*

-0.245 (0.009)*

Self-care level 2
x Life years

Mean coefficient
S.D of coefficient

-0.025 (0.014)

-0.028 (0.010)*

-0.037 (0.007)*

Self-care level 3
x Life years

Mean coefficient
S.D of coefficient

-0.153 (0.014)*

-0.167 (0.010)*

-0.171 (0.08)*

Usual Activities level 2
X Life years

Mean coefficient
S.D of coefficient

-0.013 (0.015)

-0.043 (0.011)*

-0.039 (0.008)*

Usual Activities level 3
x Life years

Mean coefficient
S.D of coefficient

-0.075 (0.015)*

-0.102 (0.011)*

-0.104 (0.008)*

Pain /discomfort level 2
x Life years

Mean coefficient
S.D of coefficient

-0.048 (0.014)*

-0.049 (0.010)*

-0.041 (0.008)*

Pain /discomfort level 3
x Life years

Mean coefficient
S.D of coefficient

-0.229 (0.015)*

-0.210 (0.011)*

-0.194 (0.008)**

Anxiety /depression level 2
x Life years

Mean coefficient
S.D of coefficient

-0.041 (0.013)*

-0.048 (0.009)*

-0.045 (0.007)*

Anxiety /depression level 3

Mean coefficient

-0.162 (0.015)*

-0.166 (0.011)*

-0.167 (0.008)**

x Life years S.D of coefficient

Constant Mean coefficient 0.080 (0.054) 0.058 (0.038) 0.041 (0.030)**
Number of observations 2178 4158 7320

Log likelihood -1103 2144 -3734

P (correct) 75.1 74.3 74.2

* significant from zerg<0.05

** significant from zeo p<0.01
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Table 4. Observed TTO and predicted TTO(model 2 and DCErro (model 6) values

