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Abstract

In this studywe explore a noMeapplicaion of the Discrée Choice Exgriment (DCE) that resembles the
Time Trade Off (TTO) task to estini@vdues on the &dth utility scde for theEQ-5D. The DCE is
tested in asurvey dongside the TTO imespondentsdrgely representative of the Canadian general
population. The study finds that the DCE is abledive logicd and consistent Vaes for health states
vaued on the full kdth — dead scde. The D& overcame some issues identified in tieesion of TTO
currently used to value EQ-5D, notabishether to excludeespondents whéail to understand the task
and incorporating uaes considered weethan dead withoutrénsformaion. This has important

implicaions for providing values thaepresent the rgfererces of dl respondents.

Acknowledgements. We are gateful to Huiying Sun and Daphne Guh fareir technicd support,
discussants andhgicipants of theHESG in Sleffield 2009, and EuroQol group 200%dings for their
comments oreatier versions of the pagr. The study reported in this study ety funded by the
Canadian Institute for Health Research. The usual disetaapplies.

Corresponding author: Nick Bansladk, Centre for l¢dth Evaluation and Outcorsé&cierces, St
Pauls Hospital, Vancowsr. Tel: 1-604-682-2344 (6356 Bmail: nbansback@cheos.ubd.ca

Key words: Preference-baseddth measues; EQ-5D; ledth stae vauation, DCE, TTO


mailto:nbansback@cheos.ubc.ca

1. Introduction

TheQudlity Adjusted Life Year (QAL) is awidely used meare of hkedth improvement for guiding
hedth-care resourcellacaion dedsions. A key input to QALYcdculations is theelative value of time
spent in different ledth states (Torrance 1986). Methods foli eiting thesevadues have ben dominated
by cardinal preference techniques such as the Staddsamble (&) and Tme Trade Off (TTO) gving
values anchaed on 1 (full redth) and (0) @ad (heein refered to as théhealth utility scal”) (Brazier
et al. 2007). QALYs are to dée most commonly used in societasource Bocation dedsions, and so
values are typcdly obtanedfrom a representative sample of #weiety’s population. Tlere is corern
that the tasks involved in theGSand TTO are too complex foetain populationstesulting in mary

inconsistencigand subsequent exclusions thatifirpresentaiveness oftte values (Craig & al. 2009).

As a consequem researclers havesought dtemative dicitation methods to valuesHth states, with
ordinal edniques suchsaanking becoming the focus oftgention in the reent literaure (e.g. Salomon
2003, McCabeteal. 2006, Raticffe d@ al. 2009, Caig et al.2009). Suchethniques requirerespondents
simply to rankresponss, such as statinghat hedth stae A is preferred to B, without goinghrough an
iterative process oflentifying the degree by which A is prefed to B. Being cognitively simpl, the
choices are less prone to error and througbagr inclusion, vdues will bemore representative of all the

suveyed respondents.

An dtemative ordinaé€licitation method that hasbbome popular in the healdonomics literéure is

the par wise discrée choice expliment (DCE) (Louviere ¢ al. 2000). Typtdly, this apprad involves
the construction of sets of pilE< based on a descriptivestgm made up of levels of a limited numbe
of important #étributes. Prefeences over two or sortimes more prafes are obtaned byresponderd
simply choosing the most or éast preferred. The exercisean berepeaed with different prafes in
order to infer theelative weight tached toead level of edh atribute. Byrequiring individuals to
trade-off betveen atributes, DCEs overcome some limiting assumptionariking dda and have been
shown to be consistent with the conditional logit mMddeuviere and Woodworth 1983), rooted in
Random Utility Theory (Mcfadden 1974). Thaative simplicity of the task involved @ans that, in
contast to the TTO and SG, DCEse typicdly conducted without an intervieay, in the past often by

&While a profile might be madepiof asdely ahealth state, for th paper we redr to profilesif it includesadditional
attributes suchslife yeas



paer, but morerecently using compets which through the use of the intereaabledast, flexible and

precisesuveys.

While the appd of using DCEs as arltamative to conventionakthniques appears to have some
methodologtd and theorticd basis, care needs to be taken toarsiand thdimitations that DCEs
bring over conventionalicitation edniques (Bryan and Dolan 2004, Lancsar and Donaldson 2005).
To date, there has been little emgakiresearch comparing DCEs tocadind €li citation edniques and

so advantagesre largelytheareticd. A key chdlenge to the use of DCEs is the anchoring dfesto

the redth utility scde. DCE datathrough the arations of the conditional logit modedan provide
estimates of cardinal utility functions from ordinal prefees on the latent utility scale. While toen
provideinformation on theelative preference of oneddth stae to another, thecsle is not anchored on
full hedth and atad and saannot be directly incorpated into QALY cdculations.

This paper exples a nev applicaion of the DCE which closelyesembles the TTO to producedth

state vaues on the health utility skeafor theEQ-5D. The DCE is tsted in an on-linesurvey alongside

the TTO inrespondents largely regsentative of the Canadian general population. In section 2, a brief
review of previous DCE studies used to valuedth states is sented. Section 3 desbes thesurvey
methods while sdion 4 details themnometic modelling and resding assumptions utilized in the

study. Theesults of the TTO and DEare desribed and compad in section 5. Rally the

implicaions oftheseresults for future kcitationof hedth stae values are discussed.



2. A brief review of theuse of DCEsto value health status

While the use of DCEs in valuinggferences for hedth states dates back over 10 yg@g. Hakim and
Pahak 1999), onlyrecently have studies ead/oured to anchor theesulting values on thedalth utili ty
scde for use in QALY calculations.

The studie by Ryan ¢al. (2006) and Burrteal. (2007) used prdes made up solely oeldth state
de<riptions and assunteat the best édth stae in thar de<riptive system (level 1 of edh atribute) is
equivalent to full ledth (e.g. equal to 1 on theHth utility scde) and theworst hedth staeis
equivalent to dad (e.g. equal to 0). The ks for other bdth state are therrescaled caespondingly.
This is similar to conventional lteation studies using TTO, where, for example, EQ-5Be4dth111 is
assumed to be equivalent to fuldth. However, assuming the worstdth stde is equivalent to dead,
as discussed by the authors of the studiesmera undsirable assumption. Studies using theé &d
TTO have shown that thesHth stae individuals consider equal to dead varies based on tloamiase
system (Brazier ¢ al. 2007) and ineled many health stasare consideed worsethan dead.

The study by Ratdfe et al. (2009) ade@sses this issue by using vaki®r best and worst health states
from the TTO to infam therescding. While this sding improves theheordicd basis for the Vaes,
thereliance on using TO €licitations comadicts the pimary motivation of using DCEs iresd of

conventionale@dcniques to value ledth states.

Another apprad is to include da in the dsign, thereby éminating the réance on exdmal
elicitations or assumptior{§lynn et al. 2008, Bazer & al. 2009). Modelling enabseoefficients for
attribute levels fostates‘worth living’ to be estimated as ihelistancedrom ‘deal’. Thesemethodgely
on at kast someaespondents indiing that at lesst somestates are woisethan aad (or not‘worth
living’). Flynn et al. (2008) has pointed out, hoeethat if a certain proportion eéspondents
caegorically do noaccept that tlere aresuch state (or that all states are‘worth living’), then this will
violate the assumptiothat hedth states can bdocated on a continuous $e#hat could be anched a
dead and full health.

An dtemative approach hasén proposed ant@ibute, such as probability okdh or years of survival
is included aan dtribute (Ryan eal. 2006, Viney eal.2007, Coasttal. 2008, Flynn eal. 2008).In



thecaseof incorporating gas of survival, thigesults in a DCE tharesembles the TTO (the Tcould
in fact be considered as a form of Bby askirg respondents to choosetleen health prafes which
contain a health stade<ription and a length of liféhat would bdived inthat hedth state. $ce health
is typicdly defined as the product of health status and life years, this woulthi@the real for a
multiplicative design in which interactions between eaddth status levieand life yeas are estimated.
It is this innovative design of CE(herein réerred to as DClo representing its link to the TTOhhat is
considered in this paper.

