
1 | BACKGROUND

Conventional economic evaluations in health typically employ the quality-adjusted life year (QALY) framework, in which 
the value of a chronic health state is defined as the product of life expectancy and health-related quality of life. Health 
states are valued on a scale where 1 represents full health, and 0 represent death, or health states considered equiva-
lent to death. This framework is a useful approach for facilitating comparison between interventions that have benefits 
manifesting in different ways. The assumptions that are required for this framework are widely known, and are testable 
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Abstract
Discrete choice experiments (DCEs) that include health states and duration are 
becoming a common method for estimating quality-adjusted life year (QALY) 
tariffs. These DCEs need to be analyzed under the assumption that respond-
ents treat health and duration multiplicatively. However, in the most common-
ly used DCE duration format there is no guarantee that respondents actually 
do so; in fact, respondents can easily simplify the choice tasks by considering 
health and duration separately. This would result in valid DCE responses but 
preclude subsequent QALY tariff calculations. Using a Bayesian latent class 
model and data from two existing valuation studies, our analyses confirm that 
in both datasets the majority of respondents do not appear to have used a multi-
plicative utility function. Moreover, a statistical correction for respondents who 
used an incorrect function changes the range of the QALY weights. Hence our 
results imply that one can neither assume that respondents use the theoreti-
cally required multiplicative utility function nor assume that the type of utility 
function that respondents use does not affect the estimated QALY weights. As 
a solution, we advise researchers to use an alternative, more constrained DCE 
elicitation format that avoids these behavioral problems.
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(Bleichrodt et al., 1997). For example, the constant proportional trade-off assumption has been considered widely, with 
recent studies exploring methods of adjusting for non-linearity of utility with respect to time (Craig et al., 2018; Jonker 
et al., 2018a).

There are a variety of methods that have been used to estimate tariffs for health states, the key sacrifice-based meth-
ods being Time Trade-Off (TTO), Standard Gamble, and Discrete Choice Experiments (DCEs) (Brazier et al., 2007). The 
use of DCEs has grown significantly in health generally (Soekhai et  al.,  2019), and in the valuation of health states 
specifically (Mulhern et al., 2019). A key reason for this growth is that they produce similar results irrespective of mode 
of administration, a result which does not hold for TTO (Mulhern et al., 2013; Norman et al., 2010). Thus, they can be 
administered online, usually without an interviewer, reducing cost and increasing potential geographical spread of val-
uation surveys.

Discrete choice experiment studies can be subdivided into those that present health states with different life expec-
tancies versus those that either have a fixed life expectancy, or do not state a life expectancy. An example of the latter 
would be the DCE that is included as part of the EuroQol Group's standard protocol for the valuation of health states 
in the EQ-5D-5L (Devlin et al., 2018; Ramos-Goni et al., 2017). An issue with the use of an approach without dura-
tions or with fixed durations, is that, while it provides values on a latent scale, it does not easily anchor on the required 
0-1 scale. The common solution to this, as initially advocated by Flynn et al. and subsequently introduced into the 
health economics literature by Bansback et al., is to include a duration attribute (Bansback et al., 2012; Flynn, 2010). 
The principle of this is that it allows a quantification of the trade-offs that respondents make both between dimen-
sions of quality of life, and between quality of life and length of life; trade-offs that are essential for the estimation of 
QALY tariffs.

In the most commonly used DCE duration (DCEd) elicitation format (also known as DCE with duration, or DCETTO), 
two different impaired health states are presented with different levels of duration (c.f. Figure 1). Respondents are re-
quired to base their choice between the two health states on the overall utility of each choice option, which is defined in 
the QALY framework as the product of the respondents' utility for each health state multiplied by the corresponding du-
ration. Without such a multiplicative utility function, it is not possible to calculate theoretically appropriate QALY tariffs. 
However, a multiplicative utility function requires respondents to be able to and willing to perform a series of complicat-
ed evaluations. That is, in each choice task, respondents have to evaluate the relative attractiveness of the health states, 
multiply each by different duration levels, and subsequently choose the option that gives them the highest overall utility. 
From a theoretical perspective, respondents could easily simplify the choice tasks by avoiding the required multiplication 
with duration and instead treat duration as a standard, additive attribute. Such a linear additive utility function would 
correctly take into account that longer duration of life has positive utility to the respondent, and that health problems 
have a negative utility. Moreover, there is nothing in the choice format that prevents respondents from adopting a linear 
additive utility function. Hence the use of a linear additive utility function does not violate the question that is asked to 
respondents; however, it does contradict the assumption built into the QALY framework and analyzing data assuming a 
multiplicative utility function for respondents that used a linear additive utility function could induce substantial bias in 
the resultant QALY tariffs.