Health 1.Observed TTO 2.Predicted TTO,| 3.Predicted DCE;o Mean Difference
state mean (SE) | % WTD mean (SE) mean (SE) lvs2 | 1vs3 2vs3
21111 0.879 (0.023 0% 0.870 (0.027 0.950 (0.002 0.00§ -0.071 -0.08(
12111 0.874 (0.021 0% 0.815 (0.027 0.915 (0.024 0.059 -0.041 -0.10(
11121 0.861 (0.024 0% 0.856 (0.027 0.905 (0.024 0.00§ -0.044 -0.04¢
11112 0.856 (0.027 0% 0.823 (0.026 0.896 (0.003 0.033 -0.04C -0.073
21112 0.818 (0.033 0% 0.801 (0.028 0.847 (0.00§ 0.017 -0.02¢ -0.046
212172 0.810 (0.027 0% 0.704 (0.026 0.758 (0.025 0.10€ 0.052 -0.054
11211 0.807 (0.053 2% 0.796 (0.028 0.911 (0.024 0.011 -0.104 -0.115
11222 0.766 (0.041 3% 0.690 (0.028 0.712 (0.034 0.076€ 0.054 -0.027
221172 0.720 (0.037 2% 0.722 (0.029 0.762 (0.025 -0.002 -0.042 -0.04
113172 0.708 (0.046 2% 0.699 (0.031 0.658 (0.024 0.009 0.050 0.041
21321 0.672 (0.050Q 2% 0.710 (0.033 0.617 (0.035 -0.03§ 0.055 0.093
23121 0.613 (0.043 2% 0.598 (0.03]] 0.462 (0.03§ 0.015 0.151 0.136
31211 0.595 (0.04]] 4% 0.487 (0.03(Q 0.348 (0.029 0.10§ 0.247 0.139
11113 0.591 (0.047 5% 0.599 (0.026 0.616 (0.027 -0.004 -0.025 -0.017
12321 0.589 (0.047 2% 0.654 (0.032 0.582 0.043] -0.065 0.007 0.072
22227 0.581 (0.055 6% 0.589 (0.026 0.578 (0.043 -0.00§ 0.003 0.011
13311 0.560 (0.049 5% 0.534 (0.033 0.368 (0.039 0.026 0.192 0.166
22131 0.554 (0.046 4% 0.477 (0.03]] 0.418 (0.038 0.077 0.136 0.059
22123 0.548 (0.07}] 12% 0.462 (0.032 0.387 (0.045 0.086 0.161 0.075
11131 0.547 (0.057 7% 0.578 (0.028 0.553 (0.02§ -0.031 -0.00€ 0.025
23311 0.506 (0.057 9% 0.511 (0.032 0.319 (0.040 -0.004 0.187 0.192
12231 0.504 (0.061] 6% 0.403 (0.03]] 0.379 (0.045 0.101 0.125 0.024
23222 0.482 (0.062 11% 0.432 (0.027, 0.269 (0.047  0.05( 0.213 0.163
13127 0.443 (0.068 10% 0.551 (0.032 0.408 (0.03§ -0.10§ 0.035 0.143
31221 0.409 (0.060Q 16% 0.451 (0.030Q 0.253 (0.03§ -0.042 0.156 0.198
21232 0.407 (0.058 12% 0.389 (0.026 0.310 (0.040 0.01§ 0.097 0.079
12332 0.369 (0.059 19% 0.306 (0.031 0.126 (0.050 0.063 0.243 0.180
22232 0.368 (0.068 14% 0.311 (0.026 0.225 (0.048 0.057 0.143 0.086
13113 0.361 (0.078 16% 0.363 (0.029 0.223 (0.042 -0.002 0.138 0.140
22313 0.331 (0.067 209% 0.374 (0.030Q 0.243 (0.048 -0.043 0.088 0.131
32211 0.327 (0.071 16% 0.409 (0.030Q 0.263 (0.03§ -0.082 0.064 0.146
12213 0.326 (0.080Q 249% 0.424 (0.030Q 0.442 (0.044 -0.09§ -0.116 -0.01¢8
13223 0.298 (0.076 23% 0.230 (0.031 0.039 (0.057] 0.06§ 0.25¢ 0.191
11133 0.168 (0.076 389% 0.284 (0.029 0.169 (0.043 -0.114 -0.001 0.115
32223 0.133 (0.088 37% 0.078 (0.028 -0.216 (0.055 0.055 0.34¢ 0.294
31323 0.124 (0.088 359% 0.129 (0.027 -0.280 (0.051f -0.005 0.404 0.40¢
23232 0.085 (0.080 37% 0.154 (0.025 -0.083 (0.054 -0.069 0.168 0.237
21233 0.084 (0.084 40% 0.165 (0.029 0.030 (0.052 -0.081 0.054 0.135
23231 0.066 (0.087, 429% 0.223 (0.028 0.021 (0.052 -0.157 0.045 0.202
21333 0.065 (0.082 329% 0.137 (0.03(Q -0.119 Q.055) -0.072 0.184 0.256
32313 0.015 (0.076 38% 0.088 (0.025 -0.270 (0.051] -0.073 0.285 0.358
32323 0.004 (0.077 47% 0.051 (0.026 -0.365 (0.0571 -0.0471 0.36¢ 0.416
23233 -0.055 (0.076 549% -0.071 (0.026 -0.363 (0.065 0.016 0.308 0.292
32234 -0.057 (0.094] 52% 0.025 (0.030Q -0.288 (0.051] -0.082 0.231 0.313
33323 -0.110 (0.074 569% -0.106 (0.023 -0.674 (0.063 -0.004 0.564 0.568
33213 -0.111 (0.072 609% -0.042 (0.029 -0.429 (0.053 -0.069 0.318 0.387
33337 -0.264 (0.056 72% -0.160 (0.026 -0.746 (0.06Q -0.104 0.482 0.586
33333 -0.346 (0.020 77% -0.384 (0.017 -1.026 (0.071)  0.034 0.68( 0.642
MAD -0.00€ 0.141 0.148
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Table 5. Comparison in responses between methods

No problems(n=363)

Data problems(n=794)

No problems vs data

problems
TTO DCEtro P-valuest |TTO DCE+ro P-valuest |TTO DCE+ro
P-values P-values
Difficulty in ‘understanding’, n (%)
Very difficult 1(0) 3() 0.622 23 (3) 19 (2) 0.501 0.011 0.020
Fairly difficult 42 (12) 38 (10) 114 (14) 124 (16)
Not very difficult 171 (47) 180 (50) 366 (46) 384 (48)
Not at all difficult 149 (41) 139 (38) 289 (36) 264 (33)
Missing 0 (0) 3(1) 2 (0) 3 (0)
Difficulty in ‘answering’, n (%)
Very difficult 34 (9) 45 (12) 0.388 67 (8) 76 (10) 0.864 0.145 0.092
Fairly difficult 148 (41) 142 (39) 279 (35) 274 (35)
Not very difficult 127 (35) 113 (31) 295 (37) 297 (37)
Not at all difficult 54 (15) 62 (17) 153 (19) 147 (19)
Missing 0 (0) 1(0) 0 (0) 0 (0)