3. Survey methods
3.1 Survey and €licitation tasks

A web survey waconducted askingespondents to compiea series of TO and DCE+o tasks. Health
states in thesurvey were desibed using the EQ-5D desptive system (Brooks 1996), which congs
of five dtributes (mobility, self-cae, usualadivities, pain/discomfdrand anxietidepression), with
three possible levels foragh atribute. Level 1 redrs to the best level ieach dtribute— so hedth stae
11111 refers to full &dth — and 33333efers to theworst hedth stde possible in the degptive systen.

Thesuvey began bysking respondents to descritieir own health using theQ-5D. For the scond
stage of thesurvey, respondents wre randomly asigned to éher theTTO or DCEo “exerase”. In
ead, a description of th&task” involved was given, and a demaratibn video provided. In both
exerdses, the order of attributes srandomized foreat respondentapait from ‘life years’ in the
DCErro which was at the bottom). At the end of the first exee; respondentsewe asked about an
difficulties with une@rstanding and anssving the tasks. In the third gf@aof thesuvey, the exercise not
utilised in the sond stage was used, followed again by questions andiffeculty with undestanding

and answering the task.

The TTO wa originally designed as a simpleiftamative to the & for valuing health stagand is
reviewed in dete elsewhere (Brazier eal. 1999). Its premise is that the welfare charsgecsated with
a ceaement in ledth status is detmined by valuing the amount bfe exgedancy an individual is
prepared to sacrificéhat leaves oveall utility unchanged. In this survey, we used a welsion of the
TTO-prop method developed by therk Measurement and Valuation Health Group (Gudex 1994).
Respondents &re given a hypothiecd EQ-5D health st& at atime and asked to assurti&t the



duration of the health stawas 10 yars, followed byimmediae deah. A choice is thenngsented: to
live in the gven redth stae or to dieimmediately. If living in the health stais chosen,rededfs ae
made using a visual board to eletine the number of yestherein denoted at) in full hedth that is
equivalent to 10 yas in thestate presented. If theespondent prefers immedesdeah over the health
state presented, theuvey praedas by askingf therespondent pefers 10-t yars in the gven health
state followed by t years in full &dth, or again immedia deah. For both cases, thienet starts at 5
and is then aried by 1 ya and then 6 monthly ietvals, based oresponses, until the point of
indifference is found. Talentify potentially problentic respondents, in therdiminary task of this
exergse, respondentsire asked wheherthey would prefer living in full dth for 10 years or the gven
hedth stae for 10 yers.

The DCE1o was designed to redtt the TTO, in €ms of both the task degption and the instructions
used bugfter pilot testing, visuaaids were not used. Pairwise choices were develdpaa profles
including a ledth stae made up of the 5 EQ-50taAbutes, and aixth atribute desribing the numbe
of years the individuawould live in that ledth stae followed byimmediae deah. Four levels of lié
yeaswere chosen: 10, 7, 4, and layg The respondent gasked to simply choose which pitef they
prefared (e.g. a forced chae) In addition, to test fologicd consistency, two tasksese included
where one of the two prdes wa regarded & a dominant optioigall attribute levels were regded as

more desirable and the levels dife years were equal).

A market reseach company was héd torecruit arepresentative sample of the Canadian population over
18 years of age. Initizontad was made via email. Individdachoosing to ptticipate in the study were
referred to a paswvord-proeded websitdghat contaned thesurvey. The market reseach compawy

offered ircentives to paticipants who completed ttervey questionnaire. Smzdemogaphic profiles

of all participants invited to theuvey were provided by the arket research company. Etd approva

was obtaed from the Uniersity of British Columbia Ethis Board.
3.2 Experimental design
TheEQ-5D has 3 (243) combinations oftaibute levels in the full faorial design. Although smier

orthogonharrays exist, a ea orthogona array of 36 states was used (Kuhfeld 2009) so as to allow

more comp@irsons with tedth states from the DCEro. Futhermore, it was @aded to add 12nore



hedth state (totd =49) so thaall 17 hedth stats recommendedyLamers € al. (2006) vere diredly

valued enabling the conagson of TTO with many previous ltation studis.

Including thelife years’ atribute to the DCE prde increases the number of combinationstoilaute
levels to 972, and 471,906 potential pairwise combinations for the-g@sk. We constructed a
fractiond design using a D-optinléy algorithm (Kulield 2005) which considered tlclusion of the
two-way interactions baveen each of theEQ-5D dtributes with the Life gass attribute. This proceder
was complicated by the &d that theEQ-5D includes implausiblet@ibute-levé combinationge.g
confined to bed but no problems with ukadivities) and that many of the developed designguohed
tasks that wre dominatedand hence provide littleaformation). Wetherefore geneted a further 1000
designs based on near orthogoaahys consicering all possible combinations oftabute levels. The
final design was chosen from theeby comp@ring which design had i) the sithest corelation between
spedfied effects (so that the cavance bewveen dtribute effects was minimized), ii) tHewest
dominated pairwise pribés (which were manuly dtered to become non dominated), iii) the highest
overap where both prdfes include bdth states included in the TTO (to enablelier comparison in a
follow on study), iv) and the highedfieiency (deined as the detminant of the Fisher Information
Matrix). In the end, a design which lnded 117EQ-5D health stateacioss 144 pairwise tasks was

sekded, and tsted using simulated tkato ensurdghat a modecould be esiated.

A small on-line pilot study was uedaken in advance of the main studyched tha respondents
understood the tasks, answered the questisrexpeded and to gefeedback on the d@n of the
website. The pilot study also suggested that in 20 minutégea garticipant could resonably answer 5
tasks in the TTO exercise and 8 tasks in the BgExerdse. Consequently, the TTQe#th states wre
blocked into 12 sets. Iraeh set, respondents valued therst health sti (33333) and 4 othestates
sekded by a computer algorithm so that near level balansaaldeved beveen sets. The 144 DGy
pairs were also blocked into 24 sets using an algorithm which also matheskt with one of the
TTO setqde.g. 2 DCEo sets toead TTO sé) such that tere was oerlap where possible bigveen
states in the two sets.

4. Modelling health state values
4.1 Time Trade Off



The modelling of the TO replicates previous studis (e.g. Dolan 1997, La®rs et al. 2006). Fostates
valued béterthan ceal, vdues arecdculated by dividing the number o&gss in full hedth t (at the
point of indiffererte) by 10 (the maximum tie). Forstates valued worsehan dead, vdues are

cdculated using a monotonicahsformation so thegre bounded to -1 (Dolan 1997).

A one way error componentandom effect model which takes into account thegagion both within
and béweenrespondents (Braer, et al. 2007) is dfined a:

Vij = f(B'xij) + €45 1)

wherei = 1, 2,...,mrepresents individuals ang= 1, 2,...,nrepresents the differentddth states shown to
eat respondent. The dependeatiable, \f is the disutility value (1- @en TTO vdue) for health ste |
valued by eachespondent ix; is a \edor of 10 bnary dummy explartary variables (") wherer=2,3
indicaes the levels 2 and 3 ead atributeé=1,2...,5 in hedth state. Lever=1 refleds no problems in
each atribute. Hencg® is vedor of 10 \ariables (82, 4*,..., £°°). Anally ¢; is an errorém which
represents theespondenspedfic variation and the erroetm for the jth health sta vauation of the ith
individual, assumed to handom across olesvations. A lirea additive function is assumed, as is
commonly done. The norrity of residuals and predictedndomeffeds are asesed via gaphicd
means. Bdsey’s condition index (Belsleytal. 1980) was used to assess multicebiity and Ramseg
regession speciftiagion aror test (RESET test) was used to test for functitoran (Ramsey 1969).