Thus far, there is no evidence that substantiates that respondents actually use the theoretically imposed multi-
plicative utility function. At the same time, there is also no evidence that respondents are not using the theoretically 
required utility function, yet there is ample evidence that at least a subset of respondents in DCE research tends to 
simplify complicated choice tasks, for example by only focusing on a few instead of all of the included attributes (i.e., 
so-called attribute non-attendance, see e.g., Hole et al., 2016, Jonker et al., 2018b). Accordingly, this paper aims to 
establish the type of utility function that respondents most likely use in DCE-duration datasets, and aims to provide a 
quantitative assessment of the impact that respondents who simplify the choice tasks can have on the resulting QALY 
tariffs. Hence the two key purposes of this work are to (1) establish whether or not people actually make choices that 
match the theoretically required multiplicative utility function (as opposed to resorting to a simpler yet equally feasi-
ble linear additive utility function) and (2) estimate the impact on (i.e., bias of) the estimated QALY tariffs when not 
adequately taking into account that some respondents may not have used the theoretically required multiplicative 
utility function.
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2 | METHODS

2.1 | Modeling approach

The general idea of the modeling approach used in this paper is that the overall utility (Uijt) that respondent i obtains 
from alternative j in choice task t can be derived from one of two a-priori equally reasonable and theoretically sound 
utility functions, 1E U  and 2E U  , that is,

         1 21 , 1,.., ; 1,.., ; 1,.., .ijt i ijt i ijt ijtU U U i I j J t T (1)

In Equation (1), the selection parameter (
i
 [ , ]0 1  ) reflects the respondents' probabilities of having used the first 

utility function as opposed to the second, and the error term (εijt) is assumed to be independently and identically Gumbel 
distributed.

The first utility function is the standard multiplicative utility function and defined as the quality of the health state 
(Hijt) multiplied with the duration of life (Dijt) in years, that is,

 1 .ijt ijt ijtU H D (2)

The quality of the health states ( ijtE H  ) is defined as the dot product of the K dummy coded health state characteristics 
( 1,..,ijt ijtKE X X  ) and preference coefficients ( 1,.., KE  ), that is,
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F I G U R E  1  Example Discrete choice experiment (DCE) duration choice task. Note that immediate death is included as an alterna-
tive-specific, third choice option in both datasets that are analyzed in this paper. Including an immediate death state is optional and not 
universally recommended for DCE duration valuation studies. The estimates of the immediate death parameter are not used in the main 
text; please see the online supplemental for an assessment of the impact of anchoring the quality-adjusted life year (QALY) tariffs based on 
the immediate death parameters [Colour figure can be viewed at wileyonlinelibrary.com]
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with the first element of E X equal to 1 and the last equal to 0 if j = 1,2 and the opposite if j = 3. Accordingly, 1E  is defined 
as the perfect health intercept and KE  as the immediate death intercept, although the latter only needs to be included if 
the DCE design includes immediate death as an alternative-specific, third choice option (cf. Figure 1).

The second utility function is the additive utility function and defined as the sum of the health state quality ( 
ijtE H  ) and 

the utility attributed to the dummy-coded duration of life ( 
ijtE D  ) levels, that is,

  2 .ijt ijt ijtU H D (4)

As before, the quality of the health states ( 
ijtE H  ) is defined as the dot product of the K dummy-coded health state charac-

teristics excluding the perfect health intercept that is only relevant in the multiplicative utility function ( 2 1. . ,..,ijt ijtKE i e X X  ), 
and the associated preference coefficients ( 1,.., KE  ):
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K
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whereas 
ijtE D  is defined as the dot product of the M dummy-coded duration levels (Qijtm) and associated preference coeffi-

cients (  1,..,K K ME  ), that is,





  

1
.