T T-test for continuous data, ebijuare test for categorical data
T Excluding rationality questions and individual questions beyond #tadking longer than 20 minutes, which were assuimée time where the user was not
considering the questidiut something else
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Figure 1. Description of survey responses

Individuals invited (n=4189

Respondents (n=1400)

/\

Began TTO exercise (n=689)
- Completed all tasks (n=570)
- Completed <! tasks (n=95)

Started DCHro (total n=771)
- Completel all tasks (n=668)
- Completed no tasks (n=19)

__——

Began TTO exercise (n=666)
- Completed all tasks (n66)
- Completed </ tasks (n=42)

Started DCEro (total n=564)
- Completed all tasks (n=552)
- Completed no tasks (n=9)

Completed TTO overall (n=1175)
- sample ‘all_ TTO’

Completed DCEyro overall(n=1220)
- sample ‘all_DCFE’

Potential TTO data problems (total n=537)

(i) dominated question (n=65)

(i) all values the same (159)

(iii) all values equal 0.5 (n=16)

(iv) >1 pairwise logical inconsistency (n=414
(V) 4> values worse than dead (n=314)

Potential DCEro data problems (total n=527)
(i) dominated question (n=28)

(i) all choices the same (n=37)

(iii) lexicographic preferences (n=412)

(iv) too little time (n=115)

Completed TTO with no problems (n=638)
- sample ‘noproblems_TTO’

Completed DCEro with no problems (n=693)
- respondents with no problems wiDCE

e

Completed TTO and DCE with no problems (n=36
- no problems in either TTO or DCE

28




Figure 2. Bland Altman plots comparing means and differences in the estimated 243 E&D values from the various TTO andDCE+ro

samples
a)TTO b) DCEro
o noproblems_DCE vs noproblems_TTODCE A all_DCE vs noproblems_TTODCE o noproblems_TTO vs noproblems_TTODCE 4 all_TTO vs noproblems_TTODCE
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Legend. Each figure shows the plot of the average versus the difference in each of thee& 3 kel solidine indicates the bias (or MAD
and the dotted lines indicate the confidence intervals on the bias (1.96xSD of theckifere
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Figure 3. A comparison between estimated valuesf the 243 EQ5D health statedor the TTO
(noproblems_TTO) and DCE;ro (all_DCE)
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Appendix 1. All predicted values(TTO noproblems TTO and DCE+o all DCE)