S TTO
Predicted vdues of \ (say Vi ) is the average value foedth stée x; for a given TTO time horizon

estimated directly on thesHth utility scde (10 years in thiscase).

4.2 Discrete Choice Experiment
4.2.1 Modelling framework

To model the &dth stde vaduations using the DCEo data, we used the conditional logistic mioale
outlined by Md&adden (1974). This operatidises the Random Utility Model, which is a&bed below

as its theory is useful in the later discussion.



The apprad assumes that in a DCE, each individuzas a utility funton for profle k defined as

Ui, = ik + Eik where ik is an obsivable component - theapt of the utility contributed ¥
attributes andey,, is arandom component as it is assumed camot fully ob&wve the seof influencing

factors in a @rsor’s dedsion pracess.|t is assumed that in a set of tasks A individwaill choose
profile kif and only if Uik > Uij for all 7k in A Snce (€ik — i) cannot be directly olmved, it cannot
be deemnined if (Hik — Hij) > (€ix — £3j), Insead, only the probabilitghat (€ix — i) will be less

than(ﬁ'r‘-k - f‘*'f?j} can beinferredfrom the chaies such thathe probability of individuli choosing
profile k is:

Py = P(Uy, > Uij) = P{(par — ) > (€x —€55))} all j # k @)

The conditional logit modeestricts dl ¢; to be independent and idesdly distributed and exhibits an
extremevaue. The probabilitghat individud i chooses &dth profile k can be solved as a closed form

solution of:

P, — faﬁp(um)
Zj:l eajp(l’l’?ﬂ) (3)

4.2.2 Model specification

For the EQ-5D tiributes in DCEro, a similar model sgdfication is made to equation 1 used for TTO.
Howeverwe exped tha ead individud i’s utility functiong;; is multiplicative baween the ledth stae

and number olife yeas inead profle j. The full modécan be witten &:
/ /
pij = o + B1&i; + Baliyj + B3y - Ly 4

Estimates o, (i.e. ]2, 313, ..., 323 ke the weight ssaiated with the level of thettzibute in each

hedth stae x; where the ¥ variables are @fined simikrly to equation 1. The estirteof 4, (.»’32) is the
weight asaiated with thelife years® atribute t. For consistency with the TTO analysespondents

are assumed to have a constant proportional tiage off and the assumptions of the QALY mdad
9



sot is considered to be lgar Each estimée of 3 (53) is the weight ssaiated with thaimet lived in

eath hedth staex;. In the full model, we would exat all Bis to be equal toexo as otlerwiseit would
indicae individuals having agference for health states independentragtviolating a key asumption
of the QALY model. In rdaty, theinclusion of both sets oétms (& andx.t) would likely cause
multicollineairty in the estimation gf; andfs, and sdrom atheordicd and estimation point of views;
is excludedrom the mode

4.2.3 Anchoring to health utility scale

In the conditional log model, the pedicted valueﬁzk can be inempreted a an estimge of the utility U
of profile k. This estimate is however on the latadesand so a fuher assumption isequired to
anchor the estimates to thedth utility scde. For this, we simply boow a methodrom TTO ty
deemining thelife expedancy the sample is prepared tardece so that the chagein hedth state
leaves the sample average overall utility unchangedtiveen the two options.

This is implemated by assuming, as in TTO, that for eachifgahade udrom living in stae x; for 10
yeas, there is a number of s { <10) in full health which generates thaersdevel of utility as this.
Sofrom equations 3 and 4, the probability of choosing thelprdé<ribing living in full health (11111)
for t years is equal to the probability of choosing a peoflescribing living in a @rticular redth statex;
for 10 years

exp(a + [at) B exp(é + (210 + & + 5’;:1:? - 10)

exp(& + o) + exp(d + (210 + )”;:BJ 10)  exp(a + Baot) + exp(d + (210 + 3’;:1: 5+ 10) (5)

The obgdive here is to diive the mean utility value dcftate x; based on DCE th@orresponds to a 10-
yea TTO vdue, which is t/10. Equation&n be solved so that this value is e)g®e as a function of

the regression estimate
~ !

~ t
‘/;DCE:_:1+@QZJ
10 B (6)

® Since whenx represents fli heath it is simply a vecor of zero’s. Alterratively effeds ading coud be aplied to the data
andavalue forf’3x;.10 (wherex;=full heath) coud be gplied, butasthe estimation relies on the diffecarbetween levels
for eachattribute it can be prognthatthe results for the rescaled estimates from equationi@lemgcal. 10



Thus, the sample @an DCErro value forstate x; can be calculated from the coefficients of the

conditional logit modke

4.3 Exclusion of respondents

There is astrong argument to excludessultsfrom both the TTO and DGl where individuals has
failed to unérstand or pay tiention to the kecitation praessas theiresponses will not ecessarily
represent the preerences (Devlin & al. 2003). Likewisencluding individuals that do not displa
compenstory behaviour violates the uagbinning assumptions of consumiaeory on which mayn
choice based methods are based (Scott 2002). In the context of a web survey, engagement of
respondents is exgated to banore probleméc than ineview-based adminisition. Howe\er,
excludingrespondents is also probleti@ not only as the statisl efficiency is reduced, but also
becaise tests to identifyrrationd’ respondents arftexicogaphic’ prefererces are eficient (Lancsar
and Louvere 2006); thus, valid prefences may mistakenlyeremoved. When the obégtive of a sudy

is to geneate ‘representtive’ prefererces of society, such exclusions might compromisedhelts.

A series ofcriteria for deeding vdues thaare deemed potentially probletitaare employed. It is
adknowledged that thsmcriteria are imprecise and subgtive, but use the results to gertera sample
that appea to have no da problems for ach exercise which is used terbe preliminary results. As
suggsted by Lancsar and Louviere (2006) the iagpof includingrespondents thappeaed to hae

increasingly more dda problems is then examined enns oftheir influence on modeestimats.

For the TTOrespondents ere potentially exltided ifthey: () answered gliminary (dominated)
question incorrectly,iij had the viuesfor all 5 hedth states were the samei)(had a gzen number of
responses omore at 0.5 (which is thstarting point forstates considered ¢erthan dead, and so if the
respondent wanted to compdghe task quickly, 0.5 would be chosen), (iv) hadvarg number omore
pairwise logcd inconsistencis(as efined by Devlin €al., 2003) were found, and (v) hadiaen
number omore hedth states viaed wosethan ceal (wheher a ledth state is wasethan dead is the
first choice in the task, so coutdsily be chosen by eespondent unengaged or not ergtanding the
task) . To detrmine the ead criteria to use, we employed the technique iltettd by Devlin and

colleagues were theimpad of modifying thecriteria was used to find the largest samplesvehvalles

11



did not systeniic differ beween groups (see Devlintal., 2003, for futher detds). This deémined
that respondents with greatéinan one pairwise logical inconsistency and 4nore vduesworsethan
dea out of the 5 TTO tasksere excluded.

For the DCEro, respondents were excluded ithey: () answered both dominated questions iremly,

(i) had all 8responseon the smeside(al choices thedft profile or all the right),i{i) had

lexicogaphic preference (where in all 8 tasks, individuals chose the profile with the best level of one
attribute) and (iv) gave too little time to consider the tagij@d as 8 smnds).

Consequently 5 separate sansfae analysed: all_TT@efers torespondents thaompleted the TTO,;
noproblems_TTO refeito a subset of all_TTO thaompleted the TTO and did not have any potential
daa problems; all_DCE and noproblems_B@re simiary also developed, andlly no
problems_TTODE refers to completrs of both the TTO and DEEdemongtating no potential data

problems in gher exercis.

All analysis was performed in Mab using Tain’s code (Train 2003) andAS 9.1.