M

ijt K m ijtmm
D Q (6)

In the default model specification, all iE  are fixed at 1. This implies that a standard multiplicative utility function is 
used for all respondents, which is the default modeling option for QALY tariff estimations using DCE duration data. 
To test the hypothesis that there is at least a subgroup of respondents that is more likely to use a linear additive utility 
function than the theoretically required multiplicative utility function, the alternative model specification includes iE  as 
model parameters to be estimated. The second specification is thus a latent class model with two classes, in which the 
first class captures the theoretically required multiplicative utility function and the second class the linear additive utility 
function.

In latent class models, each respondent is assigned to the different classes with its own probability. To establish the 
fraction of respondents who were more likely to have used the simpler linear additive utility function rather than the 
multiplicative utility function, respondents' mean iE  estimates are used. Respondents with   0.5iE  are considered to have 
used a linear additive whereas respondents with   0.5iE  are considered to have used a multiplicative utility function. 
Additionally, to obtain an estimate of the sensitivity of the presented results, all respondents were also classified into 
one of three groups. These groups were (1) respondents that almost certainly used a multiplicative utility function, (2) 
respondents that almost certainly used a linear additive utility function, and (3) respondents for which the observed 
choice tasks provide insufficient information for a sufficiently reliable classification. Four different cut-off values were 
used to assign respondents into each of these groups, that is   0.25iE  versus   0.75iE  ,   0.20iE  versus   0.80iE  ,   0.10iE  
versus   0.90iE  , and   0.05iE  versus   0.95iE  , each being increasingly more conservative than the default   0.5iE  versus 
  0.5iE  cut-off rule.

All model specifications were programmed in the BUGS language, which means that Bayesian Markov Chain Monte 
Carlo (MCMC) methods were used to fit the model parameters. The following prior distributions were used:

 Specification 1: The multiplicative logit model
  1iE  , E   ∼ Normal(0,0.01)

 Specification 2: The latent class logit model
 

i
Bernoulli  0 5.  , E   ∼ Normal(0,0.01), E   ∼ Normal(0,0.01)

Both models were fitted using OpenBUGS using two MCMC chains of 20,000 draws for the multiplicative and 40,000 
draws for the latent class logit models, respectively. Half of the draws were discarded as burn-in iterations and conver-
gence was evaluated based on a visual inspection of the MCMC chains and the diagnostics as implemented in the Open-
BUGS software.
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Because the parameter estimates of specifications 1 and 2 are on different (latent) utility scales they are not directly 
comparable. The parameter estimates on the utility scale are included in the online supplemental, whereas parameter 
estimates transformed onto the QALY scale are included in the main text. These QALY tariffs were calculated by dividing 
all elements of E  by the first element of E  , which represents the full-health intercept, and are directly comparable. Based 
on the position of the immediate death parameter it was possible to further re-scale the QALY tariffs, the estimates of 
which are reported in Appendix B as part of the sensitivity analysis. Note that it is not possible to calculate QALY tariffs 
from the linear additive specifications.

2.2 | Datasets used

The two datasets both come from Australia, and consider preferences for health states in two different instruments, 
specifically the EQ-5D-5L (Norman et al., 2013) and the SF-6D (Norman et al., 2014). The details of the data collection, 
survey design, and base case analysis are given elsewhere. Briefly, both studies conducted general population valuation 
studies using an online panel of respondents who had previously stated a willingness to participate in such research. Both 
studies asked respondents to state a preference between combinations of health states and duration and used an efficient 
DCE design in which different impaired health states were combined with different durations of life. Both studies had a 
relatively large sample size (973 for the EQ-5D-5L and 1017 for the SF-6D), and both assumed that respondents consid-
ered a multiplicative function (i.e., that all iE   = 1). The studies differed in number of choice tasks per respondents (10 for 
the EQ-5D-5L and 15 for the SF-6D).

3 | RESULTS

Table 1 presents the aggregated class membership percentages calculated using the various cut-off values based on the 
mean iE  estimates. When all respondents are either assigned to the additive or multiplicative utility function, 76 and 71 
percent of the respondents in the latent class conditional logit models are considered to have used an additive utility 
function in the EQ-5D and SF-6D data, respectively. Conversely, only 24 and 29 percent used the required multiplicative 
utility function for the QALY tariff calculations.