Health state TTO DCEr10 Health state TTO DCEr10 Health state TTO DCEr10
11111 1.000 (0.024)  1.000(0.000) | 32111 0.506 (0.033)  0.338 (0.033)| 12233 0.109 (0.031) -0.064 (0.035)
12111 0.815(0.027)  0.935(0.@2) | 12231 0.403 (0.031)  0.330 (0.033)| 31322 0.354 (0.032) -0.069 (0.032)
21111 0.870 (0.027)  0.915 (0.021)| 12223 0.388 (0.031)  0.321 (0.037)| 21233 0.165 (0.029) -0.084 (0.032)
11211 0.796 (0.028)  0.897 (0.024)| 12132 0.430 (0.031)  0.319 (0.031)| 23231 0.223 (0.028)  -0.087 (0.033)
11112 0.823 (0.026)  0.885 (0.021)| 21231 0.459 (0.028)  0.311 (0.032)| 31213 0.193 (0.029) -0.094 (0.034)
11121 0.856 (0.027)  0.885 (0.022)| 21223 0.443 (0.08) 0.302 (0.033)| 23223 0.208 (0.029) -0.097 (0.032)
22111 0.792 (0.028)  0.850 (0.027)| 31211 0.487 (0.08) 0.300 (0.027)| 31131 0.269 (0.034) -0.097 (0.039)
12211 0.718 (0.029)  0.831 (0.033)| 21132 0.486 (0.029)  0.300 (0.030)| 33211 0.252 (0.031) -0.098 (0.034)
12112 0.745 (0.028)  0.820 (0.031)| 23212 0.468 (0.029)  0.299 (0.033)| 23132 0.250 (0.029) -0.099 (0.08)
12121 0.778 (0.029)  0.819 (0.029)| 23221 0.502 (0.029)  0.298 (0.034)| 31123 0.253 (0.033) -0.106 (0.041)
21211 0.773 (0.027)  0.812 (0.029)| 12313 0.397 (0.08) 0.297 (0.032)| 33112 0.279 (0.036) -0.109 (0.037)
21112 0.801 (0028) 0.800 (0.026)| 31112 0.514 (0.035)  0.289 (0.031)| 33121 0.312 (0.034) -0.110 (0.039)
21121 0.834 (0.029)  0.800 (0.031)| 31121 0.547 (0.034)  0.288 (0.035) 13232 0.176 (0.029) -0.117 (0.033)
11212 0.727 (0.028)  0.782 (0.032)| 23122 0.529 (0.031)  0.287 (0032) | 23313 0.217 (0.08) -0.121 (0.033)
11221 0.760 (0.028)  0.781 (0.031)| 11232 0.412 (0.028)  0.281 (0.032)| 32322 0.276 (0.031) -0.135 (0.033)
11122 0.787 (0.029)  0.770 (0.029)| 21313 0.452 (0.031)  0.277 (0.029)| 11333 0.160 (0.030) -0.138 (0.033)
11311 0.769 (0.08) 0.757 (0.021)| 23311 0.511 (0.032)  0.274 (0.032)| 13331 0.219 (0.031) -0.142 (0.032)
22211 0.695 (0.027)  0.746 (0.034)| 13222 0.455 (0.031)  0.268 (0.035)| 22233 0.086 (0.029) -0.149 (0.032)
22112 0.722 (0.029)  0.735(0.031)| 11331 0.454 (0.032)  0.256 (0.028)| 13323 0.203 (0.08) -0.151 (0.031)
22121 0.756 (0.08) 0.734 (0.035)| 11323 0.438 (0.031)  0.247 (0.029)| 32213 0.115 (0.029) -0.160 (0.036)
12212 0.648 (0.028)  0.717 (0.039)| 22231 0.381 (0.028)  0.245 (0.034)| 32131 0.191 (0.035) -0.162 (0.00)
12221 0.682 (0.029)  0.716 (0.037)| 13312 0.464 (0.033)  0.244 (0.032)| 32123 0.175(0.033) -0.172 (0.042)
12122 0.709 (0.031)  0.705 (0.036)| 13321 0.497 (0.033)  0.243 (0.029)| 31231 0.172 (0.08) -0.200 (0.035)
21212 0.704 (0.026)  0.697 (0.032)| 22223 0.365 (0.029)  0.236 (0.035)| 23232 0.154 (0.025) -0.202 (0.031)
21221 0.737 (0.028)  0.696 (0.036)| 32211 0.409 (0.08) 0.235 (0.031)| 12333 0.082 (0.08) -0.204 (0.034)
12311 0.691 (0.031)  0.691 (0.028)| 22132 0.408 (0.08) 0.234 (0.031)| 31223 0.157 (0.029) -0.210 (0.036)
21122 0.764 (0.08) 0.685 (0.034)| 32112 0.436 (0.035)  0.224 (0.035)| 31132 0.199 (0.035) -0.211 (0.039)
21311 0.746 (0.031)  0.672 (0.029)| 32121 0.469 (0.034)  0.223 (0.037)| 33212 0.182 (0.032) -0.212 (0.034)
11222 0.690 (0.028)  0.667 (0.036)| 12232 0.334 (0.029)  0.216 (0.036)| 33221 0.215 (0.08) -0.213 (0.035)
