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Abstract 

In this thesis, I present my work on theoretical and methodological issues related 

to the valuation of health (states) in the context of health technology assessment. 

It is written in publication format, comprising an introduction and literature re-

view, followed by seven substantive chapters (written in journal article style), or-

ganised into two parts, and, finally, a discussion and conclusion. The first part 

explores the normative foundations for interpersonal utility comparisons and 

provides a critical examination of current practices, including the ubiquitous use 

of the arithmetic average to aggregate individual health preferences into social 

value sets, setting ‘being dead’ to a utility value of zero, and the assignment of 

negative utility values to health states considered ‘worse than dead’. The second 

part reports on the development of a practical tool called Online elicitation of Per-

sonal Utility Functions (OPUF). It is a new type of online survey for creating value 

sets using compositional preference elicitation methods, which allow for the con-

struction of value functions for small groups and even on the individual level. The 

thesis covers the design, pilot testing and application of OPUF to derive value sets 

from the general population in the UK and from patients with rheumatic diseases 

in Germany. Both parts of the thesis call into question current standard practices 

and develop new starting points for a more pluralistic approach to determine the 

value of health in a society, consisting of individuals with unique preferences, 

values, and perspectives. 
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INTRODUCTION 

‘Have you guessed the riddle yet?’ the Hatter said, turning to Alice again. 

‘No, I give it up,’ Alice replied: ‘What’s the answer?’ 

‘I haven’t the slightest idea,’ said the Hatter. 

 – Lewis Caroll, Alice in Wonderland 
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Preamble and thesis outline 

The Quality-Adjusted Life Year (QALY) is made up. It cannot be observed. It can-

not be measured. Unlike a physical property, such as the weight of a helium atom 

or the speed of light, health state utilities cannot be quantified in any objective 

way. That is to say, the value of health is a social construct based on subjective 

judgments, conventions, and norms.  

There are many different ways in which health could be valued, in which social 

value sets could be modelled. So choices have to be made. Some of those choices 

are pragmatic and technical (e.g. which statistical model to use, how to recruit 

participants), but others are distinctly normative: How are preferences elicited? 

From whom? And how are individual preferences compared and aggregated? 

Evidently, these choices have to be made, if QALYs are to be used for decision-

making. Notwithstanding, the contingency of these choices is often overlooked, 

as a consequence of a very technical, seemingly objective, approach to measuring 

preferences. The underlying (strong) normative assumptions are often not made 

explicit, inhibiting critical discussions about the ethical implications of current 

practices. 

This thesis seeks to advance the understanding and practice of health valuation 

in the context of health technology assessment by exploring important norma-

tive and methodological issues. It examines the ways in which individual health 

(state) preferences are elicited, aggregated and used to create value sets, and ex-

plores alternative approaches.  

The thesis is written in a ‘publication format’ style  (not to be confused with a 1

‘thesis by publication’). This means, it mainly comprises a collection of publica-

  See https://www.sheffield.ac.uk/research-services/code/thesis/preparation/formats#publication1
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tion-formatted papers. Three papers have already been published in peer-re-

viewed journals; the others are currently under review or in preparation. Publica-

tion format necessitates some repetition. Slight variations in the way the same 

issue is presented in different papers are also unavoidable. Some of the chapters 

are preceded by a short introduction to provide additional context and (where 

needed) to specify contributions.  

The unifying theme across all this thesis’s papers is the challenge of determining 

the value of health in a plural society, consisting of many individuals, each with 

unique preferences, values, and perspectives. Overall, this work calls current 

standard practices into question, and develops new starting points for a better, 

more pluralistic approach to the valuation of health. 

The thesis is structured as follows: it begins with a broad overview of normative 

issues in the valuation of health, and the current practices of valuing health in the 

UK (Chapter 1). The main body of the thesis is organised into two parts. Part I fo-

cuses on the question of how individual preferences are aggregated into a social 

value set. It uses an applied ethics approach to explore related normative issues 

(Chapters 2-5). Part II is more practical, reporting on the development and pilot 

testing of a new preference elicitation method, which – potentially – can better 

account for the heterogeneity of preferences between individuals (Chapters 6-8). 

Finally, the thesis concludes with a discussion of the main findings and their im-

plications for future research (Chapter 9). A more detailed outline of the thesis is 

provided below. 
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Thesis outline 

In this first Chapter (Literature review: health valuation for HTA), I provide a nar-

rative scoping review of the normative foundations of health valuation, key nor-

mative choices, and related current practices. 

In Part I (Normative issues in the valuation of health), I challenge the seemingly 

unconscious ways in which individual preferences are aggregated into a social 

value set, without giving due consideration to the comparability of preferences 

between individuals. While this has been a topic of much debate in other fields, it 

has received little attention in health economics. The aim is to advance the un-

derstanding of the ethical issues underpinning current methods, and to identify 

potential alternative approaches. 

In Chapter 2 (Social tariffs and democratic choice) I argue that social value sets 

should be understood as an instrument of democratic participation. I discuss the 

implications of this view for the method used to aggregate individual preferences 

and explore alternative tariff specifications and decision rules. 

A different approach towards preference aggregation, based on the notion of rela-

tive utilitarianism, is proposed in Chapter 3 (Fair interpersonal utility comparisons 

in the valuation of health). It is presented as a potentially fairer alternative to the 

current practice of aggregating preferences by taking the arithmetic average. 

In Chapter 4 (Setting dead at zero?), I examine the widely accepted practice of set-

ting dead to a utility value of zero and argue that, despite its wide adoption, there 

is no theoretical imperative for doing so. I rebut four arguments commonly used 

to justify setting dead at zero and conclude that setting dead to a different value 

may well be permissible.  

4



Chapter 5 (The QALY is ableist) discusses the (un)ethical implications of valuing 

the lives of people with disabilities and in poor health by applying a social value 

set with negative utility values assigned to states considered (by the general pub-

lic) to be worse than dead. I argue that  this practice is unequivocally ableist, 

and should be stopped. 

In Part II (Practical Tools), I address the problem of relying on a single reference 

case to derive social value sets, which, in the case of the National Institute for 

Health and Care Excellence (NICE) in the UK, is supposed to reflect the average 

general population preference for EQ-5D health states. Given the arbitrary nature 

of this choice, and in view of the abundance of potentially equally valid alternative 

perspectives, this definition of social value seems too narrowly prescriptive. I ar-

gue a more pluralistic approach is needed: particularities of different contexts 

and different groups of people, or even individuals, should be taken into account 

or at least taken into consideration. For this purpose, a practical tool, called ‘On-

line elicitation of Personal Utility Functions (OPUF)’ is proposed. It is a new 

method for eliciting health state preferences, based on compositional preference 

elicitation techniques, allowing for the construction of value functions for small 

groups of patients, and even on the individual level. OPUF is implemented in a 

modular open source software package to provide researchers with more flexibil-

ity in how they elicit preferences and from whom, so that context-specific pref-

erence information can be made more widely available to decision makers. Part II 

of this thesis reports on the development and pilot testing of OPUF. It consists of 

the following chapters: 

Chapter 6 (The OPUF tool) reports on the initial development of the OPUF tool as a 

new type of online survey for creating value sets using compositional preference 

elicitation methods, implemented for the EQ-5D-5L instrument. The tool was re-

5



fined using a series of iterative design cycles and piloted in a sample of 50 partic-

ipants from the UK. 

Chapter 7 (Not Just Another EQ-5D-5L Value Set for the UK) presents the findings of 

a study that used OPUF to elicit EQ-5D-5L health state preferences from a repre-

sentative sample of the UK general population. The main objective was to explore 

the variability and heterogeneity of preferences between individuals. The results 

demonstrate that preferences vary greatly between individuals and that demo-

graphic characteristics explain only a small proportion of the variability between 

subgroups. 

In Chapter 8 (Using OPUF to derive a patient-based value set), I present the results 

of a study that tested the OPUF approach to derive an EQ-5D-5L value set from a 

relatively small sample of patients with rheumatic diseases in Germany. It was 

found that OPUF was generally well received and that a plausible, logically con-

sistent, EQ-5D-5L value set was derived with good precision, despite the small 

sample size. 

A joint discussion of the results from both parts is provided in Chapter 9 (Discus-

sion and Conclusion). It will outline the many limitations of the work presented in 

this thesis and identify avenues for future research. 
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Chapter 1: Literature review: health valuation for HTA 
Literature review: health valuation for HTA 

BACKGROUND 

Health valuation is a small, but essential, cog in the large and complicated ma-

chinery of ‘health economic decision modelling’, which, in turn, informs societal 

decisions about the allocation of health care resources. To understand the signifi-

cance of health valuation, it is helpful to begin by considering its role in the wider 

context of health technology assessment (HTA). 

HTA is a process of evaluating the medical, economic, social, and ethical implica-

tions of using new and old health technologies such as drugs, medical devices, 

and diagnostic tests. In countries like the UK, the Netherlands, and Canada, it in-

volves a systematic process that includes gathering and analysing evidence, de-

liberation by an independent appraisal committee, developing recommendations, 

and communicating the results. HTA is increasingly adopted by health care sys-

tems around the world and is used to inform decisions about the reimbursement 

of health technologies. 

Health economic evaluation is an important component within HTA that aims to 

provide a systematic and transparent evaluation of the incremental cost-effec-

tiveness of health technologies (Charlton, 2022). For this purpose, the costs and 

benefits of different courses of action are assessed and compared. While costs can 

be observed more or less directly, for example, in clinical trials or obtained from 

administrative data, the assessment of health benefits is more difficult. 
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Central to the measurement and valuation of health benefits in HTA in the UK, as 

well as many other countries, is the concept of the QALY (Weinstein et al., 2009). 

Nowadays, the QALY is defined by the National Institute for Health and Care Ex-

cellence (NICE) as a “measure of the state of health of a person or group in which 

the benefits, in terms of length of life, are adjusted to reflect the quality of life. 

One [QALY] is equal to 1 year of life in perfect health” (NICE, 2016). On a more 

technical level, it is the arithmetic product of length and health-related quality of 

life (HRQoL). 

Measuring the length of a person’s life is relatively straightforward. Data on sur-

vival times can be obtained from clinical trials or observational studies (although 

in practice, survival times often have to be extrapolated beyond the observed pe-

riod, which can introduce considerable uncertainty). A person’s HRQoL, on the 

other hand, cannot be directly observed. Because it is generally not based on the 

person’s own account of their experienced quality of life, it needs to be construct-

ed in a rather complicated process, I refer to as ‘health valuation’. I will describe 

the intricacies of this process in more detail below, but here, it will suffice to say it 

broadly involves two steps: 

First, a descriptive system is devised that defines mutually exclusive health 

states. The EQ-5D-5L is NICE’s current reference case, but there are many other 

systems that could be used. 

Secondly, a value set is constructed that maps any health state onto a utility value. 

These values - often also referred to as indices, scores, or weights - are prefer-

ence-based as they are derived by eliciting health state preferences from a group 

of participants (e.g. a representative sample of the population, or patients with a 

specific disease). The resulting values lie on a scale that is anchored at one, equal 
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to full health, and zero, equal to being dead. Negative values are also possible and 

are assigned to health states considered worse than dead. 

Once these two components (the descriptive system and the value set) are in 

place, QALYs can be calculated by observing what health state a person is in and 

for how long. The number of years of life lived in a given health state is multiplied 

by the respective utility value from the value set. QALYs are then fed into health 

economic evaluations as inputs for the cost-utility analysis (a special type of 

cost-effectiveness analysis, in which the effectiveness is measured in terms of 

QALYs), which ultimately returns incremental cost-per-QALY estimates. 

Furthermore, a decision threshold is needed to determine whether an interven-

tion is cost-effective. This threshold specifies the social value of an additional 

QALY gained in the health care system. Conceptually, this is the monetary value 

of (one year in) full health. It can be based on one of four approaches: 1) opportu-

nity costs, i.e. marginal productivity in the health care system; 2) population-

based willingness to pay, e.g.  from surveys; 3) the value of a statistical life, de-

rived from revealed preferences for avoiding risk of death; 4) precedent, i.e.  in-

ferred from previous decisions (McCabe et al., 2008; Robinson et al., 2017). 
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INTRODUCTION TO HEALTH VALUATION IN THE CONTEXT OF HTA 

As described above, social value sets play a crucial role in health economic evalu-

ation, with a potentially large impact on the assessment of whether or not a given 

health technology is considered cost-effective.  

But what is a social value set, exactly? What do the values represent? What do they 

measure? What are the underlying assumptions? 

Formally, a value set can be defined as a mapping from a set of health states to a 

set of values, which are then used to compute QALYs. Conventionally, these values 

are expressed on a scale that is anchored at 0 (death) and 1 (perfect health), with 

negative values assigned to health states considered worse than death. Unit-less 

0-1 scales are also used.  

This technical definition, however, does not provide much insight into what a 

value set actually represents. Depending on the methods used and the underlying 

theoretical framework, value sets can represent different constructs and be sub-

ject to different normative considerations. 

It is not a coincidence that the values of a value set are referred to by a number of 

different terms: utilities, indices, scores, or preference weights, social values, 

HRQoL, health state values, or QALY weights (Wisløff et al., 2014). I take this to 

reflect the plurality of views and perspectives on what a value set is. 

Therefore, this chapter provides a narrative scoping review of the literature to 

identify the underlying normative foundations and paradigms through which a 

value set should be assessed. This is essential for a proper understanding of value 

sets and their implications in an HTA context. 
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The purpose of the review is to determine the normative foundations and para-

digms of health valuation. It is, as a research question, deliberately broad. There-

fore, the review takes a two-pronged approach: 

In the first part, I briefly revisit the history of the ideas which have shaped the 

current understanding of health valuation, and I then outline key theoretical con-

cepts and paradigms. I call this approach ‘upstream’. In the second part, which I 

call ‘downstream’, I give an overview of alternative operational definitions of a 

social value set – in other words, different ways in which a value set can be de-

rived – and then I highlight the key normative choices associated with these dif-

ferent approaches. Finally, I discuss the review findings and their potential impli-

cations. 

Given the interdisciplinary nature of the topic, a systematic search strategy was 

not feasible. Instead, various papers from different fields were chosen as starting 

points, and then a snowballing and ad-hoc manual focused search in PubMed 

and Google Scholar was carried out to identify additional relevant literature, or to 

follow up on specific questions. The analysis was performed inductively by iden-

tifying common themes and concepts, and with no formal classification scheme. 

The results are presented in the form of a narrative review, following the histori-

cal development of ideas and to juxtapose the different concepts and approaches. 

This review is not meant to be exhaustive, nor are the different theories or ap-

proaches discussed in much detail. The literature on welfare economics can be 

especially technical, with an emphasis on formal mathematical proofs, which is 

beyond the scope of this thesis. Instead, I try to give a brief and accessible account 

of the main ideas, providing an overview of the ‘research landscape’ and illus-

trating the vast diversity of views and perspectives on health valuation. 
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UPSTREAM: THE NORMATIVE FOUNDATIONS OF HEALTH VALUATION 

Classical utilitarianism 

Utilitarianism was to an extent already present in the works of earlier philoso-

phers (e.g. Hutcheson and Hume), but it was Jeremy Bentham (Bentham, 1789) 

who developed the first systematic account of utilitarianism in the 18th century 

(Driver, 2022). Bentham (and others, subsequently) sought to build a general 

ethical theory based on the maximisation of the “greatest happiness for the 

greatest numbers”. Utility was conceived as a measure of the pleasure or happi-

ness that a person derives from a particular action or state of affairs. Every indi-

vidual was assumed to have a utility function, measuring the level of pleasure or 

satisfaction associated with each possible state of the world. The summation of 

those utilities across all individuals then yielded a global evaluation of any given 

state, what Bentham referred to as the “Hedonic Calculus”, allowing for a quanti-

tative comparison of alternative courses of action (Barberà et al., 2004, pp. 1181).  

The concept of a social value function was implied in Bentham’s work, albeit 

without any elaborate specification or justification. Individuals were simply as-

sumed to measure utility in a common unit because doing so allowed full cardinal 

interpersonal comparability. This was a requirement because the arithmetic 

mean (or sum) of individual utilities determined which social states were consid-

ered good or bad (Harsanyi, 1988; Barberà et al., 2004, p. 1129). 

The ordinal revolution 

The main challenge of classical utilitarianism was how to measure utility. Some 

economists argued utility was directly measurable. Edgeworth, most notably, 

thought that future discoveries in physio-psychology would enable development 

of a “hedonimeter” to measure individual utilities (Colander, 2007). Overall, 
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however, economists were unable to find a common viewpoint on the meaning 

of, and conditions for, utility measurement, and Classical Utilitarianism was 

eventually abandoned in favour of the more structural approach of “new welfare 

economics” pioneered by Pareto, Hicks, Allen, and Samuelson. It was a revised 

demand theory, built on a more basic concept of ordinal preference relations and 

individual indifference curves. This new theory only required individuals to ex-

press their preferences in binary terms: either they preferred state A over B, or B 

over A, or they were indifferent. This was all the information needed. Utility val-

ues were used as secondary numerical indices only and were no longer related to 

the experience of satisfaction or happiness. Also, utilities were now interperson-

ally incomparable, and could not be aggregated across individuals (Barberà et al., 

2004, p. 1181). 

The main premise of the so-called ‘ordinal revolution’ was expressed by Robbins 

(1932) in a seminal essay, in which he claimed that interpersonal comparisons of 

utility were ‘unscientific’: “It is a comparison which necessarily falls outside the 

scope of any positive science. […] It involves an element of conventional valuation. 

Hence it is essentially normative. It has no place in pure science”. 

The ‘Pareto criterion’ became the key concept for evaluating changes in social 

states: any change that makes at least one individual better off without making 

anyone else worse off should be considered socially desirable, arguably without 

making any subjective value judgements, or at least only requiring minimal nor-

mative assumptions (Buchanan, 1959). In the new paradigm, evaluating social 

states thus did not involve aggregating individual utilities in a social value func-

tion, but, individual preferences were taken as points in an Euclidean space with 

dimensions equal to the number of individuals involved. There could then be 

many Pareto optimal states, all located within an efficiency frontier. Yet, the new 

welfare economic theory could not provide any guidance on how to choose be-
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tween different Pareto optimal states, even if in some states only one individual 

was only marginally better off, and in others many benefited greatly – compar-

ing these scenarios is not possible without making interpersonal comparisons. 

To overcome the shortcomings of the ordinal utility paradigm, two new ap-

proaches were developed: the Kaldor-Hicks compensation school and the Berg-

son-Samuelson social welfare function approach. 

The Kaldor-Hicks compensation criterion 

The Kaldor-Hicks compensation criterion allowed the evaluation of changes in 

social states by considering potential compensations. A change was desirable if 

those who gain could compensate the losers. Interestingly, the compensation did 

not actually have to take place, but only be hypothetically possible (Kaldor, 1939). 

The compensation-criterion was received with considerable criticism. Robbins 

(1981) argued that the “the fact that such compensation is conceivable is not suf-

ficient: if it is not actual, the fundamental Paretian condition is violated.” Simi-

larly, Sen (2018, p. 56) argued that unrealised compensations could not deter-

mine whether an improvement had actually taken place because the ‘losers’ may 

be poorer, needier or more deserving than the ‘winners’. If the compensation was 

paid, however, it would be an actual Pareto improvement, and a compensation 

test was no longer needed. 

Notwithstanding the criticism, contemporary benefit-cost analysis convention-

ally refers to the Kaldor-Hicks criterion as their theoretical foundation from 

which they arguably draw their legitimacy (Adler and Posner, 1999). 
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The Bergson-Samuelson Social Welfare Function 

Bergson and Samuelson formulated a different approach, which acknowledged 

the Pareto criterion as a necessary, but not sufficient, requirement for policy 

evaluation. They argued that it would need to be supplemented by some explicit 

value judgment, specified as a social welfare function, to choose between Pareto 

optimal states (Bergson, 1938; Harsanyi, 1988). Their social welfare function was 

a rather theoretical construct, which provided much flexibility, as it did not spec-

ify at all how the function should be constructed. Its only requirement was the 

function should always increase or decrease when an individual’s ordinal prefer-

ence increases or decreases, all else being equal. This flexible framework allowed 

for a wide range of possible social welfare functions. 

Arrow’s Impossibility Theorem 

Arrow’s celebrated impossibility theorem (Arrow, 1983) was a damaging critique. 

It showed there can be no democratic procedure for aggregating individual pref-

erences into a collective decision which simultaneously satisfies the conditions of 

collective rationality, the Pareto principle, the independence of irrelevant alterna-

tives, and non-dictatorship. Put simply, it proved a social welfare function could 

not be constructed based on ordinal preferences without violating seemingly fun-

damental axioms of rationality. 

Arrow’s influential result also led to the development of the field of social choice 

theory, which studies the aggregation of (ordinal) individual preferences into col-

lective decisions. This field’s main focus is to identify the formal conditions under 

which collective decisions are consistent with individual preferences, and how 

the properties of the decision-making process influence the outcome (Barberà et 

al., 2004, p. 1195). 
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Sen: Broadening the informational base 

Building on the developments in welfare economics and social choice theory out-

lined above, Sen (2014) developed an entirely new approach for evaluating social 

states. A key motivation for his framework was the observation that people living 

in poverty often become resigned to their circumstances and may even be content 

with having fewer resources. However, this does not mean that their situation is 

acceptable. With reference to this example, he argued that welfare economics had 

been too narrow in its focus on utility. Rather than trying to measure and com-

pare subjective states of mind or subjective wellbeing, he advocated for consider-

ing other, more objective, information to assess individual welfare (Sen, 1995). 

With Nussbaum, Sen developed the capability approach, which is a conceptual 

framework for assessing individual well-being and evaluating social arrange-

ments. It focuses on what people are able to do, on the capabilities that people 

have to “lead the lives they have reason to value” (Nussbaum and Sen, 1993; Sen, 

2014), rather than simply assessing subjective states of mind. 

This “broadening of the informational base” was no mere modification of an ex-

isting framework, but a change in the paradigmatic foundation of welfare eco-

nomics, allowing once more for interpersonal comparisons of levels and differ-

ences - not necessarily in units of utility, but of other indicators (Vanberg, 2018). 

It provided a flexible framework, in which the construction of social value func-

tions was permitted based on a variety of  indicators. As will be described below, 

Sen’s approach appears   to have been the main point of reference from which 

health economists have drawn to develop Extra- or Non-Welfarist approaches to 

healthcare value frameworks (Cookson et al., 2012; Daniels, 2010). 
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The QALY framework 

The term QALY was first used by Bush et al. (1972), but the idea for an outcome 

measurement unit that combines duration and quality of life had already been 

shaped by previous work, which took place in parallel to other developments in 

welfare economics. In fact, research on health status measurement and quantifi-

cation in medical literature dates back to the 1930s, when Thorndike (1937) asked 

respondents to indicate how much money they would be willing to accept to suf-

fer “certain pains, deprivations, and frustrations”, such as a headache or a broken 

leg. In the 1940s through 1960s, the quantification of health and quality of life re-

ceived evermore attention. Tools and methods were developed by medical profes-

sionals, but other disciplines including philosophy, operations research and psy-

chology took an interest in the topic as well (Klarman and Rosenthal, 1968; Mac-

Killop and Sheard, 2018). In the early 1970s this field of research really gained 

traction, with seminal contributions from Torrance et al. (1970) and Fanshel and 

Bush (1970), who proposed the time trade-off (TTO), the person trade-off, and 

the standard gamble (SG) methods for eliciting health state preferences. Later, 

the discrete choice experiment (DCE) was developed by Louviere and Hensher 

(1982). 

In the UK, widely acknowledged contributions were made by Alan Williams, who, 

in collaboration with many other researchers, most prominently Rosser and Kind 

(1978), had decisive influence on the development of the QALY framework and its 

implementation into health policy decision making (Brazier et al., 2017b; Culyer, 

2007; Kind, 2005; Williams, 1985). A key driver of the changes were  the  increas-

ing  pressures  on  health  care  budgets  and  the  need   for  more  efficient  use  of  

resources. Williams also co-founded the QoL Measurement Group, leading to the 

formation of the EuroQoL group in 1993, which is now a leading organisation in 

the field of HRQoL measurement (Devlin and Brooks, 2017). A more extensive ac-
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count of the history of the QALY framework, based on a review of the literature 

and a total of 44 semi-structured interviews with academics and civil servants 

was produced by MacKillop and Sheard (2018). 

The QALY under welfarism 

Despite the popularity of the QALY and its apparent usefulness in making and 

communicating health policy decisions, it is important to note that it was not di-

rectly derived from economic theory. There are no explicit theoretical justifica-

tions for the QALY derived from first principles or welfare economic literature 

(Garber and Phelps, 1997). A welfarist interpretation would require the number of 

QALYs to be proportionate to the level of an individual’s overall, or at least health-

related (cardinal), utility (Brazier et al., 2017b). However, Pliskin et al. (1980) 

convincingly demonstrate that QALY maximisation is consistent with the max-

imisation of an individual lifetime health only under very restrictive and (it might 

be said) unrealistic assumptions as follows: 

1. Utility independence between life years and health status: This comprises, 

first, the utility of health status in relation to life expectancy and, second, 

the utility of life expectancy in relation to health status. 

2. Constant proportional tradeoff: This assumes the life years a person would 

give up for better health would not be affected by the number of years they 

have left to live. 

3. Risk neutrality on life years: This assumes that, for any given health level, 

each prospect is equal to its expected value. For example, it assumes an in-

dividual would be indifferent between a 50-50 chance of immediate death 

and 10 years of full health, and a guaranteed 5 years in full health. 
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Accordingly, QALY maximisation would be consistent with the maximisation of 

overall utility (i.e.  including preferences over consumption and any other non-

health aspects of life) only under even more restrictive assumptions (Bleichrodt 

and Quiggin, 1999). 

The QALY under extra-welfarism 

A potentially more plausible justification of the QALY framework can be derived 

from what has been called Extra-Welfarism (some also refer to it as Non-Wel-

farism). It provides an alternative approach to modern welfare economics, which, 

analogous to Sen’s capability approach, allows for a broader informational base 

and rejects the idea that individual utility is the sole indicator of social welfare. In 

an influential publication, Culyer (1989) referred to it as the “undue information 

restriction in welfarism”. Thereby, extra-welfarism enables the construction of 

social value functions on the basis of other indicators beyond utility, such as 

health, independently of how it is valued by the individuals themselves (Brazier 

et al., 2017b). In this context, health may also be considered a merit good, which 

Musgrave (1959) defined as a good “which, due to imperfect knowledge, individ-

uals would choose to consume too little.”. 

Showing further similarities to Sen’s capability approach, extra-welfarism pro-

vides a very flexible framework, under which a wide range of approaches may fit. 

In fact, any value framework that is not strictly welfarist could be considered ex-

tra-welfarist. Brouwer et al. (2008) did however identify four areas in which wel-

farism differs from extra-welfarism:  

1. Outcomes considered relevant in an evaluation: Welfarism only considers 

individual utility, whereas extra-welfarism permits consideration of utility, 

health and other outcomes.  
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2. Sources of valuation of relevant outcomes: In welfarism, only the utilities 

of affected individuals matter, whereas in extra-welfarism, the valuation of 

individuals who are not practically affected may also count.  

3. Basis of weighting relevant outcomes: In welfarism, the weights are only 

determined by individual utility, whereas in extra-welfarism, the weights 

may be determined by criteria such as age (see ‘fair innings’: (Williams, 

1999), deprivation (see e.g. (McNamara et al., 2020)), or remaining life ex-

pectancy (see e.g. (Shah et al., 2015)).  