When more conservative cut-off values are used and, consequently, an “uncertain” category of respondents that could 
have used either utility function is introduced, the percentage of respondents who are thought to have definitely used a 
linear additive utility function decreases. As shown in Table 1, the share of the linear additive utility function reduces 
from 76 to 64 and from 71 to 48 percent if the most stringent cut-off rule is applied. But with more stringent cut-off rules 
the percentage of respondents who are designated as having used a multiplicative utility function also decreases. Hence, 
irrespective of the cut-off values used, the percentage of respondents assigned to the linear additive utility function is 
larger than the percentage of respondents assigned to the multiplicative utility function.

Tables 2 and 3 present the calculated QALY tariffs from the EQ-5D and SF-6D datasets, respectively. Whereas the full 
sample results are based on all respondents, irrespective of whether they used a multiplicative or linear additive utility 
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Dataset Cut-off values Additive utility Unclear Multiplicative utility

EQ-5D   0.50iE  versus   0.50iE 76 0 24

  0.25iE  versus  0.25 0.75iE  versus   0.75iE 74 5 21

  0.20iE  versus  0.20 0.80iE  versus   0.80iE 73 7 20

  0.10iE  versus  0.10 0.90iE  versus   0.90iE 70 11 19

  0.05iE  versus  0.05 0.95iE  versus   0.95iE 64 18 18

SF-6D   0.50iE  versus   0.50iE 71 0 29

  0.25iE  versus  0.25 0.75iE  versus   0.75iE 66 9 25

  0.20iE  versus  0.20 0.80iE  versus   0.80iE 63 14 23

  0.10iE  versus  0.10 0.90iE  versus   0.90iE 56 24 20

  0.05iE  versus  0.05 0.95iE  versus   0.95iE 48 33 19

T A B L E  1  Aggregated class membership (in percentages), by cut-off value



function, the multiplicative latent class results reflect the QALY tariffs solely derived from those who used the theoretical-
ly required multiplicative utility function. As shown, most Bayesian 95% credible intervals do not include zero and almost 
all parameters have the expected sign. For both datasets, the latent class QALY weight estimates are very different from 
those derived from the entire sample, which confirms that a model-based correction of the QALY tariff estimates for the 
influence of respondents who used a non-multiplicative utility function has a strong effect on the calculated QALY tariffs.

4 | DISCUSSION

4.1 | Overview of results

The analyses reported here give a strong indication that, in two different datasets using different instruments, the ma-
jority of participating respondents did not use the multiplicative utility function that is required for the construction 
of QALY tariffs. These respondents did not necessarily simplify the choice tasks because they were paying insufficient 
attention or were using a heuristic. In contrast, the additive utility function correctly takes into account that more health 
problems are a bad thing and that more duration is a good thing, with the overall attractiveness of the profile being deter-
mined by the sum of the two (cf. Equations 4–6). Still, the presented results indicate that these respondents violated a key 
assumption of the QALY framework. This is a significant finding because tariffs that are based on the entire sample differ 
significantly from tariffs that are derived from the subset of respondents who use the theoretically required multiplicative 
utility function. More specifically, including respondents who used a linear additive utility function in the QALY tariff 
calculations by assuming they used a multiplicative approach results in a sizable upwards bias in the tariff with smaller 
(i.e., less negative) decrements.
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Attributes/levels Entire sample Multiplicative class only

Full health 1.00 (n/a) 1.00 (n/a)

Mobility 2 −0.08 (−0.13,−0.04) −0.15 (−0.27,−0.03)

Mobility 3 −0.10 (−0.14,−0.05) −0.15 (−0.26,−0.03)

Mobility 4 −0.28 (−0.33,−0.24) −0.36 (−0.50,−0.23)

Mobility 5 −0.37 (−0.42,−0.32) −0.40 (−0.54,−0.28)

Self-care 2 −0.07 (−0.11,−0.02) −0.03 (−0.15, 0.11)

Self-care 3 −0.10 (−0.14,−0.05) −0.13 (−0.25,−0.00)

Self-care 4 −0.24 (−0.28,−0.20) −0.30 (−0.42,−0.18)

Self-care 5 −0.34 (−0.39,−0.30) −0.44 (−0.58,−0.31)

Usual activities 2 −0.11 (−0.15,−0.06) −0.07 (−0.20, 0.07)