4.4 Model comparisons

The obgved TTO viduesfor the 48 health statesere first compared to theglicted vdues from the
TTO and DCEro models. While obsived TTO vdues are not a gold stamaet for compring to the
DCErro, they provide an interesting coanson béween the approachesr&ious studies have in¢h
past used a variety of different tests to identify levels of correlation andagnt. We use a biary of
tests that include thes&son carelation coefficien and the inta-classcorrelation co-efficient @C) for
compalisons béween oberved and pedicted values, and for corapson béween the nean observed
and pedicted vdues by hedth state, the root gen square difference (RMSD), the ean absolute
difference (MAD), and the proportion of healthtsteaues predicted to within £0.05 and +0.1 of the
obsrved mean of TTO Jaes.

The diference betveen the 243 estimatedceHth states of th&Q-5D arethen compared within each
elicitation ednique based on theclusion ofrespondents with potential tigproblems. A simila

bateryof tests are usedgabove, but sincetandard erragare estimated usirghared cowariances, he
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number of vlues with dfferences tha are statisttdly significant (p<0.05) using paired t-tests is also
reported. Sgtemdic differences beteen values are obsived using Bland-Altman plots (Bland and
Altman 1986).

Comparisons béween the fnal DCEro and TTO modelare then made via grapta means. mally,
theresults of the dé repot response are compared using chi-squared tests, antrtiestaken to

complde each of the taskeported.

5. Results
5.1 Thesample

A sample of 4189 mends of the markereseach panel was initially invited by email t@picipate in
thesuvey. Of these 1400 (33%) consented to begin thevey and 1157 (83% of thodleast consented)
completed thsuvey of both the TTO and DGho. In total, of the 1355 respondents thattsd the
TTO exertse, 1175 (87%) completed all tasks. Some 10% of the responderftsldthto complee the
TTO exercise dropped out at the first eaand task, though this wasskin respondents that had
already completed the DGR exerdse. Of the 127%espondents that started the Dg&exercise, 1220
(96%) completed all the taskisigure 1).

Figure 1 also desibes the potential daproblansidentified in the sample. For the TTO overall, 62% of
respondents had 1 orare pairwiseénconsistencies within the5 vduations. $milary high rates have
been found in previous studsg¢Lamers & a. 2006). $ce the first question of the TTO task asks
whether a stée is worsethan eal, the high number of values veathan ead is not surprising in
respondents that were hengaged or did not unddsnd the task. For the DGl 412 (34%) 6
respondents had poteritialexicographic peferences, mostly related to thefe years dtribute (e.g.
choosing the prae with the longest life no niter the other @ributes).

In total 537 (46%) of the TTO Uaes and 527 (43%) of the DGl vaues were flagged as potentisll
problemaic leaving 638 and 698spondents in the samples noproieTTO and noproblems [
respedively. It should be noted that since theera for problems dier beéween techniques, these
numkers should not be directly comed. Of the 1157%espondents thtacompleted both the DGl and
TTO exergses, 363 (31%) were dakd as having no problems iitheer exercise

(noproblems_TTODCE).
13



The charadristics ofrespondentsre shown in Table 1. Respondents togtreey were olderthan non
respondents (56.68 vs 48.20, p<0.001). Those respondents completing thectasisierthan those
that did not complie the task (56.12 vs 59.36, p<0.001). Tespondents with potential tgproblems
tended to be younger than those with no potentialt@blems, but this was not statistly significant.
Theinfluence of differenes in agdikely impaded the edceion, income and @wital status of
respondents in each group. TE®-5D profiles ofrespondents were similar to aepious study in the

Canadian population (Johnson and Brdk2000).

5.2 TTO modd results

The codficients for the randoraffed models are shown in Table 2. With thegption of the usua
adivities attribute, all the coefficientBom the TTO analysis were logdly consistent. In first sample
(noproblems_TTODCE), levels 2 and 3 of the lisufvities attribute were disordered but were not
significantly differentfrom ead other. The model had an R-square (square of #asBn correlation
coefficient) above 0.40jmilar to pevious TTO EQ-5D studeand reléively good pedictive
performance (RMSD less than 0.07). None of the analy$ieseslifrom multicollireaity. Howe\er,
consistent with gevious studis (e.g. Dolan 1997; Shaet al. 2005) residuals &e only approinately
normally distributed, and the RESET test s the pesence of misspefication due to omitted

varnables orincorred functiond form.

Adding respondents who hadtdaroblems with the DE (but not the TTO), éfined & the sample
noproblems_TTO show #re is high ageement béween vdues with an ICC of 0.994 and nolvas
with a diference greatethan 0.1. Levels 2 and 3 of the ukadivities attribute lecome logcdly
consistent. However, thaclusion ofrespondents with potential thgproblemgqal_TTO) has a large
impad on the coefficiat estimates, notably the constant whictréass from approxmately 0.1 to
close to 0.5. The Bland Altman pl@figure 2a) and congison statistics strongly suggest that the
values obtanedfrom the sample all_TTO aressgmaicdly different from the véues obtaed from
noproblems sampéelt was consequently edded to use noproblems_TTO as theaf TTO vdues as

theserepresent the largest samplere$pondents thiaappeato have unérstood and engaged with the
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TTO task. The valusfrom this sample (1 to -0.384)e within therange of vdues estimated in EQ-5D
TTO studies from other countrig(Szende €al 2007).

5.3DCEt70 results

Theresultsfrom the random effects conditional logit mbdee pesented in Table 3. Each of the
samples haattribute coéficients with the expded sign so that on averagspondents pferred to live
in longer tedth profiles and in less severe lévef eat hedth status Hribute and are consistentl
ordered. The coefficient for the constaartri is not signifcant in any model, suggestiriigere is no
spedfi caion aror in the analyse(Scott 2001). iaty all the coefficient vlues aresignificant at tre
conventional signifiance levels. Thénclusion ofg; tems did bad to multicollineaiity with correlation

coefficients beveen ad carespondimy attribute level ing; andgs over0.7¢.

There-anchaed coefficientsare shown in Table 2. While the estimatetlea haveelatively high
coarrelations, they poorly gedict the TTO obsrved vdues. The CCsare close to 0.6 but overlhaf the
48 hedth states have affierence that is graerthan 0.1. Howeegr, Table 4 shows #te is moe
agreement inédth states witifew observed valus consideredvorsethan aad (WTD). For example
while the overall MAD bveen model 6 of the DCho and the TTO is 0.141, if this is separated into
hedth states with 0% valNTD, 0 to 10% vluesWTD, 10% to 50% vimes WTD and over 50%
values WTD, the MAD varies from -0.029 to 0.067 to 0.165 to 0.434n the vlues considered WTD
are deived usingamitrary ransformations, this suggests there mayalty berelatively good
agreement bheveen DCEro and the TTO Maes.

The dfferences bewveen estimated Uaes from each of the DCEo sampla are also summrized in
Table 2. In comarison to véues from the noproblems_TTODCE sample, an ICC of 0.981 suggests
there is little difference in Maes estimated using the sample noproleDCE when the respondents
who were @éamed to have TTO daproblems arencluded. While 70 of the 243 lees are different g
gredaerthan 0.1, only 1 othesediffererces is statistidly significant. When theespondents with DE
data problems are also addé@ill DCE), in comparison to the noproblems_DCETTO sartieeis

even more agreement betem estimated Vaes. The ICGmproves to 0.991 and only 1°28th states

¢ Mark and Swait (2008) stasesa rule of thumb that problems afulticollineaity arelikely to cceur if any of tre
correlations between any of the independeriblfas are greater&im0.7
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have a diference greatethan 0.01, none of whicre statisticdly significant. This suggests éeis

little difference in peferences beteen the sample afespondents with no daproblems and the sample
that include respondents with any tiaproblems. The Bland Altman plots in Figure 2 also sugges¢th
are no sgtemdic differences béween véues. The all_DCE sample is usexfar the final vdues sirte
theinclusion ofmore respondentseduces the anance in coefficients and¢re is no reason to exclude
respondents with appent DCE problems. The estimated for range from betvl (hedth stae 11111)
and -1.133 (health ¢=®33333).

