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Abstract

Objectives Health state valuation assumes that respondents trade off between all aspects of choice tasks and maximize their
utility. Yet, respondents may use heuristic valuation processes, i.e., strategies to simplify or avoid the trade-offs that are
core to health state valuation. The objective of this study is to explore if heuristic valuation processes are more prevalent for
valuation from a 10-year-old child’s perspective compared to the use of an adult perspective.

Methods We reused existing data in which EQ-5D health states were valued from adult and child perspectives with composite
time trade-off (cTTO) and discrete choice experiment (DCE) tasks. Our analyses focused on comparing completion time and
responding patterns across both perspectives. We also explored how reflective of a set of heuristic strategies respondents’
choices were in both perspectives.

Results We found no evidence for systematic differences in completion time across perspectives. Generally, we find different
responding patterns in child perspectives, e.g., more speeding, dominance violations, and clustering of utilities at 1.0, 0.8,
and 0. Very few heuristic strategies provide a coherent explanation for the observed DCE responses.

Conclusion Our results provide some, albeit indirect, evidence for differences in heuristic valuation processes between
perspectives, although not across all data sources. Potential effects of heuristic valuation processes, such as transfer of
responsibility, may be identified through studying responding patterns in cTTO and DCE responses.

Keywords EQ-5D-Y - Time trade-off - Child perspective - Heuristics - Discrete choice experiment - Attribute non-
attendance

JEL Classification 110

Introduction

Many countries recommend the use of EQ-5D instruments
for measurement and valuation of quality-adjusted life years
(QALY35) in their guidelines for health-economic evalua-
tions. Valuations for EQ-5D instruments are obtained by
asking adult respondents to complete composite time trade-
off (cTTO) and discrete choice experiment (DCE) tasks [32,
38]. Although both valuation methods elicit adults’ health
preferences, the operationalization of these methods is
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slightly different. In cTTO tasks, respondents are asked to
consider time spent in an impaired health state and indicate
how many years in full health they consider to be equiva-
lent. In DCE tasks, respondents are asked to indicate which
of two health states they believe is best. In both tasks, it is
assumed that respondents consider, compare, and trade-off
between all aspects of the health states and choose the option
(i.e., point of indifference or health state) that maximizes
their utility. That is, the linear QALY model [29] applied
to cTTO data imposes that the utility of a health state is
defined by both its’ duration and the experienced health
impairments, and that this utility is maximized. The Ran-
dom Ultility Framework [27] applied to DCE data assumes
that the utility of an alternative (i.e., health state) is derived
from its characteristics (i.e., dimensions and levels) and that
respondents choose the alternative that maximizes their util-
ity (with a margin of random error).
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Strong psychological evidence indicates that individu-
als do not always maximize their utility because of time
pressure, limited knowledge or computational capability,
and that they resort to impulsive responses under the influ-
ence of emotions [18]. Indeed, individuals are boundedly
rational and prone to using heuristic decision processes to
manage the complexities with which they are confronted
in daily life [10, 11]. Rather than maximizing their utility,
respondents may, for example, satisfice by choosing the
first health state that meets a certain aspiration level (e.g.,
describing ‘no problems walking about’) in a DCE task.
Such respondents use mental shortcuts and engage only
in a partial trade-off between the different aspects of the
health state(s), or they may even ignore part of the infor-
mation provided in a choice task [10, 11]. In case their
choices are not (solely and fully) based on the informa-
tion provided, the assumptions underlying the valuation
of EQ-5D health states are violated and the obtained utili-
ties biased. Insight into the use of heuristics is therefore
important and may allow for correction in the analysis of
valuation data [22, 28, 40].

Individuals are more likely to rely on heuristic decision
processes when time pressure or task complexity is high
[41] and when expending effort on decision-making can
be avoided [34]. Hence, when respondents are under (in-
or external) time pressure, when they consider the valua-
tion tasks to be difficult or emotionally demanding, or when
they are not held accountable for their preferences (e.g.,
because their preferences are elicited in a hypothetical con-
text), respondents may be inclined to use such shortcuts to
simplify or even avoid making the trade-offs that are core
to the valuation of health states. This is especially relevant
considering the valuation of EQ-5D-Y health states. This
instrument was developed for measuring health-related qual-
ity of life in children aged 8-15 years [6]. The methods rec-
ommended for EQ-5D-Y valuation slightly differ from those
of the adult EQ-5D instruments [32]. That is, in valuation of
EQ-5D-Y-3L, adult respondents are asked to ‘consider their
views about a 10-year-old child (henceforth: child perspec-
tive) when completing valuation tasks’ (see also: [36]). As
such, a layer of complexity is added to the valuation tasks as
compared to respondents’ valuation of EQ-5D health states
for themselves (henceforth: adult perspective).

Recent quantitative evidence indicates that the change to
using a child perspective in valuation of EQ-5D-Y health
states yields different valuation outcomes than using an adult
perspective in valuation of similar EQ-5D health states [19,
20, 25, 26, 36]. For example, the valuation of EQ-5D health
states from a child perspective generally results in (slightly)
higher cTTO utilities for similar health states than valuation
from an adult perspective [20, 36]. More importantly for
the current paper, these studies suggested that the observed
differences may (at least, in part) be explained by different
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valuation processes [19, 20, 25, 26, 36]. For example, more
respondents refused to trade-off in cTTO tasks when com-
pleting the tasks from a child perspective [21, 25, 26]. Fur-
thermore, higher rates of inconsistencies (i.e., violations of
dominance) were observed when EQ-5D health states were
valued from a child perspective [25].