Usual activities 3 −0.13 (−0.17,−0.08) −0.17 (−0.29,−0.05)

Usual activities 4 −0.29 (−0.34,−0.25) −0.25 (−0.39,−0.12)

Usual activities 5 −0.31 (−0.35,−0.26) −0.24 (−0.37,−0.11)

Pain/discomfort 2 −0.07 (−0.12,−0.03) −0.13 (−0.24,−0.01)

Pain/discomfort 3 −0.08 (−0.12,−0.03) −0.15 (−0.25,−0.03)

Pain/discomfort 4 −0.27 (−0.31,−0.22) −0.39 (−0.52,−0.27)

Pain/discomfort 5 −0.35 (−0.40,−0.31) −0.61 (−0.78,−0.46)

Anxiety/depression 2 −0.16 (−0.20,−0.11) −0.30 (−0.42,−0.19)

Anxiety/depression 3 −0.24 (−0.28,−0.20) −0.34 (−0.46,−0.23)

Anxiety/depression 4 −0.44 (−0.49,−0.39) −0.66 (−0.84,−0.52)

Anxiety/depression 5 −0.42 (−0.47,−0.37) −0.72 (−0.89,−0.57)

“Pits” (5-5-5-5-5) −0.79 (−0.90,−0.69) −1.40 (−1.80,−1.08)

Sample/class size (%) 100% 24%

* 95% Bayesian credible intervals in parentheses.

T A B L E  2  EQ-5D-5L quality-adjusted 
life year weights*



The study has a number of strengths. The findings translate across multiple datasets, suggesting it is not a problem 
unique to a single instrument. Moreover, as shown in the online supplemental, the presented results are robust to the 
accommodation of preference heterogeneity in the modeling approach, remain robust when the estimates of alternative 
specific immediate death health states were used to anchor the calculated QALY tariffs at zero, and, using Monte Carlo 
simulations, confirmed to be based on identified latent class logit models with sufficient statistical power.

The study also has several potential limitations. First, fitting latent class logit models requires adequate information 
to be able to distinguish, at the individual level, between the additive and multiplicative utility functions. Unlike models 
with a single, fixed utility function, there is limited opportunity to borrow strength from the population-level estimates, 
meaning that the iE  parameters crucially rely on the information obtained from the individual-level data. In this respect, 
being able to fit the models as included in this paper was possible because of the efficiently optimized DCE designs in 
both the EQ-5D and SF-6D datasets. However, neither of the datasets that were used was specifically optimized to be able 
to distinguish between different utility functions. With more appropriately optimized DCE designs and/or with a larger 
number of choice tasks per respondent it seems reasonable to assume that fewer respondents would be classified in the 
intermediate “uncertain” category.

Second, respondents who neither used a multiplicative nor additive utility function are always assigned to one of the 
two latent classes, which potentially overestimates the true size of the latent classes. Although an important limitation, 
it should be noted that the main conclusions of the paper are unaffected by and thus robust to this effect and thus robust 
to this effect. For instance, there is no third utility function with similar theoretical validity that obviously needs to be 
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Attributes/levels Entire sample Multiplicative class only

Full health 1.00 (n/a) 1.00 (n/a)

Physical functioning 2 −0.04 (−0.07,−0.01) −0.14 (−0.24,−0.04)

Physical functioning 3 −0.08 (−0.10,−0.05) −0.13 (−0.23,−0.03)

Physical functioning 4 −0.14 (−0.16,−0.11) −0.27 (−0.38,−0.17)

Physical functioning 5 −0.15 (−0.17,−0.12) −0.36 (−0.47,−0.25)

Physical functioning 6 −0.31 (−0.34,−0.28) −0.48 (−0.61,−0.37)

Role limitations 2 −0.09 (−0.12,−0.07) −0.09 (−0.19, 0.01)

Role limitations 3 −0.06 (−0.09,−0.04) −0.07 (−0.16, 0.03)

Role limitations 4 −0.13 (−0.15,−0.10) −0.14 (−0.23,−0.05)

Social functioning 2 −0.02 (−0.05, 0.01) 0.05 (−0.06, 0.17)

Social functioning 3 −0.03 (−0.05,−0.00) −0.01 (−0.10, 0.10)