11312 0.699 (0.031)  0.642 (0.028)| 22313 0.374 (0.08) 0.212 (0.08) | 21333 0.137 (0.08) -0.223 (0.034)
11321 0.733(0.032)  0.641 (0.027)| 13113 0.363 (0.029)  0.207 (0.08) | 33122 0.242 (0.03p  -0.225 (0.039)
22212 0.626 (0.026)  0.632 (0.036)| 21232 0.389 (0.026)  0.196 (0.032) 23331 0.196 (0.08) -0.227 (0.035)
22221 0.659 (0.027)  0.631 (0.038)| 12331 0.376 (0.033)  0.191 (0.08) | 31313 0.166 (0.027) -0.234 (0.036)
22122 0.686 (0.08) 0.620(0.087) | 31212 0.417 (0.031)  0.186 (0.029)| 23323 0.180 (0.030) -0.236 (0.032)
22311 0.668 (0.031)  0.606 (0.031) 31221 0.451 (0.08) 0.185 (0.032)| 33311 0.225 (0.08) -0.238 (0.037)
11113 0.599 (0.026)  0.605 (0.022)| 23222 0.432 (0.027)  0.183 (0.035)| 13332 0.149 (0.0) -0.257 (0.032)
13111 0.658 (0.029)  0.602 (0.0P) | 12323 0.360 (0.031)  0.181 (0.032)| 32231 0.094 (0.08) -0.266 (0.036)
12222 0.612 (0.029)  0.601 (0.041)| 31122 0.478 (0.036)  0.174 (0.036)| 32223 0.078 (0.028) -0.275 (0.037)
21222 0.667 (0.026)  0.582 (0.037)| 21331 0.431 (0.032)  0.171 (0.033)| 32132 0.121 (0.036) -0.277 (0.039)
12312 0.621 (0.031) 0.577 (0.034)| 21323 0.416 (0.032)  0.162 (0.032)| 22333 0.059 (0.08) -0.289 (0.032)
12321 0.654 (0.032) 0.576 (0.031)| 31311 0.460 (0.030) 0.161 (0.08) | 13133 0.049 (0.028) -0.294 (0.035)
21312 0.677 (0.031) 0.557 (0.08) | 23312 0.441 (0.031)  0.159 (0.032)| 32313 0.088 (0.025) -0.299 (0.037)
21321 0.710 (0.033)  0.556 (0.034)| 23321 0.474 (0.032)  0.158 (0.033)| 31232 0.103 (0.08) -0.315 (0.034)
12113 0.521 (0028) 0.540 (0.029)| 11332 0.385(0.031)  0.142 (0.08) | 33222 0.146 (0.08) -0.328 (0.034)
11322 0.663 (0.032)  0.527 (0.032)| 22232 0.311 (0.026)  0.131 (0.033)| 31331 0.145 (0.08) -0.340 (0.039)
21113 0.576 (0.029)  0.520 (0.026)| 13322 0.428 (0.033)  0.129 (0032) | 23332 0.126 (0.027) -0.342 (0.032)
23111 0.635 (0.08) 0.517 (0.026)| 23113 0.341 (0.08) 0.122 (0.08) | 31323 0.129 (0.027)  -0.349 (0.037)
22222 0.589 (0.026)  0.516 (0.08) | 32212 0.339 (0.08) 0.120 (0.033)| 33312 0.155 (0.031) -0.352 (0.036)
11213 0.502 (0.08) 0.502 (0.029)| 32221 0.373(0.029)  0.120 (0.035)| 33321 0.188 (0.029) -0.353 (0.036)
11131 0.578 (0.028)  0.499 (0.021)| 32122 0.400 (0.036)  0.108 (0.038)| 23133 0.026 (0.028) -0.379 (0.035)
13211 0.561 (0.032)  0.498 (0.08) | 22331 0.353 (0.032)  0.106 (0.033)| 32232 0.025 (0.08) -0.380 (0.035)
22312 0.599 (0.08) 0.492 (0.033)| 11133 0.284 (0.029)  0.105 (0.08) | 33113 0.054 (0.032) -0.389 (0.045)
22321 0.632 (0.032)  0.491 (0.035) 13213 0.267 (0.032)  0.104 (0.034)| 13233 -0.048 (0.029) -0.397 (0.03p
11123 0.562 (0.029)  0.490 (0.028)| 13131 0.343 (0.08) 0.101 (0.027)| 32331 0.067 (0.029) -0.405 (0.038)
13112 0.588 (0.031)  0.487 (0.027)| 22323 0.338 (0.031)  0.096 (0.032) 32323 0.051 (0.026) -0.415 (0.036)
13121 0.621 (0.08) 0.486 (0.025)| 32311 0.382 (0.029)  0.095 (0.031)| 31332 0.075 (0.08) -0.455 (0.036)
12322 0.585(0.032)  0.461 (0.036)| 13123 0.327 (0.08) 0.092 (0.031)| 33322 0.118 (0.08) -0.468 (0.034)
22113 0.498 (0.08) 0.455 (0.029)| 12332 0.306 (0.031)  0.076 (0.033)| 23233 -0.071 (0.026)  -0.482 (0.033)
21322 0.640 (0.032)  0.442 (0.035)| 31222 0.381 (0.031)  0.070 (0.033)| 31133 -0.025 (0.032)  -0.491 (0.047)
12213 0.424 (0.08) 0.437 (0.035)| 21332 0.362 (0.08) 0.057 (0.032)| 33213 -0.042 (0.029) -0.492 (0.00)