Recent qualitative evidence may provide substantia-
tion as to why these differences in valuation outcomes and
processes occur. In particular, recent studies suggest that
the valuation of health states from a child perspective is
generally considered more complex by respondents (both
cognitively and emotionally) than the valuation of similar
health states from adult perspectives [2, 4, 30, 33]. The
valuation of EQ-5D health states from a child perspective
seemingly leads to (more) inner conflicts and discomfort in
respondents. For example, Astrom et al. [2] quote partici-
pants that found deciding for a 10-year-old child to be ‘hor-
rible’ and feeling ‘grotesque’ when giving up life years for
a 10-year-old in cTTO tasks. Summarizing findings across a
set of qualitative studies [2, 4, 30, 33], this type of response
appeared to apply mostly to cTTO, because participants
expressed being uncomfortable with giving up life years for
a child. This apparent unwillingness to trading-off between
length and quality of life strongly conflicts with participants’
motivation to avoid suffering in children at all costs. Still,
participants expressed hesitance with completing cTTO
as well as DCE tasks, as they did not feel legitimized to
make life (and death) decisions for a child and had difficulty
imagining how impaired health would affect another person.
Furthermore, Reckers-Droog et al. [33] observed partici-
pants ignoring some dimensions in DCE tasks, distancing
themselves from the tasks emotionally, and even disengag-
ing completely. Some participants in their study would give
up life years in cTTO tasks, but only up to the point where
they felt the child for which the task was completed would
be able to decide for themselves. For example, in a cTTO
task completed with a child perspective, adults are asked
how many out of 10 years that a 10-year old child would
live in, e.g., extreme pain, they would give for the child to
live in full health instead. Some participants in their study
would trade off 2 years and declare that further decisions
could be transferred to the child from that moment onwards
(as the child would be 18 years old and is considered an
adult)—which was labeled ‘Transfer of responsibility’. If
respondents refused further trade-offs, this would yield util-
ity values of 0.8 in a standard cTTO, task.

Summarizing across these differences in valuation out-
comes and processes, Reckers-Droog et al. [33] hypothe-
sized that the valuation of EQ-5D health states from a child
perspective could increase the use of processes that make the
task easier for respondents as compared to valuation from
an adult perspective—and labeled those as heuristic valu-
ation processes. Nonetheless, it currently remains unclear
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whether, and to what extent, such processes influence the
outcomes of health state valuation, i.e., the utility of EQ-
5D-Y health states. Therefore, the aim of the current study
was to explore whether we could identify such processes in
valuation data obtained from child and adult perspectives
and, if so, to assess whether such processes occurred more
frequently in health state valuation from a child perspec-
tive and the influence of such processes on the outcomes of
health state valuation.

Methods

Heuristics are typically defined as strategies individuals
use that ‘ignore part of the information, with the goal of
making decisions more quickly, frugally, and/or accurately
than more complex methods.’[11]. In this paper, we define
heuristic valuation processes as any process or strategy that
may, (un)consciously, be used by respondents to potentially
avoid or simplify the trade-offs that are the core of health
state valuation tasks. In the following, we describe how we
defined and explored the occurrence and influence of various
heuristic valuation processes and strategies in valuation data
obtained by Kreimeier et al. [20]. We selected (and obtained
permission for using) these data for meeting the aim of our
study based on the random assignment of respondents to an
adult or a child perspective as well as our requirement that
these arms were conducted under identical conditions [38],
using similar quality-control procedures [31]. The section
below provides a summary of the sampling strategy, sample
characteristics, study design, and valuation tasks used (and
described in further detail) by Kreimeier et al. [20].

Characteristics of the data obtained by Kreimeier
etal. [20]

Kreimeier et al. [20] used convenience sampling strategies to
recruit a sample that resembled representativeness in terms
of age and sex within Germany, Spain, the Netherlands, and
the United Kingdom. Within each country, respondents were
randomly assigned to one of four study arms: (1) EQ-5D-3L
valued from an adult perspective, (2) EQ-5D-3L valued from
a child perspective, (3) EQ-5D-Y-3L valued from an adult
perspective and (4) EQ-5D-Y-3L valued from a child per-
spective. Table 1 presents the sample characteristics by adult
and child perspective.

Within each study arm, respondents first reported
demographics and subsequently completed a ranking task
in which they were asked to rank the 10 dimension-level
descriptors for the respective EQ-5D instrument they were
assigned to (i.e., level 2 and 3). Respondents then completed
13 cTTO tasks. A total of 4 cTTO tasks were completed as

Table 1 Sample characteristics

Perspective

Adult (n=399)  Child (n=406)

Age—mean (SD) 42.68 (15.4) 44.19 (16.5)
Sex—n (%)
Male 161 (40.3%) 172 (42.6%)
Female 238 (59.6%) 234 (57.9%)
Education level—n (%)
Low 96 (24.1%) 87 (21.5%)
Medium 147 (36.8%) 156 (38.6%)
High 155 (38.8%) 163 (40.3%)
Parents—n (%) 215 (53.9%) 238 (58.9%)

Works with children—n (%) 129 (32.3%) 146 (36.1%)
Country—n (%)
Germany 98 (24.5%) 100 (24.8%)
Spain 95 (23.8%) 105 (26%)
The Netherlands 106 (26.6%) 99 (24.5%)
United Kingdom 100 (25.1%) 100 (24.8%
Instrument—rn (%)
EQ-5D-3L 205 195
EQ-5D-Y-3L 194 211

Adapted from Kreimeier et al., [20] by merging study arm 1 with 3
and 2 with 4

a warm-up (for health states: life in a wheelchair, 12211,
13222, and 33233), followed by another 9 cTTO tasks (for
health states: 11112, 11133, 11312, 13311, 21111, 23232,
32211,32223, 11113, 11121, 11131, 11211, 12111, 22222,
32313, 33323, and 33333, which were divided into two
blocks). Afterwards, respondents completed 27 DCE tasks.
These tasks included 9 paired comparisons between two
health states: 11332 vs. 22222, 13213 vs. 32331, 11113 vs.
11121,31212 vs. 12111, 32121 vs. 11211, 31231 vs. 32313,
33323 vs. 21133, 11131 vs. 13222, and 33333 vs. 23333.
After each paired comparison task, respondents completed
two DCE+death tasks in which the two health states were
compared with immediate death (e.g., the paired comparison
11332 vs. 22222 was followed by 11332 vs. immediate death
and 22222 vs. immediate death). For details and motiva-
tion for selecting these specific health states and the use of
DCE + death tasks, see Kreimeier et al. [20].