Social functioning 4 −0.11 (−0.14,−0.09) −0.05 (−0.14, 0.04)

Social functioning 5 −0.12 (−0.14,−0.09) −0.17 (−0.26,−0.08)

Pain 2 −0.08 (−0.11,−0.05) −0.09 (−0.19, 0.02)

Pain 3 −0.18 (−0.21,−0.16) −0.21 (−0.31,−0.11)

Pain 4 −0.21 (−0.24,−0.18) −0.23 (−0.33,−0.12)

Pain 5 −0.30 (−0.32,−0.27) −0.39 (−0.51,−0.28)

Pain 6 −0.29 (−0.32,−0.26) −0.39 (−0.52,−0.27)

Mental health 2 −0.07 (−0.09,−0.04) −0.12 (−0.22,−0.03)

Mental health 3 −0.08 (−0.11,−0.05) −0.15 (−0.24,−0.06)

Mental health 4 −0.19 (−0.22,−0.16) −0.33 (−0.44,−0.23)

Mental health 5 −0.29 (−0.31,−0.26) −0.36 (−0.47,−0.27)

Vitality 2 −0.01 (−0.03, 0.02) −0.02 (−0.11, 0.08)

Vitality 3 −0.04 (−0.07,−0.01) −0.07 (−0.17, 0.04)

Vitality 4 −0.21 (−0.24,−0.19) −0.22 (−0.32,−0.13)

Vitality 5 −0.26 (−0.28,−0.23) −0.29 (−0.38,−0.19)

“Pits” (6-4-5-6-5-5) −0.38 (−0.44,−0.32) −0.83 (−1.07,−0.62)

Sample/class size (%) 100% 29%

* 95% Bayesian credible intervals in parentheses.

T A B L E  3  SF-6D quality-adjusted life 
year weights*



included in the modeling approach. Moreover, the Monte Carlo simulations in Online Supplemental A confirm that the 
latent class models that were used can correctly differentiate between respondents who use an additive or multiplicative 
utility function and our results indicated that a large majority of respondents was more likely to have used an additive 
rather than multiplicative utility function. Given that these two utility functions are non-nested and behaviorally very 
different, the reported class shares for the multiplicative utility function can thus be considered as an upper bound. If 
additional latent classes were to be added, this could either keep the class share of the multiplicative model unaffected 
or would further reduce it, and thereby strengthen the conclusion that not all respondents use the theoretically required 
multiplicative utility function.

Third, while the two DCEs differed in a number of key respects, there were areas of commonality, which might 
explain the low proportion of respondents using a multiplicative approach. For instance, both studies were conducted 
in a single country (Australia) using an online panel of respondents. It may be that either of these two characteristics 
is associated with a higher probability of using an additive approach when making choices. However, it is unlikely that 
conducting data collection elsewhere, or face-to-face would move the results back to the special case where all iE   = 1. This 
is something that can be tested in datasets collected in different ways, and in other locations.

4.2 | Future research

Most importantly, it is unclear to which the observed percentage of respondents who use a linear additive utility function 
is an inherent consequence of the unrestricted DCE duration format used, or whether adequate instruction and warm-up 
tasks would be able to significantly alleviate the problem.

4.3 | Recommendations

The primary conclusion of this paper is that one cannot simply assume that respondents use the theoretically required 
multiplicative utility function in an unconstrained DCE duration format. On the one hand, respondents could be in-
structed to use a multiplicative utility function when evaluating the choice tasks, including several training tasks to help 
them do so. However, as it is unclear as to whether this is sufficient to ensure unbiased QALY tariff estimates, it should 
be mentioned that there are alternative DCE duration formats that avoid the described problem altogether. An exam-
ple is the matched pairs format that was introduced by Jonker et al. (2017), which comprises (a) comparisons between 
different impaired health states presented at identical durations of life and (b) comparisons between impaired health 
states combined with a longer duration and health states without health problems presented at a shorter duration of life. 
Alternative design constraints could also be used, as long as they adequately restrict the occurrence of different impaired 
health states presented at different duration levels. After all, an unconstrained and therefore statistically more efficient 
DCE duration design is not an aim in itself. Instead, the goal is to obtain preference estimates using DCE designs that are 
sufficiently efficient and allow for the derivation of unbiased QALY weights.
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