5.5 Comparison of TTO and DCE+ro

The estimated \laes for the 243 édth states for theEQ-5D based on the final TTO and DGk
sampls are shown in Table 4 and Figure 3 and a full list is in the appendete Thclear divergence at
the very mild ledth states, whre the DCEro estimates véues close to 1 (the highest valueaaiofrom
full hedth is 0.956 forstate 21111) while the TTO has a gapm full health to impaed hedth (the
highest value is 0.807 fattate 21111). There is also diygence in the lowerddth states. The DCEo

estimates 55 states to Wersethan dead, while the TTO estimates only 15.

The mean time taken to comple the wholesuvey was 22 minug(IQR 14-26). As expded
respondents took morentiein completing the first question e exercise (over 2.5 mingéor the
TTO and just over 1 minute for the DCE), than in subsequent quegi@msge of just under 2 minwge
for theTTO and just over 30esonds for the DCE). To compkethe 5 TTO véuations,respondents took
9.5 minutes to complethe 5 TTO véuations. Ths compared to under 4 minutes to cont@lbe 8
DCErro tasks. Times did not vary significantlytheen the valuation sample amespondents with data

problems.

In the vduation sample, tre was littledifference in selfeported dificulty in uncerstanding @
answering the two exeiises with under 15% of respondents findirgleexercisdairly or very difficult
to uncerstand, and 50% fairly or very difficult to answ Respondents with tiproblems found the

tasks larder to unérstand, but simpler to answer than théuation sample.

6. Discussion
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This paper presents a new method for estimatagihstae vaues through the use of a DCE. The
values appear robust, with estimated coefficients #vastatisticdly significant, logically consistent and
with expeded signs. The TTO \Waes from the study cannot be conside a“‘gold standrd’ with which

to compre the véues generateftom DCE+o sincethey are dawved using differenemnomictheories,
eadt requiring different assumptions feconometic modeling. They do however provide a basis for
compalison, and give context to a discussion to the wider merits anccatitis of using DCEro asan
altemative to the TTO.

A principle findingfrom this study is that in contrast to the TTO, itlh@usion ofrespondents thanay
not have undrstood, not engaged or weigationd’ in the DCEro had litle influence on theesults.
Lancsar and Louviere (2006) suggest thargheom component in RUT, oftesfered to as
unob®rvable,can be interpeted to capture errors made tiyationd’ respondents. It is also possible
that the DCEro was cognitivelyessier forrespondents than the TT@aling to fewer d&a problems.
Given the design, weannot establish wheher one ¢dhnique wa necessarily cognitively eaier to
anotrer. Howe\er, the selfreport results suggeed that the DCEo was at €ast not more cognitively
difficult than the TTO, tlre were fewer respondenthat did not compl the task, and the DG
took less time to complethan the TTO.

The implicaion is that using the DGEo can potentiallyreduce the bias asciated with excluding
celtain respondents. This isuiculaly important in véuation studies where the @gjive is to estimate
representative vluesfrom the general population. In TTO studiesgachers have to ddade which
respondents with da problems havécrucially faled to uneérstand the task This is very dficult to
detemine, largely subjective and based on deficient tesisd in our study had a ggFimpad on
estimated vimes. While our studijkely magnifies the number of respondents with potential data
problems by using a wetwrvey insea of an interview, pevious inerview-based TTO studies have

typicdly excluded someespondent$rom ther final vduations suggesting the issue is stikgent.

Buckingham and Devlin (2006) havecently provided @hearetical underpinning for the TTO drawing
on Hicksutility theory. However, individualare asked to make chaes between cettain outcoms, and
can only rade the number of years in the task. That D@Egooted in RUT is a befit to thar use in
hedth stee vduations. In the DChyo, individualsare asked torde béween dtributes destibing both
levels of ledth status and life y@s. Ranking diain the past havedmn exploded into aesies of
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pairwise choices to reflect XYesults(e.g. Salomon 2003, McCabgea. 2006), butre lessconsistent
with RUT in comprison to DCEs (Louviere et al. 2000). Rankinged&lsorequires assumptions tha
the orakring of a pa of hedth states does not depend on the o#itetes being consideed (independent

of irrelevant dtemaives), which is unlikely to be 8sfied.

A methodologichadvantgeto the DCEro is that fedth states can be valued waethan dead without
atering the task, and withoutansformations of resulting Wes, as is done in the conventional TTO.
Lamers (2007) demonstta the subgdivity of the different approaches used in sughdformations and
show how theyan impad average values substally. This has led to the development ofwme
apprades in the TTO thaare unifom across states tier andworsethan ceal, such as thdead timé&
TTO (Devlin @ al. 20®). In the DCETo, hedth states can be vdued wosethan cea indirectly. The
modéd results cerive the relative prierence beveen eat hedth stae on the latentcae. The latentcde
is then anchieed on the ledth utility scde, essentially finding the point on thecde where, on average,
the vdues lecomeworsethan cead. Given the unfailianty most individuals have withddth states
potentiallyworsethan dead, such an inditeapprad has signiftant appeal. However negative values
obtanedfrom DCE+o are in eence extapolated to the negativenge based on dain the positive

range. The DCEro apprad could be extended to includeead time in @ch profle.

The modelling of bothlecitation methods used in this papes hasumed that the utility function for
additional life yaurs is linea in time. Tsuchiya and Dolan (2005) find in a review of existing TTO
studies that the assumption of constant priogaeal time tade off holds on the aggretgdevel, but &
violated at the individual level. Testing thissamption in the TTQrequires exgeriments to beepeaed
with different survivhbasdines. In contast, the DCEro enables thisssumption to be expled

intemally without regaing the exgriment by modelling théi fe-years termssecaegorical \ariables.

Somelimitations of the taidy suround the exprimental dsign of the DCEro, and the
representéiveness of the invited sample. Eimental dsign issues for the DGl aremore compéx
than the TTO as the pairing of pil@s can inadvertently lead to covariancesn®E dtributes, and the
valuation s@ce with 6 attributes, is muclaiger. The implausible iribute-levé combinations
contaned in theEQ-5D led to #&ributes with modetta correlations in the dggn. Futher interactions
between hedth atribute levels, which are typdlly included in EQ-5D valuations,ete also not

acounted for. In thigesped, the exerimental dsign used in this study could masitainly be
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improved since while caiances btveen dributes vere small, they could infuence the estimates. The
results of this study could be used to esteri@ayesian optimal designs in a future studyi@ner ¢al.
2008). Futhemmore, while respondents were broadlyrepresentative of the Canadian general population
in terms of age, gender and @dtion, there may be coems sincehey were menmbers of a market
reseach panel. The @mdicd advantgeto this appradc to recuuitment waghat rapid and inexpensive
valuationscan be obtained without any potertiaterviewer bias. However, the confirmation of these
results in a sample of respondents filom a markeresearch panel, perhaps in the form of an intevvie

ratherthan a web survey, is dieable.

Theresourcesrequred to unctrtake vaduation studies depends on the number of respondentsteel
that complde the tasks producing usabldwes, the number of taskad respondent issked to
complete, the time taken to do this, mode of admratieh and the ex@imental dsign. The findings
can only provide a rudimentary insight into whidncgation dniquewould require the mostesaurces
to obtain similar precision in estimates. While the Rfefproduced vlues with hrger variances, in
overall erms, the resourszequired for the DCEto were no geaer, and probably less than tiiar the
TTO,; this was pncipally dueto a higher percengg of recitedrespondents producing usable values
and less time beingquired to comple tasks.