Heuristic valuation processes

Based on the qualitative evidence discussed in the Introduc-
tion section and on recent work on the use of simplifying
heuristics in DCE [40], we identified and explored the use
of five heuristic valuation strategies: tallying, take-the-best/
lexicographic search, dominant decision-making, attribute
non-attendance, and task non-attendance. Table 2 presents
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an overview of these strategies, their definitions, and
potential use in valuation of health states. Note that the
set of strategies is not exhaustive as several other heu-
ristics that are potentially influential are not included.
We explored heuristic valuation processes and strategies
in three sets of analyses focusing successively on the:
(i) time-to-complete valuation tasks, (ii) responding pat-
terns, and (iii) heuristic decision strategies. Throughout,
we use an exploratory approach, which implies that we
will not apply any correction for multiple hypothesis
testing.

Time-to-complete valuation tasks

In general, the time needed by respondents to complete
valuation tasks can be seen as a proxy of the level of (per-
ceived) difficulty of the task [41]. In principle, it is intui-
tive to assume that more complex tasks would require
more time to complete. Yet, when a task becomes more
complex, respondents may more be inclined to use heu-
ristic valuation processes and, as a result, decrease the
time needed for task completion. As such, if the use of
heuristic valuation processes is more pronounced in child
perspectives due to increased complexity, these tasks
would be completed faster. To test this hypothesis, we
compare the time needed by respondents for completing
¢TTO and DCE valuation tasks (in seconds) from a child
and adult perspective using Student’s ¢ tests. We took
into account that respondents generally need more steps
to complete a cTTO task that involve more severe health
states [38], by also exploring the time needed per step and
reporting tests separately for different levels of severity.
We further took into account that DCE tasks involve the
comparison of two health states and that the time needed
to complete a DCE task may depend on the difficulty of
that comparison. We used the Level Sum Score (LSS) of
health states as a proxy of severity of the health states in
time-to-complete estimates for cTTO tasks. For example,
the LSS of health state 22222 is 10 and that of health
state 33333 is 15. We used the absolute difference in LSS
between health states (ALSS) in time-to-complete esti-
mates for DCE tasks. For example, ALSS is 0 for 11332
vs. 22222 and 2 for 13213 vs. 32331, where our assump-
tion is that difficulty decreases with ALSS. We arbitrarily
set the LSS of immediate death to 16 in time-to-complete
estimates for DCE + death tasks to enable comparison.

Responding patterns
Like in other EQ-5D valuation studies, Kreimeier et al.

[20] applied an extensive quality-control procedure and
monitored the quality of the choices made by respondents

in the cTTO and DCE task along several dimensions [31].
Given that quality-control procedures require that inter-
viewers are trained until a set of predetermined bench-
marks for acceptable data quality are reached, data qual-
ity is not typically reported on anymore (also not by [20].
Nonetheless, the indicators typically explored as part of
standard quality control may yet provide insight into the
occurrence of heuristic valuation processes—and are
therefore relevant for the aim of this study. For example,
some responding patterns that can be considered to con-
tribute to low quality data may result from using heuris-
tics and, as such, may signal that their use is more likely
in health state valuation from a child perspective than
from an adult perspective. To test this hypothesis, we
compare choices made from a child and adult perspective
on a set of responding patterns using Chi-squared tests for
proportions. We report on these patterns on the level of
the respondents and responses (i.e., number of respond-
ents X number of cTTO or DCE tasks).
Responding patterns in cTTO tasks:

e Clustering of utilities: Clustering refers to high-fre-
quency occurrence of specific utilities. Typically,
clusters around 1, 0.5, 0, and — 0.5, — 1 are considered
problematic [1, 31]. Clusters around 1 and — 1 refer
to the so-called non-trading and all-in trading (i.e.,
to floor and ceiling effects) which may cause bias in
cTTO responses [16]. High frequencies of responses
at 0.5, 0, and — 0.5 may suggest non-engagement (i.e.,
exiting out of cTTO tasks at early points). We further
explore any clustering around utilities of 0.8, as these
would signal what Reckers-Droog et al. [33] refer to
as "Transfer of responsibility’.

e Discriminatory ability: 1deally, cTTO responses dis-
criminate between health states with different levels of
severity. This would, for example, be visible through
valuation processes that result in a wide range of
unique utilities for different health states within the
set of tasks a respondent completes. Following [1,
24-26], we use fewer than 5 out of 9 unique utilities
for a set of 9 completed cTTO tasks as a responding
pattern of interest. Another way of testing discrimina-
tory ability is by exploring the association between
LSS and health state utilities. A typical concern with
cTTO responses is the lack of association between
LSS and negative utilities [8, 16], which indicates that
it is difficult to discriminate between states considered
worse-than-dead. Therefore, we compare the discrimi-
natory ability between cTTO tasks completed from
child and adult perspectives by calculating Pearson
correlation coefficients (r) between LSS and utility
for (i) all responses, (ii) utilities of non-negative, and
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(iii) negative utilities. For alternative approaches (and
critical notes about the approach applied), see Roudijk
et al. [35].

e Strict dominance violations: Respondents completed
cTTO valuations for health states with different levels
of severity, and one would expect that health states
that are strictly worse (on all EQ-5D dimensions)
receive lower utilities. For example, the utility of state
33,333 should be lower than 31,111 and 33,323. If the
opposite is true, this violates dominance. We tested
how often such strict violations occurred.