4. Interpersonal comparisons: In welfarism, permissible comparisons be-

tween individuals depend on the school of thought. They are either not 

permitted at all, permitted using the potential Pareto improvement, or 

permitted only to select points on the Pareto frontier. In extra-welfarism, 

interpersonal comparisons of well-being are permitted in a variety of di-

mensions. 

An often referred to variant of extra-welfarism is the ‘decision maker approach’, 

which emphasises the role of health economic evaluation as a tool to aid decision 

making. It aims to achieve whatever goals are given by the relevant decision 

makers. The role of health economists is then limited to supporting them in 

making decisions consistent with given objectives – rather than suggesting ob-

jectives themselves. In principle, the decision maker approach does not relate to 

any particular theoretical framework, although, in practice, it is often equated 

with the current extra-welfarist QALY framework (Brouwer and Koopmanschap, 

2000; Coast, 2004). 

Some confusion is often caused be the imprecise use of the term utility within 

Extra-Welfarism. While in welfarism, utility refers to the individual’s own as-

sessment of their own welfare, in extra-welfarism, utility theory is used to derive 
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measures of characteristics of individuals that correspond to entirely different 

concepts. Yet, confusingly, these are generally also called ‘utility’ measures 

(Cookson et al., 2012, p. 52). 

Proponents of extra-welfarism argue that it provides a more policy relevant ana-

lytical framework. Especially in situations where equity is a key concern along-

side efficiency, or where the explicit policy objective is to maximise a concept 

other than welfare (such as population health) (Culyer, 1989), it may seem more 

appropriate to complement or even replace welfarist assessment of utility with 

non-utility information. 

As a criticism of extra-welfarism, one could argue that it is inherently paternalis-

tic (Brouwer et al., 2008). Instead of relying on the individuals to decide for 

themselves what is valuable to them, it requires some authority to make a range 

of normative judgements to construct a social value function (which will be dis-

cussed below). The authority will effectively determine the basis on which soci-

etal decisions are made (Brouwer et al., 2008). A further criticism of extra-wel-

farism is that it does not provide any guidance on who ought to make these deci-

sions. It could be a policy maker, an appointed committee, a citizens’ jury, or 

some other organ. It remains unclear how the authority should be chosen, what 

its legitimacy is, or how it should be held accountable for its decisions (Culyer, 

1989). 

Further paradigms 

Besides welfarism and extra-welfarism, there are other theoretical frameworks 

and pertinent paradigms under which methods for valuing health can be consid-

ered. These include deliberative democracy, communitarianism, multi-criteria 

decision analysis, psychometrics, and behavioural economics. 
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Deliberative democracy 

Deliberative democracy is a political theory, supported by a substantive body of 

literature, which provides a normative framework for collective decision making 

through open and reasoned discourse (Davies et al., 2006). In the context of 

health valuation, or preference elicitation more generally, deliberation usually 

entails providing respondents with relevant information, and encouraging an 

open and reflective discussion. Communication and debate are considered essen-

tial. Often, trained facilitators are involved to guide the discussion in a construc-

tive way. 

Normative frameworks for deliberative health valuation have been proposed by 

Hausman (2015, 2010) in the form of ‘public values’, which, he argues, require a 

broad public debate (‘collective deliberation’), and by Baker et al. (2021), building 

on work by Sunstein (1994), in the form of ‘incompletely theorised agreements’. 

There are two types of arguments for the use of deliberation: instrumental argu-

ments claim that deliberation helps people construct their own preferences bet-

ter. It educates them, reduces mistakes in reasoning, and improves the quality of 

the decisions that are made (Karimi et al., 2019). Ultimately, this means the out-

comes will be better. The second type of argument maintains that deliberation 

has an intrinsic value. It provides legitimacy to the decisions that are made (Elster 

and Przeworski, 1998) and it is more respectful of the autonomy of the respon-

dents, as decisions are taken collectively, and based on a shared understanding of 

the relevant issues. In this regard, deliberation can help to mediate, or even 

‘transform’ disagreement, as an alternative to aggregation and/or as a way of ac-

knowledging pluralistic values (Baker et al., 2021; Knight and Johnson, 1994). 

A number of studies have investigated the effect of deliberation on health valua-

tion. The results are mixed: some studies found that deliberation improved the 
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‘quality’ of decisions, while others found no significant effect (Gansen and 

Klinger, 2020; Karimi et al., 2019). The main drawback of deliberation is that it is 

time and resource consuming. Usually, it requires a number of sessions, and only 

a small number of respondents can be involved (Davies et al., 2006). 

Communitarianism 

An alternative basis for the allocation of health care resources, referred to as 

communitarianism, was proposed by Mooney (Mooney, 1998). It states that social 

welfare is more than the aggregation of individual preferences over individual 

programmes, and that it would be important to consider community values, such 

reciprocity, sharing and caring. A key concept of communitarianism is that 

‘claims’ are neither welfarist nor extra‐welfarist but allow the community to de-

cide what is owed to each member. The theory has not been developed into any 

actionable approach, and thus it is not clear how it would operate in practice. 

Multi-criteria Decision Analysis 

Multi-criteria decision analysis (MCDA) is a methodological framework to inform 

decisions involving multiple, often conflicting, objectives. It was developed in the 

1960s as a decision support tool and entails a broad set of methods to structure 

and analyse decision problems and to elicit preferences and values from decision 

makers. Trade-offs are expressed in a multi-attribute utility or value function 

(Keeney et al., 1993). MCDA has been applied in a range of different areas, includ-

ing health care, to increase the consistency, transparency, and legitimacy of deci-

sions (Thokala et al., 2016). 

MCDA is principally agnostic about the type of decision problem or the content of 

the value function. The framework does not presuppose any specific normative 

theory, nor does it aim to find the ‘right’ solution. It merely provides a structured 
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way to analyse the decision problem, and to organise and weigh relevant infor-

mation. The validity of the decision and the methodology of the decision making 

process are ultimately judged by the decision makers themselves: principally, did 

they find the method useful (Belton and Stewart, 2002)? In this regard, MCDA 

seems compatible with the decision maker approach, and can be seen as a way to 

operationalise it. 

It may be interesting to note, that Torrance’s seminal work on health preference 

elicitation, which introduced the time trade-off and standard gamble method, 

was explicitly based on an MCDA framework (Torrance et al., 1970). Torrance 

specifically refers to the ‘operations research methodology’ laid down by Ackoff 

(Ackoff and Sasieni, 1968), which is a precursor of modern MCDA. Later, Torrance 

et al. (1982) provided a detailed account of the application of the MCDA frame-

work to health preference elicitation, and developed the Health Utility Index 

(HUI) instrument (formulated as a multi-attribute utility function) (Feeny et al., 

2002; Torrance et al., 1995). 

Psychometrics 

Another paradigm, whose influence on health valuation can hardly be overesti-

mated, is psychometric evaluation. Psychometrics is the science of measuring 

mental processes and behaviour, and it provides a battery of methods to assess 

the quality of a measurement instrument. It is used to assess properties such as 

validity, reliability, and the responsiveness or sensitivity of a measure (Hays et 

al., 1993). Psychometric testing has been established as a standard practice and 

should be considered a prerequisite for the use of any health descriptive instru-

ment (Brazier and Deverill, 1999; Finch et al., 2018). 
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Notwithstanding its importance, psychometrics may also have some unintended, 

negative side effects. Although it may not immediately seem to convey any par-

ticular normative implications, I would argue that psychometrics does provides a 

certain scientistic frame of reference. There is a risk that utility measures are 

evaluated predominantly in terms of their technical properties, while a debate 

about the normative foundations of the measure is avoided. Uncritical application 

of psychometric assessment may come at the expense of considering more fun-

damental conceptual issues, which are more difficult or impossible to quantify.  2

Behavioural economics and preference construction 

A final consideration is the epistemological conception of individual preferences 

in different fields. In the welfare economics tradition, individuals are often as-

sumed to have pre-existing, stable, and consistent preferences. They are further 

assumed to be fully rational agents, who seek to maximise their personal utility. 

In any elicitation task, only these preferences need to be articulated (Fischhoff, 

1991). Behavioural economics findings, however, have challenged this view. 

Framing effects, other cognitive ‘biases’, or (more generally) context and the 

  Recently, Devlin et al. (2018) published an EQ-5D-5L social value set for England, which was 2

supposed to replace the old EQ-5D-3L value set from 1995 (Group, 1995) as the reference val-
ue set for NICE. However, a methodological review by Hernández-Alava et al. (2018) flagged a 
number of potential issues: in a 68 page report, they criticised the data quality and some 
model specifications. In response, NICE invited four independent reviewers to evaluate the 
new value set. The reviewers were asked whether the new data was likely to reflect the prefer-
ences of the English public. They were also asked to comment on ‘accuracy’. One of the re-
viewers, Werner Brouwer, provided the following insightful response: “We believe this ques-
tion cannot be answered unequivocally because of the lack of a golden standard. Put simply: 
which test (on the existing data) would prove beyond any doubt that the current preference 
data or valuation set does or does not reflect the preferences [of] the English general public 
adequately?” (n.d.). NICE nevertheless decided to reject the new value set, with the conse-
quence that the old EQ-5D-3L value set, which never underwent similar scrutiny, remains in 
use. Sampson (2022) also commented on this episode: “Normative statements cannot be 
tested. The validity of methods to derive a value set can be tested. However, they cannot—or at 
least should not—be tested against some unattainable perfection. In lieu of a methodological 
‘gold standard’, perfection became the comparator.”
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overall choice architecture play an important role in decision making and the 

construction of preferences. Individuals may, for example, fall back on simple 

heuristics during a complex preference elicitation task, or they may be influenced 

by the way in which the task is presented. In fact, respondents can often be in-

consistent or intransitive in their preferences. This has led to a growing body of 

literature that emphasises the importance of context and framing effects in the 

construction of preferences (Slovic, 1995). Fischhoff (1991) referred to the whole 

spectrum, ranging from full rationality to full irrationality, as “a continuum of 

philosophies”. 

Considerations regarding people’s cognitive capacity and framing effects are of 

practical importance when designing a health valuation study. Particular atten-

tion should be paid to the ways in which preferences are constructed ‘on the fly’, 

and how the elicitation task itself may influence this process (Dolan, 1997). This 

includes, but is not limited to, the wording of questions; the presentation and 

amount of information provided; colours used to highlight certain options; the 

number of tasks and the time required to complete those tasks (Himmler et al., 

2021; Jonker et al., 2018; Peasgood et al., 2021). 
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DOWNSTREAM: OPERATIONAL DEFINITIONS OF A SOCIAL VALUE SET 

Having looked at the ‘upstream’ theoretical foundations of social value sets, we 

now turn to the ‘downstream’ operational definitions and consider their implied 

normative implications. There are many other plausible ways to derive a value set 

and, depending on the choices made in the process, they can represent different 

constructs. I will focus on two key normative choices: 1) what is being valued?; 

and 2) whose values are being elicited? I will then briefly outline further method-

ological questions with important normative implications: 3) additional degrees 

of freedom. The review is not meant to be exhaustive, but is intended to provide a 

broad overview of the ‘landscape’ and to illustrate the variety of practical ap-

proaches, which may allude to the diversity of the underlying concepts and para-

digms. 

1. What is being valued? 

A key distinction between alternative approaches to derive a value set is the eval-

uative space, i.e. what is being valued. One can look at this on two levels: First, on 

a conceptual level, one can try to identify the construct that is being valued; and, 

secondly, on an operational level, one can consider the actual instrument/de-

scriptive system used to capture it. 

Conceptual dimension: the construct behind the value set 

The QALY is usually described as a measure of health or health-related quality of 

life (HRQoL). Both terms are broad concepts, which do not lend themselves to 

simple definitions. For health, one may only consider its holistic definition as “a 

state of complete physical, mental, and social well-being and not merely the ab-

sence of disease or infirmity” proposed by the World Health Organisation (WHO, 
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1948), or the more recent, dynamic conception of health as “the ability to adapt 

and to self-manage” (Huber et al., 2011), to name just two examples to illustrate 

the diversity of views. Many more definitions have been proposed in the last few 

decades (see e.g. (Simmons, 1989)). 

The definition of HRQoL seems similarly ambiguous. Karimi and Brazier (2016) 

identified at least four definitions of HRQoL commonly used in the literature. 

These include: 1) ‘how well a person functions in their life and his or her per-

ceived wellbeing in physical, mental, and social domains of health’; 2) ‘quality of 

life is an all-inclusive concept incorporating all factors that impact upon an indi-

vidual’s life. Health-related quality of life includes only those factors that are part 

of an individual’s health’; 3) ‘those aspects of self-perceived well-being that are 

related to or affected by the presence of disease or treatment’; and lastly, 4] a 

purely instrumental definition of HRQoL as ‘values assigned to different health 

states’ which are used to construct QALYs. 

NICE, however, uses the term HRQoL to refer to the health state profiles them-

selves. In their latest method guide, they state, “the valuation of health-related 

quality of life measured by patients […] should be based on a valuation of public 

preferences” (NICE, 2022). According to their interpretation, the descriptive sys-

tem measures HRQoL, which is then valued by assigning preference weights to 

the profiles in a separate step. 

In the context of health valuation, concepts of HRQoL usually entail a subjective 

component, which is linked to a person’s experience or value, but even more ob-

jective naturalistic conceptions (e.g. health as functional efficiency) have been 

proposed (Hausman, 2015, p. 29). 

Overall, there is no consensus on a single concept of HRQoL. Various interpreta-

tions are used concurrently, and QoL and HRQoL are frequently used inter-
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changeably despite being distinct concepts (Karimi and Brazier, 2016). Conse-

quently, it has been questioned whether the term HRQoL should be used at all, as 

it may be a source of considerable confusion (Ronen, 2017). 

Moreover, there have been calls to consider outcomes beyond health in health 

economic evaluation, viz. to include other domains such as social outcomes, con-

sumption, and/or well-being (Brazier and Tsuchiya, 2015; Cookson et al., 2021). 

The main motivation for doing so is to allow for a more comprehensive assess-

ment of the value of interventions and to enable comparisons across sectors 

(e.g.  between health, education, and social care). While this could be useful to 

better assess complex interventions (e.g. public health policies to reduce child-

hood obesity or alcohol-related harm), it would entail an expansion of the evalua-

tive space beyond health or HRQoL. 

Operational dimension: the instrument 

Despite the challenges of defining HRQoL and the evaluative space of the QALY in 

theory, there is a breadth of instruments - so called (health) descriptive systems 

– that aim to operationalise these concepts in practice. They provide a classifica-

tion of (health) states or profiles, usually with multiple dimensions or attributes. 

There is considerable overlap with the concept of patient-reported outcome mea-

sures (PROMs), which are used in clinical practice and research to assess the im-

pact of a disease on the health of an individual. PROMs for which preference 

weights have been derived, and which can be used to compute QALYs, are called 

preference-based, whereas PROMs without such weights are referred to as pro-

file-based measures (Al Sayah et al., 2021). 

Measures can be further divided into generic and condition-specific measures. 

Generic preference-based measures of HRQoL are designed to assess a person’s 
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overall health and to be applied to a wide range of settings, allowing for compar-

isons across different conditions. In contrast, condition-specific instruments aim 

to capture information on health problems that are more specific to a particular 

disease. 

There are a number of generic preference-based measures of HRQoL available for 

use in health economic evaluation.  A useful overview is provided by Brazier et al. 3

(2017a), who compare seven well established measures: 15D, AQoL-8D, 

EQ-5D-3L, EQ-5D-5L, HUI3, SF-6D, and QWB-SA. A potentially interesting new 

development was the introduction of PROMIS (Patient-Reported Outcomes Mea-

surement Information System), which provides a more adaptive item bank, con-

sisting of a core set of items (e.g. the Global Health 10), with additional items that 

can be selected based on the setting and/or individual’s responses (Hays et al., 

2009). This may allow for a more personalised assessment of HRQoL, but also 

poses challenges for the derivation of preference weights (Craig et al., 2014). 

Despite the apparent overlap between generic instruments, there are consider-

able differences in some of the domains covered: first, the number of dimensions 

and levels, meaning the size of the descriptive system varies greatly between in-

struments. It ranges from 243 mutually exclusive health states (EQ-5D-3L) to 

more than 2 sextillion, that is 10 to the power of 23 (AQoL-8D). Secondly, they 

capture different domains. While most instruments have multiple items covering 

  The most popular generic measure of HRQoL is probably the EQ-5D. It is a fairly simple in3 -
strument, consisting of just five dimensions (mobility, self-care, usual activities, pain/dis-
comfort, and anxiety/depression), with three (3L) or five (5L) levels of severity on each di-
mension, ranging from no problems to extreme problems. EQ-5D is available in about 170 
languages (Rabin et al., 2014), and value sets have been produced for more than 25 countries 
(Roudijk et al., 2022), with more studies currently underway. It is the instrument that is most 
often mentioned in the method guides of HTA organisations around the world (Kennedy-
Martin et al., 2020), and NICE in the UK prescribes its use for submissions (NICE, 2022). Oth-
er generic measures, e.g. the HUI3, have also been accepted by NICE, but only in exceptional 
cases (Brazier et al., 2017a).
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physical health (physical activity, bodily functioning, pain, etc.), there is consid-

erable variation in the coverage of mental health and psychosocial domains.   4

Ultimately, different generic measures of HRQoL should be understood as captur-

ing different constructs (Brazier et al., 2017a; Whitehurst and Bryan, 2011). Yet, 

even for a given instrument, it is often unclear what underlying construct it is 

supposed to measure. The EuroQol group, which is responsible for the develop-

ment of the EQ-5D, acknowledged at their recent internal group meeting that it 

remains undetermined what the EQ-5D actually measures (Sampson, 2023). 

Notwithstanding, there is a plethora of research assessing the construct validity, 

responsiveness, practicality, and reliability of various generic instruments in dif-

ferent populations and settings (McNamee and Seymour, 2005). However, a gold 

standard has not been established, and a consensus, or any conclusive guide for 

selecting the most appropriate generic instrument in any given setting, is lacking 

(Brazier et al., 2017b). It is interesting to note that the only justification NICE 

provides for explicitly recommending the EQ-5D is “the need for consistency 

across evaluations” (NICE, 2022). Further elaboration on what makes the EQ-5D 

better suited for this purpose than the other generic instruments is not provided. 

Following calls to expand the evaluative space beyond health, generic preference-

based measures have been developed to capture other domains, such as social 

care, mental health, and well-being. Notable examples are the ASCOT, to assess 

social care services (Netten et al., 2012), the EQ-HWB-S, to assess interventions 

  Generic instruments are usually designed with an adult target population in mind, but it is 4

increasingly recognised that certain domains, such as self-care (in the EQ-5D), social func-
tioning (in the SF-6D), or sexual activity (in the 15D) may be less or not relevant for children 
or older adults, and/or the wording of the questions may not be appropriate for these age 
groups. A number of age-specific instruments have been developed to address this issue, such 
as the CHU9D and the EQ-5D-Y-3L (which only deviates slightly in the wording from the 
original EQ-5D-3L) for children, or the ICECAP-O for older adults. These measures raise a 
number of issues, not only regarding consistency of results across age groups, but also re-
garding the approach used to derive preference weights (see below).
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across healthcare, social care, and public health (Brazier et al., 2022), and the 

ICECAP-A, as a measure of capability wellbeing (Al-Janabi et al., 2012). To em-

phasise the broadening of the evaluative space, QALYs based on these instru-

ments are sometimes referred to as wellbeing-adjusted life years (WELBYs) (Bra-

zier and Tsuchiya, 2015). 

For completeness, mapping should also be briefly mentioned. Mapping, or 

‘cross-walking’, is a statistical method that can be used when data on a target 

generic preference-based measure is not available (NICE, 2022; Alava et al., 

2020). However, if the underlying construct of the target generic instrument is 

too different from that of the source instrument, the link between the two may be 

too weak to draw sound inferences (Round and Hawton, 2017). Franklin et 

al. (2018) recently came to this conclusion when trying to map the ICECAP-O to 

the EQ-5D-3L. 

Condition-specific preference-based measures 

A large number of condition-specific instruments have been developed, encom-

passing a vast range of disorders, ranging from uni-dimensional measures to 

more symptomatic and complex, multi-faceted instruments (Goodwin and 

Green, 2016; Rowen et al., 2017). In a recent update of a systematic review, Rowen 

et al.  (2017) identified 36 condition-specific preference-based measures of 

HRQoL, across a range of 29 different conditions. 

A generic instrument can also be adapted for a specific condition by using a bolt-

on. Bolt-ons are condition-specific items that are added (‘bolted-on’) to a gener-

ic instrument to improve the validity and responsiveness for specific conditions, 

while preserving the generic dimensions of the measure (Brazier et al., 2017b; 

Mukuria et al., 2019). 
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Another approach to derive condition-specific utilities is to use a vignette study. 

Vignettes are simplified descriptive systems that can be used to describe health 

states, including treatments, usually in a narrative form. They are often used for 

rare conditions, or for conditions for which no condition-specific instrument or 

bolt-on is available (Matza et al., 2021). The main advantage of vignettes is that 

they are relatively easy to develop, but their restricted scope may limit their va-

lidity and generalisability (NICE, 2022). 

The main rationale for using condition-specific instruments is that they are more 

sensitive to the impact that a particular condition has on the patient than generic 

instruments (Payakachat et al., 2015; Rowen et al., 2017; Versteegh et al., 2012). 

This means a condition-specific measure may pick up a significant benefit or 

harm, while a generic measure shows no overall change in HRQL. Divergences 

can occur in both baseline HRQoL and the change in HRQoL over time due to an 

intervention (Lorgelly et al., 2017). This divergence may well be legitimate, be-

cause condition-specific and generic instruments are capturing different con-

structs (Longworth et al., 2014). Patients themselves may also prefer a condition-

specific instrument because it allows them to report on the problems they experi-

ence, whereas a generic instrument may appear less relevant to them. However, 

the limited comparability across different patient groups and interventions is, by 

many, considered a major drawback (Rowen et al., 2017). 

In their method guide, NICE recommends the use of condition-specific instru-

ments as the basis to derive QALY estimates only in circumstances where the EQ-

5D (and other generic instruments) are inappropriate, e.g. when they lack con-

tent validity because a key dimension is missing (NICE, 2022). However, an in-

ternal review at NICE found the EQ-5D-3L to be appropriate in almost all cases 

considered: “[It] works well for most diseases and conditions except for sensory 

disorders and some mental health conditions. For conditions where there is 
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mixed evidence that EQ-5D performs well, […] it has been possible for commit-

tees to make recommendations based on EQ-5D” (NICE, 2020). Given the sim-

plistic design of the EQ-5D-3L with just five dimensions with three levels each, 

this seems somewhat surprising. However, it may also reflect NICE’s preference 

to maintain consistency across appraisals. 

2. Whose values are being elicited? 

Preferences differ between individuals. Evidence from previous studies suggest 

that experience of a particular disease, adaptation, age, or education, among oth-

er factors, may influence health state preferences (Brazier, 2005). Whose prefer-

ences are being elicited to form the basis of QALY estimates therefore matters. 

In the literature, two sources of preferences are generally distinguished: patients 

and the general public (Versteegh and Brouwer, 2016). Practically, the ‘general 

public’ refers to a representative sample of the adult general population. ‘Pa-

tients’ as a source is more ambiguous. Depending on the context, it can refer to a) 

patients who have experience with a particular health condition or disease, b) pa-

tients who currently live in, or who have had experience with, a particular health 

state; or c) patients who will be directly affected by a particular policy decision. 

Sometimes the two perspectives are equated with ex-ante (decision utility) and 

ex-post (experience utility) preferences respectively. However, the demarcation 

may not be clear cut and may depend on the exact context (Versteegh and Brouw-

er, 2016) and I shall avoid using this terminology here. 

Most HTA agencies around the world, including NICE, recommend the use of 

preferences elicited from the general population (NICE, 2022; Kennedy-Martin et 

al., 2020). Even for condition-specific instruments, researchers tend to ask the 

34



general public for their preferences rather than patients with the condition, even 

though the general public may not have any experience with, or may lack under-

standing of, the health problems being valued (Goodwin and Green, 2016; Rowen 

et al., 2017). A notable exception is Sweden, where value sets are experience-

based, i.e. derived from people's valuations of their own health states (Burström 

et al., 2020). 

Arguments for and against the use of general population preferences 

The use of preferences from the general public is supposedly in line with the soci-

etal perspective and the insurance principle (Gold, 1996). The highly influential 

Report on the Washington Panel also recommended the use of general population 

values (Russell et al., 1996). They argued that this would most accurately reflect 

societal values. Members of the general public would also – generally speaking – 

be at risk of various health problems. This would provide a veil of ignorance, 

which means the elicitation would not be affected by self-interest. Another often 

cited argument is that the general public pays for healthcare through taxes, and 

thus, their preferences should be taken into account when making decisions 

about the allocation of the healthcare budget (Versteegh and Brouwer, 2016). This 

is sometimes referred to as the ‘taxpayer perspective’ (Helgesson et al., 2020), 

which seems to be misleading as it suggests that it is only the tax payer who 

should have a say in the allocation of funds (a person who pays more taxes may 

then even have a greater say in the allocation of funds). In democratic societies, 

however, the public is generally considered sovereign not by virtue of paying tax-

es, but on the basis of basic democratic principles and their rights as citizens. 

Arguments against the use of general population values include the fact that the 

general public may not have any, or only limited, experience with the health 

problems they are asked to evaluate (Brazier et al., 2005). Moreover, there is a 

35



risk of discrimination against individuals with disabilities or chronic conditions. 

Finally, it may be considered ethically objectionable to apply the preferences of 

the general public to answer questions about the desirability of a particular inter-

vention for a patient group without considering the preferences of the patients 

themselves (Schneider, 2022). 

Arguments for and against the use of patient preferences 

Arguments for the use of patient preferences are, conversely, that patients are the 

ones who are directly affected by the decision, and that they are the ones who 

may best be able to evaluate the impact of a particular health problem on their 

lives (Brazier et al., 2005). Some authors argue that patient evaluations would be 

more accurate, yet it is not entirely clear what this means, as ex-ante preferences 

elicited from the general public may actually represent an entirely different con-

struct than ex-post preferences elicited from patients. 

There are also arguments against the use of patient preferences. First, patients 

may adapt to their condition, which can affect their preferences, resulting in a 

different (that is, higher) valuation of their own health state. This would put 

them at a disadvantage (Versteegh and Brouwer, 2016). However, as convincingly 

argued by Menzel et al. (2002), adaptation is a complex phenomenon. It has sev-

eral elements, some of which (e.g. skill enhancement, learning) should potential-

ly be taken into account. Secondly, in some cases, patients may simply not be able 

to participate in a preference elicitation study, for example, because they are too 

ill or too young. Some authors also mention potential ethical objections to the 

elicitation of preferences from patients (Brazier et al., 2017b, p. 81). Yet, it could 

be argued that this is paternalistic and disregarding the autonomy of patients. 
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Alternative perspectives 

Different perspectives apply depending on whose preferences are elicited. At least 

four perspectives are distinguished in the literature: first, personal perspective, 

i.e.  respondents are asked to imagine being in a particular health state them-

selves. If preferences are elicited from patients, they may also be asked to consid-

er their current health state; Secondly, other person’s perspective, i.e.  respon-

dents are asked to imagine someone else in a particular health state and to make 

decisions on their behalf; and thirdly, social perspective, i.e.  respondents are 

asked to imagine a group of people in a particular health state and to make deci-

sions as a social planner; lastly, social inclusive perspective, i.e. respondents are 

asked to imagine a group of people in a particular health state to which they be-

long (note, in this perspective, preferences are usually elicited with uncertainty, 

i.e. the group, of which the respondent is a member, faces a risk of being in a par-

ticular health state). Further nuance can be introduced by considering who the 

bearer of the opportunity costs is (Tsuchiya and Watson, 2017). 