In summary, this studyrpsents a new method foe#th stae vaduation using atand-alone DCE dagn
that produees valus anchaed on 1 for full kedth and O for dead. The ap@u is able to take account
of states wosethan eal in a sinde task, and itsesultsare less prone to bsdrom excluding
respondents thefore providingmore repesentative vlues. Futherresearch on the potentia
advantages and limitations of this aptoare necssary, and work to identifyf this apprad might

fadlit ate vduations in diersesdtings and population groups isquired.
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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 somedata| completers | respondents | 1vys2 | 1+2vs3 | 1+2+3vs4
problems problems (n=243) (n=2789)
(n=363) (n=794)
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)
Samype range 1883 1899 27-83 1894
Sex, % (n)
Male 161 44) 384 (48) 117 48) 1333 (48) 0.205 | <0.001 | 0.673
Female 202 (56) 410 (52) 126 (52) 1451 (52)
Highest leel of educéion, n
(%)
Primary scbadl or less 0 (0) 3(0) 1(0) 31(2) 0.711 | <0.001 | <0.001
High Scloadl 78 (21) 171 (22) 56 (23) 749 (27)
Community cdlege 136 (37) 309 39) 102 (42) 1106 (40)
Undergraduate dege 109 (30) 236 (30) 62 (26) 669 (24)
Graduate dege 40 (11) 75 (9) 22 (9) 235 (8)
Income CAD, n(%)
$10,000 orless 1(0) 15 (2) 7 (3) 33 (1) 0.124 | <0.001 | <0.001
$10,000-$20,@0 19 (5) 37 (5) 7 (3) 269 (10)
$20,000-$30,@0 32(9) 61 (8) 25(10) 325 (12)
$30,000-$40,@0 41 (11) 99 (12) 40 (16) 455 (16)
$40,000-$60,@0 87 (24) 221 (28) 60 (25) 729 (26)
$60,000-$80,@0 63 (17) 152 (19) 46 (19) 501 (18)
$80,000-$100000 56 (15) 99 (12) 32 (13) 253 (9)
$100,000 or nore 64 (18) 110 (14) 26 (11) 224 (8)
Marital gatus n (%)
Married 218 (60) 444 (56) 135 (56) 1275 (46) 0.667 | <0.001 | <0.001
Living with partrer 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 reprted 2(1) 3 (0) 1(0) 10 (0)
EQ-5D dimadon, n (%)
Mobility
Prodems 92 (25) 197 (25) 65 (27) - 0.846 | 0.564 -
No problems 271 (75) 597 (75) 178 (73) -
Selfcare
Prodems 15 (4) 28 (4) 14 (6) - 0.613 | 0.143 -
No problems 348 (96) 766 (96) 229 (94) -
Usual aciivities
Prodems 96 (26) 161 (20) 52 (21) - 0.019 | 0.781 -
No problems 267 (74) 633 (80) 191 (79) -
Pain/discombrt
Prodems 197 (54) 425 (54) 139 (57) - 0.814 | 0.327 -
No problems 166 (46) 369 (46) 104 (43) -
Anxiety/depresson
Prodems 85 (24) 210 (26) 69 (28) - 0.397 | 0.389 -
No problems 268 (76) 584 (74) 174 (72) -
No problems in any 141 (40) 299 (38) 67 (28) - 0.700 | 0.002 -
dimenson
EQ-5DUK index, mean (SE | 0.80 (0.a) | 0.80(0.Q) 0.80 (0.) | - 0.838 | 0.823 -
EQ-5DUS index, mean (SE) | 0.85(0.a) | 0.85(0.Q) 0.84 (0.) | - 0.880 | 0.563 -

+ T-test for continuous déa, chi-square tst for caiegorical data
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Table 2: Parameter Estimatesfrom modelled TTO and rescaled DCE+ro models (on the health utility scale)

Variable TTO: Random effects model DCEq10: Re-anchored estimates
Estimate (SE) Estimate (SE¥)
Model 1 Model 2 Model 3 M odel 4 Mode 5 M odel 6
Group | (n=363) Group Il Group Il Group | (n=363) Group Il Group Il
(n=638) (n=1177) (n=693) (n=1220)
Mobili ty level 2 0.026(0.026) 0.023(0.020) 0.003(0.018) 0.092 (0.056) 0.085(0.042)** 0.050 (0.03)
Mobili ty level 3 0.326(0.031)** 0.309(0.024)** | 0.172(0.020)** 0.599(0.064)** 0.596(0.0)** 0.563(0.03B)**
Self-carelevel 2 0.070(0.026)* 0.078(0.021)** | 0.105(0.018)** | 0.056 (0.06) 0.065 (0.09) 0.085(0.03%6)**
Self-caelevel 3 0.230(0.027)** 0.235(0.021)** | 0.198(0.018)** 0.351(0.066)** 0.398(0.09)** 0.393(0.03%6)**
Usual Activities leel 2 0.107(0.028)** 0.097(0.022)** | 0.112(0.019)** | 0.029 (0.07) 0.103 (0.08) 0.089(0.030)**
Usual Activities lewel 3 0.101(0.032)* 0.124(0.025)** | 0.087(0.021)** 0.172(0.070)** 0.243(0.053)** 0.238(0.030)**
Pain /discontrt level 2 0.061(0.027)* 0.036(0.021) 0.050(0.018)* 0.110 (0.08) 0.115(0.048)** 0.095(0.036)**
Pain /discontrt level 3 0.334(0.026)** 0.315(0.020)** | 0.203(0.017)** 0.527(0.064)** 0.501(0.049)** 0.447(0.03%6)**
Anxiety /depression leel 2 0.052(0.027) 0.070(0.022)** | 0.036(0.018) 0.094 (0.08) 0.115(0.046)** 0.104(0.034)**
Anxiety /depression leel 3 0.299(0.027)** 0.294(0.021)** | 0.214(0.018)** 0.372(0.064)** 0.395(0.09)** 0.384(0.03%)**
Congant 0.118(0.030)** | 0.107(0.024)** | 0.486(0.022)** - - -
Number of observdions 1815 3190 5875 2178 4158 7320
Predictive pedrmarce
(48 TTO health statgs
Correlation 0.677 0.653 0.411 0.671 0.671F 0.649
ICC 0.854 0.844 0.454 0.594 0.58¢ 0.60F
MAD -0.004 -0.006 0.007 0.106 0.197 -0.14¢
RMSD 0.073 0.052 0.063 0.148 0.2122 0.163
n >|0.05| 30 25 27 36 402 35°%
n >|0.10| 14 7 9 26 32° 27°
Model comparisns (with
values from243 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
**p<0.001

a- compaedto TTO valuesfrom 638 repondertsin model 2
+ SEscalkulated using theaka method Oehlert 1992) average SEs faachattribue levelpresented andsedin pairedt-tests




Table 3: Parameter estimates from the DCE11o models (on thelatent utility scale)

Variable

Parameter

Conditional logit, estimate (SE)

M odel 4

Group | (n=363)

Model 5

Group Il (Nn=6RB)

M odel 6

Group Il (n=1220)

Lifeyeas

Meancoefficient
S.D of coefficient

0.435 (0028)*

0.420 (0020)*

0.435 (0015)*

Mobili ty level 2
x Lifeyeas

Meancoefficient
S.D of coefficient

-0.040 (0013)**

-0.036 (0009)*

-0.022 (0007

Mobili ty level 3
X Lifeyeas

Meancoefficient
S.D of coefficient

-0.261 (0017)*

-0.250 (0012)*

-0.245 (0009)*

Selfcaelevel 2
X Lifeyeas

Meancoefficient
S.D of coefficient

-0.025 (0014)

-0.028 (0010)*

-0.037 (0007

Selfcaelevel 3
x Lifeyeas

Meancoefficient
S.D of coefficient

-0.153 (0014)™

-0.167 (0010)*

-0.171 (0008)*

Usual Activities lewel 2
x Lifeyeas

Meancoefficient
S.D of coefficient

-0.013 (0015)