Responding patterns for DCE tasks:

e Speeding: Some choice tasks may be completed so
fast that they may be a signal of low data quality.
For this indicator, we set an arbitrary benchmark of
response times below 4 s (i.e., 1/3rd of the median
response time across all DCE tasks). Previous work
has shown that the use of such arbitrary cut-offs may
affect model results and argued for an approach to
identify fast responses that uses multiple thresholds
[3]. Hence, we also used a 3 and a 5 s benchmark.

e Flatlining/alternating paths: Although perhaps
unlikely in interviewer-assisted choice settings,
respondents may be consistently choosing the left or
right health state (i.e., health state A or B) in DCE
tasks, or alternatively switching between the two (i.e.,
left, right, left, right, etc.).

e Strict dominance violations: The choice pairs included
by Kreimeier et al. [20] offer an opportunity to test for
dominance violations, i.e., paired comparison 33323
vs. 33333. Any respondent preferring state 33333 vio-
lates dominance (as this health state is worse on all
EQ-5D dimensions).

e Transitivity violations: Kreimeier et al. [20] opera-
tionalized the DCE tasks in three steps by offering
respondents paired comparisons between health
states, followed by a comparison of each health state
with immediate death. This enables us to explore
whether respondents’ stated preferences are transi-
tive. That is, for every given set of choices between
health states A, B, and D (death), we can conclude
that if A > B and B > D than this must mean that
A > D. We test for pattern reversals by reporting the
number of responses for which the following holds:
A>B,B>D,A<DorA<B,B<D,A>D. Given
that the DCE tasks do not allow indifference, such
responses indicate weak transitivity violations.

@ Springer

Heuristic valuation strategies

A subset of the heuristic strategies summarized in Table 2
could be explored deterministically and statistically in the
DCE data obtained by Kreimeier et al. [20].

In the deterministic approach, we define respondents’
expected responses as if they used the heuristic valua-
tion strategies ‘Tallying’, ‘Take-the-best/lexicographic
search’, and ‘Dominant decision-making’ determinis-
tically, meaning that they use these strategies consist-
ently and without error. In these cases, we can predict
responses on 9 DCE tasks and explore to which extent
respondents’ health state valuation from adult and child
perspectives are in line with these deterministic predic-
tions (details on these predictions are included as Sup-
plementary Material S1). In case of the strategy ‘Take-
the-best/lexicographic search’, we create an idiosyncratic
lexicographic search order using the data from the rank-
ing task (see section on data characteristics), in which
individuals ranked all dimension-level descriptors. In
other words, we assume that respondents search through
the dimensions in the order in which they ranked them
in a previous task (basing the order on how the 5th level
descriptors were ranked). As an alternative potentially
viable search order, we also predict how respondents
would choose if they applied this heuristic with the order
in which the five EQ-5D dimensions appear on the page
(henceforth referred to as ‘page order’).

Note that these analyses are only applied to the DCE
data, as ¢cTTO data also involve a duration component,
and it is unclear how that would influence informa-
tion search, as well as the prediction for the strategies
included. We use the following approach: given a DCE
choice task, in which a respondent chooses between
state A and B, we determine what each heuristic valua-
tion strategy predicts if all respondents use that particu-
lar strategy. This means that respondents either choose
state A over B 100% (strategy predicts A is preferred
over B), 50% (strategy predicts indifference between A
and B), or 0% (strategy predicts B is preferred over A)
for a given pair. For each pair of states, we identify if
the actually observed difference in choice proportions
between the perspectives is in the direction predicted by
more pronounced use of a heuristic strategy. For example,
if all respondents use the ‘Tallying heuristic’, they would
always choose 11121 (B) over 11113 (A) as 11121 has
fewer problems, yielding a prediction of 100%. As such,
if more respondents choose in line with this heuristic in
the child perspective, we expect the proportion preferring
11121 over 11113 to be significantly larger in the child
perspective than in the adult perspective. On the other



Comparing heuristic valuation processes between health state valuation from child and adult...

hand, the level of problems on the dimension ‘Mobility’
is similar between two, and hence the use of the ‘Domi-
nant decision-making’ heuristic where mobility is used
as the dominant dimension (see Table 2) would result
in indifference between these health states. Given that
the left-right position of health states was randomized
by Kreimeier et al. [20], use of this strategy would be
expected to result in choice proportions of 50% in this
DCE task. If the use of this strategy was indeed more
likely in the child perspective, the choice proportions
should be closer to 50/50 than in the adult perspective. A
final deterministic analysis that we performed is to report
for each of the applied strategies how many respondents
in each perspective chose 100% consistently (across all
9 choice pairs) in line with the predicted preferences
of each heuristic strategy (see Supplementary Material
Table S1.1) and compare this proportion across adult and
child perspectives.

In the statistical approach, we run a set of multinomial
logit models that incorporate components of the strategies
¢, Tallying’, ‘“Take-the-best/lexicographic search’, ‘Domi-
nant decision-making’, and ‘Attribute non-attendance’.
This means that the logit models explicitly accounted for
the assumption that (part of the) information is ignored
in the DCE tasks. Regarding the latter two strategies, we
explore the effect of restricting the number of EQ-5D
dimensions that respondents take into account within a
Random Utility Framework. Within this Framework, the
utility U of EQ-5D-Y-3L health state j typically takes the
following form:

U; =pMO2; + p,MO3; + B5SC2;
+ B,SC3; + PsUA2; + foUA3,;
+ B,PD2; + psPD3; + foAD2;
+ B10AD3; + ¢;.

ey

In this model (Eq. 1), MO2-AD3 are dummy variables
that track the level of problems on each of the EQ-5D
dimensions. Given that immediate death has no dimen-
sions, we restrict our analyses to the 9 paired comparison
tasks applied by Kreimeier et al. [20]. Note that these
comparisons were not intended or designed to efficiently
estimate this 10-parameter model, which may explain
why this model results in counterintuitive results (see
Supplementary Material S2). Given the lack of design
efficiency, we simplify the multinomial logit model to
the following six-parameter structure:

Uj = PrssLSS;(BiMO; + poSC; + f3UA; + BuPD; + P5AD; ) + e

@
As such, the relative importance of problems on each
EQ-5D dimension are modelled through a single estimate

per dimension (f,_s), and we include a scaling param-
eter for severityf, ¢¢. This scaling parameter is usually
restricted to 1 (and hence, dropped out of the equation),
but is relevant for some heuristic models.