Compromises between the two perspectives 

Helgesson et al. (2020) provides a useful overview of the different perspectives 

and their advantages and disadvantages. They convincingly show that neither the 

general public nor the patient perspective is without flaws. However, there may 

be different ways to compromise between the two perspectives. One is to require 

members of the general population to be more informed about the health prob-

lems they assess (Brazier et al., 2005). Another variant, originating from deliber-

ative democracy, is based on the idea that arguments are exchanged in an open 

and transparent manner. Finally, Versteegh and Brouwer (2016) advocated for 

taking both perspectives into account separately. In the case of agreement, it 
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would only provide further validation. In the case of disagreement, it would pro-

vide additional - and arguably valuable - information to the decision maker. 

Further theoretical considerations 

In addition to the two main groups (general public and patients), other stake-

holder preferences could be considered relevant, including carers, health profes-

sionals, and policy makers. Children and adolescents are a special case, as they 

pose a number of conceptual and practical challenges for the current standard ap-

proach for valuing health states: if a generic instrument like the EQ-5D is used to 

assess HRQoL in children, the domains may not be applicable. If, however, a child 

specific instrument is used, it causes inconsistencies in the perspective. Children 

themselves may not be able to form and express well-informed preferences, and 

so preferences for child-specific health states are often elicited from adults. Yet, 

in that situation, respondents then automatically imagine another person (which 

happen to be a child) in that state. In fact, the current guideline for the EQ-5D-Y 

specifies that respondents should imagine ‘a 10-year-old child’. This signifies a 

change in perspective, from self/first-person, to other/third-person. Similar is-

sues might arise from instruments specifically  designed for an elderly population 

(e.g. ICECAP-O). It remains unclear how these inconsistencies could be reconciled 

(Rowen et al., 2020).  

3. Additional degrees of freedom 

Apart from the two questions discussed above (what to value and whose values to 

elicit), there are several other important, essentially normative choices that need 

to be made when deriving a social value set. It is beyond the scope of this thesis to 

identify and discuss them all, but, in what follows, three important choices are 
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briefly outlined, and they are discussed in more detail in later chapters. These 

are: How to elicit preferences? How to scale preferences? And how to aggregate 

preferences across individuals? 

How to elicit preferences? 

There are many methods which can and have been used to elicit health prefer-

ences: Soekhai et al. (2019b) conducted a systematic literature review and identi-

fied a total of 19 different methods, of which five were ‘exploration’, i.e. qualita-

tive, and 14 were ‘elicitation’, i.e. quantitative methods. In the context of HTA, the 

most commonly used methods were time trade-off (TTO), standard gamble (SG), 

and discrete choice experiment (DCE). 

SG is supposedly the only technique compatible with von Neumann-Morgenstern 

expected utility theory, as it elicits preferences under conditions of uncertainty 

(Brazier et al., 2017b, p. 53). On a practical level, however, SG is often considered 

difficult to apply.  

TTO was then developed by Torrance (Torrance et al., 1970), as an alternative, 

which would supposedly produce similar results, but that was easier to apply. 

There have been (ex-post) attempts to fit the TTO into the theoretical utility 

framework, but studies have consistently shown that individuals often make 

choices that do not adhere to underlying assumptions, e.g. due to biases arising 

from time preferences, loss aversion, constant proportional trade-offs, or maxi-

mal endurable time (Bleichrodt et al., 2003; Buckingham and Devlin, 2006; Dolan 

and Stalmeier, 2003; Lugnér and Krabbe, 2020). 

DCE was initially developed by Louviere and Hensher (Louviere and Hensher, 

1982) in the context of transport and market research. The theoretical foundation 

of DCE is the random utility theory of McFadden (McFadden, 1981). As in TTO and 
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SG, it is assumed that people have a utility function which maps the attributes of 

a health state to a utility value. Yet, the evaluation is assumed to be a stochastic 

process, with some (random) errors. 

Another interesting method worth mentioning is the person trade-off (PTO) 

technique, developed by Nord (1994). PTO places the respondent in the position 

of a social decision maker, who has to choose among a series of alternative health 

care interventions. The method involves the trade-offs between the number of 

people that may benefit from the intervention, and the type of health improve-

ment they receive. PTO would seem to align much better with the notion of the 

‘taxpayer perspective’ than TTO, SG, or DCE. Unfortunately, however, PTO has 

rarely been widely used in practice. 

The four methods discussed above are all choice-based (i.e. respondents have to 

consider trade-offs). This type of method can be contrasted with ‘choice-less’ 

methods, such as visual analogue scales (VAS), where respondents rate a certain 

health state, or attribute directly. VAS are relatively easy to apply in a wide range 

of settings. However, they ‘lack a theoretical foundation’ and have no basis in 

economic theory (Nord, 1991). A noteworthy rebuttal to this common criticism 

has been made by Parkin and Devlin (2006), who argued that the theoretical ap-

peal of SG and other choice-based methods lie only in individual-level ap-

plications. On the societal level, and especially within an extra-welfarist frame-

work, choice-based methods are not necessarily superior, as choices are not 

(only) based on individual utilities, but can take other factors into account. 

An important point to note is that all methods do – or at least can – yield differ-

ent values for the same health state. This applies not only to comparisons be-

tween different methods; even different variations of the same method (e.g. clas-

sical TTO vs. lead-time TTO) can yield different results (Brazier et al., 2017b, p. 
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72). At the same time, there does not seem to be any consensus on which method 

is best: there is simply no gold standard. Interestingly, in practice researchers 

usually just follow the convention of the instrument they seek to value. For exam-

ple, the EQ-5D-5L is usually valued using the EQ-VT protocol, i.e. TTO with or 

without DCE (Devlin et al., 2022), and the SF-6D is valued using SG (Wang and 

Poder, 2023). Given the significance of the values derived from the elicitation of 

health state utilities for the calculation of QALYs, a better understanding of the 

strengths and weaknesses of each method, and clearer guidance on how to 

choose a method, would be desirable. 

How to scale individual utility values? 

By definition, utilities for estimating QALYs are anchored at full health, set to 1, 

and being dead, set to 0. This has been called the zero condition, and it is widely 

accepted, even though the paper from which it originates actually only shows 

that the origin of the utility scale needs to be anchored at a common point; zero is 

simply taken as the most intuitive and practical choice (Miyamoto et al., 1998) 

(also see chapter 3). 

Far more controversial is the question of how to deal with negative values as-

signed to states worse than dead. Beside empirical anomalies, namely the absence 

of a clear relationship between severity and utilities for states worse than dead 

(Gandhi et al., 2019), there are significant conceptual problems with negative 

utilities. In contrast to their negative counterparts, negative utilities do not have a 

lower bound. They can range from 0 to minus infinity, which can cause consider-

able problems when aggregating utilities, as the resulting mean value set will be 

heavily influenced by the few respondents who assign very low negative values. 

Some researchers have dealt with this problem by rescaling negative values to 

have a lower limit of -1 (without giving any theoretical justification). Other re-
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searchers have applied an experimental design that does not allow for values be-

low -1 (e.g. lead-time TTO).  

How to aggregate individual preferences? 

MacKillop et al.  (2018) report that the decision to aggregate individual prefer-

ences using the unweighted arithmetic mean instead of medians or other 

(weighted) measure of central tendency can be traced back to a meeting of the 

QoL measurement steering group in 1995, involving Alan Williams, where it was 

decided that “tariffs should be based on means not medians”. As far as I can tell, 

notes from the meeting are not publicly available, and no rationale or theoretical 

justification for this decision has been provided. With few notable exceptions 

(Devlin et al., 2019; Dewitt et al., 2017; Dewitt and Torrance, 2020), the problem 

of preference aggregation has in fact been largely ignored in the literature on 

health state valuation, whereas in the welfare economics and social choice theo-

retical literature (see above), it has been a critical topic of debate for decades 

(i.e. under which conditions is what type of aggregation appropriate?). Chapters 3 

and 4 will discuss this topic in more detail. 
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DISCUSSION 

In order to design a health valuation study, one should ideally be able refer to first 

principles, i.e. go back to a normative theory and derive an internally consistent 

approach, or at least get some clear guidance on whom to elicit values from, 

which elicitation method to use, and how to aggregate individual preferences, etc 

(Peasgood et al., 2021). Unfortunately, no such principles presently exist. My re-

view of the normative foundations of health state valuation shows that there is no 

coherent normative theory that could justify the choices made in practice. Extra-

welfarism, the framework most commonly referenced in the literature, appears 

underdetermined: it does not prescribe any particular approach or method, but 

leaves much room for interpretation and discretion. Other frameworks, such as 

communitarianism, are not well articulated, or, in the case if welfarism, not in 

line with current practices. 

Furthermore, the overview of the (normative) choices that need to be made when 

designing a health valuation study (What is being valued? Whose values are being 

elicited? How are values elicited?) has further shown that there are many addi-

tional degrees of freedom not explicitly addressed by the theoretical health eco-

nomics literature. The ways in which these choices are made in practice are often 

not well documented or justified. 

In fact, the NICE reference case – defined by using the EQ-5D instrument, elicit-

ing preference from the general public, using TTO (+/- DCE), and aggregating 

preferences using the unweighted arithmetic mean – seems merely one of many 

plausibly defensible approaches. In the absence of a well-articulated normative 

framework, one could even question whether the reference case was indeed the 

result of a long and thorough process of deliberation, or rather the result of a 

number of historical contingencies. That this framework has been used for many 
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years and has been broadly adopted by many other HTA agencies should not be 

taken as a sign of its normative superiority. Alternative approaches may be equal-

ly defensible and may even be considered more appropriate in certain contexts. 

Overall, health state valuation seems to be under-theorised. The absence of any 

gold standard for valuing health makes it difficult to assess the validity of a par-

ticular valuation method and poses a challenge to defending the legitimacy of any 

particular approach at all. Ways to better inform the normative debate in a sys-

tematic manner are discussed below. 

A meta-theoretical framework 

As argued above, I take the position that the normative foundations of health 

state valuation are not well articulated. There seems to be no conclusive justifica-

tion for current practices. My review identified four types of arguments used to 

justify a particular approach to health state valuation. 

1. Ontological arguments: Starting from a certain assumption about the na-

ture of what is to be valued, the ‘it’, a number of implications can be de-

rived. If, for example, one takes the view that health policy should max-

imise personal utility, the preferences of those most affected by a policy de-

cision should be prioritised, and an instrument that captures all relevant 

dimensions, not just health or HRQoL, should be used. Psychometric test-

ing could then potentially be used to assess to what extent the approach is 

successful in capturing the target construct. 

2. Epistemological arguments: If the underlying concept is well defined, one 

can ask whose assessment is most accurate or best informed? Some argue, 

for example, that patients suffering from a particular condition or ailment 
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may have more information about what a particular health state feels like 

than a professional in the field or the general public, but their assessment 

may be biased due to adaptation to their condition. Members of the general 

public, on the other hand, may have less information, but their assessment 

may be more objective. These arguments refer to epistemological bases for 

making relevant judgements. Cognitive burden, respondent engagement 

and framing effects also fall into  this category. 

3. Deontological/procedural arguments: Irrespective of the nature of what is 

to be valued, one may consider the properties of the method for deriving a 

value set itself. The frequently mentioned ‘taxpayer approach’ an example. 

It is maintained that, since the taxpayer is the one who pays for it, it is only 

fair that they should have a say in how the money is spent in the health 

care sector. Note that there is no particular concept assumed to underlie the 

allocation, but, rather, it appeals to a notion of a fair or democratic deci-

sion-making process. Arguments could also be made for the use of patient 

preferences, e.g. arguing that since patients are the ones who are affected 

by a policy decision, their preferences should be given due consideration. 

4. Practical considerations: Besides normative arguments, there are, of 

course, many practical aspects that must be considered when implement-

ing a health valuation method in the real world. These include, for exam-

ple, the availability of data, resources, potential respondents, or adminis-

trative feasibility, etc. 

These four categories are not mutually exclusive. If, for example, one believes 

that a value set should reflect health, as a primary good, one can also argue that it 

should be valued by a citizen jury, using a deliberative approach. In most cases, 
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assumptions about the ‘it’, or any other aspects, will not yield a unique method-

ological approach but rather a set of constraints. 

This meta-framework is a work in progress, and does not provide guidance on 

how to choose between different approaches. It may only serve as a starting point 

for a more systematic discussion of the normative foundations of health state val-

uation. However, it can potentially help highlight main areas of agreement and 

disagreement and/or identify future research needs. 

Ways forward 

There are so many conflicting theories and paradigms – and reasonable people 

can disagree on any number of them – that it does not seem feasible to reach 

consensus on a single approach. Even if it was agreed that, say, wellbeing should 

be the ultimate goal of health policy, there would still be many different theories 

of wellbeing to choose from. 

One way forward may be to elicit meta-preferences, e.g. preferences about whose 

preferences should count or how decisions should be made. An interesting con-

tribution in this respect was recently made by Powell et al. (Powell et al., 2022), 

who found that members of the UK general public did not seem to support the use 

of their own preferences to inform health care resource allocation. This creates a 

paradox, which seems to counter the idea of the ‘taxpayer approach’ that is often 

used to justify the use of general public preferences in health state valuation. 

Similarly, Dewitt et al. (2017) saw meta-preferences as a way to reconcile differ-

ent views on how individual preferences should be aggregated. This ‘meta-ap-

proach’ does, however, suffer the same limitations: In order to derive criteria 

(e.g. meta preferences) for selecting a particular approach for valuing health, one 

first needs to determine a method for deriving these criteria, which in turn re-
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quires criteria, etc. This is a fundamental problem of circularity, inherent to any 

decision-making framework (Triantaphyllou and Mann, 1989). 

Recognising the problem of ‘reasonable disagreement’ and the inability to reach 

a consensus on what the goals and methods of policy making in the real world 

should be, Daniels (2010) proposed a potentially less ambitious goal: to develop a 

framework for legitimate policy making, centred on the premise that “establish-

ing a fair process for priority setting is easier than agreeing on principles”. Al-

though it was originally developed for the allocation of health care resources in 

general, it could also be applied to the valuation of health states. The framework, 

called ‘Accounting for Reasonableness’ seeks to establish a fair deliberative 

process comprising four conditions (Daniels, 2010): 

1. Decisions and their rationales must be publicly accessible. 

2. The rationales should provide reasonable explanations. 

3. Revision and appeals must be possible. 

4. There is public oversight to ensure that 1-3 are met. 

‘Accounting for Reasonableness’ provides a framework for evaluating the legiti-

macy of the process of choosing a particular approach. If applied to the NICE ref-

erence case, it may not be immediately clear whether decisions and their ratio-

nale are accessible to the (lay) public. In particular, the emphasis on mathemati-

cal modelling and psychometric testing seems problematic in this regard, be-

cause it may give the impression that health valuation is essentially a technical 

exercise. This conceals or at least distracts from the important underlying nor-

mative choices and assumptions. Greater transparency would undoubtedly be 

useful more generally. Researchers working in the field of health state valuation 

should be more explicit about the assumptions and values that underlie the value 

sets they develop. 
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The main lesson to draw from the discussion above, I think, is the benefit of a 

more pluralistic approach. Attempting a coherent normative foundation for 

health state valuation seems futile, as do attempts to define a single best ap-

proach to value health. Referring back to the very beginning of this chapter, I 

would like to point out that health valuation is part of a larger HTA process, which 

involves deliberation and reflection on various aspects of the intervention under 

consideration (Charlton, 2022; NICE, 2020). Therefore, it would not seem unrea-

sonable to expand the scope of these discussions to also include multiple perspec-

tives when valuing health benefits. Rather than insisting on a single reference 

case for the sake of consistency, it would be possible to assess the sensitivity of 

the results to different assumptions and approaches, reflecting the plurality of 

views and preferences that exist in society. To me, this seems more in line with 

policy decision making in democratic societies, where different views are consid-

ered and reflected upon (Baker et al., 2021). 

What is considered the most appropriate approach to value health may well de-

pend on the context of the decision, the type of intervention, and the population 

being affected, etc. However, even if policy makers do primarily consider the 

preferences of the general public the most important perspective, it does not nec-

essarily follow that they should be the only perspective that is considered. In fact, 

it may be desirable to assess the value of the health benefits from the patients’ 

and potentially other perspectives, as well. Carers, doctors, nurses, health care 

providers, and even policy makers themselves may have some claims by virtue of 

their expertise, experience, position, or trust (Culyer, 1989). Similarly, while EQ-

5D provides a consistent measurement across different disease areas, more nar-

row instruments, that capture specific aspects of a particular disease, or wider in-

struments, that capture outcomes beyond health, might augment the available 
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value information and provide a more complete picture of the (health) benefits 

derived from a particular intervention. 

In some cases, the assessment will be the same or very similar, irrespective of the 

approach. In other cases, however, the results may differ. Either way, a more plu-

ralistic approach may give policy makers additional useful information. In the ab-

sence of any compelling normative justification for only using one particular ap-

proach, policy makers should at least be open to acknowledging the value of other 

approaches. Consistency alone does, in any case, not seem to be a sufficient rea-

son to ignore and dismiss the potentially large benefits as measured from other 

perspectives, by other instruments, or using other methods. 

Limitations 

This review suffers from major limitations that need to be considered when in-

terpreting the presented conclusions and recommendations. First, this chapter is 

neither a comprehensive review of the health valuation literature – which would 

be an impossible task in the context of this thesis –, nor are the issues discussed 

in a systematic way. The review is based on a very selective literature search, 

which may have missed relevant articles, and thereby omitting important con-

cepts, paradigms, and theories. The chapter also does not attempt to provide an 

objective or neutral analysis. The narrative form of the review is, to some extent, 

reflective of the author’s personal views. Secondly, for the purpose of this review, 

the QALY model was taken as given. Yet, it is by no means the only framework 

that can be used to value health. There are many other frameworks (e.g. willing-

ness to pay, value of a statistical life, subjective health, wellbeing) based on dif-

ferent theories, paradigms and assumptions. However, in the context of HTA in 

the UK, the QALY is – despite its many limitations – the most dominant, and 
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therefore relevant, framework for this thesis, and it is for this reason I have fo-

cused this review on it. 

Closing remarks 

None of the issues with the normative foundations of health economics discussed 

above are new. They have been known and debated for decades. In a paper by Cu-

lyer from 1989 entitled ‘the normative economics of health care finance and pro-

vision’, he already noted the ambiguity inherent to extra-welfarism, and the open 

questions around how to determine what should be valued, whose values should 

count, and how to decide who should decide these questions (Culyer, 1989). Culy-

er concluded: “The heady atmosphere of grand designs has to be replaced by the 

mundane, but ultimately more fruitful, ground of systematically applied eco-

nomics.” Looking back, one could argue that the mundane application of eco-

nomic methods went too far. Now might be the time to pause, reflect and recon-

sider some of those choices that have been made 20 odd years ago, and to con-

sciously decide whether they are (still) appropriate in light of new insights and 

developments in the field This may also open up the discussion to a wider audi-

ence, taking into account a broader, more diverse range of voices and perspec-

tives. 
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Part I: NORMATIVE ISSUES IN THE VALUATION OF HEALTH 

Normative issues in the valuation of health 

‘When I use a word,’ Humpty Dumpty said in rather a scornful tone, ‘it means 

just what I choose it to mean — neither more nor less.’  

’The question is,’ said Alice, ‘whether you can make words mean so many dif-

ferent things.’ 

’The question is,’ said Humpty Dumpty, ‘which is to be master — that’s all.’ 

 – Lewis Caroll, Alice in Wonderland 
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Chapter 2: Social tariffs and democratic choice 
Social tariffs and democratic choice 

The following chapter examines the implications of using a social tariff to value 

health states in terms of QALYs, for democratic participation. It suggests that so-

cial tariffs should not only be seen as a technical problem, but should also be 

recognised as an important instrument of democracy. Possible implications for 

the aggregation of individual preferences and the selection of individuals whose 

preferences should count are discussed, as well as alternative tariff specifications 

and decision rules. 

This chapter has been published in an identical form as: 

Schneider PP. Social tariffs and democratic choice—Do population‐based health 

state values reflect the will of the people?. Health Economics. 2021 

Jan;30(1):104-12. https://doi.org/10.1002/hec.4179 
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Abstract
In economic evaluations of health technologies, health outcomes are
commonly measured in terms of quality‐adjusted life years (QALYs). QALYs
are the product of time and health‐related quality of life. Health‐related
quality of life, in turn, is determined by a social tariff, which is supposed to
re#ect the public's preference over health states. This study argues that,
because of the tariff's role in the societal decision‐making process, it should
not be understood as merely an operational (statistical) de!nition of health,
but as a major instrument of democratic participation. I outline what im-
plications this might have for both the method used to aggregate individual
preferences, and the set of individuals whose preferences should count.
Alternative tariff speci!cations and decision rules are explored, and future
research directions are proposed.

KEYWORD S
conceptual model, decision‐making, democracy, health state, normative theory, QALY,
social choice, tariff, valuation

1 | INTRODUCTION

Societal decisions, on whether or not certain health programs should be publicly provided, are often informed by
economic evaluations: The (additional) costs and health bene!ts of, say a new drug as compared against alternatives
courses of action (e.g., another drug). The results are often summarized into an incremental cost‐effectiveness ratio
(ICER; Dakin et al., 2015). In England, as in many other countries, health effects are measured in quality‐adjusted life
years (QALYs), which are the product of length and health‐related quality of life. The measurement of health‐related
quality of life, in turn, consists of a two components: a descriptive system of health states and a social tariff which maps
these states to preference values.

The currently preferred instrument for valuing health outcomes in England is the UK social EQ‐5D 3L tariff (MVH
Group 1995; NICE, 2013). It is based on the preferences of (around 3000) members of the general public. When the tariff
is applied in economic evaluations, it is supposed to incorporate societal (instead of patients') preferences into health
policy decisions regarding the allocation of (publicly funded) health care resources (Whitehead & Ali, 2010). Therefore,
I argue that the tariff should not be understood as merely an operational (statistical) de!nition of health, but as a major

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided
the original work is properly cited.
© 2020 The Authors. Health Economics published by John Wiley & Sons Ltd.
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instruments of collective choice. As such, tariffs do not only have to adhere to scienti!c standards, but also need to
re#ect the norms and democratic principles of society as a whole.

Despite the considerable impact on health policy decision‐making, the implied value judgments of social tariffs have
received very little attention, and research into their conceptual and normative basis has been scarce (N. Devlin, Shah, &
Buckingham, 2017; Dewitt, Davis, Fischhoff, & Hanmer, 2017). In this study, I make a !rst attempt to examine the role of
the tariff within thewider decision‐making framework from a collective choice perspective (section 2). I go on to highlight
the (im)possibility of aggregating individual health state preferences into a societal preference (section 3) and outline
further implications for health state valuation studies (section 4), before I propose future research directions (section 5).

2 | THE HEALTH POLICY DECISION‐MAKING FRAMEWORK

In the following, I will provide a basic framework for economic evaluations, incorporating health state values from the
general population. For clarity, some simpli!cations will be made: any uncertainty and discounting are being discarded;
and we assume that allocative ef!ciency is the only relevant criterion for societal decision‐making, ignoring any other
consideration that may in#uence health policy in the real world (e.g., outcomes beyond health, approval regulations, or
equity concerns). Moreover, it should be noted that the QALY is built on strong assumptions itself, including, among
others, the measurability of interpersonally comparable, cardinal preferences over hypothetical health states (Carr‐Hill,
1989; Dolan, 2000; Dolan, Shaw, Tsuchiya, & Williams, 2005; Fleurbaey & Hammond, 2004; Lipscomb, Drummond,
Fryback, Gold, & Revicki, 2009). Challenging these assumptions is outside the scope of this study, and the function of
the social tariff is only investigated within this given context.

2.1 | Basic notations and concepts

Suppose society consists of n individuals, whose preference functions over m (mutually exclusive) health states, given by
H à fh1; h2;�; hmg, are denoted p1; p2;�; pn, with p : H → u; Öu ∈ ℝ;u ≤ 1Ü. Note that preference values over health
states are measured on a ratio scale, in relation to the preference for “full health,” denoted h⇤, with p'ÖhjÜ à pÖhjÜ

pÖh⇤Ü. The
societal value of health states is captured by the social tariff tÖ:Ü, which is an aggregate function of individual preference
functions, given by tÖhjÜ à f Öp'1ÖhjÜ; p'2ÖhjÜ;�; p'nÖhjÜÜ. Let Sà fs11; s12;�; s21;�; snmgthen denote an n⇥mmatrix
containing individuals' ‘Health States Times', that is, the amount of time that individual i spent in state j. If we assume
additive separability and zero time preference, the number of QALYs (as valued by society) accrued by all members of
society Qt à fqt1; qt2;�; qtngis determined by the products of individuals' Health States Times and the corresponding so-
cietal valuation, given byQt à tÖHÜ ⇥ S. The total number of QALYs in society can be evaluated by the following formula:

∑
n

ià1
qti à ∑

n

ià1
∑
m

jà1
t
�
hj
�
⇥ sij

2.2 | The role of the tariff in societal decision‐making

The role of the social tariff in societal decision‐making is outlined below, and Figure 1 provides a schematic overview of
the framework (superscripts are used to link the text with the !gure). The aim of the health system is assumed to be the
maximization of QALYs, subject to a !xed budget constraint. The marginal opportunity costs of 1 QALY are further
assumed to be θ—that is a marginal decrease in the health care spending by θ results in a 1 QALY loss. The societal
decision(12) over some health program a thus depends on its ICER(10), compared to its most cost‐effective alternative a.
While the incremental costs(8), given by ∆ca à âc | aä � âc | aä, can, in principle, be directly observed in a study(6), the
incremental QALYs(9) ∆Qt

a are not only determined by the incremental health outcomes(7) ∆Sa à ÖâS | aä � âS | aäÜ, but
also by the social tariff(5) tÖ:Ü, with ∆Qt

a à tÖHÜ ⇥ ∆Sa. To derive t, however, !rst individual health state preferences(3)
have to be elicited, for example using the time‐trade‐of method(2). Preferences are then aggregated(4), as speci!ed by
f Ö:Ü, before the tariff can be used to translate health outcomes into QALYs.

Finally, program a should be adopted if its ICER is smaller or equal to θ. The societal decision function(11)WÖ:Ü can
be de!ned as follows:
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WÖaÜ à

8
>><

>>:

0 if ∆ca
∆Qt

a
> θ

1 if ∆ca
∆Qt

a
≤ θ

The overview (see Figure 1) illustrates the central role of the social tariff tÖ:Ü in the decision‐making framework: the
tariff speci!es the societal value of the time individuals spend in any health state other than full health, and thereby, it
determines to some, potentially great extent whether or not a health program is considered cost‐effective. Depending on
the distribution of preferences, the method of aggregation f Ö:Ü can, thus, also have signi!cant impact on societal
decision‐making.

2.3 | The social tariff as an instrument of collective choice

Before I go on to discuss the aggregation of individual preference functions, it will be useful to brie#y consider what the
resulting societal preference values represent. First of all, it should be noted that the current social tariff framework is
fundamentally incompatible with the notion of utility maximization. This is because, even though the tariff is based on
individual (health state) preferences, it is not individual i’s own valuation of their own (actual or potential) health state
(s) that informs societal decisions. Instead, a change in individual i's health from state j to state k is valued by the
aggregate preference of society. Since individual i's preference will generally not be identical to the societal preference,
p'iÖhjÜ ≢ tÖhjÜ, it follows that maximizing societal QALYs is not the same as maximizing health‐related utilities:
∑ ​n

ià1∑ ​m
jà1tÖhjÜ ⇥ sij ≢ ∑​n

ià1∑ ​m
jà1p'iÖhjÜ ⇥ sij⋅

A more convincing interpretation of the QALY can be derived from ‘extra‐welfarism’, which offers an alternative
approach for the evaluation of health policies beyond utilities (Brouwer, Culyer, van Exel, & Rutten, 2008; Coast, Smith,
& Lorgelly, 2008; Cookson, 2005; Culyer, 1989). Here, health is not primarily recognized as a source of utility, but it has
a social value in itself. In fact, this is how the QALY seems to be generally understood: as an operational de!nition of
health. Hence, it seems inadequate to de!ne the social tariff as a statistical summary function of individual (health‐
related) utilities. Instead, it should be understood more broadly as a mechanism, through which society collectively
derives an interpersonally comparable index of value for different sets of health functionings (Cookson, 2005).