12131 0.500 (0.031)  0.434 (0.027)| 31312 0.390 (0.031)  0.046 (0.08) | 33131 0.034 (0.033) -0.495 (0.045)
12123 0.484 (0.031)  0.425(0.033)| 31321 0.423 (0.031)  0.045 (0.033)| 33123 0.018 (0.031) -0.505 (0.045)
21213 0.479 (0.029)  0.417 (0.029)| 23322 0.405 (0.031)  0.044 (0.032)| 32332 -0.003 0.029)  -0.520 (0.035)
21131 0.555 (0.029)  0.414 (0.029)| 12133 0.206 (0.031)  0.039 (0.033)| 13333 -0.075 (0.027)  -0.537 (0.036)
23211 0.538 (0.08) 0.413 (0.032)| 21133 0.261 (0.08) 0.020 (0.033)| 32133 -0.103 (0.033)  -0.557 (0.047)
21123 0.540 (0.031) 05 (0.032) | 23213 0.244 (0.08) 0.019 (0.032)| 31233 0.122 (0.028) -0.595 (0.041)
31111 0.584 (0.032)  0.404 (0.029)| 23131 0.320 (0.029)  0.016 (0.032)| 33231 -0.063 (0.028) -0.599 (0.00)
23112 0.565 (0.031)  0.402 (0.028)| 31113 0.290 (0.032)  0.009 (0.038)| 33223 -0.079 (0.027)  -0.608 (0.039)
23121 0.598 (0.031)  0.401 (0.031)| 23123 0.304 (0.031)  0.007 (0.033)| 33132 -0.036 (0.034) -0.610 (0.043)
11231 0.481 (0.029)  0.396 (0.028)| 33111 0.348 (0.034)  0.005 (0.037)| 23333 -0.098 (0.025) -0.622 (0.036)
11223 0.46 (0.03) 0.387 (0.032)| 32222 0.303 (0.08) 0.005 (0.035)| 33313 -0.070 (0.024) -0.632 (0.043)
11132 0.508 (0.029)  0.385 (0.026)| 11233 0.187 (0.08) 0.001 (0.032)| 32233 -0.200 (0.028) -0.660 (0.040)
13212 0.491 (0.032)  0.384 (0.035) 13231 0.246 (0.031) -0.002 (0.031)| 33232 -0.133 (0.028) -0.713 (0.037)
13221 0.524 (0.031)  0.383(0.032)| 22332 0.284 (0.029) -0.009 (0.032)| 31333 -0.149 (0.025)  -0.735 (0.044)
22322 0.562 (0.031)  0.376 (0.036)| 13223 0.230 (0.031) -0.012 (0.033)| 33331 -0.090 (0.026) -0.738 (0043)
13122 0.551 (0.032)  0.372 (0.08) | 13132 0.273 (0.08) -0.014 (0.029)| 33323 -0.106 (0.023) -0.748 (0.041)
11313 0.475 (0.08) 0.362 (0.027)| 32312 0.312 (0.08) -0.019 (0.032)| 32333 -0.227 (0.024)  -0.800 (0.042)
13311 0.534 (0.033)  0.359 (0.028)| 32321 0.345 (0.08) -0.020 (0.033)| 33332 -0.160 (0.026) -0.853 (0.00)
22213 0.401 (0.029)  0.352 (0.032)| 13313 0.240 (0.030) -0.036 (0.033)| 33133 -0.261 (0.029) -0.890 (0.051)
22131 0.477 (0.031)  0.349 (0.031)| 22133 0.183 (0.031) -0.046 (0.033)| 33233 -0.357 (0.024)  -0.993 (0.045)
22123 0.462 (0.032)  0.340 (0.034) 32113 0.212 (0.032) -0.056 (0.08) 33333 -0.384 (0.017)  -1.133 (0.048)
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Appendix 2. Task examples

TTO Better than dead task example

Now you would either live in Life A for 5 years and then die, or you would live in Life B for 10 years and
then die. Would you prefer Life A or Life B, or are they the same?

LIFE A

Choose one

DCErro task example

LIFEB

LIFE B THE SAME
O O

Now you would either live in Life A for the described number of years and then die or live in Life B for
the described number of years and then die. Would you prefer Life A or Life B?

Anxiety/depression
Pain/discomfort
Mobility

Usual Activities

Self-care
Duration of life

Choose one

LIFE A LIFE B

Not anxious or depressed
Extreme pain or discomfort

No problems in walking about
Some problems performing usual
activities

No problems with self-care

Live for 10 years

O
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