The statistical approach to modelling the strategies
‘Tallying’, ‘Dominant decision-making’, and ‘Attribute
non-attendance’ is described below:

e Tallying: Tallying models imply that health states with
the lowest LSS are preferred. To model this strategy,
we use one ‘free’ parameter f; ¢g. All other predictors
(p,_s) are restricted to 1, indicating that the dimen-
sions each have the exact same weight.

e Dominant decision-making: Dominance models imply
that decisions are completely and solely based on a
single dimension. Hence, we restrict all f; to 0 except
for one specific dimension which then serves as the
single determinant of preferences. For example, a
mobility-dominant heuristic model implies that 8, 5 4 5
are restricted to 0.

e Attribute non-attendance: These models are the
inverse of dominance models. Rather than restrict-
ing all but one predictor to 0, one single dimension is
restricted to 0 to model decisions where this attribute
is ignored and hence has no weight in preferences. For
example, mobility attribute non-attendance implies
that g, is restricted to 0.

We compare model fit (based on AIC and BIC) for
each of these strategies while fixing the parameters
for the dimensions that are assumed to be ignored. If
respondents’ DCE responses are driven by any of these
heuristic decision strategies, we assume that this would
result in improved model fit as compared to the standard
model [13, 28]. We compare changes in model fit for
each strategy. If respondents are indeed more inclined
to use any of these strategies in DCE tasks completed
from a child perspective than from an adult perspective,
improvements in model fit should be more pronounced
for the former than the latter perspective. All models were
estimated with the Apollo package in R [14].

Note that we only explicitly consider and model heu-
ristics in some of these analyses. For example, when con-
sidering responding patterns, it is often unclear which
heuristic (if any) is associated with these patterns. For
example, consider respondents who have fewer than 5
out of 9 unique utilities in cTTO. This may result from
the use of some heuristic valuation process, e.g., non-
attendance, but it may be the result from perfectly rea-
soned preferences. The identification of heuristic valua-
tion processes is further complicated by characteristics
of the data collected by Kreimeier et al. [20]. That is,
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their study was conducted in multiple countries and used
two instruments (EQ-5D-3L and EQ-5D-Y, see section on
data characteristics) to describe health states. To increase
test power, we merged the data obtained from respondents
in Germany, Spain, The Netherlands, and the United King-
dom (UK) and discarded differences, such as in wording,
between the two EQ-5D. We briefly report on any observed
country-specific differences in Supplementary Material S2,
and a full by-country transcript of our analysis is available
upon reasonable request. Overall, this means that our study
can at best provide indirect evidence for or against more
pronounced use of heuristic valuation processes in child or
adult perspectives, which is an issue we reflect on in the
Discussion.

Results
Time-to-complete valuation tasks

Figure 1 shows the completion times for the cTTO and
DCE tasks (in seconds). The three panels in this figure
indicate that the time to complete the valuation tasks may
differ little between child and adult perspectives. For cTTO
tasks (upper and middle panels), we found no statistically
significant difference effect of perspective on completion
times across all responses (¢ test, p =0.42). In the Supple-
mentary Material, we show that when repeating this test
for health states with different severity, some differences
between perspectives can be observed. For some of the
mild states (e.g., with an LSS of 6 and 8), cTTO valuation
is completed significantly faster in child perspectives than
in adult perspectives. In contrast, we found that valuation
of severe states with (e.g., LSS =14 or LSS =15) system-
atically takes (marginally) significantly more time to com-
plete from a child perspective than from an adult perspec-
tive. For DCE tasks (lower panel), completion times were
generally lower for valuation of health states with higher
ALSS from both perspectives, indicating that the tasks
may be considered easier when the absolute difference in
LSS is larger between health states.

Responding patterns

Figure 2 shows the distribution of cTTO utilities by perspec-
tive and suggests some differences in clustering of utilities
between valuation of health states from a child and adult
perspective (see also Table 3).

As also shown in Table 3, we find statistically signifi-
cant differences in the proportion of utilities of —1, 0, 0.5,
0.8, and 1 for the health states. The direction of differ-
ences in clusters is not systematic between child and adult
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perspectives. For example, we found a higher frequency of
clusters at utilities of — 1 (i.e., all-in trading) and 0.5 for
valuations from an adult perspective, and a higher frequency
of clusters at utilities of 0, 0.8, and 1 (i.e., non-trading) for
valuations from a child perspective. Of particular inter-
est may be the cluster at utility of 0.8, which may result
from use of the heuristic referred to as “Transfer of respon-
sibility’. A relatively higher proportion of utilities of 0.8
could also result from relatively higher utilities attributed
to health states valued from a child perspective across all
states. However, we found no statistically significant differ-
ence in proportion of utilities of 0.7, 0.75, 0.85, and 0.9 (p
values >0.17). Supplementary material S2 shows the distri-
bution of cTTO utilities broken down per countries. Some
observed differences concern the following: (1) a relatively
faster completion of ¢TTO tasks (in total and per move)
when completed from a child perspective in the UK, (2) a
relatively higher frequency of clusters at utilities of 0.8 in
cTTO tasks completed from a child perspective in Germany
and the UK, and (3) a relatively higher frequency of clusters
at utilities of -1 (i.e., all-in trading) in ¢cTTO tasks completed
from a child perspective in the Netherlands.

Other responding patterns also differed between valuation
from adult and child perspectives. When summarizing across
respondents, the proportion of dominance violators in cTTO
tends to be higher for the child perspective, but not statisti-
cally significantly so in the Chi-squared tests (but see Online
Supplements S2 for a regression model that reaches signifi-
cance). The results in Table 3 further show that health state
valuation from a child perspective was more likely to yield
fewer than 5 unique utilities in cTTO tasks and that speed-
ing in DCE tasks was more likely when health states were
valued from a child than adult perspective (regardless of the
benchmark used).