3 | AGGREGATING INDIVIDUALS' HEALTH STATE PREFERENCES

3.1 | Problem statement

With only few exceptions (e.g., Shaw et al., 2010), health state valuation studies have used the arithmetic mean to
aggregate individual preferences into a societal preference (Xie, Gaebel, Perampaladas, Doble, & Pullenayegum, 2014;
MVH, 1995). If the tariff would re#ect individuals' own, self‐assessed (health‐related) utilities, the use of the mean could

F I GURE 1 The role of the social tariff
within the wider decision‐making framework.
Ovals represent functions and rectangles the
inputs/outputs. ICER, incremental cost‐
effectiveness ratio; QALYs, quality‐adjusted life
years [Colour !gure can be viewed at
wileyonlinelibrary.com]
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potentially be justi!ed by utilitarian welfare maximization through potential pareto improvements. But, as argued
above, the current framework is incompatible with this interpretation of the QALY (N. Devlin et al., 2017). Within the
‘extra‐welfarist’ approach, however, there does not seem to be a normative basis for selecting the mean over any of the
(in!nitely) many other possible aggregation functions (Roberts, 1980). In particular, it cannot be assumed that there is
an objectively true value for each health state. Differences between individuals' health state valuations can, therefore,
not be regarded as measurement errors, which cancel out when taking the average. Rather, differences have to be
understood as genuine disagreements. If all individuals had similar preferences, however, the choice of the aggregation
method would be trivial. Yet, empirical studies show that health state preferences differ considerably (Xie et al., 2014;
also see Figure 2), and the societal preference is thus intimately dependent on the method of aggregation—if the
method is changed, the outcome might differ. This raises the question: how should preferences be aggregated?

The (im)possibility of aggregating individual preferences into a social preference has been extensively discussed in
social choice and welfare economic literature. Various welfare functions and voting rules have been axiomatically
examined and their attractions and drawbacks have been described (Arrow, 1951; Brandt, Conitzer, Endriss, Lang, &
Procaccia, 2016; Fleurbaey & Hammond, 2004; Sen, 2018). Seminal !ndings suggest that no method can be assumed to
be unequivocally superior, or unanimously accepted. The decision which method to use always requires making value
judgments. This means, to be able to say one method is better than another, it !rst needs to be decided what values
should be incorporated. However, since this question has not yet been addressed in the context of population‐based
health state valuations, it is unclear what properties these functions should have. Currently, it is not even obvious what
types of aggregation functions are admissible at all. In a recent discussion study, N. Devlin et al. (2017) suggested that a
reasonable starting point for conceptualizing a social tariff would be the fundamental principle of the democratic
system within which the health system operates: the majority rule. As an example, they consider the most common
measures of central tendency (mode, mean, and median), but do not derive at a conclusive solution. In the following, I
expand on their analysis and show that none of the three measures can appropriately re#ect the majority view.

3.2 | Measures of central tendency and the majority rule

3.2.1 | The arithmetic mean

The arithmetic mean is commonly used to aggregate preferences in health state valuation studies (Xie et al., 2014; MVH,
1995), and it has convenient properties: it is easy to compute and to predict using regression models, and, unlike the
median or mode, it is consistent with âf Öp1Öh1Ü; pnÖh1ÜÜä � âf Öp1Öh2Ü; pnÖh2ÜÜä à f Öâp1Öh1Ü � p1Öh2Üä; âpnÖh1Ü � pnÖh2ÜäÜ.
However, it takes into account the preference intensity of individuals, and thus does not re#ect the majority view: the
mean givesmoreweight to individual values that are distant from the average, whichmakes it sensitive to individuals with
extreme preferences and outliers. This clearly con#icts with the democratic principle of ‘one man (or woman), one vote’.
As an example, consider Figure 2. The histogram shows the distribution of 735 individual preferences values for the
EQ‐5D 3L health state, “11,131” (no problems with mobility, self‐care, usual activities and no anxiety or depression, but
extreme pain or discomfort). Even though 58% of the individuals would prefer a higher value, the average is 0.24, because
it is “pulled down” by individuals with more extreme negative utility values.

3.2.2 | The mode

Selecting the most frequent value from a complex distribution of cardinal preference values seems to be meaningless.
The frequency of values mainly depends on the accuracy of the measurement and the extent of up‐ and down‐rounding.
In our example (Figure 2), 1 is by far the most frequent value (n à 72). However, 90% (n à 663) prefer a lower value.
Overall, in the MVH (1995) data, all health states have a mode value of either 1, 0, or �1.

3.2.3 | The median

At !rst glance, the median provides a promising alternative: according to the Median Voter Theorem (Black, 1948), a
majority will select the outcome most preferred by the median voter (given single peaked preferences).
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Correspondingly, in our example, there is no majority for a value that is higher (preferred by 49.5%) or lower (preferred
by 48.3%) than the median (à0.43). From this one might conclude that this is the value that the majority supports.
However, the Median Voter Theorem only applies to voting on one dimension. For multiple dimensions, there is not
necessarily a stable majority, and societal preferences might be intransitive (McKelvey, 1976). For the valuation of
multiple health states, this means that although median values would re#ect the majority view for each state
individually, combining the median values of multiple health states into a social tariff might not represent the majority
view globally. Moreover, the interpretation of median preferences is further complicated by the fact that the difference
between the medians for two health states is not equal to the median difference. This can lead to paradoxical results, as
the following example may illustrate.

Suppose individuals x1, x2, and x3 have preferences over health states h1 and h2: x1 prefers h1 (px1Öh1Ü à 0:65) over
h2 (0.44); x2 also prefers h1 (0.94) over h2 (0.83); and only x3 prefers h2 (0.98) over h1 (0.34). One could thus conclude
that a majority of individuals prefers h1. However, the median values for the two health states are 0.65 and 0.83 (the
geometric medians are 0.68 and 0.72), which would indicate that the group prefers h2. See Figure 3 for a visual
illustration.

3.3 | Constructing a democratic decision rule

None of the three measures of central tendency discussed above are able to incorporate the majority rule into the social
tariff, let alone into decision‐making. In the following, I will thus outline an alternative approach: a reformulation of the
social tariff as a majority voting system over health programs (see Figure 4). Even if the proposed method is unlikely to
be considered a viable alternative to the current system in the near future, it might serve to illustrate the conception of
the social tariff as an instrument of democratic participation.

As noted above, the incremental societal QALYs of program a are given by ∆Qt
a whereby the superscript indicates

that incremental Health State Times ∆S are valued using the societal tariff tÖ:Ü. Alternatively, QALY estimates could be
derived from individuals' health state preference functions directly, with ∆Qpia à p'iÖHÜ ⇥ ∆S. The societal health effects
of program a would then be evaluated by all n individuals separately (i.e., how many QALYs does program a generate in
society from the perspective of individual i?). Imposing the societal ef!ciency decision ruleWÖ:Ü on everyone, individual
i's decision function is given by

F I GURE 2 Distribution of individual preferences values (n à 735) for EQ‐5D 3L health state, “11,131”, and the corresponding mean,
mode, and median. Source: data from MVH (1995)
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diÖaÜ à

8
>><

>>:

0 if ∆cc
∆Qpia

> θ

1 if ∆ca
∆Qpia

≤ θ

F I GURE 3 The “median health state
paradox.” Even though a majority of individuals
(green dots) prefers health state h1 over state h2,
based on median (blue) or geometric median (red)
health state values, the group prefers h2

F I GURE 4 A democratic reformulating of the social tariff as a majority voting system [Colour !gure can be viewed at
wileyonlinelibrary.com]
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Subsequently, the societal decision rule could be reformulated as a majority voting system: individual decisions
d1ÖaÜ; d2ÖaÜ;…; dnÖaÜ could be summed up, and a should be adopted by society, if a majority of individuals ‘voted’ for it.
The modi!ed societal decision function W' is given below.

W ′ÖaÜ à

8
>>>>><

>>>>>:

0 if n2 ≤ ∑n
ià1 diÖaÜ

1 if n2 > ∑n
ià1 diÖaÜ

If more than two health programs are evaluated at the same time, majority voting has important limitations, and
alternative voting rules should be considered (e.g., Brandt et al., 2016 provide a contemporary overview).

It should be stressed that the proposed change would only affect the level and the method of aggregation, while the
source (the general population) and the objects (hypothetical health states) of preferences remain the same. Concep-
tually, however, this method offers a clear advantage over the current system: it would give all individuals equal weight
in the decision. Furthermore, it would also be more transparent, in terms of how many individuals do and do not
support a given policy decision. Thereby, the voting system might not only be more democratic, but also easier to
understand than an average societal health state tariff. Nevertheless, one might rightly object that the informational
demands of this system would be signi!cant. Detailed primary data on the health outcomes, as well as individuals'
health state preference functions would be required. Moreover, it should be emphasized that majority voting is
insensitive toward individuals' preference intensities. The principle of “one person, one vote” means that any preference
for program a counts as one (and any preference against as 0), regardless of how strong or weak the preference is—
minuscule bene!ts to a small majority may thus outweigh any losses to a large minority. Finally, if the threshold of θ is
assumed to be based on the marginal opportunity costs, each individual could, in principle, have a different threshold,
depending on how many QALYs are currently being generated in the health care system from their perspective (i.e.,
according to their individual preference function).

4 | DEMOCRATIC REPRESENTATIVENESS

From a democratic perspective, it is not suf!cient to address the question how preferences should be aggregated. It also
needs to be determined whose preferences should count. Even if the public is to be accepted as the source of preferences,
it has not been established what practical implications this may have for health state valuation studies. In the following,
I make some recommendations for aspects that should be considered.

First, the surveyed group of individuals should be representative of the society for which a decision is to be made.
This means, participants should be selected randomly. After the data are collected, all reasonable efforts should be made
to retain representativeness throughout subsequent analyses. This implies that incomplete cases should not be
excluded, nor should missing values be ignored. The exclusion of 399 (12%) participants from the in the MVH study
(1994) because of missing values appears disconcerting in this regard. Missingness is unlikely to be (completely)
random, and appropriate imputation methods should be considered (Rubin, 1976). Moreover, seemingly irrational
preferences—for example, assigning the same value to all health states (Lamers, Stalmeier, Krabbe, & Busschbach,
2006) —should also not automatically be removed. Preferences might be consistent with some underlying beliefs, and
researchers should not presume to make judgments about them (N. Devlin et al., 2017).

Second, democratic representativeness also commands that only those individuals are considered in the tariff,
who are members of the very society, for which decisions are to be made. Health preferences vary across different
regions and cultures (Gerlinger et al., 2019). NICE's decision to use a UK‐wide, instead of an English tariff, to value
health outcomes seems problematic in this regard, as it might well be the case that the four UK countries also have
distinct preference pro!les. One could take this a step further and argue that local authorities should also consider
the use of local tariffs to evaluate local health programs. However, eliciting preferences and constructing social
tariffs takes time and resources. The derivation of local, more accurate QALY estimates might thus only be
worthwhile, if health preferences and subsequent policy decisions differ signi!cantly between local communities.
However, due to the scale of health care budgets, wrong decisions, based on biased estimates, could have signi!cant
opportunity costs.
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Finally, it seems self‐evident that an individual's participation in collective, democratic decisions needs to be
intentional and deliberate. First and foremost, this means that participants in health state valuation studies need to be
informed about the (potential) purpose of the survey (Israel, 2015). Using participants' stated preferences to inform
policy decisions without obtaining informed consent for doing so does not only violate the autonomy of the
participants, but it also seems utterly undemocratic. Given the potential impact their responses may have on health
policy decisions, some individuals may want to give their answers more thought, and some may also prefer to abstain
from participating. Notwithstanding, informing participants about the purpose of health valuation study may also
invoke strategic behavior. Even though it seems unlikely that participants are able to foresee the effects their responses
will have on any particular decisions, they may try to exaggerate their preferences in order to tilt the social tariff in
the desired direction. Hausman (2010) further proposed that societal decisions should not be based on individuals'
“private” health state values at all. Instead, public deliberations would be required to derive an adequate information
basis for economic evaluations. I would argue that, at the very least, participants in health state valuation studies
should be given the opportunity to re#ect on their responses and to seek additional information about the health
states they are not familiar with (N. J. Devlin, Shah, Mulhern, Pantiri, & van Hout, 2019; Gansen, Klinger, &
Rogowski, 2019).

5 | HOW TO MOVE FORWARD

I have outlined research gaps related to the use of social tariffs in health economic evaluations. Considering their
signi!cance for health policy decision‐making, further conceptual work is warranted to establish a sound and
coherent theoretical foundation for social health state values. Before more appropriate theories and methods can be
developed, it will be the responsibility of the decision makers to determine what social value sets are supposed to
represent (e.g., utilities? indices of health?) and how they are to be derived (N. Devlin et al., 2017). I use the term
“decision maker” here to include not only politicians and civil servants, but also members of the general public.
Health economists can support the search for more appropriate preference aggregation methods and social welfare
function by translating normative value judgments into corresponding decision rules. To this end, Dewitt et al. (2017)
proposed a deliberative approach for eliciting meta‐preferences from decision makers—that is survey how do they
think preferences should be aggregated. In a !rst step, relevant ethical norms and societal values are identi!ed from
decision makers. Potential social tariffs are then constructed and subsequently presented to the participants. The
preferences over the aggregation procedures (i.e., their meta‐preferences) are then elicited in an iterative process.

6 | CONCLUSION

Under the assumption that the social tariff represents a major instrument of democratic participation, this study raises
several critical questions and challenges the conceptual foundation of the current framework. Although the practical
implications are still to be determined, a democratic (re)interpretation of the social tariff would undoubtedly have
important consequences for population‐based health state valuations. A new line of research is proposed to establish a
conceptual basis for social tariffs from a democratic perspective.
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Conclusion to Chapter 2 

In this chapter, I highlighted the importance of considering the role of social tar-

iffs in health policy decision-making from a democratic perspective. I argued 

that, in order to reflect the majority opinion, a reformulation of the social tariff as 

a ‘majority voting system’ over health programs may be necessary. To this end, I 

outlined a theoretically attractive, but practically challenging alternative ap-

proach, which gives all individuals equal weight in the decision-making process. 

Additionally, I discussed the need to ensure democratic representativeness in 

health state valuation studies, and made recommendations for aspects that 

should be considered. Overall, this chapter suggests that further research is 

needed to develop a sound and coherent theoretical foundation for (social) health 

valuation. By translating normative value judgments into corresponding decision 

rules, health economists may help to establish more appropriate methods of 

preference aggregation and social value functions. 
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Chapter 3: Fair interpersonal utility comparison in the valuation of health 
Fair interpersonal utility comparison in the valuation of health 

In the following chapter, I propose a new method for aggregating individual 

health state preferences into a social value set, called Utility Normalisation with 

Post-hoc Anchoring (UNPAc). In the standard aggregation function (the raw 

arithmetic mean), people’s preferences for survival time (compared to health-re-

lated quality of life) determine the weight they have in the estimation. I argue 

that this influence should be considered unfair, and, inspired by relative utilitari-

anism, I propose UNPAc as an alternative solution. The potential impact of the 

new method and its feasibility is demonstrated using real world data (MVH) and a 

simulation study. The results indicate that UNPAc is able to reduce the association 

between individuals’ relative preference for survival time and their influences on 

the overall outcome, and that this can yield a different set of social values. How-

ever, the differences may not always be considered relevant. Substantial unex-

plained variation in individuals’ influences on the social value set remain. 
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Fair interpersonal utility comparison in the

valuation of health: a relative utilitarian

preference aggregation method

ABSTRACT

Background

The time trade-o↵ method is widely used to elicit individual preferences over
health states. The resulting utility values, measured on a scale anchored at
full health (=1) and dead (=0), are commonly aggregated across individuals,
in order to derive a social value set. In this paper, we argue that using dead,
instead of the worst health state as a lower anchor is problematic, because
individuals with a wider range of utility values have – simply for arithmetic
reasons – more influence in the estimation of the social value set.

Methods

Inspired by relative utilitarianism, we propose an alternative aggregation pro-
cedure, the ’UNPAc method’, which aims to equalise individuals’ influences.
We conducted a simulation study to demonstrate the potential impact of the
new method on aggregate social health state values, and tested its practical
feasibility in an EQ-5D 3L data set from the UK.

Results

For the simulation study we find that, in the standard approach, an agent’s
influence on the relative social value set increases linearly with their range,
while in the UNPAc approach, there is practically no association between and
range and influence. Both methods yield di↵erent sets of social values. When
applied to the real-world EQ-5D-3L data, social value sets also di↵er between
the two method, but, we do not find evidence for a clear, positive relationship
between agents’ utility ranges and their influences.

Conclusion

Our findings suggest that the new relative utilitarian approach can eliminate
di↵erences in influence that are due to di↵erences in individuals’ utility ranges.
However, the di↵erences in the resulting social value may not always be consid-
ered relevant, and substantial, currently unexplained variation in individuals’
influences on the social value set remain.



Highlights

• Standard health valuation methods do not give every individual equal
weight in the estimation of social value sets. This is because preferences
for length of life are conflated with preferences for quality of life.

• We propose a new preference aggregation method (UNPAc) to resolve
this problem

• Our simulation study demonstrates the e↵ectiveness of the new method
under certain circumstances

• When applied to actual EQ-5D-3L data, however, results are more am-
biguous: di↵erences between the standard and the new approach might
not always be considered relevant

2



Introduction

The measurement and valuation of health-related quality of life (HRQoL) is

an integral component of health economic evaluation [1–3]. Methods for elic-

iting health preferences and estimating social value sets for health descriptive

systems, such as the EQ-5D-3L, have evolved significantly over the last two

decades. However, while much attention has been paid to the psychometric

and statistical properties, little consideration was given to their normative un-

derpinnings. In fact, one might even get the impression that the elicitation of

preferences and the estimation of a social tari↵ is treated mainly as a measure-

ment problem. Yet, this disregards the fact that ’measuring’ social preferences

requires making strong value judgements [4].

The problem which we will be concerned with in this paper is that when

di↵erent individuals are asked to state their preferences over a number of health

states, there can be considerable disagreement between them. For example, is

mild pain better or worse than severe mobility impairment? To determine the

social value of a health state, which is supposed to represent the preference of

the group of individuals as a whole, some form of compromise must be reached

[4, 5]. By far the most commonly used approach to solve this problem is to

aggregated utilities across individuals, by taking the arithmetic average [6].

In previous work we have already argued that aggregating health state utili-

ties across individuals by taking the average may yield unfair social outcomes

[Anonymous]. The present study aims to extend our theoretical work by pre-

senting an alternative aggregation procedures that equalises the influences in-

dividuals have on the estimation of (relative) social value sets. We test the

alternative method in a simulation study, and assess its feasibility, using a real

world EQ-5D-3L data set from the UK.

1



Theoretical framework

Interpersonally (in)comparable health state utilities

Social preferences cannot be measured (purely) objectively. They are not phys-

ical quantities, like blood pressure or body weight. The commonly used scale,

anchored at full health, set to one, and dead, set to zero, does thus not measure

health state preferences in some natural units of utility (or HRQoL). Instead,

it is presumably imposed on normative grounds, as a matter of fairness. In

contrast to, for example, willingness to pay, the 1-0 scale used in time trade-o↵

or standard gamble method, equalises individuals’ preference functions, in the

sense that one year in full health (and one year ‘being dead’) is assumed to

be of equal value for all individuals [7, 8]. Thereby, utility values are sup-

posedly made fully interpersonally comparable. At closer inspection, however,

this assumption seems implausible and may lead to unfair outcomes [9].

While ‘full health’ and ‘being dead’ might intuitively seem to be obvious and

valid anchor points, at closer inspection, the situation becomes more di�cult:

‘full health’ refers to a state with a certain HRQoL in which a person spends

some amount of time. Dead, however, refers to a ‘non-state’ in which survival

time is absent.

This means, a utility scale that is anchored at full health and dead actually

conflates the evaluations of two di↵erent criteria: HRQoL and survival time.

The former reflects individuals’ assessment for how much better or worse a

given health state i is compared to another health state j – we refer to this as

the relative value of a health state. The latter reflects the value of one year in

state i (or j) compared to being dead - we refer to this as the absolute value. A

comparison with ‘being dead’ is, however, qualitatively di↵erent comparisons

with other health states, as it does not only involve the evaluation of HRQoL,

but also the value of any non-health components of life.

2



We would argue that these two types of preferences should be considered – and

aggregated – separately. Conflating both into one score before aggregating

utilities across individuals a↵ects individuals’ ranges of utility values, that

is the utility di↵erence between the best (full health) and the worst health

state (pit state). All else being equal, individuals with a a higher rate of

substitution between units of HRQoL and units of survival time (RSQS) –

that is an individuals’ willingness to trade survival time for gains in HRQoL –

will have a wider utility range. Individuals with a lower RSQS, on the other

hand, will have a more narrow range.

This is problematic, because individuals with a wider range of utility values

will – simply for arithmetic reasons – get more, potentially disproportionate

influence in the estimation of the social tari↵: all else being equal, the wider the

utility range, the more influence an individual has on the relative social value

of a given health state. This means, if (and only if) individuals’ preferences

over health states di↵er with respect to their utility ranges, average health

state values will reflect the preferences of individuals with wide ranges to a

greater extent than of individuals with a narrow range.

One might think that this e↵ect is acceptable or even desirable, because in-

dividuals with a wide utility range apparently care more about HRQoL than

others – maybe they should have more say in the decision how much more or

less valuable health state i is compared state j? We would oppose this position

for two reasons.

Firstly, the argument above implies that individuals who prioritise survival

time over HRQoL (i.e. individuals with a lower RSQS) then get more say over

the value of state i (and j) compared to being dead in return. Yet, this is not

the case. Following the rules of simple arithmetic, individuals with a very low

utility range (low RSQS) have the same influence as individuals with a very

wide range (high RSQS), while individuals with an average utility range have

the least influence (this will be illustrated in the simulation study below).
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Secondly, only because a person is not willing to trade much survival time for

gains in HRQoL, does not mean that they actually do not care about their

health. Imagine a single-parent. They might be very reluctant go give up any

life time, in order to be able to continue caring for their children. Yet, their

unwillingness to trade survival time should not be mistaken for indi↵erence.

They may well be willing to spend all their income on improving their HRQoL

– just not their survival time. Another person, with the same level of income,

but without any dependants, might not be willing to spend as much money

to improve their health, but may trade large proportions of their remaining

lifetime, just because they do not care so much about it. It thus appears

questionable whether the single-parent in this example should principally have

less influence on the relative social value of health states than the other person.

For the aforementioned reasons, we think that anchoring the utility scale at

full health and dead does not yield fully interpersonally comparable utility

values. In the absence of any compelling reason to consider the preferences of

individuals with a wider range of utility values more important, disparities in

people’s influences on the relative social health state values (that are due to

utility range di↵erences) should be considered illegitimate.

A novel approach: Utility Normalisation with Post-hoc

Anchoring (UNPAc)

To resolve the inequitable distributions of influence based on utility ranges, and

inspired by concept of relative utilitarianism [10], we propose a new method

for aggregating utility values across individuals: ‘Utility Normalisation with

Post-hoc Anchoring’ (UNPAc). UNPAc consists of three simply steps (a more

formal description of the method is provided in the Appendix):
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1. The preferences of each individual are normalised between their best and

their worst health state, so that all preference functions range from full

health (=1) to their pit state (=0).

2. Utilities for each health state are aggregated across individuals (by taking

the average) to derive a normalised social value set.

3. The normalised social value set is re-anchored using the average utility

range (the average utility range is equal to 1 minus the average utility

of the worst health state, and may also be interpreted as the average

RSQQ)

In contrast to the standard approach, anchoring health state preferences be-

tween full health and the pit states e↵ectively normalises individuals’ prefer-

ence functions: the utility di↵erence between the most preferred and the least

preferred health state then has the same value for everyone, irrespective of

their preferences for survival time. Only after normalised utilities are aggre-

gated into social values, they are re-scaled on to the QALY scale (anchored at

full health and dead). This means, the UNPAc disentangles the aggregation

of preferences for HRQoL and the aggregation of the RSQQ. Preferences for

each are aggregated separately, and only then are the two combined to derive

the final social value set.

It should be noted that the proposed UNPAc approach is informationally more

demanding than the standard approach. To be able to normalise utilities on

the individual-level, two conditions must be met: for each individual, one must

know the utilities for their best and worst health state, and the di↵erence

between those two must be some non-zero value. Otherwise, a normalised

preference function can not be constructed. However, in most cases this will

be feasible, as health descriptive systems usually include one objectively best

(perfect health) and worst (pit) health state, and most people are willing to

trade survival time for gains in HRQoL.
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Simulation study

We conducted a simulation study to demonstrate the impact of using the

UNPAc, instead of the standard approach, for aggregating health state pref-

erences. The primary objective was to assess the di↵erences in the association

between individuals’ utility ranges and their influences on the relative and

absolute social value set.

Methods

We simulated 10,000 agents. 4,500 (45%) agents were assigned to group GM ,

and 5,500 (55%) were assigned to group GP . Agents had preferences over 4

health states: FH = Full health; PM = Physical and mental health problems;

P = Physical health problems; M = Mental health problems. All agents con-

sidered FH the best (= 1), and PM the worst state, but agents in GM preferred

M over P, while agents in GP preferred P over M.

To construct cardinal preference functions, we first randomly generated values

for PM from a truncated normal distributions. For GM agents, the mean (SD)

was set to -0.9 (0.3), and for GP , it was set to -0.25 (0.3). For both groups,

the minimum and maximum was set to -1 and 1.

Utility values for states P and M were generated in two steps: we first sam-

pled, for each agent separately, two values from a uniform random distribution,

spanning from 1 to the agent’s utility for PM. Secondly, the two values were

ordered according to the group assignment, with GM : u(FH) > u(M) >

u(P ) > u(PM); and GP : u(FH) > u(P ) > u(M) > u(MP ). This procedure

ensured that agents in both groups had, on average, the same relative pref-

erence intensities for either P or M. The only systematic di↵erence was that

that agents in GM had a higher RSQS than agents in GP , i.e their ranges of

utility values were wider, i.e. the utility of PM was lower.
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Social values sets were computed using the standard (mean aggregation) and

the UNPAc approach. We compared the resulting absolute and relative value

sets, and assessed di↵erences in the relationship between individuals’ utility

ranges and their influences on the social value set, which was the primary

outcome of interest.

An individual agent’s influence was measured as the sum of the absolute di↵er-

ences between a social value set with and a set without their preferences taken

into account. This means, we first estimated a reference value set including

the preferences of all n agents. We then computed n test value sets, each of

which ignored the preferences of one of those agents.

The association between agents’ utility ranges and their influences was inves-

tigated by means of plotting the data and fitting smooth loess curves to it.

We also conducted a sensitivity analysis to verify that in a scenario where

agents’ utility ranges are not associated with specific preference profiles, UN-

PAc is equivalent to the standard approach. For this, Groups GP and GM

were simulated to have, on average, the same utility ranges ( = -0.575).