-0.043 (0011)*

-0.039 (0008)**

Usual Activities lewel 3
X Lifeyeas

Meancoefficient
S.D of coefficient

-0.075 (0015)™

-0.102 (0011)*

-0.104 (0008)*™

Pain /disconirt level 2
x Lifeyeas

Meancoefficient
S.D of coefficient

-0.048 (0014)™

-0.049 (0010)*

-0.041 (0008)*

Pain /discontrt level 3
x Lifeyeas

Meancoefficient
S.D of coefficient

-0.229 (0015)**

-0.210 (0011)*

-0.194 (0008)*™

Anxiety /depression leel 2
x Lifeyeas

Meancoefficient
S.D of coefficient

-0.041 (0013)*

-0.048 (0009)**

-0.045 (0007)™

Anxiety /depression leel 3

Meancoefficient

-0.162 (0015)*

-0.166 (0011)*

-0.167 (0008)™

x Lifeyeas S.D of coefficient

Congant Meancoefficient 0.080 (0054) 0.058 (0038) 0.041 (0030)**
Number of observdions 2178 4158 7320

Log likelihood -1103 -2144 -3734

P (carect) 751 743 742

* significant fromzero p<0.05
** significant from zro p<0.01
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Table4: Observed TTO and predicted TTO (modd 2) and DCE+ro (model 6) values

Health 1. Observed TTO 2. Predicted TTO,| 3. Predicted DCEt7o M ean 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(0
11121 0.861(0.024) 0% 0.856(0.027) 0.905(0.024)] 0.00§ -0.044 -0.049
11112 0.856(0.027) 0% 0.823(0.026) 0.896(0.003)] 0.033 -0.04( -0.073
21112 0.818(0.033) 0% 0.801(0.028) 0.847(0.005)] 0.017 -0.029 -0.046
21212 0.810(0.027) 0% 0.704(0.026) 0.758(0.025)] 0.106€ 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 -0.022
22112 0.720(0.037) 2% 0.722(0.029) 0.762(0.025)] -0.002 -0.047 -0.04
11312 0.708(0.046) 2% 0.699(0.031) 0.658(0.026)] 0.009 0.050 0.041]
21221 0.672(0.050) 2% 0.710(0.033) 0.617(0.035)| -0.03§ 0.055 0.093
23121 0.613(0.043) 2% 0.598(0.031) 0.462(0.038)] 0.015 0.151 0.136
31211 0.595(0.041) 4% 0.487(0.030) 0.348(0.029)] 0.10§ 0.247 0.139
11113 0.591(0.047) 5% 0.599(0.026) 0.616(0.027)] -0.00§ -0.02§ -0.017
12221 0.589(0.047) 2% 0.654(0.032) 0.582(0.043)| -0.065 0.007 0.072
22222 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(0.031) 0.418(0.038)] 0.077 0.136 0.059
22123 0.548(0.071) 12% 0.462(0.032) 0.387(0.045)] 0.086 0.161 0.074
11131 0.547(0.057) 7% 0.578(0.028) 0.553(0.028)] -0.031 -0.00€ 0.025
23311 0.506(0.057) 9% 0.511(0.032) 0.319(0.040)| -0.00% 0.187 0.192
12231 0.504(0.061) 6% 0.403(0.031) 0.379(0.045)| 0.101 0.125 0.024
23222 0.482(0.062) 11% 0.432(0.027) 0.269(0.047)] 0.050 0.213 0.163
13122 0.443(0.068) 10% 0.551(0.032) 0.408(0.038)| -0.10§ 0.035 0.143
31221 0.409(0.060) 16% 0.451(0.030) 0.253(0.038)| -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) 20% 0.374(0.030) 0.243(0.048)| -0.043 0.088 0.131
32211 0.327(0.071) 16% 0.409(0.030) 0.263(0.038)| -0.082 0.064 0.146
12213 0.326(0.080) 24% 0.424(0.030) 0.442(0.044)| -0.09§ -0.116 -0.018
13223 0.298(0.076) 23% 0.230(0.031) 0.039(0.057)] 0.068§ 0.259 0.191
11133 0.168(0.076) 38% 0.284(0.029) 0.169(0.043)] -0.114 -0.001 0.11§
32223 0.133(0.088) 37% 0.078(0.028) -0.216 (0055)| 0.055 0.349 0.294
31323 0.124(0.088) 35% 0.129(0.027) -0.280 (0051)| -0.005 0.404 0.409
23232 0.085(0.080) 37% 0.154(0.025) -0.083 (0054)| -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) 42% 0.223(0.028) 0.021(0.052)| -0.157 0.045 0.202
21333 0.065(0.082) 32% 0.137(0.030) -0.119 (0055)| -0.072 0.184 0.256
32313 0.015(0.076) 38% 0.088(0.025) -0.270 (0051)| -0.073 0.285 0.358
32323 0.004(0.077) 47% 0.051(0.026) -0.365 (0057)| -0.0471 0.369 0.416
23233  -0.055 (0076) 549% -0.071 (0026) -0.363 (0065)| 0.016 0.308 0.292
32232 -0.057 (0094) 52% 0.025(0.030) -0.288 (0051)| -0.082 0.231 0.313
33323 -0.110 (0074) 56% -0.106 (0023) -0.674 (0063)| -0.004 0.564 0.568
33213 -0.111 (0072) 60% -0.042 (0029) -0.429 (0053)| -0.069 0.318 0.387
33332 -0.264 (0056) 72% -0.160 (0026) -0.746 (0060)| -0.104 0.482 0.584
33333 -0.346 (0020) 77% -0.384 (0017) -1.026 (0071)] 0.038 0.680 0.642
MAD -0.006 0.141 0.148§
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Table5. Comparison in responses between methods

No problems (n=363)

Data problems (n=794)

No problemsvsdata

problems
TTO DCEtro P-valuest |TTO DCEtro P-valuest |TTO DCEtro
P-values P-values
Difficulty in ‘understancig’, n ©0)
Very difficult 1(0) 3(1) 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)
Missng 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)
Missng 0 (0) 1(0) 0 (0) 0 (0)

+ T-test for continuous data, chi-squaest for categrical data
1 Excluding rationality questions and individilquestions beyond the first takirgnber than20 minues, which were assudto be time where the eswas no
conddering the qudson but somethinglse.
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Figure 1. Description of survey responses

Individuals invited (n=4189

Respondents (n=1400)

/\

Began TTO exercise (n=689) Started DCEo (total n=771)

- Completed all tasks (n=570) - Completed all tasks (n=668)

- Complete </ tasks (n=95) - Completed no tasks (n=19)

Began TTO exercise (n=666) Started DCEo (total n=564)

- Completed all tasks (n=605) - Completed all tasks (n=552)

- Completd </ tasks (n=42) - Completed no tasks (n=9)

Completed TTO ovetla(n=1175) Completed DCIgro overdl (n=1220)

- sampletall_TTO’ - sampletall_DCE’

Potential TTO d&a problems (total n=537) Potential DCEro daa problems (total n=527)
(i) dominated question (n=65) (i) dominated question (n=28)

(ii) all vdues the sae (n=50) (ii) dl choices the sme (n=37)

(i) all vduesequal 0.5 (n=16) (ii) lexicogaphic pefererces (N=412)

(iv) >1 pairwiselogicd inconsistency (n=414 (iv) too little time (n=115)

(v) 4> values wosethan cead (n=314)

Completed TTO with no problems (n=638) Completed DCEro with no problems (n=693)
- sample'noproblems_TO’ - respondents with no problems with DCE

e —

Completed TTO and DCE with no problems (n=368)
- no problems inither TTO or DCE
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Figure 2. Bland Altman plots comparing means and differencesin the estimated 243 EQ-5D valuesfrom thevarious TTO and DCErto
samples

a) TTO b) DCEo
o noproblems_DCE vs noproblems_TTODCE a all_DCE vs noproblems_TTODCE o noproblems_TTO vs noproblems_TTODCE a all_TTO vs noproblems_TTODCE
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Legend. Each figure shows the plot of the averaysug the diierencein eat of the 243 vimes. The solid line indiaes the bia(or MAD)
and the dotted lines inchte the confidence intervals on the ${d.96xSD of the dference)
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Figure 3. A comparison between estimated values of the 243 EQ-5D health statesfor the TTO
(noproblems TTO) and DCE++o (all_DCE)
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Appendix 1. All predicted values (TTO noproblems TTO and DCEy1o all_DCE)