Deterministic models of heuristic valuation
strategies

Supplementary Material S1 includes an overview of the
expected preferences for deterministic applications of the
heuristic valuation strategies for the 9 DCE tasks (i.e., paired
comparisons). Table 4 presents the observed choice propor-
tions for each DCE task for both perspectives and shows
(marginally) significant differences on 4 out of 9 choice
pairs. We indicate for each heuristic strategy whether this
difference in choice proportions is in the direction expected
when the use of heuristic valuation strategies would be more
likely in valuation from a child perspective. Table 4 shows
that the only strategy that predicts the significant differences
consistently is tallying—in all 4 cases where a significant
(p <0.10) difference in choice proportion between per-
spectives was observed, this was in the direction expected
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Fig. 1 Mean response times by Composite TTO: total time (in seconds)
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Fig. 2 Distribution of cTTO
utilities by perspective
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assuming respondents were more likely to rely on tallying
in a child perspective. Heuristic strategies using a lexico-
graphic search and decision rule (i.e. take-the-best) showed
less consistent results. This strategy would be able to explain
2 of the 4 significant differences observed when using the
idiosyncratic search order. A lexicographic search and deci-
sion rule based on the order in which the five EQ-5D dimen-
sion appear on the page would be able to explain 3 out of
the 4 significant differences observed. Dominant decision-
making strategies performed reasonably, with 3 out of the
4 significant differences being in the direction expected
assuming respondents were more likely to rely on that strat-
egy in a child perspective, with pain/discomfort being the
exception. When exploring consistency with heuristic deci-
sion strategies at the individual level, our analyses suggest
that significantly more respondents chose consistently in line
with pain—discomfort dominant decision-making. For domi-
nant decision-making based on anxiety/depression, we find
the opposite effect.

Statistical models of heuristic valuation strategies
Tables 5 and 6 present the results of the regression mod-

els that incorporate components of the strategies ‘Tal-
lying’, ‘Take-the-best/lexicographic search’, ‘Dominant
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decision-making’, and ‘Attribute non-attendance’ for DCE
tasks completed from child and adult perspective, respec-
tively. The results in Table 5 indicate that statistically model-
ling heuristic strategies using data obtained from DCE tasks
completed from a child perspective may not improve model
fit.

The results in Table 6 indicate that this is also the case for
modelling data obtained from DCE tasks completed from an
adult perspective. However, we find marginally improved fit
can be observed when modelling the occurrence of attribute
non-attendance for the dimension ‘Self-care’.

Discussion

The aim of this study was to explore whether we could iden-
tify if the use of heuristic valuation processes in health state
valuation data obtained from child and adult perspectives
and, if so, to assess whether such processes may occur more
frequently in health state valuation from a child perspec-
tive and the influence of these processes on the outcomes of
health state valuation. Based on the available literature on
differences in outcomes and processes between completion
of cTTO and DCE tasks from these perspectives and the
characteristics of the data obtained from Kreimeier et al.



Comparing heuristic valuation processes between health state valuation from child and adult...

Table 3 Responding patterns
per type of valuation task,

Perspective Chi-squared

perspective, and level of Adult (n=399) Child (n=406) p value
analysis
c¢TTO tasks
Response-level N=5187 N=5278
All-in trading (utilities of — 1) 435 368 p = 0.007
Utilities of —0.5 103 91 p =036
Utilities of 0 244 292 p =0.06
Utilities of 0.5 395 266 p < 0.001
Utilities of 0.8 388 464 p=0.01
Non-trading (utilities of 1) 991 1374 p < 0.001
Respondent-level
Only utilities of —1, —0.5, 0, 0.5, 1 23 29 p=0.55
Fewer than 5 unique values 114 148 p =0.002
Dominance violators 199 226 p=0.11
Correlation LSS and utilities r=-0.28, r=-0.25, —
p < 0.001 p < 0.001
Correlation LSS and non-negative utilities r=-0.30, r=-0.28, -
p < 0.001 p < 0.001
Correlation LSS and negative utilities r=-0.26, r=-0.23, -
p < 0.001 p < 0.001
DCE tasks
Response-level N=10,773 N=10,962
Speeding (<4 s) 884 1028 p < 0.002
Speeding (<3 s) 415 478 p =0.06
Speeding (<5 s) 1339 1526 p =0.001
Respondent level
Flatlining/alternating 0 0 -
Dominance violators 3 1 p =0.60
Transitivity violators 122 112 p=0.39

cTTO composite time trade-off, DCE discrete choice experiment, LSS level sum score
“Respondents completed a total of 13 ¢TTO tasks and 27 DCE tasks

[20], we focused our analysis on the time-to-complete valu-
ation tasks, responding patterns, and modelling of determin-
istic and statistical heuristic decision strategies. Our results
provide some evidence for differences in heuristic valuation
processes between cTTO and DCE tasks completed from
child and adult perspectives; however, we found no sys-
tematic evidence suggesting that these processes take place
more frequently in valuation tasks completed from a child
perspective, as compared to an adult perspective. We further
found that heuristic valuation processes may differ between
c¢TTO and DCE valuation tasks.

Overall, we did not find evidence that the time-to-com-
plete cTTO and DCE tasks differed systematically between
child and adult perspectives. For mild health states, we find
that the time-to-complete cTTO tasks is shorter, which may
point in the direction of more pronounced use of heuristics
in child perspectives. Yet, in valuations of the most severe
health states, we found that the time-to-complete cTTO

tasks from a child perspective was relatively longer. An
observation that may be of interest is that the time-to-com-
plete cTTO tasks were not monotonically increasing with
health state severity (for both perspectives). For example,
respondents on average completed cTTO tasks for health
state 33333 faster than for health states 33323. This may be
a consequence of the left-censoring built into ¢cTTO (utili-
ties are censored at — 1), which is a methodological issue
several recent studies have explored [16, 35]. Alternatively,
a health state with the worst level descriptors throughout
may be quicker to read and interpret. Potentially, this censor-
ing is the result of the use of heuristics, i.e., of respondents
avoiding trade-offs by sacrificing all available life years, i.e.,
yielding all-in-trading responses. In this study, all-in trading
occurs more often in adult than child perspectives. Perhaps,
this tendency of increased all-in-trading in adult perspec-
tives obscures effects of other heuristic valuation processes,
which may be explored by comparing valuation with cTTO
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Table 5 Regression coefficients (standard errors in brackets) for statistical heuristic decision strategies in DCE tasks completed from a child per-
spective (n observations =3654)