Results

Table 1 shows the average absolute and relative health state values separately

for agents with the groups GM and GP . GM agents prefer M over P, while GP

agents prefer P over M. While the absolute utility di↵erence between M and

P is greater in the GM group (0.56 vs 0.43), the relative utility di↵erence is

the same (0.33 vs 0.33). Additional descriptive statistics are provided in the

appendix (see S1).

After both groups were merged into one (society), we applied the standard and

the UNPAc aggregation method. The resulting social value sets are provided

in Table 2. It shows that the standard approach yielded a social value set in

which the absolute and relative value of M was larger than the value of P (0.28

vs 0.26 and 0.51 vs 0.49). This means, the social values reflect the preference

7



Table 1: Mean absolute (relative) state utilities within groups
State GM (n = 4,500; 45%) GP (n = 5,500; 55%)
FH 1.00 (1.00) 1.00 (1.00)
M 0.42 (0.66) 0.16 (0.33)
P -0.14 (0.34) 0.59 (0.67)
PM -0.72 (0.00) -0.24 (0.00)

profile of GM agents, even though they are a minority (45%) and despite the

fact that their relative preference for M over P was exactly the same as the

other group’s preference for P over M.

The social value set derived through the UNPAc method showed di↵erent

results. The values for FH and PM remained the same, but the preference

order for M and P was reversed. The absolute and relative values were 0.24 vs

0.30 and 0.48 vs 0.52, respectively.

Table 2: Comparison between the absolute (relative) social value sets based
on the standard approach and the UNPAc
State Standard approach UNPAc approach Di↵erence

rank value rank value rank value
FH 1 1.00 (1.00) 1 1.00 (1.00) 0 0 (0)
M 2 0.28 (0.51) 3 0.24 (0.48) 1 -0.04 (-0.03)
P 3 0.26 (0.49) 2 0.30 (0.52) -1 +0.04 (+0.03)
PM 4 -0.46 (0.00) 4 -0.46 (0.00) 0 0 (0)

Figure 1 illustrates the mechanism behind these divergent results. It shows

the influences of individual agents on the relative and absolute value set as a

function of their utility ranges, with smooth loess curves fitted to the data.

In the standard approach, an agent’s influence on the relative social value set

increases linearly with their range, while in the UNPAc approach, there is prac-

tically no association between and range and influence. In both approaches,

the association between agents’ utility ranges and their influences on the ab-

solute value set, shows a V-shaped pattern, i.e. agents with a very wide and

very narrow have more influence, while agents with an average range have the

least influence.
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The sensitivity analysis confirmed that when agents with di↵erent preference

profiles do not di↵er with respect to their utility ranges, the UNPAc approach

provides results that are equivalent to the standard approach (see Table S2 in

the Appendix).

Empirical application

In order to test the feasibility of using the proposed alternative UNPAc utility

aggregation method in practice, we applied it to an EQ-5D-3L health state

preference data set from the UK. As for the simulation study, the primary

outcome of interest was the association between individuals’ utility ranges and

their influences on the (relative) social value set. However, we also compared

the resulting value sets, to assess whether or not di↵erences could be considered

relevant in practice.

Methods

The EQ-5D-3L Instrument

The EQ-5D 3L instrument is a generic preference-based instrument for the

measurement and valuation of health. It consists of 243 health state, defined

along five dimensions (mobility, self-care, usual activities, pain/discomfort, and

anxiety/depression), each of which has three severity levels (no problems, some

problems, and severe problems). Health states can accordingly be referred to

by a 5-digit code. ‘23111’, for example, denotes a state with some mobility

problems, severe problems with self-care, but no problems with usual activi-

ties, pain/discomfort, or anxiety/depression. Accordingly, ‘11111’ denotes full

health; and ‘33333’ denotes the (objectively) worst health state.
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Setting and data

We used EQ-5D-3L data from the 1993 Measurement and Valuation of Health

(MVH) Study [11–13]. We reproduced the methods of the original study as

far as possible, but had to make two adjustments, in order to apply the nor-

malisation methods.

Firstly, to avoid zero-division, we had to exclude 12 of the 2,997 individuals

included in the original study, because they had a utility range of 0, i.e. they

assigned a utility of 1 to all states. Secondly, we added full health to the data

set and set it equal to one for all individuals.

Statistical modelling

In contrast to the simulation study, the data collected in real world valuation

tasks does not allow computing social value sets directly. Instead, a statistical

model has to be fit to the data, which can then be used to predict social health

state values.

To estimate the standard (average) social value set, we used the main e↵ects

OLS model proposed by Dolan [11]. It includes twelve variables, two dummy

variables for each dimension (e.g. MO2 and MO3 for mobility), representing

moves to some and severe problems, a constant (↵), representing any move

away from full health, and N3, which is an additional utility decrement for

having severe problems on at least one dimension.

To estimate the UNPAc social value set, we first normalised each participants

health state preferences between their best and their worst health state. Sec-

ondly, we fitted the standard OLS model to the normalised preference data,

and then re-anchored the model using the mean RSQS/utility range.

The remaining steps of the analysis are identical to the simulation study. We

estimated the relative and absolute social values for all 243 health states using

the standard and the UNPAc approach, and then compared the results. The

associations between participants’ utility ranges and their influences on the
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social value sets were assessed by plotting the data and fitting smooth loess

curves to it.

Results

A total of 2,985 participants were included in the analysis.

Table 3 shows a comparison between the standard OLS model and the al-

ternative UNPAc model. For most parameters, the di↵erences were small.

However, in the UNPAc model, the beta for AD3 was 6% higher compared to

the standard model, and the beta for N3 was 8% lower, respectively.

Table 2. Main e↵ects model - standard and UNPAc parameter estimates

Standard UNPAc UNPAc/Standard

Variable b (95%CI) Normalised b (95%CI) Rescaled b (95%CI) Ratio Di↵erence

Intercept 0.05 (0.04; 0.06) 0.03 (0.03; 0.04) 0.05 (0.04; 0.06) 1.01 0.000

MO2 0.07 (0.06; 0.08) 0.04 (0.04; 0.05) 0.07 (0.06; 0.08) 0.99 -0.001

MO3 0.24 (0.23; 0.25) 0.15 (0.14; 0.16) 0.24 (0.23; 0.25) 1.01 0.002

SC2 0.12 (0.11; 0.13) 0.07 (0.06; 0.08) 0.11 (0.10; 0.12) 0.96 -0.005

SC3 0.11 (0.09; 0.12) 0.07 (0.06; 0.08) 0.11 (0.10; 0.12) 1.05 0.005

UA2 0.04 (0.02; 0.05) 0.02 (0.02; 0.03) 0.04 (0.03; 0.05) 1.04 0.002

UA3 0.06 (0.04; 0.07) 0.03 (0.03; 0.04) 0.06 (0.04; 0.07) 1.01 0.001

PD2 0.13 (0.12; 0.14) 0.08 (0.07; 0.08) 0.12 (0.11; 0.13) 0.96 -0.006

PD3 0.26 (0.24; 0.27) 0.16 (0.15; 0.17) 0.26 (0.25; 0.27) 1.00 0.000

AD2 0.08 (0.07; 0.10) 0.05 (0.04; 0.06) 0.08 (0.07; 0.09) 0.97 -0.003

AD3 0.16 (0.15; 0.18) 0.11 (0.10; 0.11) 0.17 (0.16; 0.18) 1.06 0.010

N3 0.28 (0.27; 0.30) 0.16 (0.15; 0.17) 0.26 (0.25; 0.28) 0.92 -0.022

R
2

0.51 0.59 0.51

Observations 38,805 38,805 38,805

These di↵erences translate into di↵erences in social health state values. Figure

2 shows a comparison of the social values for all 243 EQ-5D-3L health states.

Detailed results for both value sets, and a state-by-state comparison, can be

found in the appendix. Here, we limit ourselves to some general observations:

The UNPAc method generally yielded higher social values than the standard

approach. The mean di↵erence between standard and UNPAc social values was

0.022, with a standard deviation of 0.008. Di↵erences tend to be smaller for

high and low ranked states, and larger for intermediate states. The maximum

absolute di↵erence of 0.036 (standard: 0.003 vs. UNPAc: 0.040) was observed

for state ‘22132’. Di↵erences in social values also resulted in rank di↵erences.

12



Figure 2: Comparison of the social values for all 243 EQ-5D-3L health states,

based on the standard and the UNPAc utility aggregation methods. Health states

are ordered by desirability, from the most (FH) to the least preferred state, according

to the standard model.

A total of 156 (64.2%) health states had a di↵erent rank. The highest rank

change of +6 (134!140) occurred for health state ’31213’.

Utility ranges and influence

Individuals’ utility ranges varied between 0.01 and 1.98, with an average (SD)

of 1.62 (0.36) and a median (IQR) of 1.73 (0.55). Only 134 (4%) of the par-

ticipants did not consider any health state to be worse than dead and had

a utility range of less than one. Furthermore, only 2,205 (74%) participants

assigned the lowest utility value to the objectively worst health state ’33333’.

This means, for 780 (26%) participants, at least one health state had a lower

value.
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A visual illustration of the association between agents’ utility ranges and their

influences on the absolute and relative social value sets in the standard and

the UNPAc approach is given in figure 3. It shows individuals’ influences on

the relative and absolute value set as a function of their utility ranges, with

smooth loess curves fitted to the data.

In contrast to the results derived from the simulation study, we neither found

evidence for a clear, positive linear relationship between agents’ utility ranges

and their influences on the relative social value set in the standard approach,

nor for any systematic di↵erence in the shape of the association between the

standard and the UNPAc approach. Instead, all four subfigures showed a

rather similar, flat U-shaped association, indicating that agents with low (< 1)

and agents with high (> 1.75) utility ranges had more influence than agents

with more average ranges. For the absolute value set, individuals with narrow

ranges furthermore seemed to have more influence than those with very wide

ranges. However, the number of individuals with narrow ranges was low (n =

134; 4%) and thus patterns may be a↵ected by few outliers.

Data and code availability

The entire R source code for both, the simulation study and the empirical

analysis, are provided on a data repository, where it is available for reuse and

adaptation. The principal investigators of the 1993 MVH study also kindly

gave us permission to publish the relevant data alongside our code [Anony-

mous].

Discussion

In this paper, we have outlined potential flaws in the procedure that is com-

monly used to aggregate health state utilities across individuals into social

value sets for use in economic evaluations. Our main theoretical argument
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is that the standard method fails to account for di↵erences in the range of

utility values, and may thus lead to a very unequal – and potentially unjust –

distribution of influence on social value sets. Social value sets might then pre-

dominantly represent the preferences of those individuals who are more willing

to trade units of survival time for gains in units of HRQoL. This does not seem

to be an intentional choice, or to be founded in theory, but rather an accidental

result of the fixed 1-0 full health - dead utility scale.

Inspired by the concept of relative utilitarianism, we proposed an alternative

utility aggregation method, the UNPAc approach, to resolve the problem of

the inequitable distribution of influence [10]. The method equalises individ-

uals’ influences in the estimation of the relative social tari↵, by normalising

everyone’s health state preferences between their best and worst state.

We demonstrated the feasibility of the UNPAc approach and demonstrated its

potential impact in a simulated data set. When applying the approach to the

data set of the well-known MVH study [11–13], however, results were not fully

conclusive: although we found evidence of an unequal distribution of influence

on the UK EQ-5D-3L social value set, the relationship between utility ranges

and influence was more complex than in the simulation study (and then we

expected): in contrast to the simulated data set, in the empirical data, not only

individuals with a very wide range of utility values had more influence, but also

individuals with very low range. In this situation, the UNPAc method did not –

and should not be expected to – fully equalise the influence across individuals,

because it only eliminates those inequalities that are due to di↵erences in the

utility ranges. There are, of course, inequalities due to other factors. These

may include, for example, the specific subset of health states an individuals is

asked to value, or the respective preference profile. The group of individuals

with very low utility ranges but high influence in the MVH data set was small

(n = 134; 4%), and the observed high influence could well be due to unusual

preference profiles of these particular individuals.
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Overall, the UNPAc provided a di↵erent social EQ-5D 3L value set for the

UK than the standard approach. Even though the di↵erences between the two

models were small, there are two important consideration that should be taken

into account. Firstly, the TTO full health - dead scale only ranges from one to

zero, and so the magnitude of the di↵erences must be interpreting on that scale.

Secondly, the EQ-5D 3L instrument pre-specifies a large proportion of the rela-

tionships between its 243 health states: State ’21111’, for example, dominates

states like ’22111’, ’21211’, etc, each of which, in turn, dominates states like

’22222’, or ’32222’, etc. This inherent structure constraints the range of health

state utility di↵erences that alternative valuation and aggregation methods

can be be expected to yield. For the 5L version of the EQ-5D instrument,

di↵erences between methods will be even more constrained [14]. Nevertheless,

when used to value health outcomes in terms of QALYs for health economic

evaluations, even these small di↵erences might become relevant.

An important limitation of the proposed UNPAc approach are its informational

requirements. To be able to apply the method, it is essential that the utility

values for the best and the worst health state are known for each individual.

Yet, in the context of the EQ-5D 3L descriptive system, it does not seem

necessary to elicit the preferences for all health states: full health has, by

definition, the highest value (=1), and for the worst state, it seems plausible

to assume that it is ‘33333’, which is objectively dominated by all other states.

However, it should be noted that 780 (26%) participants in the MVH study

actually assigned the lowest TTO value to one of the other 11 health states

that they valued (own analysis). While the min-max normalisation can still

be applied, this rather stunning finding calls into question the quality of the

preference data obtained on the individual level.

Even though several open questions remain, we think our theoretical frame-

work provides a promising approach to generate more equitable social value

estimates for use in health economic evaluations. Moreover, we think that the
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framework might also be useful for addressing conceptual problems in other

areas. In particular, we think it may help with the development of social val-

ues for EQ-5D-Y health states in children [15]. Studies have shown that TTO

values are higher for health states experienced by a 10-year-old child compared

to health states experienced by an adult. At the same time, values derived

through the VAS valuation techniques tend to be lower for states experienced

by children [16]. These results are di�cult to interpret and might seem para-

doxical. Within our framework, however, they can be easily integrated. TTO

values can be higher in children, even though their HRQoL is judged to be

lower. This can be the case if the rate of substitution between quality and

quantity of life is also higher. This means, people might be willing to trade

fewer units of survival time, to gain a unit of HRQoL in in children than they

are in adults. To harmonise the valuation systems for children and adults,

it might be necessary to either apply a common social scaling factor, or to

increase the value of survival time in children, so that one year in full health

is worth more than

More research is needed to better understand the practical and normative im-

plications of the standard and other utility aggregation methods. The UNPAc

and other methods should be tested empirically in other data sets and in other

descriptive systems. Ideally, studies should seek to investigate the relationship

between individual-level preference functions and the social value set [devlin].

Nevertheless, to be able to ultimately decide which properties an aggregation

method should or should not have, it seems crucial to establish a more sound

theoretical foundation for the valuation of health in general. The field may

benefit from a closer consideration of findings from Welfare Economics, Social

Choice Theory and parts of philosophy, in which the problem of interpersonal

utility comparisons has been addressed more rigorously [9, 17, 18].
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Appendix

S1. The conventional and the UNPAc utility aggregation

procedure

Let H 2 {h1, h2, . . . , hk} denote a set of k health states, for which social values

are to be determined for a group of n individuals. Individual j’s health state

preferences, denoted uj(H) 2 {uj(h1), uj(h2), . . . , uj(hk)}, are measured on

the TTO scale, anchored at full health (=1) and dead (=0). By definition, full

health has a utility of 1, which is everyone’s highest utility value (u(hfull) =

1 = max u(H)), while the lowest value can take di↵erent values with 1 >

min uj(H) � �1 (we have to define min uj(H) < 1 to avoid division by zero).

Finally, j’s utility range is given by rj = max uj(H) � min uj(H). Note that

’being dead’ is not considered a health state.

The Conventional Aggregation Method (CAM)

The Conventional utility Aggregation Method (CAM) F (.) defines the social

value of any health state simply as the average utility, as shown below.

F (H) =

P
n

j=1
uj(H)

n
=) F (hi) =

P
n

j=1
uj(hi)

n
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Multi-step utility aggregation procedure (UNPAc)

The UNPAc - Step-by-step instructions
1. Min-Max Normalisation

For each individual j 2 n, utilities are

normalised between the best (full health

= 1) and worst health state, so that

everyone’s utilities range from 1 (best) to

0 (worst).

u
0
j(H) =

uj(H)�minuj(H)

maxuj(H)�minuj(H)

(1)

2. Relative social tari↵
Normalised utility values are aggregated

across individuals to derive the relative
social tari↵. S

0
(H) =

P
n

j=1
u
0
j
(H)

n

(2)

3. Scaling factor
Utility ranges

(rj = maxuj(H)�minuj(H)) are

aggregated across individuals to derive

the scaling factor.

R =

P
n

j=1
rj

n

(3)

4. Rescaling
The relative social tari↵ is re-scaled to the

original full-health-dead scale, using the

scaling factor R, and re-anchored at full

health with 1�R.

S(H) = R ⇤ S0
(H) + 1�R (4)

Notations:
H: set of all health states h1, h2, . . . , hk uj(H): individual j’s health state preferences

u
0
j(H): individual j’s normalised preferences minj(H) / maxj(H): j’s lowest/highest utility

S
0
(.) relative social tari↵ S(.) final alternative social tari↵.
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Table S2: Sensitivity Analysis: comparison between the absolute (relative)
social value sets based on the standard approach and the UNPAc in the absence
of preference heterogeneity
State Standard approach UNPAc approach Di↵erence

rank value rank value rank value
FH 1 1.00 (1.00) 1 1.00 (1.00) 0 +0.00 (+0)
M 2 0.26 (0.52) 3 0.27 (0.52) 1 -0.00 (-0)
P 3 0.21 (0.48) 2 0.22 (0.49) -1 +0.00 (+0)
PM 4 -0.52 (0.00) 4 -0.52 (0.00) 0 -0.00 (+0)
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Table S3: Full UK social EQ-5D 3L value sets for the CAM and the UNPAc.

Health CAM UNPAc Di↵erence Health CAM UNPAc Di↵erence

Rank state Value Value Abs. (rank) Rank state Value Value Abs. (rank)

1 11111 1.000 1.000 0.00 (-) 62 21322 0.287 0.317 0.03 (-1)

2 11211 0.912 0.910 -0.00 (-) 63 23112 0.286 0.312 0.03 (-1)

3 21111 0.877 0.878 0.00 (-) 64 23311 0.278 0.299 0.02 (+2)

4 11112 0.865 0.867 0.00 (-) 65 11131 0.277 0.304 0.03 (-1)

5 21211 0.841 0.840 -0.00 (-) 66 13221 0.274 0.301 0.03 (-1)

6 12111 0.831 0.836 0.00 (-) 67 31112 0.269 0.293 0.02 (-)

7 11212 0.828 0.829 0.00 (-) 68 13312 0.265 0.288 0.02 (-)

8 11121 0.819 0.824 0.01 (-) 69 12213 0.265 0.283 0.02 (+1)

9 12211 0.794 0.797 0.00 (-) 70 31311 0.261 0.280 0.02 (+1)

10 21112 0.793 0.797 0.00 (-) 71 21313 0.256 0.270 0.01 (+4)

11 11221 0.782 0.786 0.00 (-) 72 22321 0.253 0.285 0.03 (-3)

12 22111 0.759 0.765 0.01 (-) 73 11223 0.253 0.272 0.02 (+1)

13 21212 0.757 0.759 0.00 (-) 74 23212 0.249 0.274 0.02 (-1)

14 21121 0.747 0.754 0.01 (+1) 75 12322 0.241 0.274 0.03 (-3)

15 12112 0.747 0.755 0.01 (-1) 76 11231 0.240 0.266 0.03 (+1)

16 11122 0.735 0.743 0.01 (-) 77 23121 0.240 0.269 0.03 (-1)

17 22211 0.723 0.727 0.00 (-) 78 32111 0.235 0.261 0.03 (-)

18 21221 0.711 0.716 0.00 (+1) 79 31212 0.233 0.255 0.02 (+1)

19 12212 0.710 0.716 0.01 (-1) 80 22113 0.230 0.251 0.02 (+1)

20 12121 0.701 0.712 0.01 (-) 81 13122 0.227 0.258 0.03 (-2)

21 11222 0.698 0.705 0.01 (-) 82 31121 0.223 0.250 0.03 (-)

22 22112 0.676 0.684 0.01 (-) 83 13321 0.219 0.245 0.03 (-)

23 12221 0.664 0.673 0.01 (-) 84 21123 0.218 0.240 0.02 (-)

24 21122 0.664 0.673 0.01 (-) 85 12313 0.210 0.227 0.02 (+2)

25 22212 0.639 0.646 0.01 (-) 86 21131 0.205 0.234 0.03 (-1)

26 22121 0.630 0.641 0.01 (-) 87 23221 0.203 0.231 0.03 (-1)

27 21222 0.627 0.635 0.01 (-) 88 32211 0.199 0.223 0.02 (-)

28 12122 0.617 0.631 0.01 (-) 89 11323 0.198 0.216 0.02 (+3)

29 22221 0.593 0.603 0.01 (-) 90 13113 0.196 0.211 0.01 (+5)

30 12222 0.580 0.592 0.01 (+1) 91 23312 0.194 0.218 0.02 (-)

31 11311 0.572 0.592 0.02 (-1) 92 22213 0.194 0.213 0.02 (+1)

32 22122 0.546 0.560 0.01 (-) 93 11132 0.193 0.223 0.03 (-4)

33 22222 0.509 0.522 0.01 (+1) 94 13222 0.191 0.220 0.03 (-4)

34 21311 0.501 0.522 0.02 (-1) 95 31221 0.187 0.212 0.03 (-1)

35 11312 0.489 0.511 0.02 (-) 96 11331 0.185 0.210 0.03 (-)

36 12311 0.455 0.480 0.02 (-) 97 21223 0.182 0.201 0.02 (+1)

37 11321 0.443 0.468 0.03 (-) 98 31312 0.177 0.199 0.02 (+1)

38 13111 0.441 0.463 0.02 (-) 99 12123 0.172 0.197 0.03 (+1)

39 11113 0.419 0.434 0.01 (+1) 100 22322 0.170 0.204 0.03 (-3)

40 21312 0.417 0.441 0.02 (-1) 101 21231 0.168 0.195 0.03 (-)

41 13211 0.404 0.425 0.02 (-) 102 13213 0.159 0.173 0.01 (+5)

42 22311 0.383 0.409 0.03 (-) 103 12131 0.159 0.191 0.03 (-1)

43 11213 0.383 0.396 0.01 (+2) 104 11232 0.156 0.184 0.03 (-)

44 21321 0.371 0.398 0.03 (-) 105 23122 0.156 0.188 0.03 (-2)

45 12312 0.371 0.399 0.03 (-2) 106 32112 0.151 0.180 0.03 (-1)

46 23111 0.370 0.393 0.02 (-) 107 23321 0.148 0.175 0.03 (-1)

47 11322 0.359 0.387 0.03 (-) 108 32311 0.143 0.167 0.02 (+1)

48 13112 0.357 0.382 0.03 (-) 109 31122 0.139 0.169 0.03 (-1)

49 31111 0.353 0.374 0.02 (-) 110 22313 0.138 0.157 0.02 (+2)

50 13311 0.349 0.369 0.02 (-) 111 13322 0.135 0.164 0.03 (-1)

51 21113 0.348 0.364 0.02 (-) 112 12223 0.135 0.159 0.02 (-1)

52 23211 0.333 0.355 0.02 (+1) 113 31321 0.131 0.156 0.02 (-)

53 11313 0.327 0.340 0.01 (+2) 114 33111 0.130 0.151 0.02 (+2)

54 12321 0.325 0.356 0.03 (-2) 115 21323 0.126 0.145 0.02 (+3)

55 13212 0.320 0.344 0.02 (-1) 116 23113 0.125 0.141 0.02 (+4)

56 31211 0.316 0.336 0.02 (+1) 117 12231 0.122 0.153 0.03 (-3)

57 21213 0.311 0.325 0.01 (+2) 118 21132 0.121 0.152 0.03 (-3)

58 13121 0.311 0.339 0.03 (-2) 119 23222 0.119 0.149 0.03 (-2)

59 12113 0.302 0.321 0.02 (+1) 120 32212 0.115 0.142 0.03 (-1)

60 22312 0.299 0.328 0.03 (-2) 121 21331 0.113 0.139 0.03 (-)

61 11123 0.290 0.310 0.02 (+2) 122 31113 0.108 0.122 0.01 (+4)
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Table S3: Full UK social EQ-5D 3L value sets for the CAM and the UNPAc (continued).