Health state TTO DCErro | Health state TTO DCErro | Health state TTO DCEr1o
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
12111 0.815(0.027)  0.935(0.022) 12231 0.403 (0.031)  0.330(0.033) 31322 0.354 (0.032)  -0.069
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
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
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
11121 0.856 (0.027)  0.885(0.022) 21223 0.443 (0.030)  0.302(0.033) 23223 0.208 (0.029)  -0.097
22111 0.792 (0.028)  0.850(0.027) 31211 0.487 (0.030)  0.300(0.027) 31131 0.269 (0.034)  -0.097
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
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
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
21211 0.773(0.027)  0.812(0.029) 12313 0.397 (0.030)  0.297(0.032) 33112 0.279 (0.036)  -0.109
21112 0.801(0.028)  0.800(0.026) 31112 0.514 (0.035)  0.289(0.031) 33121 0.312(0.034)  -0.110
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
11212 0.727 (0.028)  0.782(0.032) 23122 0.529 (0.031)  0.287(0.032) 23313 0.217 (0.030)  -0.121
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
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
11311 0.769 (0.030)  0.757 (0.021) 23311 0.511(0.032)  0.274(0.032) 13331 0.219 (0.031)  -0.142
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
22112 0.722(0.029)  0.735(0.031) 11331 0.454 (0.032)  0.256 (0.028) 13323 0.203 (0.030)  -0.151
22121 0.756 (0.030)  0.734(0.035) 11323 0.438 (0.031)  0.247(0.029) 32213 0.115(0.029)  -0.160
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
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
12122 0.709(0.031)  0.705(0.036) 13321 0.497 (0.033)  0.243(0.029) 31231 0.172(0.030)  -0.200
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
21221 0.737(0.028)  0.696 (0.036) 32211 0.409 (0.030)  0.235(0.031) 12333 0.082(0.030)  -0.204
12311 0.691 (0.031)  0.691(0.028) 22132 0.408 (0.030)  0.234(0.031) 31223 0.157 (0.029)  -0.210
21122 0.764 (0.030)  0.685(0.034) 32112 0.436 (0.035)  0.224(0.035) 31132 0.199 (0.035)  -0.211
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
11222 0.690 (0.028)  0.667 (0.036) 12232 0.334(0.029)  0.216 (0.036) 33221 0.215(0.030)  -0.213
11312 0.699 (0.031)  0.642(0.028) 22313 0.374(0.030)  0.212(0.030) 21333 0.137(0.030)  -0.223
11321 0.733(0.032)  0.641(0.027) 13113 0.363 (0.029)  0.207 (0.030) 33122 0.242 (0.036)  -0.225
22212 0.626 (0.026)  0.632(0.036) 21232 0.389(0.026)  0.196 (0.032) 23331 0.196 (0.030)  -0.227
22221 0.659 (0.027)  0.631(0.038) 12331 0.376 (0.033)  0.191(0.030) 31313 0.166 (0.027)  -0.234
22122 0.686 (0.030)  0.620(0.037) 31212 0.417 (0.031)  0.186 (0.029) 23323 0.180(0.030)  -0.236
22311 0.668 (0.031)  0.606 (0.031) 31221 0.451(0.030)  0.185(0.032) 33311 0.225(0.030)  -0.238
11113 0.599 (0.026)  0.605(0.022) 23222 0.432 (0.027)  0.183(0.035) 13332 0.149 (0.030)  -0.257
13111 0.658 (0.029)  0.602(0.020) 12323 0.360 (0.031)  0.181(0.032) 32231 0.094 (0.030)  -0.266
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
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
12312 0.621(0.031)  0.577(0.034) 21323 0.416 (0.032)  0.162(0.032) 22333 0.059 (0.030)  -0.289
12321 0.654 (0.032)  0.576(0.031) 31311 0.460 (0.030)  0.161(0.030) 13133 0.049 (0.028)  -0.294
21312 0.677(0.031)  0.557 (0.030) 23312 0.441(0.031)  0.159(0.032) 32313 0.088 (0.025)  -0.299
21321 0.710(0.033)  0.556 (0.034) 23321 0.474(0.032)  0.158 (0.033) 31232 0.103 (0.030)  -0.315
12113 0.521(0.028)  0.540 (0.029) 11332 0.385(0.031)  0.142(0.030) 33222 0.146 (0.030)  -0.328
11322 0.663 (0.032)  0.527(0.032) 22232 0.311(0.026)  0.131(0.033) 31331 0.145 (0.030)  -0.340
21113 0.576 (0.029)  0.520(0.026) 13322 0.428 (0.033)  0.129(0.032) 23332 0.126 (0.027)  -0.342
23111 0.635(0.030)  0.517(0.026) 23113 0.341(0.030)  0.122(0.030) 31323 0.129 (0.027)  -0.349
22222 0.589 (0.026)  0.516 (0.040) 32212 0.339(0.030)  0.120(0.033) 33312 0.155 (0.031)  -0.352
11213 0.502 (0.030)  0.502(0.029) 32221 0.373(0.029)  0.120(0.035) 33321 0.188(0.029)  -0.353
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
13211 0.561(0.032)  0.498 (0.030) 22331 0.353(0.032)  0.106 (0.033) 32232 0.025 (0.030)  -0.380
22312 0.599 (0.030)  0.492(0.033) 11133 0.284(0.029)  0.105(0.030) 33113 0.054 (0.032)  -0.389
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
11123 0.562 (0.029)  0.490(0.028) 13131 0.343(0.030)  0.101(0.027) 32331 0.067 (0.029)  -0.405
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
13121 0.621(0.030)  0.486 (0.025) 32311 0.382(0.029)  0.095(0.031) 31332 0.075(0.030)  -0.455
12322 0.585(0.032)  0.461(0.036) 13123 0.327 (0.030)  0.092(0.031) 33322 0.118 (0.030)  -0.468
22113 0.498 (0.030)  0.455(0.029) 12332 0.306 (0.031)  0.076 (0.033) 23233 -0.071(0.026)  -0.482
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
12213 0.424 (0.030)  0.437(0.035) 21332 0.362 (0.030)  0.057(0.032) 33213 -0.042 (0.029)  -0.492
12131 0.500 (0.031)  0.434(0.027) 31312 0.390 (0.031)  0.046 (0.030) 33131 0.034(0.033)  -0.495
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
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
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
23211 0.538 (0.030)  0.413(0.032) 21133 0.261(0.030)  0.020(0.033) 32133 -0.103(0.033)  -0.557
21123 0.540 (0.031)  0.405(0.032) 23213 0.244 (0.030)  0.019(0.032) 31233 -0.122(0.028)  -0.595
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
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
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
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
11223 0.466 (0.030)  0.387(0.032) 32222 0.303 (0.030)  0.005(0.035) 33313 -0.070 (0.024)  -0.632
11132 0.508 (0.029)  0.385(0.026) 11233 0.187(0.030)  0.001(0.032) 32233 -0.200 (0.028)  -0.660
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
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
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
13122 0.551(0.032)  0.372(0.030) 13132 0.273(0.030)  -0.014 (0.029) 33323 -0.106 (0.023)  -0.748
11313 0.475(0.030)  0.362(0.027) 32312 0.312(0.030)  -0.019 (0.032) 32333 -0.227 (0.024)  -0.800
13311 0.534(0.033)  0.359(0.028) 32321 0.345 (0.030)  -0.020 (0.033) 33332 -0.160 (0.026)  -0.853
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
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
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22123

0.462 (0.032

0.340 (0.034

32113

0.212 (0.032

-0.056(0.040

33333

-0.384(0.017
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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
LIFE B
LIFE B THE SAME

DCErro task example

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

LIFEA LIFEB

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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