Parameters®
PLssLSS; MO, B,SC, B3 UA; B4PD; psAD; AIC BIC
Standard model 1 (NA —0.862 (0.058) 0.309 (0.062) —0.615(0.05) —1.609 (0.095) —1.459 (0.071) 3438.13 3469.15
Statistical strategy
Tallying —0.311 (0.015) 1. (NA) 1 (NA) 1 (NA) 1(NA) 1(NA) 4602.89 4609.09
Dominant decision-making
Mobility 1 (NA —0.783 (0.033) 0(NA) 0 (NA) 0 (NA) 0 (NA) 435472 4360.92
Self-care 1 (NA) 0 (NA) 0.315(0.028) 0Q(NA) 0 (NA) 0 (NA) 4941.16 4947.37
Usual activities 1.(NA) 0 (NA) 0 (NA) —0.321 (0.031) MM) 0 (NA) 4960.8 4967.01
Pain/discomfort 1 (NA) 0 (NA) 0 (NA) 0 (NA) —0.466 (0.03) 0(NA) 4801.82 4808.02
Anxiety/depres- 1 (NA) 0 (NA) 0 (NA) 0 (NA) 0 (NA) —0.035 (0.027) 5065.76 5071.96
sion
Attribute non-attendance
Mobility 1 (NA) 0 (NA) —0.107 (0.046) —0.831(0.049) —2.323 (0.086) —1.707 (0.068) 3688.98 3713.79
Self-care 1. (NA) —0.745 (0.053) 0.(NA) —0.526 (0.047) —1.905 (0.077) —1.569 (0.068) 3461.01 3485.82
Usual activities 1. (NA) —0.922 (0.051) —0.012 (0.059) 0(NA) —1.63 (0.101) —1.497 (0.075) 3603.99 3628.81
Pain/discomfort 1 (NA) —1.211 (0.051) 0.988 (0.05) —0.474 (0.042) 0 (NA) —0.529 (0.041) 3792.6 3817.41
Anxiety/depres- 1.(NA) —0.966 (0.049) 0.653 (0.053) —0.493 (0.042) —0.079 (0.048) 0.(NA) 3978.46 4003.28

sion

Strategic heuristic decision strategy modelled indicated in bold

#All underlined estimates were fixed at 0 or 1, depending on the strategic heuristic decision strategy modelled (hence the NA standard errors)

methods that allow eliciting a wider range of negative utili- We found some evidence of differences in responding
ties in both adult and child perspectives. patterns between child and adult perspectives. We found that
utilities more frequently clustered at -1 and 0.5 in cTTO

Table 6 Regression coefficients (standard errors) in brackets for statistical heuristic decision strategies in DCE tasks completed from an adult
perspective (n observations =3591)

Predictors®
BrssLSS; B MO; B,SC; B3 UA; B4PD; BsAD; AIC BIC
Standard model 1 (NA) —0.787 (0.058) —0.033 (0.064) —0.724 (0.05) —1.815(0.101) —1.653 (0.075) 3277.83 3308.76
Statistical strategy
Tallying —0.463 (0.017) 1. (NA) 1 (NA) 1(NA) 1(NA) 1(NA) 4083.86 4090.04
Dominant decision-making
Mobility 1 (NA) —0.843 (0.035) 0 (NA) 0 (NA) 0 (NA) 0 (NA) 4197.34 4203.52
Self-care 1 (NA) 0 (NA) 0.053 (0.028) 0(NA) 0 (NA) 0 (NA) 4976.56 4982.75
Usual activities 1 (NA) 0 (NA) 0 (NA) —0.566 (0.033) 0 (NA) 0 (NA) 4670.22 4676.41
Pain/discomfort 1 (NA) 0 (NA) 0 (NA) 0 (NA) —0.264 (0.028) 0(NA) 4892.15 4898.34
Anxiety/depres- 1 (NA) 0 (NA) 0 (NA) 0 (NA) 0 (NA) —0.179 (0.027) 4936.29 4942.48
sion
Attribute non-attendance
Mobility 1 (NA) 0 (NA) —0.39(0.05) —0.972(0.048) —2.469 (0.091) —1.872(0.072) 3479.89 3504.63
Self-care® 1 (NA) —0.799 (0.053) 0.(NA) —0.733 (0.047) —1.783 (0.079) —1.642 (0.072) 3276.09 3300.83
Usual activities 1.(NA) —0.953 (0.051) —0.476 (0.065) 0 (NA) —2.028 (0.113) —1.824(0.083) 3502.47 3527.22
Pain/discomfort 1 (NA) —1.153 (0.049) 0.726 (0.047) —0.604 (0.042) 0 (NA) —0.602 (0.043) 3698.92 3723.66
Anxiety/depres- 1.(NA) —0.899 (0.047) 0.357 (0.05) —0.643 (0.043) —0.079 (0.048) 0(NA) 3924.14 3948.88

sion

Strategic heuristic decision strategy modelled indicated in bold

#All underlined estimates were fixed at 0 or 1, depending on the strategic heuristic decision strategy modelled (hence the NA standard errors)
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tasks completed from an adult perspective, indicating rela-
tively more all-in trading and potentially less engagement
with cTTO tasks when completed from an adult perspective
[31], respectively. We further found that utilities more fre-
quently clustered at 0, 0.8, and 1 in cTTO tasks completed
from a child perspective, indicating a greater tendency to
avoid immediate death in cTTO tasks completed from a
child perspective (as also observed in previous work [26]),
the potential use of the heuristic referred to as ‘Transfer of
responsibility’ [33], and a lower willingness to give up any
life years [25, 26] in cTTO tasks completed from a child
perspective. We found that cTTO tasks completed from a
child perspective less frequently resulted in unique health
state utilities, indicating that respondents were less able to
distinguish between health states for a child than for them-
selves [25]. We further found evidence for relatively more
dominance failures in cTTO tasks and more speeding in
DCE tasks completed from a child perspective.