Health CAM UNPAc Di↵erence Health CAM UNPAc Di↵erence

Rank state Value Value Abs. (rank) Rank state Value Value Abs. (rank)

123 32121 0.106 0.137 0.03 (-1) 184 33122 -0.084 -0.054 0.03 (-)

124 13313 0.104 0.117 0.01 (+4) 185 12133 -0.086 -0.061 0.03 (+1)

125 31222 0.103 0.130 0.03 (-2) 186 22332 -0.088 -0.054 0.03 (-3)

126 11332 0.101 0.129 0.03 (-2) 187 33321 -0.092 -0.067 0.02 (-)

127 22123 0.100 0.127 0.03 (-2) 188 23323 -0.097 -0.078 0.02 (+1)

128 33211 0.093 0.113 0.02 (+2) 189 32313 -0.102 -0.085 0.02 (+2)

129 23213 0.088 0.102 0.01 (+4) 190 23132 -0.102 -0.071 0.03 (-2)

130 22131 0.087 0.121 0.03 (-3) 191 23331 -0.110 -0.084 0.03 (-1)

131 21232 0.085 0.114 0.03 (-2) 192 31323 -0.114 -0.097 0.02 (+3)

132 12323 0.080 0.103 0.02 (-) 193 33113 -0.115 -0.102 0.01 (+4)

133 12132 0.075 0.110 0.04 (-2) 194 31132 -0.119 -0.090 0.03 (-2)

134 31213 0.071 0.083 0.01 (+6) 195 33222 -0.121 -0.093 0.03 (-2)

135 32221 0.069 0.099 0.03 (-1) 196 13332 -0.123 -0.095 0.03 (-2)

136 12331 0.067 0.097 0.03 (-1) 197 12233 -0.123 -0.099 0.02 (-1)

137 13123 0.066 0.087 0.02 (+1) 198 31331 -0.127 -0.103 0.02 (-)

138 23322 0.064 0.094 0.03 (-2) 199 21333 -0.132 -0.113 0.02 (+1)

139 22223 0.064 0.089 0.03 (-2) 200 23232 -0.139 -0.109 0.03 (-1)

140 32312 0.059 0.086 0.03 (-1) 201 32123 -0.140 -0.115 0.02 (-)

141 13131 0.053 0.081 0.03 (+1) 202 33213 -0.152 -0.140 0.01 (+3)

142 22231 0.051 0.083 0.03 (-1) 203 32131 -0.153 -0.121 0.03 (-1)

143 31322 0.047 0.075 0.03 (-) 204 31232 -0.155 -0.128 0.03 (-1)

144 33112 0.046 0.070 0.02 (+1) 205 22133 -0.158 -0.131 0.03 (-1)

145 12232 0.038 0.072 0.03 (-1) 206 33322 -0.176 -0.149 0.03 (-)

146 33311 0.038 0.057 0.02 (+1) 207 32223 -0.176 -0.153 0.02 (-)

147 23313 0.033 0.046 0.01 (+4) 208 12333 -0.178 -0.155 0.02 (-)

148 11133 0.032 0.051 0.02 (+1) 209 32231 -0.189 -0.160 0.03 (-)

149 13223 0.029 0.049 0.02 (+1) 210 13133 -0.192 -0.172 0.02 (+2)

150 21332 0.029 0.058 0.03 (-4) 211 23332 -0.194 -0.165 0.03 (-1)

151 32122 0.022 0.056 0.03 (-3) 212 22233 -0.194 -0.170 0.02 (-1)

152 13231 0.016 0.042 0.03 (+1) 213 33313 -0.207 -0.196 0.01 (+1)

153 31313 0.016 0.027 0.01 (+4) 214 31332 -0.211 -0.184 0.03 (-1)

154 32321 0.014 0.043 0.03 (-2) 215 13233 -0.229 -0.210 0.02 (+2)

155 33212 0.009 0.031 0.02 (+1) 216 32323 -0.232 -0.209 0.02 (-)

156 22323 0.008 0.033 0.02 (-1) 217 32132 -0.236 -0.202 0.03 (-2)

157 22132 0.003 0.040 0.04 (-3) 218 32331 -0.245 -0.215 0.03 (-)

158 33121 -0.000 0.027 0.03 (+1) 219 33123 -0.245 -0.226 0.02 (+1)

159 22331 -0.005 0.027 0.03 (-1) 220 22333 -0.250 -0.226 0.02 (-1)

160 11233 -0.005 0.013 0.02 (+3) 221 33131 -0.258 -0.232 0.03 (-)

161 23123 -0.005 0.017 0.02 (-) 222 23133 -0.263 -0.242 0.02 (+1)

162 32113 -0.010 0.009 0.02 (+3) 223 32232 -0.273 -0.241 0.03 (-1)

163 32222 -0.015 0.018 0.03 (-3) 224 31133 -0.280 -0.261 0.02 (-)

164 12332 -0.017 0.016 0.03 (-2) 225 33223 -0.282 -0.264 0.02 (-)

165 23131 -0.018 0.010 0.03 (-1) 226 13333 -0.284 -0.266 0.02 (-)

166 31123 -0.022 -0.003 0.02 (+2) 227 33231 -0.295 -0.270 0.02 (-)

167 13323 -0.026 -0.007 0.02 (+2) 228 23233 -0.300 -0.280 0.02 (-)

168 13132 -0.031 -0.000 0.03 (-1) 229 31233 -0.316 -0.299 0.02 (+1)

169 22232 -0.033 0.002 0.03 (-3) 230 32332 -0.328 -0.297 0.03 (-1)

170 31131 -0.035 -0.009 0.03 (-) 231 33323 -0.337 -0.320 0.02 (+1)

171 33221 -0.037 -0.012 0.03 (-) 232 33132 -0.342 -0.313 0.03 (-1)

172 13331 -0.039 -0.013 0.03 (-) 233 33331 -0.350 -0.326 0.02 (-)

173 21133 -0.040 -0.019 0.02 (-) 234 23333 -0.355 -0.336 0.02 (-)

174 23223 -0.042 -0.022 0.02 (-) 235 31333 -0.372 -0.355 0.02 (+1)

175 33312 -0.046 -0.024 0.02 (-) 236 33232 -0.379 -0.351 0.03 (-1)

176 32213 -0.046 -0.029 0.02 (+1) 237 32133 -0.398 -0.374 0.02 (-)

177 23231 -0.055 -0.028 0.03 (-1) 238 33332 -0.434 -0.407 0.03 (-)

178 31223 -0.058 -0.041 0.02 (+2) 239 32233 -0.434 -0.412 0.02 (-)

179 11333 -0.060 -0.043 0.02 (+2) 240 32333 -0.490 -0.468 0.02 (-)

180 13232 -0.068 -0.039 0.03 (-1) 241 33133 -0.503 -0.484 0.02 (-)

181 32322 -0.070 -0.038 0.03 (-3) 242 33233 -0.540 -0.522 0.02 (-)

182 31231 -0.071 -0.047 0.02 (-) 243 33333 -0.595 -0.578 0.02 (-)

183 21233 -0.077 -0.057 0.02 (+2)
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Conclusion to Chapter 3 

Health state utility values must have boundaries - they need to be scaled or nor-

malised in some fashion to allow for interpersonal comparability. A key insight 

from this chapter is that the kind of normalisation that is currently applied, the 

full health (=1) to dead (=0) scale, is arbitrary. There is no sound, compelling rea-

son why the utilities should be anchored at full health and dead. Moreover, the re-

sults clearly show that the type of normalisation that is used to specify health 

state utilities can have considerable impact on the aggregate social value set. The 

proposed UNPAc method employs a min- max normalisation, such that individu-

als’ utility values lie on a 0-1 scale, before aggregating health state utilities into a 

social value set. Only in a second step is the full health - dead anchor re-intro-

duced, to map the resulting values on to the QALY scale. Whether or not this type 

of aggregation produces more appropriate social values is an open, normative, 

question. It critically depends on the role of ‘dead’ in the elicitation process. The 

next chapter discusses this issue in more detail. 
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Chapter 4: Setting Dead at Zero? On the contingency of the utility unit scale 
Setting Dead at Zero? On the contingency of the utility unit scale 

BACKGROUND  

In the QALY model, health state utilities are commonly measured on a scale that 

is anchored at full health, set to a value of one, and dead, set to zero. Even though 

this practice is adopted almost universally, a theoretical basis for it appears to be 

missing (Sampson et al., 2018). In their literature review, Roudijk et al. (2018) re-

port that most authors do not justify setting dead to zero, and even those who do, 

merely state that this is done ‘by definition’, ‘by convention’, or simply, ‘for con-

venience’. Notwithstanding, some authors have proposed theoretical arguments 

for why dead has to be set to zero and not to any other value. In this brief report, I 

revisit and rebut the four arguments known to the authors, to demonstrate that 

anchoring the utility scale on a different state may well be permissible.  

ARGUMENT 1: UTILITIES ON A RATIO SCALE, DEAD AS A NATURAL ZERO POINT  

The first argument is taken from Roudijk et al. (2018) They state that, in order for 

the QALY model to satisfy basic principles of rationality, utilities must be mea-

sured on a ratio scale, for which dead is as a natural zero point.  

Let’s consider the first part: is dead a natural zero point? For physical quantities, 

such as mass or temperature, zero has an unambiguous meaning. It defines the 

point at which there is no mass or no molecular motion. Yet, the position of dead 

on the utility scale seems to have a different function. Most people consider cer-

tain states worse than dead, so dead does not mark the state with the lowest utili-
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ty value. Instead, it divides the scale into states with positive (better than dead) 

and negative values (worse than dead). This seems incompatible with the notion 

of a natural zero, like in 0° Kelvin (= absence of molecular motion), but rather ap-

pears to be a zero with an arbitrary reference, like in 0° Celsius or 0° Fahrenheit 

(= freezing point of water or salty water).  

Returning to the first part of the argument, must utilities be measured on a ratio 

scale? For an interval scale to be admissible as the basis for the QALY model, pref-

erences must be invariant to positive affine transformations, i.e. 

, for any ) (Von Neumann & Morgen-

stern, 1966, pp. 15-29; Fleurbaey & Hammond, 2004, pp. 1179). This is a basic ra-

tionality requirement, and, if Roudijk et al. (2018) were right in that it is violated, 

the interval scale may be inappropriate to measure health state utilities (see Table 

1 for an overview of measurement scales and their properties). In the following, 

we reproduce the example given in their paper (with minor adaptations) and 

show that their reasoning is flawed.  

f (A) ∼ f (B) → f ′ (A) ∼ f ′ (B) f ′ (x) = a * f (x) + b

Table 1: Measurement scales and their properties 

Scale Description Examples Invari-
ance

Nominal Qualitative classification gender, colour n.a.

Ordinal Rank order, distances between ranks are not known or 
nor defined

Likert scale, 
quantile rank-
ings

Interval Ranking with meaningful differences, ratios and the 
zero point have no meaning (20°C is 15°C warmer than 
5°C, but it is not four-times warmer)

°C, °F,  vNM 
utilities

3x+4

Ratio most informative scale; order, differences, ratios, and 
the zero point are meaningful

Meters, gramm,  
°Kelvin

3x

u (x)2, log(u (x))
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The QALY model is represented mathematically as: , whereby  

denotes the utility derived from state i, and  is a function of the time spent in 

that state – note that in the standard model v(t) = t.  

Now, suppose Alice is indifferent between living 10 years in full health with 

, followed by 10 years in state i, with  (A), and living 15 years in 

full health, followed by five years in state j, with  (B). Both options yield 

17 QALYs, as shown in equations A.1 and B.1 below.  

A.1:  

B.1:  

To show that a positive affine transformation (i.e. ) does not pre-

serve indifferences, Roudijk et al. (2018) shift the origin of , with , 

and derive the following result:  

A.2:  

B.2:  

Alice now appears to prefer A over B, and Roudijk et al. conclude that an interval 

scale is inadmissible as a basis for the QALY. Therefore, they argue, utilities must 

lie on a ratio scale.  

Yet, their algebra is flawed: note that in A, Alice spends zero time in state j. In the 

standard model, any state in which zero time is spent can be omitted from the 

equation (because ). However, after the origin is shifted, 

this is no longer allowed, because now v 0 (0) = 2. State j must thus be considered 

in A, as must state i in B.  

Q = u(hi) * v(ti) u(hi)

v(ti)

u(hfull) = 1 u(hi) = 0.7

u(hj) = 0.4

1 * 10 + 0.7 * 10 = 17

1 * 15 + 0.4 * 5 = 17

f ′ (x) = a * f (x) + b

v(t) v′ (t) = t + 2

1 * (10 + 2) + 0.7 * (10 + 2) = 20.4

1 * (15 + 2) + 0.4 * (5 + 2) = 19.8

u(h j ) * v(t j ) = 0.4 * 0 = 0
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When the positive affine transformation is applied consistently, Alice’s trans-

formed utility function is represented by the following equations:  

A.3:  

B.3:   

Alice’s indifference is well preserved, and a compelling reason for rejecting the 

interval scale as a basis for the QALY model cannot be found.  

ARGUMENT 2: DEAD AND ZERO TIME INDIFFERENCE  

Another interesting mathematical argument for setting dead to zero has been de-

rived from Miyamoto et al.’s (1998) seminal work on ‘the zero-condition’: it is 

maintained that all health states are equally preferred when their duration is 0, 

i.e.  for any states i and j. Taking this a step further, Roudijk 

et al. (2018) claim that indifference should also hold for a choice between being in 

state i for a duration of 0 (followed by death) and being dead for some time t, i.e. 

. For this equation to hold true – for any duration t and 

any state i – the utility of dead must be zero: .  

While this may sound logical at first, the premise of the argument appears dubi-

ous. The presented alternatives are not mutually exclusive. In fact, they are iden-

tical: being dead for some time t involves spending zero time in state i. Which also 

involves spending zero time in state j. One does not have to forgo one for the oth-

er. But preferences can only be meaningfully specified, if there is a choice in-

volved. It thus seems impossible to postulate any indifferences here, and insights 

about the value of dead can not be derived.  

1 * (10 + 2) + 0.7 * (10 + 2) + 0.4 * (0 + 2) = 21.2

1 * (15 + 2) + 0.4 * (5 + 2) + 0.7 * (0 + 2) = 21.2

u(hi) * v(0) = u(hj) * v(0)

u(hdead) * v(t) = u(hi) * v(0)

u(hdead) = 0

107



ARGUMENT 3: STREAMS OF INFINITE NON-ZERO UTILITIES  

The third argument comes from the third edition of Drummond et al’s (2005. p. 

176) standard textbook ’Methods for the Economic Evaluation of Health Care Pro-

grammes’ (not included in the 4th edition):  

”[I]f any score other than zero were used for death, [...] the (nonzero) 

death score would be assigned to the state of death for each year off into the 

future for as long as the dead lasted (that is, forever). Thus, the analyses 

would have streams of numeric outcomes going to infinity - not a pretty 

picture. Accordingly, zero is the only practical score that can be used for 

death.”  

First of all, it should be noted that an infinite stream of zero utility values is also 

undesirable, because, strictly speaking, the product of zero and infinity is not de-

fined. However, the concerns about infinite streams of non-zero utilities are un-

founded. Future utilities are usually discounted, which causes non-zero utilities 

to tend towards zero. This prevents any infinite values from occurring. But even 

without discounting, infinite streams of non-zero utilities from being dead are 

not a problem, because they occur in all alternatives. Since economic evaluations 

are only concerned with the differences between alternatives (the increments), 

those non-zero utilities cancel out and can be discarded.  

ARGUMENT 4: THE ONTOLOGICAL ZERO  

The fourth and final argument is less mathematical and more ontological. It 

states that once you are dead, you cannot experience utilities anymore and, thus, 

zero is the only plausible value for dead (Devlin et al., 2004).  
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The argument is problematic for two reasons. Firstly, it conflates disparate con-

cepts of utilities: the notion of (absolute) experienced utility used here for the 

dead state might be incompatible with the (relative) decision utilities measured 

for any other health state. Secondly, the argument might also be objectionably 

paternalistic. There are many different ideas of death. When people value the dead 

state using a visual analogue scale (0-100), their responses, unsurprisingly, vary. 

For example, one participant in an EQ-5D health valuation study commented that 

dead can have two values, 100 for ’dead in heaven’, and 0, for ‘dead in 

hell’ (Sampson et al., 2018). It would be presumptuous to discard this and other 

beliefs about death, and to simply assume that everyone shares a supposedly sci-

entific zero utility valuation of dead.  

WHY DOES THE VALUE OF DEAD MATTER?  

Social values for health states are commonly derived by averaging over the utili-

ties from different individuals. For this operation to be permissible, units of utili-

ties must be measured on the same scale and interpersonally comparable (Fleur-

baey & Hammond, 2004, pp. 1179; Stevens, 1946). To use an analogy, it would be 

meaningless to take the average of a range of temperature measurements, some 

in degrees Kelvin, others in degrees  Celsius, and still others in degrees  Fahren-

heit. For the valuation of health, a common unit scale is enforced by anchoring 

everyone’s utilities at two points; by convention, full health and dead. The dis-

tance between those two is assumed to be the same for everyone and comparable 

across individuals.  

It is not within the scope of this paper to further discuss the intricate problem of 

interpersonal utility comparisons, but it should be noted that, depending on 

which anchor points are chosen, aggregate social value sets may differ (Devlin et 
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al., 2017). Therefore, the anchor points matter, and should not be assigned arbi-

trarily. While the use of full health as the upper anchor point seems indisputable - 

it is a dominant state, which should be weakly preferred over all other states -, it 

seems to be a matter of debate whether dead is an (or the only) appropriate lower 

anchor point. At least the four arguments considered in this paper fail to provide 

an unequivocal basis for setting dead to zero.  

The results of this paper do not imply that dead must not be used as an anchor 

point, yet, they suggest that dead may not have to be used as one. Relaxing this 

property of the QALY model may open up new possibilities to develop alternative 

value frameworks and re-consider the role of states worse than dead. In any case, 

an open, impartial discussion about appropriate utility scales may be more valu-

able than trying to (ex-post) justify pragmatic decisions, taken decades ago, in 

the early days of the field. Even if dead is to be kept as an ‘absolute zero’, this 

work may have highlighted a weakness in the conceptual foundations of health 

economics, and, hopefully, it sparks more interest in this topic.  
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Chapter 5: The QALY is ableist 
The QALY is ableist 

The following chapter investigates the ethical implications of using health states 

worse than dead, and, as a consequence, negative QALYs in cost-effectiveness 

analysis. I argue that this practice is problematic, as it implies that the life of indi-

viduals in such states is not worth living, without considering the individual pa-

tient's perspective. It is demonstrated how negative QALY can result in a system-

atic underestimation of the value of life-extending treatments. Finally, it is con-

cluded that states worse than dead should no longer be used, and a non-negative 

value should be placed on all human lives. 

This chapter has been published in an identical form as: 

Schneider P. The QALY is ableist: on the unethical implications of health states 

worse than dead. Quality of Life Research. 2022 May;31(5):1545-52. https://

doi.org/10.1007/s11136-021-03052-4 
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Abstract
Introduction A long-standing criticism of the QALY has been that it would discriminate against people in poor health: 
extending the lives of individuals with underlying health conditions gains fewer QALYs than extending the lives of ‘more 
healthy’ individuals. Proponents of the QALY counter that this only reflects the general public’s preferences and constitutes 
an efficient allocation of resources. A pivotal issue that has thus far been overlooked is that there can also be negative QALYs.
Methods and results Negative QALYs are assigned to the times spent in any health state that is considered to be worse than 
dead. In a health economic evaluation, extending the lives of people who live in such states reduces the overall population 
health; it counts as a loss. The problem with this assessment is that the QALY is not based on the perspectives of individual 
patients—who usually consider their lives to be well worth living—but it reflects the preferences of the general public. While 
it may be generally legitimate to use those preferences to inform decisions about the allocation of health care resources, when 
it comes to states worse than dead, the implications are deeply problematic. In this paper, I discuss the (un)ethical aspects 
of states worse than dead and demonstrate how their use in economic evaluation leads to a systematic underestimation of 
the value of life-extending treatments.
Conclusion States worse than dead should thus no longer be used, and a non-negative value should be placed on all human 
lives.

Keywords Bioethics · Health economics · Health valuation · QALY · States worse than dead · Utilities

Introduction

The concept of Quality-Adjusted Life Years (QALYs) is 
being widely used to inform societal decisions about the 
allocation of health care resources [1]. By some, it is even 
considered the ‘gold standard’ for measuring and valuing 
health in economic evaluations [2]. However, it is not with-
out limitations: a long-standing line of critique has been that 
the QALY discriminates against people with disabilities and 
those in poor health [3]: all else being equal, extending the 
lives of individuals with disabilities or underlying health 
conditions gains fewer QALYs than extending the lives of 
‘more healthy’ individuals. Several authors have argued that 

this is unjust, and that all life years should be of equal value 
[4–6].

Proponents of the QALY framework counter that since 
most people state that they are willing to give up some of 
their remaining lifetime for improvements in their health-
related quality of life (HRQoL), it is only rational that one 
additional life year in poor health is of lower value than one 
additional life year in perfect health. Discrimination based 
on individuals’ HRQoL is then necessary in order to allocate 
resources most efficiently [7–10].

One pivotal issue that has thus far not been considered in 
this debate is that HRQoL can not only be low, but also neg-
ative: ‘health states worse than dead’ (SWD) get assigned 
negative values. Extending the live of a person who lives in 
a SWD generates negative QALYs.

While largely overlooked by previous research, the impli-
cations of SWDs are significant. Their use in health eco-
nomic evaluations implies value judgements that, at closer 
inspection, appear to be ableist and unethical. Furthermore, 
they lead to the systematic underestimation of the value of 
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life-extending treatments in almost any patient group. In 
this paper, I thus argue that the concept of SWD should be 
abandoned.

The sophistication and complexity of health economic 
evaluations can make it difficult to examine their implicit 
value judgements [11]. The remainder of this paper thus 
begins with a background section, in which some key con-
cepts are revisited (“Background” section). In “Motivating 
example—Step I” section, a very simple motivating exam-
ple is provided, which is used to develop some intuition for 
the ethical implications of SWD. The subsequent section 
(“SWD and the conflict between individual and social pref-
erences” section) is a brief digression to clarify potential 
misconceptions about social value sets. Only then I expand 
the example from “Motivating example—Step I” section, 
to demonstrate the, perhaps somewhat intuitive, effects of 
SWD on the group-level (“Motivating example—continued” 
section). In “Discussion and further considerations” section, 
I discuss the implications of and solutions for the issues 
raised.

Background

The valuation of health

The QALY is defined as the arithmetic product of survival 
time and HRQoL. HRQoL, in turn, is determined by the 
health state an individual is living in. This means, ‘measur-
ing’ QALYs usually involves two components: firstly, a set 
of health states; and secondly, numeric scores that reflect 
their respective desirability. These values are often also 
referred to as utilities, social values, preference-, (health-
related) quality of life-, or QALY-weights. Customarily they 
are supposed to reflect the preferences of the general public 
[12].

There are many different ways to classify health states 
(such as EQ-5D, SF-6D, or HUI), and various methods to 
derive numeric score/social values for them (such as time 
trade-off (TTO), standard gamble, or discrete choice experi-
ments) [13]. The arguments of this paper are relevant to all 
of them, but for simplicity, I will only refer to EQ-5D-3L 
system and the TTO method, as those are currently used as 
the reference case in the UK [14].

In a TTO exercise, individual preferences for health states 
are elicited by identifying points of indifference between a 
longer life in poor health, and a shorter life in perfect health 
[15, 16]. Preferences are measured in terms of utility val-
ues on a scale that is anchored at perfect health, which is 
assigned a value of 1, and dead, which is assigned a value 
of 0. The social value of any health state is then constituted 
by the average utility [17, 18].

Negative utilities for SWD

If an individual states that they prefer immediate death 
over living any amount of time in state j, this state is con-
sidered to be worse than dead. The point of indifference is 
then derived from the number of life years in full health a 
person would be willing to give up to avoid living in that 
state for a certain number of years. If, for example, a per-
son is indifferent between living 5 years in perfect health 
(followed by death), and living 10 years in perfect health, 
followed by 10 years in some health state j (then followed 
by death), it is inferred that state j has a utility of − 0.5 
( 5 × 1 ∼ 10 × 1 + 10 × j => j = −0.5).

It may be interesting to note that negative utilities have 
different characteristics than their positive counterparts. 
Positive utilities are measured as a proportion of the utility 
for full health, with an upper limit of 1. Negative utilities 
are much harder to interpret and have no limit. Theoreti-
cally, they can take the value of minus infinity. In practice, 
this can cause problems, because very low negative values 
can have significant impact on the estimation of the aver-
age utility values. To limit their influence, negative utili-
ties are usually constrained (rather arbitrarily) to a lower 
limit of − 1, either by choosing an experimental design 
that does not allow for lower values, or by rescaling lower 
negative values, after they are collected [19, 20].

Motivating example—Step I

Suppose Alice has a severe health condition called D, 
and, according to some social value set, her health state 
has a value of − 0.1. With the current standard treatment 
(alternative A), she will be able to live 10 years in her cur-
rent state before she dies. Now, suppose a new treatment 
(alternative B) becomes available, which prolongs Alice’s 
life by 10 more years, i.e. giving her 20 years in total, but 
it has no effect on HRQoL. Further suppose that the new 
treatment costs exactly the same as the old treatment—it 
does not incur any additional costs.

An economic evaluation that weighs the costs and the 
benefits of the two alternatives will come to the conclusion 
that, compared to the old treatment A, the new treatment B 
generates − 1 QALY at no cost (see below). This means, 
alternative B is not only not cost-effective, but it is domi-
nated by A. Assuming a threshold of £ 20,000 per QALY, 
the new treatment would need to save more than £20,000, 
before it would be considered cost-effective [21]. Based 
on this economic evaluation, the recommendation would 
unmistakably be not to provide the new treatment to Alice.
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ΔQ is the incremental cost-effectiveness ratio; c is the costs; 
q is the HRQoL; s is the survival time; subscripts A and B 
indicate the respective alternatives.

The outcome of the economic appraisal seems striking. 
The new treatment would extend Alice’s survival time by 
10 years, it is available at no extra cost, and Alice might 
be desperate to receive the treatment, yet, society considers 
Alice’s health state to be worse than dead. Based on this 
evaluation, the treatment is withhold from her.

It seems obvious that, in this simple example, the value 
judgement implicit in SWD is unethical. The negative 
HRQoL suggests that Alice’s health state is worse than 
dead—but maybe not for her. As a matter of fact, Alice her-
self might well enjoy life [22]. Even if her health state causes 
severe suffering, there might be numerous other good rea-
sons for her to seek life-extending treatment (faith, meaning, 
family, etc.). It should be self-evident that it is not for society 
to decide whether or not Alice’s life is worth living. To do so 
would be a blatant violation of her autonomy [23–25]. If she 
is willing to receive the life-saving treatment, society seems 
to have no right to deny its provision.

Note that this only holds unequivocally if the new treat-
ment is not more expensive than the old treatment. If the 
treatment were more costly, the question if, and if so, how 
much society should be willing to spend to save Alice is a 
separate issue. It might then be legitimate to decide that 
saving Alice is not the most efficient use of resources. Yet, 
given that society is willing to pay for the current treatment, 
it would be unethical to withhold the new treatment from 
her.

SWD and the con"ict between individual 
and social preferences

Before we further expand the example, it will be useful to 
clarify some potential misconceptions about the type and 
the admissible domain of the preferences that underlie social 
value sets/HRQoL values and the QALY.

Generally, social value sets are based on the prefer-
ences of the general public [26]. In fact, most national 
HTA agencies make this explicitly the reference case for 
health economic evaluations—one notable exception is 
Sweden, which uses patient preferences (see below) [27]. 
In a publicly financed health care system, this seems 
desirable from a democratic perspective. Citizens—some-
times confused with ‘taxpayers’ (e.g. [28])—should have 
some say in decisions about the allocation of health care 

ΔQ
B
=

c
B
− c

A

s
B
∗ q

B
− s

A
∗ q

A

=
0

(−0.1) ∗ 20 − (−0.1) ∗ 10

=
0

−1
→ dominated

resources [18, 26]. It may thus be legitimate to use health 
states preferences of the general public to inform soci-
etal decision-making. When it comes to SWD, however, 
the preferences of the general public are (1) ill-informed, 
(2) misconstrued, and/or (3) irrelevant. In the following, I 
shall further elaborate on these three points.

1. Ill-informed: The preferences of the general pub-
lic do not correspond to patients’ evaluation of their 
own situations; they should not be confused with a 
measure of patients’ self-assessed HRQoL.

Members of the general public usually have little or no 
experience with severe health problems. When asked to 
imagine living 10 years with impaired mobility, for exam-
ple, they tend to focus on the immediate negative impact 
that the loss of mobility might have of their life now. Yet, 
they fail to consider all the other relevant aspects that do 
not change—or even improve. As a result members of the 
general public generally overestimate the impact of health 
impairments. They give significantly lower health state 
utilities than people who actually live in those health states 
[29].

The Swedish, experience-based value set demonstrates 
the difference very clearly. For this study, Burström et al. 
[30] asked about 45,000 individuals in Sweden to value the 
(EQ-5D-3L) health state they are currently in, using the 
TTO method. The experience-based value set they derived 
is strikingly different from value sets that are based on the 
preferences of the general public, in that it did not contain 
any SWD. With a value of 0.34, even the worst health state 
had a relatively high value.

For comparison, the UK social value set (which is based 
on the preferences of the general public) contains 84 SWD—
that is 34.6% of all the 243 health states that the EQ-5D-3L 
system can describe [31, 32]. The proportion of SWD varies 
greatly between countries, ranging from 2% in Zimbabwe to 
60% in Singapore [33, 34]. According to the UK social value 
set, about 1.5% of the adult population in England, that is 
approximately 840,000 individuals, are currently considered 
to be living in a SWD (own analysis, [35]). Among patients, 
the proportion is likely to be much higher.

On a side note, it should be mentioned that people’s 
adaptation to poor health and disability are sometimes also 
viewed as problematic. It is argued that patients’ utility val-
ues could be higher only because of lowered expectations, 
cognitive denial, or some other bias, that leads patients to 
underestimate how much they would benefit from improve-
ments of their health states. It may then not be desirable to 
take patients’ utilities at face value [36]. Nonetheless, in the 
context of SWD, this argument seems hardly plausible. If a 
patient thinks their life is worth living, it would be absurd to 
consider them factually mistaken, and to maintain that they 
are objectively better off if they were dead.
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2. Misconstrued: Social value sets do not reflect the 
general public’s preferences for the allocation of 
resources.