Regarding the clustering of utilities at 0.8 in cTTO tasks
completed from a child perspective, we would like to high-
light that we observed this cluster only at 0.8 and not at
utilities around 0.8. As such, this finding may not result from
utilities being generally higher for all health states valued
from a child perspective, but may indeed result from use of
the heuristic ‘transfer of responsibility’ [33]. Interestingly,
whereas this transferring of responsibility in child perspec-
tives was identified in qualitative work in the Netherlands,
when we compare results of the current study between coun-
tries clustering at utilities of 0.8 is not as pronounced in the
Netherlands (but rather in Germany and the UK). In our
view, the results of this study warrant further exploration of
clustering at 0.8, as its’ causes and effects are not entirely
clear. Steffel et al. [37] show that such transfer (or delega-
tion) of choice may be especially likely when respondents
decide for others, and that respondents may use this strategy
over using other simplification strategies. Note that “Trans-
fer of responsibility’ does more than simplify decisions,
as it also absolves respondents from bearing the potential
blame in case decisions for other (i.e., a 10-year-old child in
cTTO tasks completed from a child perspective) have nega-
tive consequences [33]. This observation may result from
respondents strategically absolving themselves from such
blame, or from their belief that the child (then adult) will
in the future be better equipped at making the decision than
they are at this point in time. An alternative explanation
for this observation may be that respondents used extrinsic
goals as a reference point in composite cTTO tasks [23, 39],
because age 18 years may be considered an important mile-
stone for children.

Finally, we found some evidence of differences in the use
of heuristic decision strategies between child and adult per-
spectives. Our modelling approach includes some novel ele-
ments, as compared to other studies exploring such strategies
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in DCE valuation data, which typically focused solely on
attribute non-attendance [5, 15, 17]. For example, it includes
deterministic predictions for a set of strategies, which
allowed us to explore if differences in choice proportions
between adult and child perspectives could be explained by
these strategies. Furthermore, the DCE data collected by
Kreimeier et al. [20] enabled us to define individual-specific
‘Take-the-best/lexicographic’ search orders. Based on the
individual rankings of dimension-level descriptors, while
assuming respondents search through health states in that
same order, we could ‘simulate’ their responses (see Supple-
mentary Material S1). Our results suggest that the heuristic
‘Tallying’ may explain the significant differences between
DCE tasks completed from a child and an adult perspective.
Although it should be noted that only a small proportion of
respondents (~ 15%) showed preferences that in line with
this strategy systematically in all DCE tasks and that statisti-
cal modelling of this strategy did not improve the fit. We find
limited evidence for improved model fit for attribute non-
attendance in our regression models (except for modelling
attribute non-attendance for the dimension ‘Self-Care’ in
data obtained from an adult perspective). This is in contrast
to earlier work that generally finds that modelling attribute
non-attendance improves model fit [5, 15, 17].

The current study has a set of limitations, which—to
the extent that they are data-related—are similar to those
described by Kreimeier et al. [20]. Limitations that are
specific to the current study concern the following. First,
the data collected by Kreimeier et al. [20], for example,
included only 9 paired comparisons that we could use for
exploring model fit of statistical models incorporating heu-
ristic valuation processes. Further research is warranted to
extend (some of) our modelling strategies to DCE valuation
data collected using an efficient and tailored design. It is
also important to note that all DCE tasks in Kreimeier et al.
[20] were completed after cTTO tasks. If respondents were
already fatigued after completing these tasks, this may have
increased the use of heuristic valuation processes irrespec-
tive of the perspective that was used (potentially masking
differences between perspectives). Second, as we relied on
stated preference data, our study did not allow us to identify
whether respondents indeed used heuristic valuation pro-
cesses or whether their preferences simply coincided with
such processes. Further research is warranted to determine
(with more certainty) the use of such heuristic decision
processes. For example, eye-tracking methods [9] could be
used to assess whether respondents focus solely or discard
(some pieces of) information. Third, our analyses abstract
from any potential differences between the EQ-5D-3L and
EQ-5D-Y-3L instrument, countries (note that some differ-
ences are presented as Supplementary Material S2), as well
as any potential effect of respondent characteristics. Poten-
tially, these effects are larger than any potential effect due to
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heuristic valuation processes, harming our ability to robustly
identify the use of heuristic strategies. Finally, throughout
our analysis, we have applied a simple approach where we
aimed to predict the effects of the use of just a single heu-
ristic valuation process at a time. However, individuals use
multiple heuristics interchangeably or even simultaneously.
Indeed, boundedly rational individuals are often seen as
drawing from an adaptive toolbox, fitting their strategy to
the demands of their environment [10, 11].

Conclusions

Based on the data collected by Kreimeier et al. [20], we find
limited evidence for effects of heuristic valuation processes
on health state valuation in child perspectives (compared
to adult perspectives) on a sample level. However, absence
of evidence need not imply evidence of absence. The exist-
ing qualitative data strongly suggest that the use of a child
perspective increases difficulty of health state valuation, and
further research is necessary to examine the consequences
of increased difficulty on health state valuation in different
perspectives, and EQ-5D-Y value sets. In particular, the clus-
tering observed around cTTO utilities of 0.8 suggests that
different decision processes in health state valuation with
child perspectives could also affect utilities. In our view, this
warrants including this cluster in standard quality-control
procedures for studies using child perspectives, as dispropor-
tionally large number observations at 0.8 may suggest that
respondents are not engaging with the trade-offs underlying
valuation methods as expected. We hope that the analyses
reported here serve as a starting point for more systematic
reporting and exploration of the role of heuristic decision
processes in health state valuation, especially when child
perspectives are considered. Such future work should also
further explore the occurrence of heuristic valuation pro-
cesses in preference-accompanied outcome measures other
than EQ-5D-Y, such as Child Health Utilty 9D or Health
Utility Index.
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