It could be argued that social value sets are not supposed to 
reflect how individuals experience certain health states, but 
to reflect social preferences for the allocation of health care 
resources [29]. If that is the case, social value sets are falsely 
constructed and clearly misspecified.

Participants in health valuation studies are not asked how 
they prefer resources to be allocated. This would require 
using a method like the person trade-off, for example, in 
which participants are asked to make choices about two 
groups of people, which differ in size and in their health 
states [37]. Instead, TTO or SG are used, which ask par-
ticipants to imagine being in a particular health state them-
selves. Yet, this one type of preferences can not easily be 
translated into another. Some people may, for example, say 
that they would rather prefer to be dead, than to be confined 
to bed [38]. Yet, the very same people will probably consider 
their preferences being misrepresented, if they led to the 
evaluation that people who are confined to bed should not 
be offered life-extending treatments. They may rightly object 
that this is just not what they meant.

3. Irrelevant: Even if social value sets would accurately 
reflect the general public’s preferences, in the context 
of SWD, those should be considered irrelevant.

It seems rather improbable that members of the general pub-
lic in the UK, or anywhere else for that matter, would actu-
ally support the concept of SWD and their implicit value 
judgement—which we will discuss in more detail in the next 
section. However, even if some individuals wanted some 
other individuals to die earlier rather than later, those prefer-
ences should be deemed irrelevant for treatment reimburse-
ment decisions.

While everyone has, of course, the right to consider their 
own life in a certain health state to be worse than dead and 
to refuse life-extending treatments, considering someone 
else’s life in a certain health state worse than dead is mor-
ally a completely different issue. To then also prefer that 
life-extending treatments are withheld from certain (other) 
individuals, because one prefers them to be dead, would 
undoubtedly be reprehensible. It would constitute an objec-
tionable preference [11, 23].

To clarify, this paper neither tries to argue that SWD 
do not exist, nor to promote treating people in poor health 
states, who do not want to be treated. The focus of this paper 
is on societal reimbursement decisions—i.e. should a given 
life-extending treatment be made available in the health care 
system, in case an individual seeks it. Whether or not their 
life is worth extending, and the treatment is actually taken, is 
for to the individual to decide. If they do not wish to prolong 

their lives in poor health states, they can, of course, refuse 
to take the treatment and/or choose to stop the treatment at 
any time [25]. The point I am trying to make is that whether 
the general population considers these health states better 
or worse than dead should be considered irrelevant in this 
context.

Of course, in some cases individuals are not able to 
express their own will (e.g. young children, unconscious 
patients, etc.), which often poses complex ethical challenges. 
Yet, these lie outside the scope of this paper and will not be 
discussed here. It should only be noted that in these situa-
tions, decisions ought to be made on the individual’s behalf 
(‘what would they have decided?’)—Social health state 
values, which are based on the preferences of the general 
public, do not appear to be particularly helpful to inform 
such decisions.

In liberal societies, individual rights set boundaries for 
the realisation of preferences and constrain what can be done 
in pursuit of collective interests. This means, restrictions are 
imposed on the domain of preferences to protect individual 
rights. Certain types of preferences, say for sexism, racism, 
genocide, or tyranny, are being discarded as objectionable 
and ignored in societal decision-making: it just does not mat-
ter how many people prefer that health care is only provided 
to people of a certain ethnicity or how strong their prefer-
ences are. Such views are simply not taken into account. 
This means, even if some individuals preferred that some 
other individuals in SWD do not get access to life-extending 
treatments, their preferences should be considered objection-
able and be discarded.

Motivating example—continued

Step II

The example given above may not seem particularly relevant, 
as QALYs are not evaluated on the individual-level. Treatment 
reimbursement decisions are, accordingly, also not made for 
single individuals, but only for groups. However, by incremen-
tally expanding the simple example I will try to show that the 
intuition developed for the individual case also applies to the 
aggregate level. That is to say, if one accepts that it would be 
unethical to withhold the life-extending treatment from Alice 
in the example above, it follows that one also has to reject the 
use of SWD in health economic evaluations altogether.

To value health outcomes for a group, HRQoL values 
are aggregated, across many different individuals and over 
time. The resulting ‘disease state utilities’ usually reflect the 
average HRQoL of a group of patients with some disease. 
Commonly used disease states include, for example, ‘pre-
progression’ and ‘post-progression’ in lung cancer; or ‘mild’, 
‘moderate’, and ‘severe’ in COPD.
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If now there was a group of individuals, of which all, like 
Alice, live in SWD, it seems obvious that the arguments 
made above still apply. That is to say, if one accepts that 
society should provide life-extending treatment for Alice—if 
the treatment is not more expensive than the current stand-
ard of care—society should obviously do the same for each 
member of the group.

Now we will take the scenario one step further and show 
that SWD can also have significant implications for indi-
viduals who live in states that are better than dead (SBD), 
and that they can affect decisions for new treatments that are 
more costly than the current treatment.

Step III

Suppose Bob, and Claire are a group of patients with some 
chronic disease D. They live in health states with HRQoL 
values of + 0.2 , and + 0.4 , respectively. The average HRQoL 
for disease D is then given by 0.2+0.4

2
= 0.3. With the current 

standard treatment, they are both expected to live 10 years 
before they die.

Further suppose that a new life-extending treatment C 
becomes available (again, with no effect on HRQoL), which 
prolongs the lives of patients with disease D by another 10 years, 
i.e. giving them 20 years in total. The treatment is if £ 19, 000 
more expensive than the standard treatment.

Still assuming a threshold of £ 20, 000 per QALY, we 
can derive an incremental cost-effectiveness ratio (ICER) of 
£ 38,000

0.3×10
= £12, 667 per additional QALY. Consequently, treat-

ment C would be considered cost-effective.

Step IV

Suppose that Alice, still living in a state with a HRQoL of 
− 0.1, also has disease D, and that she joins the group of 
Bob and Claire. The average HRQoL for disease D is then 
given by −0.1+0.2+0.4

3
= 0.167. Now, the ICER increases to 

£ 38,000

0.167×10
= £ 22, 754 per QALY and treatment C suddenly is 

no longer cost-effective.
This evaluation should be considered unethical. The 

average utility value of 0.167 reflects a mixture of Bob’s 
and Claire’s positive, and Alice’s negative HRQoL values. 
Thereby, the willingness to pay for an additional life year 
in that group is reduced proportional to Alice’s negative 
HRQoL. The implications are significant: Treatment C is not 
provided to the patients with disease D, only because society 
prefers Alice to die sooner rather than later—the decision is 
made as if Alice’s life were considered unworthy of living.

If society were indifferent whether Alice dies or lives, 
i.e. her health state had a value of 0, the treatment would 
become cost-effective. The average HRQoL of disease D 
would then increase to 0+0.2+0.4

3
= 0.2, and the ICER would 

drop under 20,000 again, with £ 38,000
0.2×10

= £ 19, 000 per QALY. 

What this result suggests is health economic evaluations may 
systematically underestimate the value of any life-extending 
medical intervention.

Discussion and further considerations

This paper has demonstrated that when SWD are used to 
value changes in survival times, they imply unethical value 
judgements and discriminate against those people in poor 
health states. This holds true, regardless of whether SWD 
occur on the individual-level, where they are immediately 
visible, or on the group-level, where they may be hidden 
within an aggregate average. I thus argue that SWD should 
not be used in health economic evaluations. Extending a 
person’s life should generate at least zero QALYs, and short-
ening should not gain any QALYs, respectively.

This position does not seem to be controversial: while 
there may be reasonable disagreement over the relative value 
of life years gained in one group compared to another, an 
additional life year should never be considered a loss for 
society in itself. Yet, as the examples in this paper have 
shown, this is exactly what SWD imply. It therefore seems 
striking how widely and uncritically SWD have been and are 
being used in health economic evaluations. It can only be 
attributed to the complexity of economic modelling, which 
may conceal the implicit value judgements, that there has not 
been an outrage from the general public, patient advocacy 
groups, and/or health economists.

Some may argue that it is not immediately clear if, and if 
so, to what extent the thesis of this paper applies to decision-
making in the real world. HTA agencies surely will recognise 
that it would be deeply problematic to estimate the QALY 
gains from, say, providing feeding tubes for children with 
severe birth defects, or mechanical ventilation for patients 
with advanced amyotrophic lateral sclerosis. Life-extend-
ing treatments like these for people in severe health states 
are likely to be provided, even if they are clearly not cost-
effective (according to the current QALY framework). This 
means, the arguments raised in this paper are mainly relevant 
to those cases where the unethical implications of the QALY 
framework are not obvious; where the QALY losses from 
extending the lives of people in SWD are concealed from 
the decision makers. SWD may then lead to an underesti-
mation of the value of a life-extending treatment. People in 
SWD living for longer cause the average ICER estimate to 
be higher, without anyone noticing it, and, most importantly, 
(presumably) without anyone’s intention for it to be the case.

I would like to stress that the ICER estimates of almost 
any life-extending treatment can potentially be affected 
by SWD. As mentioned above, SWD are not uncommon: 
1.5% of the English adult population lives in a SWD. The 
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prevalence among patients can be assumed to be much 
higher, but detailed information on SWD is scarce. In some 
rare instances, SWD can be spotted directly by inspecting the 
economic model. To give but one example, in NICE’s 2019 
appraisal of Nusinersen for treating spinal muscular atro-
phy, four of seven non-dead states had a negative value in 
the reference scenario for one of the subgroups—increased 
survival time in these states led to a lower QALY estimate 
[39]. However, most often, one will need to assess the dis-
aggregated data on patients’ self-reported health states to 
identify SWD in the underlying patient population, because 
even if aggregate utility scores are positive, they may well 
be affected by SWD: Scott et al. [40], for example, report 
a median utility score of 0.36 in a sample of 2073 patients 
awaiting total hip arthroplasty. Yet, they also found that 
18.9% of the patients reported to live in state with a nega-
tive utility value. Unfortunately, this information is usually 
not disclosed separately, and so the magnitude of the effect 
remains largely unknown.

On the other hand, there does not seem to be any compel-
ling reason to use SWD in health economic evaluations to 
value additional survival time in the first place. SWD neither 
reflect the preferences of individual patients, nor can they 
be considered to represent the general public’s preferences 
for the allocation of health care resources—so why are we 
using them?

It should be noted that SWD can also give people in poor 
health states an advantage. Moving someone from a SWD to 
full health for, say one year, actually generates more QALYs 
than extending the life of someone living in full health by 
one year: in the UK EQ-5D-3L social value set, the former 
is worth 1.59 QALYs; the latter only 1 QALY. This means, 
for treatments that mainly effect HRQoL, the arguments 
presented in this paper may indeed not apply. However, the 
advantage SWD give to some people does not justify the 
disadvantage they give to others. For treatments that affect 
both, length and health-related quality of life, it may also be 
very difficult to determine what the overall effect of SWD 
is. I thus maintain that, if it cannot be ruled out that some 
person’s gain in survival time is valued as a loss to society 
(or vice versa), SWD shall not be used in health economic 
evaluations.

I would like to emphasise that assigning a non-negative 
value to all human lifetime should be considered a minimal 
ethical constraint [41]. There are many other, compelling, 
more fundamental critiques of the QALY metric and its ethi-
cal implications. Some have argued, for example, that all 
human life should have a positive (and just a non-negative) 
value [42], or that all human life should be of equal value [9] 
(see below). Admittedly, these proposals are only concerned 
with methodological details, while the QALY appears to be 
accepted as a valid point of reference. Yet, the utilitarian 
QALY framework itself is not value-free, and could also be 

called into question [4, 7, 43–45]. However, the argument 
presented in this paper is deliberately presented within a 
narrowly defined QALY framework. Even if one accepts the 
QALY framework in general, I would argue that one has to 
reject the concept of SWD as unethical.

Moving forward

While I argue for abolishing the use of SWD in health eco-
nomic evaluations, I do not intend to prescribe a particu-
lar approach on how to replace them. Within the QALY 
framework, there are primarily two options that should be 
considered.

Firstly, the QALY metric itself could be adjusted, to 
ensure that every person’s lifetime has some positive, or at 
least non-negative, value. The Equal Value of Life (‘EVL’) 
approach, proposed by Nord et al. [9], could be used for this, 
or the Health Years in Total (‘HYT’) framework, proposed 
by Basu et al. [42]. The former assigns every additional life 
year a value of one QALY, while the latter also takes into 
account HRQoL changes that occur during additional life 
years. However, both approaches add something extra to the 
QALY, which is not derived from the social value set, but 
imposed rather post-hoc by the researcher or decision maker.

The second alternative may thus seem more attractive: 
preferences could either be elicited from patients/people liv-
ing in the health states themselves, or a different perspective 
could be used when eliciting preferences from the general 
public. The person trade-off method may have some appeal 
in this context, as it seems to come closest to the type of 
decision that social value sets actually inform [26, 37]. Both 
approaches are likely to generate much higher and probably 
exclusively positive health state values [17, 18, 30].

The question, which approach is most appropriate, can-
not be answered in isolation, but must be guided by a nor-
mative theory of the valuation of health. Any alternative 
approach may also come with a number of wider, poten-
tially unintended implications, which need to be consid-
ered. In the current absence of a widely accepted, coherent 
theoretical framework, more conceptual research seems to 
be needed. In particular, this should include two different 
strands: firstly, there should be more engagement with fun-
damental questions about the ethical underpinning of the 
QALY framework; and, secondly, health economists should 
enter into a meaningful and sustained dialog with citizens, 
policy makers, and other stakeholders, to ensure that their 
methods reflect the norms and values of society. However, 
it is unlikely that all considerations a society considers to 
be relevant can ever be operationalised and integrated into 
a coherent, formal decision analytical framework. It there-
fore seems essential that the results of any health economic 
model are checked and qualitatively scrutinised. Health pol-
icy decision makers should critically assess the underlying 
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assumptions and their ethical implications. Greater involve-
ment of patients, patient representatives, and carers may help 
to ensure that their perspectives are accounted for in the 
decision-making process.

Acknowledgements I am grateful to Elly Stolk, Aki Tsuchiya, Donna 
Rowen, Simon McNamara, and the participants of the 2020 lolaHESG 
online conference for providing comments on an earlier version of this 
manuscript. I would also like to thank Robert Sugden for his encour-
agement to continue developing the ideas expressed in this paper. The 
usual disclaimer applies

Funding This work was supported by the Wellcome Trust DTC in 
Public Health Economics and Decision Science (108903/Z/19/Z) and 
the University of Sheffield.

Declarations 

 Conflict of interest PS has received funding from the EuroQol Group.

 Ethical approval This article does not contain any studies with human 
participants.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

References

 1. MacKillop, E., & Sheard, S. (2018). Quantifying life: understand-
ing the history of quality-adjusted life-years (QALYs). Social Sci-
ence & Medicine, 211, 359–366.

 2. Lipscomb, J., Drummond, M., Fryback, D., Gold, M., & Revicki, 
D. (2009). Retaining, and enhancing, the QALY. Value in Health, 
12, S18–S26.

 3. Harris, J. (1987). QALYfying the value of life. Journal of Medical 
Ethics, 13, 117–123.

 4. Pearson, S. D. (2019). Why the coming debate over the QALY 
and disability will be different. The Journal of Law, Medicine& 
Ethics, 47, 304–307.

 5. Singer, P., McKie, J., Kuhse, H., & Richardson, J. (1995). Double 
jeopardy and the use of QALYs in health care allocation. Journal 
of Medical Ethics, 21, 144–150.

 6. Ubel, P., Nord, E., Prades, J., & Richardson, J. (2000). Improving 
value measurement in cost-effectiveness analysis. Medical Care, 
1, 982–901.

 7. Beckstead, N., & Ord, T. (2015). Bubbles under the wallpaper: 
Healthcare rationing and discrimination. In Bioethics: An anthol-
ogy (pp. 406-412). Oxford: Blackwell.

 8. Cubbon, J. (1991). The principle of QALY maximisation as the 
basis for allocating health care resources. Journal of Medical Eth-
ics, 17, 181–184.

 9. Nord, E., Pinto, J. L., Richardson, J., Menzel, P., & Ubel, P. 
(1999). Incorporating societal concerns for fairness in numerical 
valuations of health programmes. Health Economics, 8, 25–39.

 10. Williams, A. (1987). Brief response: QALYfying the value of life. 
Journal of Medical Ethics, 13, 123.

 11. Klonschinski, A. (2016). The economics of resource allocation in 
health care: Cost-utility, social value, and fairness. Milton Park: 
Routledge.

 12. Whitehead, S. J., & Ali, S. (2010). Health outcomes in economic 
evaluation: The QALY and utilities. British Medical Bulletin, 96, 
5–21.

 13. Brazier, J., Ratcliffe, J., Saloman, J., & Tsuchiya, A. (2017). 
Measuring and valuing health benefits for economic evaluation. 
Oxford: Oxford University Press.

 14. NICE. (2019). Position statement on use of the EQ-5D-5L value 
set for England (updated October 2019). Accessed September 
9, 2020, from https:// www. nice. org. uk/ about/ what- we- do/ our- 
progr ammes/ nice- guida nce/ techn ology- appra isal- guida nce/ 
eq- 5d- 5l.

 15. Attema, A. E., Edelaar-Peeters, Y., Versteegh, M. M., & Stolk, 
E. A. (2013). Time trade-off: one methodology, different meth-
ods. The European Journal of Health Economics, 14, 53–64.

 16. Torrance, G. W. (1976). Social preferences for health states: An 
empirical evaluation of three measurement techniques. Socio-
Economic Planning Sciences, 10, 129–136.

 17. Brazier, J., Rowen D., Karimi, M., Peasgood, T., Tsuchiya, A., 
& Ratcliffe, J (2018). Experience-based utility and own health 
state valuation for a health state classification system: why and 
how to do it. The European Journal of Health Economics, 19, 
881–891.

 18. Versteegh, M., & Brouwer, W. (2016). Patient and general public 
preferences for health states: A call to reconsider current guide-
lines. Social Science & Medicine, 165, 66–74.

 19. De Charro, F., Busschbach, J., Essink-Bot, M.-L., van Hout, B., 
& Krabbe, P. (2005). EQ-5D concepts and methods: A develop-
mental history (pp. 171–179). Dordrecht: Springer.

 20. Tilling, C., Devlin, N., Tsuchiya, A., & Buckingham, K. (2010). 
Protocols for time tradeoff valuations of health states worse than 
dead: A literature review. Medical Decision Making, 30, 610–619.

 21. McCabe, C., Claxton, K., & Culyer, A. J. (2008). The NICE cost-
effectiveness threshold. Pharmacoeconomics, 26, 733–744.

 22. Bernfort, L., Gerdle, B., Husberg, M., & Levin, L. -Å. (2018). 
People in states worse than dead according to the EQ-5D UK 
value set: Would they rather be dead? Quality of Life Research, 
27, 1827–1833.

 23. Chang, H. F. (2000). A liberal theory of social welfare: fairness, 
utility, and the Pareto principle. The Yale Law Journal, 110, 
173–235.

 24. Farsides, B., & Dunlop, R. J. (2001). Is there such a thing as a life 
not worth living? BMJ, 322, 1481–1483.

 25. Harris, J. (2003). Consent and end of life decisions. Journal of 
Medical Ethics, 29, 10–15.

 26. Weinstein, M. C., Torrance, G., & McGuire, A. (2009). QALYs: 
The basics. Value in Health, 12, S5–S9.

 27. Kennedy-Martin, M., Slaap, B., Herdman, M., van Reenen, M., 
Kennedy-Martin, T., Greiner, W., Busschbach, J., & Boye, K. 
S. (2020). Which multi-attribute utility instruments are recom-
mended for use in cost-utility analysis? A review of national 
health technology assessment (HTA) guidelines. The European 
Journal of Health Economics, 21, 1245–1257.

 28. Kreimeier, S., Oppe, M., Ramos-Goñi, J. M., Cole, A., Devlin, N., 
Herdman, M., Mulhern, B., Shah, K. K., Stolk, E., Rivero-Arias, 
O., & Greiner, W. (2018). Valuation of EuroQol five-dimensional 
questionnaire, youth version (EQ-5D-Y) and EuroQol five-dimen-
sional questionnaire, three-level version (EQ-5D-3L) health states: 

http://creativecommons.org/licenses/by/4.0/
https://www.nice.org.uk/about/what-we-do/our-programmes/nice-guidance/technology-appraisal-guidance/eq-5d-5l
https://www.nice.org.uk/about/what-we-do/our-programmes/nice-guidance/technology-appraisal-guidance/eq-5d-5l
https://www.nice.org.uk/about/what-we-do/our-programmes/nice-guidance/technology-appraisal-guidance/eq-5d-5l


1552 Quality of Life Research (2022) 31:1545–1552

1 3

The impact of wording and perspective. Value in Health, 21, 
1291–1298.

 29. Helgesson, G., Ernstsson, O., Åström, M., & Burström, K. (2020). 
Whom should we ask? A systematic literature review of the argu-
ments regarding the most accurate source of information for valu-
ation of health states. Quality of Life Research, 29, 1465–1482.

 30. Burström, K., Sun, S., Gerdtham, U.-G., Henriksson, M., Johan-
nesson, M., Levin, L.-Å., & Zethraeus, N. (2014). Swedish expe-
rience-based value sets for EQ-5D health states. Quality of Life 
Research, 23, 431–442.

 31. Dolan, P. (1997). Modeling valuations for EuroQol health states. 
Medical Care, 35(11), 1095–1108.

 32. MVH Group. (1995). The measurement and valuation of health: 
Final report on the modelling of valuation tariffs. York: Centre 
for Health Economics, University of York.

 33. Jelsma, J., Hansen, K., De Weerdt, W., De Cock, P., & Kind, P. 
(2003). How do Zimbabweans value health states? Population 
Health Metrics, 1, 1–10.

 34. Luo, N., Wang, P., Thumboo, J., Lim, Y.-W., & Vrijhoef, H. J. 
(2014). Valuation of EQ-5D-3L health states in Singapore: Mod-
eling of time trade-off values for 80 empirically observed health 
states. Pharmacoeconomics, 32, 495–507.

 35. University College London Department of Epidemiology and Pub-
lic Health; National Centre for Social Research (NatCen).  (2021). 
Health Survey for England, 2017. UK Data Service.

 36. Menzel, P., Dolan, P., Richardson, J., & Olsen, J. A. (2002). The 
role of adaptation to disability and disease in health state valua-
tion: A preliminary normative analysis. Social Science & Medi-
cine, 55, 2149–2158.

 37. Nord, E. (1995). The person-trade-off approach to valuing health 
care programs. Medical Decision Making, 15, 201–208.

 38. Rubin, E. B., Buehler, A. E., & Halpern, S. D. (2016). States 
worse than death among hospitalized patients with serious ill-
nesses. JAMA Internal Medicine, 176, 1557–1559.

 39. Tappenden, P., Hamilton, J., Kaltenthaler, E., Hock, E., Rawdin, 
A., Mukuria, C., Clowes, M., Simonds, A., & Childs, A. (2018). 
Nusinersen for treating spinal muscular atrophy: A single technol-
ogy appraisal. Sheffield: School of Health and Related Research 
(ScHARR).

 40. Scott, C. E. H., MacDonald, D., & Howie, C. (2019). ‘Worse 
than death’ and waiting for a joint arthroplasty. The Bone & Joint 
Journal, 101, 941–950.

 41. Franklin, D. (2017). Calibrating QALYs to respect equality of 
persons. Utilitas, 29, 65.

 42. Basu, A., Carlson, J., & Veenstra, D. (2020). Health years in total: 
a new health objective function for cost-effectiveness analysis. 
Value in Health, 23, 96–103.

 43. Anand, P. (1999). QALYs and the integration of claims in health-
care rationing. Health Care Analysis, 7, 239–253.

 44. Long, S. (2015). Squashed dreams and rare breeds: Ableism and 
the arbiters of life and death. Disability & Society, 30, 1118–1122.

 45. Broome, J. (1978). Trying to value a life. Journal of Public Eco-
nomics, 9, 91–100.

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.



Conclusion to Chapter 5 

This chapters taps into a long-standing debate about whether or not the QALY is 

discriminatory, and it adds to the discussion by presenting a hitherto overlooked 

problem. It demonstrates that when states worse than dead are used to value 

changes in survival times, they unequivocally imply unethical value judgements 

and discriminate against those people in poor health states.  I argue that extend-

ing a person’s life should generate at least zero QALYs, and that a meaningful and 

sustained dialog with citizens, policy makers, and other stakeholders is needed to 

ensure that health economic models reflect the norms and values of society. 
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Part II: PRACTICAL TOOLS 

Practical Tools 

Alice laughed. `There's no use trying,' she said: `one CAN'T believe impossible 

things.’  

‘I daresay you haven't had much practice,’ said the Queen. ‘When I was younger, 

I always did it for half an hour a day. Why, sometimes I've believed as many as 

six impossible things before breakfast.’ 

– Alice in Wonderland, Lewis Carroll 
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Chapter 6: The Online Elicitation of Personal Utility Functions (OPUF) tool 
The Online Elicitation of Personal Utility Functions (OPUF) tool 

This chapter describes the Online Elicitation of Personal Utility Functions (OPUF) 

approach, a new method for valuing EQ-5D-5L health states. The aims of this 

study are to report on the development of the survey tool, and to test its feasibility 

in a small pilot study with 50 participants from the UK. The results show that 

OPUF can be used to obtain not just group-level, but also individual-level value 

sets.  

This chapter was published in an identical form as: Schneider PP, van Hout B, 

Heisen M, Brazier J, Devlin N. The Online Elicitation of Personal Utility Functions 

(OPUF) tool: a new method for valuing health states. Wellcome Open Research. 

2022 Jan 14;7:14. https://doi.org/10.12688/wellcomeopenres.17518.1  

NB: Wellcome Open Research has an open peer review process. The reviewers’ 

comments are not included here, but can be accessed under the url given above. 

The paper in the chapter was written with four co-authors, Ben van Hour, 

Marieke Heisen, John Brazier and Nancy Devlin. PS, BvH, and MH conceptualised 

the study. PS developed and implemented the survey software, conducted the 

analysis, and wrote the first draft of the manuscript. BvH, MH, JB, and ND pro-

vided critical feedback to the survey and the analysis. BvH and JB supervised the 

project. All authors reviewed, edited, and approved the final version. 
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1 Introduction
The valuation of health, in terms of quality-adjusted life years 
(QALYs), is an essential component in health economic evalu-
ations. The QALY is generally derived from generic meas-
ures of health, which, in turn, consist of two components:  
firstly, a health descriptive system, which defines a number of 
mutually exclusive health states and, secondly, a set of (social) 
values, that reflect their respective desirability. These values 
are commonly based on individual preferences of members of  
the general public1,2.

Methods for eliciting preferences belong to one of two types: 
they are either compositional or decompositional3–5. Standard 
health state valuation methods, such as time trade-off (TTO), 
standard gamble (SG), discrete choice experiments (DCE) and  
best-worst scaling (BWS) belong to the latter group. Their main 
disadvantage is that they are inefficient. The amount of infor-
mation that is obtained from each participant is so small, that 
data from hundreds, if not thousands, of participants is required 
in order to estimate a social value set. Generating value sets  
for small subgroups will thus often not be feasible at all6,7.

Compositional methods, on the other hand, are much more 
efficient – they even allow the estimation of value sets on the  
individual-level. Values can also directly be aggregated across 
individuals, without the need for complicated statistical models.  
Nevertheless, compositional methods have seldom been used 
in the valuation of health and, where they have been used, it  
is generally in combination with decompositional methods8.

Recently, Devlin et al.9 pioneered a new method for eliciting 
health state values, based entirely on compositional preference  
elicitation techniques. Their personal utility function (PUF) 
approach was successfully piloted in face-to-face interviews  
to derive personal (as well as a social) value sets for the  
EQ-5D-3L instrument10. The EQ-5D-3L is a generic measure 
of self-reported health, which is widely used in health economic  
evaluations (see below).

In this paper, we aim to expand on the previous PUF work 
in three ways. Firstly, we establish its theoretical founda-
tions, namely multi-attribute value theory, and how it relates 
to the valuation of health states more generally (section 2). 
Secondly, we report on the development of a new, PUF-based 
online tool (OPUF) to obtain individual-level value sets for the  
EQ-5D-5L (section 3), and then pilot the tool in a small sample 
of participants (section 4). Finally, we discuss the main advan-
tages, disadvantages, and potential challenges, and propose 
potential next steps in the development of the OPUF approach  
(section 5).

2 Theoretical framework
Preference-based measures of health are (implicitly or explicitly) 
built on multi-attribute value or utility theory (MAVT/MAUT). 
These frameworks provide the theoretical foundations for  
the application of compositional and decompositional prefer-
ence elicitation methods11–13. Before we provide a brief intro-
duction into MAVT/MAUT, it may useful, however, to highlight  

some relevant aspects of health descriptive systems, to  
demonstrate how closely they are linked to MAVT/MAUT.

2.1 Health descriptive systems
Most health descriptive systems, generic or condition-specific, 
share a similar structure, in the sense that health states are defined 
along a set of dimensions (e.g. pain, mobility, etc), of which 
each has a number of attributes, reflecting different levels of  
performance1,14. These levels usually have an inherent order, 
such that higher levels are preferred over lower level, or vice 
versa (e.g. some pain is better than severe pain). All possible  
combinations of attributes from different dimensions define 
the complete set of health states that a descriptive system can 
represent. Moreover, in most systems there is one best state, 
full health, which dominates all other states, and one worst 
state, which is dominated by all other states. For use in health  
economic evaluations, health descriptive systems need to be 
valued: utility values, anchored at full health (=1) and dead  
(=0), need to be assigned to all health states. These values are 
sometimes also referred to as social values, preference-based  
indices and health utilities , (health-related) quality of life-, or 
QALY-weights (we use these terms synonymously). As we will  
explain below, the structure of a health descriptive system  
is crucial for its valuation.

2.2 The EQ-5D-5L instrument
To give an example, and also to describe the instrument that 
is to be valued in this study using the OPUF, we briefly intro-
duce the EQ-5D-5L15. This health descriptive system defines 
health states using five dimensions/criteria: mobility (MO),  
self-care (SC), usual activities (UA), pain or discomfort (PD), 
and anxiety or depression (AD). Each dimension has five per-
formance levels: no, slight, moderate, severe, and extreme prob-
lems. However, the extreme level for dimensions MO, SC; 
and UA use the word ‘unable’ (e.g. unable to walk about). In 
total, the instrument describes 3,125 mutually exclusive health 
states. They can be referred to by a 5-digit code, representing 
the severity levels for the five dimensions. ‘11111’ denotes full  
health; and ‘55555’ denotes the objectively worst health state.

2.3 Multi-attribute value and utility theory
MAVT and MAUT are general (multi-criteria decision mak-
ing) frameworks to analyse decision problems involving multiple 
alternatives and conflicting objectives. The difference between 
MAVT and MAUT is that the former deals with problems  
under certainty, while the latter also incorporates uncertainty. 
The general concept, however, is the same: the stated prefer-
ences of an individual, or a group of individuals, over a number  
of alternatives can be quantified as a value (or utility) func-
tion, which assigns a score to any alternative under consid-
eration. The alternatives only have value in so far as they meet 
certain objectives. This makes it possible to learn a decision 
maker’s partial preferences for these objectives, construct a pref-
erence function, and then use it to predict values for different  
alternatives3,5.

The valuation of health states can be described with this  
framework13. The three general structural levels (alternatives,  

3DJH���RI���

:HOOFRPH�2SHQ�5HVHDUFK������������/DVW�XSGDWHG�����$8*�����



objectives, performances) can be mapped directly to correspond-
ing concepts in health descriptive systems. Firstly, the alterna-
tives under consideration, which are to be valued, correspond to 
health states. Secondly, the objectives against which alternatives 
are to be evaluated correspond to the different health dimen-
sions (e.g. pain, mobility). Thirdly, the alternatives’ perform-
ance levels, i.e. the extent to which the alternatives meet the 
objectives, correspond to the dimension levels of the different  
health states (e.g. some pain, impaired mobility, etc).

2.4 Value measurement theory
In the context of the QALY framework, constructing a value  
function for health states requires three components:

    1. Level ratings/scores: also referred to as marginal 
value functions, reflect the preferences for different lev-
els of performance on a given criterion. This specifies, 
for example, how much better some pain is compared 
to severe pain. The scale is defined by the best and worst 
possible level of performance. The units of measure-
ment are arbitrary, but for convenience, values are usually  
normalised between 100 (best) and 0 (worst).

    2. Criteria/dimension weights: they represent the rela-
tive importance of a given criterion, compared to all other 
criteria. More specifically, it is a measure of the relative 
(utility) gain associated with replacing the lowest level 
with the highest level of performance for this criterion 
(e.g. moving from extreme pain to no pain). A value of 
100 is assigned to the most important criterion, and the 
weights of all other criteria are then defined relative to this 
yardstick: a value of 50, for example, means a criterion is 
half as important; a value of zero means a criterion is not  
important at all.

    3. Anchoring factor: anchoring is an additional step, only 
required in the context of the QALY framework. It is nec-
essary, because health state utilities need to be mapped 
on to a scale, which is anchored at full health, set to 1, 
and dead, set to 0. For this, an additional parameter needs 
to be elicited, that we will call anchoring factor16. It was 
operationalised as a person’s maximum range of util-
ity values, i.e. the difference between their highest and 
their lowest utility value. Alternatively, it can be under-
stood as a person’s (assumed) rate of substitution between  
units of quantity and units of quality of life.

All three components are combined into a (global) value func-
tion, using some pre-specified aggregation method. Most com-
monly, an additive aggregation function (weighted sum) is  
chosen. It is easy to interpret, as it only considers marginal 
changes. Since we want to anchor utility values on the QALY 
scale, we first need to normalise the additive function between 1 
and 0 (i.e. divide both components by 100), and then rescale the 
function, using the anchoring factor a. Accordingly, an additive  
model with m criteria can be written as:

1

( )
( ) 1 1

1000

m
i i

i

w p h
aV h
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whereby V(h) is the value function which assigns a utility value 
to any health state h; a is the anchoring factor (=utility range);  
wi is the weight of the ith dimension, hi is the level of perform-
ance of state h on criterion i, and p(hi) then gives the marginal 
value of state h’s performance level on dimension i. It should 
be noted that the anchoring factor is usually not explicitly  
considered as a separate criterion in the value function. Instead, 
it is used to rescale the dimension weights and level rat-
ings (see section ’How to construct PUF’s from participants’  
responses’ below).

2.5 Decompositional and Compositional methods
As stated in the introduction, there are two types of prefer-
ence elicitation methods: compositional and decompositional 
methods. We assume that readers will be familiar with decom-
positional methods, in the form of TTO, SG, DCE, or BWS. All  
of these methods require participants to evaluate entire health 
states. This means, they need to consider all the relevant crite-
ria at the same time, and then assign cardinal values to these 
states. Subsequently, these values are decomposed, with the 
aim to work out the marginal contribution of each attribute to 
the overall utility score. Ultimately, this procedure provides 
a scoring system, with coefficients for the different dimen-
sions and levels, which can be used to estimate the values for all  
health states.

Another aspect that should be noted is that, in practice, it is usu-
ally infeasible to elicit values for all health states from one indi-
vidual. Therefore, a statistical model needs to be fitted to the 
values elicited from multiple individuals over a subset of the  
states17,18. Depending on the complexity of the health descrip-
tive system, large numbers of participants may need to be  
surveyed to yield sufficient data points for the statistical model  
to converge and to produce robust estimations6,7. This makes it 
generally impossible to construct value functions for small groups  
or for single individuals.

The elicitation of preferences through compositional methods 
works the other way around. They start with the valuation of the 
individual components of health states: criteria weights, level 
ratings and the anchoring factor are elicited directly and in sep-
arate tasks. The three components are then combined, using a 
pre-specified aggregation function, to estimate the values for all  
health states.

There are several compositional preference elicitation tech-
niques that can be used4. The most straight-forward methods 
involve asking participants to allocate points or rate the attributes 
directly, using a visual analogue scale (VAS), for example. Alter-
native methods include ranking techniques, Likert-type scales  
(AHP) or semantic categories (MACBETH)19–21.

These techniques have been used extensively in multicriteria 
decision analysis (MCDA), including numerous applications in 
the context of health technology assessments22–24. Up until now, 
however, the application of compositional methods in health 
valuation studies has been scarce. One notable exception is  
the Health Utility Index (HUI 2, HUI 3)8,25. Based on a MAUT 
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framework, value sets were derived by combining the (decom-
positional) SG method with a (compositional) visual analogue 
scale. Criteria weights and the anchoring factor were (simul-
taneously) derived through the former, while the latter pro-
vided the levels scores. However, the PUF approach appears 
to be the first that is entirely based on compositional preference  
elicitation techniques9.

3 Development of the OPUF Tool
3.1 From PUF to OPUF
The PUF approach was developed by Devlin et al.9 as a new 
method to derive personal value sets for the EQ-5D-3L10. It con-
sists of a series tasks, organised in seven sections (A: warm-up,  
B: dimension ranking, C: dimension rating, D: level rating,  
E: paired comparison, F: position-of-dead, G: check for 
interactions). The approach was successfully piloted in 76  
face-to-face interviews. The results showed that compositional  
methods can be used to derive EQ-5D-3L value set on the  
group, as well as on the individual level.

In recent years, the use of online data collection of stated pref-
erences data has become more and more popular. The main rea-
sons for this are presumably the speed and the often markedly 
reduced costs compared to interviewer administration. This 
may, in part, also explain the rise in the use of DCE, which,  
compared to TTO, are much easier to apply online26,27.

The aim of the present study was to adapt and refine the PUF 
approach for use as a stand-alone online survey, and to test its 
use in valuing the EQ-5D-5L. With one exception (G: check  
for interactions) all tasks used in the original approach were 
implemented in the OPUF. We only added one additional task,  
the ’Dead-VAS’, to be able to anchor the PUF of participants 
with a certain preference profile (see below). Nevertheless, 
the overall implementation of the OPUF differed significantly 
from the original. The original PUF approach was delivered in  
face-to-face interviews. Participants were encouraged to reflect 
on, explain, and revise their responses. Deliberation and the  
interaction with the interviewer were key components of the 
study, and interviews took up to 90 minutes. We believe this 
approach cannot easily be replicated in a stand-alone online 
tool. Participants may be less motivated to work through diffi-
cult exercises or to reflect on their preferences, without the pres-
ence of a human interviewer. We therefore decided to make 
the survey shorter, and focused on clear and intuitive presenta-
tion of the tasks. For this, we simplified some of the instructions  
and tried to design an easy-to-use web interface.

3.2 Development of the EQ-5D-5L OPUF Tool
The OPUF Tool was programmed in R Shiny – an extension 
of the R programming language for creating interactive user  
interface28. For the development, we used an iterative design 
approach. First, we experimented with various approaches 
for emulating the PUF tasks, that were applied in face-to-face  
interviews conducted online survey. This involved exploring 
the capabilities of R Shiny, and testing different input elements,  
such as numeric or text input fields, buttons, drop-down menus, 

and sliders. Since default templates did not always seem  
adequate, we developed several new input elements, includ-
ing visual analogue scales (VAS), a level rating scale, and a  
colour-coded DCE. Different presentations of the tasks were 
discussed among the research team and tested with colleagues. 
Three different versions of the online tool were built before  
we developed a first fully functional prototype.

Subsequently, the prototype was evaluated and further refined 
in five iterative rounds of user testing. This involved qualitative 
online interviews with a total of 22 participants (5+4+4+5+4), 
recruited via the Prolific platform (https://www.prolific.co).  
During the interviews, we observed the participants’ screens 
while they were going through the OPUF Tool. After each 
task, we asked them how they understood the task, how dif-
ficult it was, and whether there was anything confusing about 
it. The interviews took between 15 and 53 minutes. After each 
round, we revised the tool based on the feedback we received. 
After the third round, we also conducted a first ’test launch’, for 
which we recruited 50 participants to complete the tool with-
out being directly monitored by the interviewer. Data from the  
test launch was used to check and refine our analysis plan.

Once we arrived at the final version of the OPUF Tool, we con-
ducted a quantitative pilot to test the feasibility of using it 
for deriving personal as well as group-level EQ-5D-5L util-
ity functions. The results are described in section 4 (quantitative  
pilot results).

3.3 The EQ-5D-5L OPUF Tool
The OPUF Tool consists of 10 steps. In the following, we 
describe each step in more detail and explain how the respec-
tive tasks work. However, we consider the visual presentation 
of the tasks an essential component of the OPUF Tool. Much 
effort went into developing an intuitive and easy-to-use design. 
We thus recommend readers to consult the online demo ver-
sion of the tool while reading through this section. It is available  
at https://eq5d5l.me.

Steps 1 & 2: Warm-up
The first two tasks aim to familiarise participants with the instru-
ment and the five dimensions it covers. They are asked to  
self-report their current health on the EQ-5D-5L descriptive sys-
tem and to rate their overall health status, using the EQ-VAS. 
To avoid any anchoring effect, we designed a new, empty slider  
input element, which had no default value.

Step 3: Level rating
In the original PUF, level rating involved five separate tasks, one 
for each dimension of the EQ-5D-3L. Participants were asked 
to allocate 100 points between an improvement from extreme  
to moderate, and from moderate to no problems. Since no and 
extreme problems are fixed at 100 and 0, in effect, this exercise 
determined the values of the ‘moderate’ level on each dimen-
sion. For the OPUF Tool, the move from the 3L to the 5L  
version meant that we had to reconsider the design. Ask-
ing participants, for each dimension, to allocate points to four  
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improvements (extreme to severe, severe to moderate, mod-
erate to slight, and slight to no problems) seemed excessive.  
We thus considered two alternative options:

    A Use the design for the 3L version to elicit a score for 
the moderate level on each dimension, and then linearly 
interpolate the scores for the slight and severe level. This  
assumes that the differences between levels are equal.

    B Elicit scores for all levels without any reference to 
a particular dimension. This assumes that the different  
levels of severity (‘slight’, ‘moderate’ etc.) have con-
sistent interpretations, irrespective of the specific health  
problem.

We assessed the model coefficients of existing EQ-5D-5L 
value sets from different countries, to check whether either of 
the options could be supported by empirical data. However, 
the evidence was ambiguous and partly contradictory. Ulti-
mately, we chose to implement option B (elicit all level ratings 
without reference to a specific dimension) because it seemed  
more convenient for the participants.

The final instructions for the task state that “a person with 
100% health has no”, and “a person with 0% health has extreme 
health problems”. Participants are then asked: “[h]ow much 
health does a person with slight health problems have left?”.  
Responses are recorded on a scale that ranges from 100%  
(= no problem) to 0% (extreme problems). After the partici-
pant clicks on the scale, two things happen. Firstly, the label 
(’slight problems’) and a connecting arrow appear right next to 
the selected value; and secondly, the question changes to the 
next severity level (i.e. from slight to moderate, and from moder-
ate to severe). The severity levels are highlighted, using a purple  
background colour (the hue depends on the severity level).

During the entire pilot phase, this task was considered to be dif-
ficult by many of the participants. Especially in earlier versions 
of the tool, participants were often confused by the instruc-
tions and we had to revise and simplify the instructions and  
layout several times.

In a previous version, the task also included default values, i.e. 
the values of slight, moderate, and severe problems were preset 
to 75%, 50% and 25%, respectively, and participants were asked 
to adjust them. Yet, this caused a strong anchoring effect and 
many participants did not change those values: 26 of 50 partici-
pants (52%) kept the preset value for the moderate severity level, 
for example. Adapting the design, so that it did not show any 
defaults, was technically challenging, but seemed necessary in  
light of these early findings.

Step 4: Dimension ranking
Participants are presented with the worst levels of each dimension 
(i.e. ‘I am unable to walk about, I am unable to wash and dress 
myself, etc), and asked to rank them in order of which problem 
they would ‘least want to have’; ties were not permitted. The 
task aims to introduce participants to the idea of prioritising 
one dimension of health over another. Responses to this task are 

also used to tailor the presentation of the following task to the  
individual participant.

Step 5: Dimension weighting (Swing weighting)
Five sliders are shown, one for each dimension, describing an 
improvement from the worst (extreme problems) to the best 
level (no problems). The sliders are presented in the same order 
as the participant had just ranked them. The first slider, for the 
most important dimension, is set to 100. This is given as a fixed 
yardstick, that participants are asked to use to evaluate the rela-
tive importance of the improvements in the other dimensions  
(which are set to 0 by default).

The instructions are tailored to each participant: if, for exam-
ple, extreme pain or discomfort was ranked first in the previ-
ous task, the instructions state: “If an improvement from ‘I have 
extreme pain or discomfort’ to ‘I have no pain or discomfort’ is 
worth 100 ’health points’, how many points would you give to  
improvements in other areas?”.

Step 6: Validation DCE
Three pairwise comparisons between health states are sequen-
tially presented to the participant: they are asked whether they 
prefer scenario A or B. The health states for the scenarios are 
personalised. For each participant, the dimension weights and 
the level ratings are combined into a (1-0 scaled) PUF. This func-
tion is then used to value all 3,125 health states, and to establish  
a preference order. Ties are broken randomly.

Health states for scenario A are selected from the 25th, 50th, 
and 75th percentile (order randomised) of the participant’s 
personal ranking. The scenario A states are then paired with 
states that have an absolute utility distance of about 0.1 (hard 
choice), 0.2 (medium choice), and 0.3 (easy choice), respec-
tively (order randomised). Dominated and dominating states are  
excluded.

To make it easier for participants to asses the severity of a health 
state, we used intensity colour coding, i.e. different shades of 
purple were used as background colours, ranging from light pur-
ple for no problems to dark purple for extreme problems, as  
previously suggested by Jonker et al.29.

The responses to this task were not used in the construction of 
the PUF – the purpose was to assess how accurately the OPUF 
approach can predict an individual participant’s actual choices  
in a standard discrete choice experiment task.

Step 7: Position-of-Dead Task
In this task, participants go through up to six paired compari-
sons between A) a health state and B) ’Being Dead’. In the first 
comparison, scenario A is the worst health state (‘55555’). If the 
participant prefers that state over dead, the participant imme-
diately proceeds to Step 8. If they prefer dead, a binary search  
algorithm is initiated, to find the state that is equal to dead.

As before, in Step 6, the participant’s individual PUF is used to 
value and rank all 3,125 health states. After the participant’s  
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indicated that state ’55555’ is worse than being dead, the  
search goes to the median state. From there, it moves up or 
down, depending on the participant’s choices, in half-intervals.  
The search stops after five iterations. At this point, the  
equal-to-dead state is identified with a maximum error of  
+/- 49 states, corresponding to 1.6% of the total number of  
states defined by the EQ-5D-5L.

In a previous version of the tool, the dead state was labelled 
‘Immediate Death’. Through the qualitative interviews, how-
ever, we learned that this made many participants think about 
the process of dying and they were consequently rather hesi-
tant to ever choose this option. We changed the label to ‘Being 
Dead’. We also decided not to display any duration for sce-
nario A, because in the QALY framework, utility independence  
must be assumed.

Step 8: Dead-VAS
Those participants, who indicated they would prefer the worst 
health state (’55555’) over being dead, are asked to assess the 
value of that health state on a vertical visual analogue scale. The 
top anchor point, at 100, is labelled ’No health problems’, and 
the bottom, at 0, is labelled ’Being Dead’. The description of 
the worst health state is shown in a box next to the scale. When 
the participant selects a position value, an arrow is displayed,  
connecting the box to the respective position on the scale.

A previous version of the tool did not include the Dead-VAS, 
but instead all participants completed three TTO tasks: two  
warm-up tasks and then one TTO involving the worst health 
state. However, this design often lead to inconsistent responses:  
19 of 50 participants (38%) reversed their preference between 
the Position-of-Dead and the TTO task. More specifically, 
15 (30%) switched from worst health state ط dead to dead ظ 
worst health state, while 4 (8%) switched the other way around. 
Although smaller, the latter group was more problematic, because  
their responses made it impossible to anchor their PUFs, at all.

The inconsistent results could be attributable to several factors. 
First of all, it is a well known (and unavoidable) fact that differ-
ent valuation techniques yield different utility values, and thus 
different anchor points [1, p. 49–76]. Other potential explana-
tions might include differences in the interpretation of the tasks, 
the additional consideration of time (displayed in the TTO,  
but not in the Position-of-Dead task), or lack of attention.

To ensure that PUFs can be constructed for all participants, we 
decided to implement the Dead-VAS. The task also appeared 
to be easier for the participants and also quicker to complete 
(the TTO took more than 2 minutes, i.e. 20% of the average  
completion time, in the pre-pilot).

Step 9: demographics
This step includes questions about personal characteristics that 
are assumed or have shown to explain some of the variability in 
people’s health preferences, including age, partnership status,  
sex, having children, nationality, importance of religion, spiritual-
ity or faith, and the frequency of engaging in religious activities,  

level of education, work status, income, and experience with  
poor health10,30.

Add-on: Personal results page
As a thank-you, some of the PUF results are fed back to the 
participants at the end of the survey. Presented are the dimen-
sion ranking and the level rating tasks, as well as estimated util-
ity values for four different health states. Participants could 
compare their results with aggregate results from the over-
all sample of participants in each study, and with the value sets 
for EQ-5D-5L obtained from the English general population 
using conventional decompositional methods, as reported by  
Devlin et al.9.

Most participants found it difficult to interpret the results; the 
meaning of the health state values were unclear. Notwithstand-
ing, many participants appreciated the results page, if only as 
a gesture, and found it interesting to compare their own results  
with those from the general population.

Other learnings from the qualitative pilot
The online interviews played a key role in the development 
of the OPUF Tool. The feedback from participants helped us  
to identify many minor and major issues, and the tool under-
went significant changes over the course of the pilot. The 
changes affected almost every aspect, including the wording 
of questions, the presentation of the tasks, the overall layout,  
and the mechanics of different tasks.

A main challenge in the development process was to strike the 
right balance between rigour/completeness and ease of use. For 
example, we started with long descriptions for all tasks, which 
often included examples, and some also contained animations  
(e.g. to demonstrate how sliders work). We realised, however, 
that when descriptions were too long or complicated, partici-
pants would skip over them and/or disengage with the tasks. We 
therefore gradually shortened the descriptions and simplified  
the language. Overall this seemed to be more effective in con-
veying the relevant information. The final version only con-
tains very short instructions, and we sought to apply an intuitive  
design, which eliminates the need for elaborate explanations.

Through the pilot we also learned that from interactions with 
other websites, most people have developed very clear expec-
tations about interacting with online surveys. When elements  
(such as buttons, sliders, etc) were presented in a slightly  
unusual way, it often caused confusion and participants  
sometimes got stuck on a task. To give just one example, in a 
previous version, the OPUF Tool included a text box next to 
a visual analogue scale. The text box would show the value that 
the participant selected on the scale. At the beginning (when the  
participant had yet not selected a value), however, the box would 
be empty. This led several participants to assume that they were 
expected to enter a value into the box manually. They tried 
to click on it and to type in a number. Since this did not work,  
they got frustrated and it took them a while until they real-
ised they had to use the scale instead. This problem was eas-
ily resolved by just hiding the box in the beginning, and only  
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showing it after the participant had clicked on the scale and  
selected a value. In another context, we implemented loading  
animations, to draw the participants’ attention to specific parts 
of the page when they changed. Otherwise, participants often 
did not notice that a new task had already started and they 
were waiting for something to happen. These small ’tricks’ 
very much helped to improve the user experience, which  
seemed suboptimal, in earlier versions of the OPUF Tool.

The usability of the final version received very positive feed-
back, and participants described it as “easy to navigate”, “clear”, 
or “easy to red and understand”. One participant stated that “it  
felt like everything clicked into place”.

4 Quantitative pilot results
We conducted a quantitative pilot study to assess the feasibil-
ity of OPUF Tool in practice. As for the qualitative pilot, recruit-
ment was conducted through the Prolific platform without any 
restrictive inclusion criteria or quota – any adult person from  
the UK with a prolific account could participate. The main 
points of interest were the plausibility of the responses, the con-
sistency across tasks, and the participants’ engagement with 
the online tool. We also tested our methods of analysis: the col-
lected preference data was used to construct individual and 
social value functions, and to value all 3,125 EQ-5D-5L health  
states. We did not attempt any further exploratory or confirma-
tory analysis of the data, since this was only a pilot study,  
without a representative sample.

Sample
Fifty participants were recruited. Of these, 23 (46%) were 
younger than 30 years of age, 18 (36%) were between 30 and 
39, and 9 (18%) were 40 years of age or older. Thirty (60%) 
participants were female, 20 (40%) were male. A majority of 
32 (64%) participants had a high level of education (degree or  
post-graduate).

Step 1+2: Warm-up
Fourteen (28%) participants reported to be in perfect health. 
The remaining 36 (72%) participants also mostly reported slight 
or moderate health problems. Self-reported health on the vis-
ual analogue scale ranged from 100 to 40, with a mean (SD)  
and median (IQR) of 78 (14) and 80 (21.25), respectively.

Step 3: Level ratings
Mean (SD) ratings for the level slight, moderate, and severe 
were 79.10 (11.45), 54.92 (13.41), and 23.46 (11.27) (the rat-
ings of no and extreme problems were fixed at 100 and 0).  
Figure 1 shows the full distributions of values assigned to the three 
levels.

Forty (80%) and 41 (82%) participants set their own values for 
the slight and severe levels, i.e. they changed the default values. 
For the moderate level, only 26 (52%) changed the value, which  
may be an indication for the presence of an anchoring effect.

Step 4: Dimension ranking
Table 1 shows the results of the ranking exercise. Twenty-three 
(46%) participants considered Pain/Discomfort the most most 

important criterion. The average ranking of this dimension was 
2.2. It was followed by Mobility (mean rank = 2.4), Self-Care  
(3.0), Anxiety/Depression (3.6), and, lastly, Usual Activities  
(3.8).

Step 5: Dimension weighting (swing weighting)
Figure 2 shows the distribution of the weights assigned to the 
five EQ-5D-5L dimensions. The dimension with the highest 
mean (SD) weight was Mobility at 85.16 (23.51), followed by  
Pain/Discomfort at 83.08 (26.41), Self-Care at 77.38 (30.22), 
Usual activities at 69.78 (30.22), and then Anxiety/Depression  

Figure 1. Level ratings for ’slight’, ’moderate’, and ’severe 
problems’.

Table 1. Summary of the dimension ranking exercise.

Rank MO SC UA PD AD

1st 15 (30%) 8 (16%) 1 (2%) 23 (46%) 3 (6%)

2nd 14 (28%) 11 (22%) 7 (14%) 8 (16%) 10 (20%)

3rd 10 (20%) 14 (28%) 12 (24%) 7 (14%) 7 (14%)

4th 9 (18%) 9 (18%) 10 (20%) 10 (20%) 12 (24%)

5th 2 (4%) 8 (16%) 20 (40%) 2 (4%) 18 (36%)
MO = Mobility; SC = Self-Care; UA = Usual Activities; PD = Pain/
Discomfort; AD = Anxiety/Depression

3DJH���RI���

:HOOFRPH�2SHQ�5HVHDUFK������������/DVW�XSGDWHG�����$8*�����



at 67.78 (30.78). Four (8%) participants assigned a value of 
100 to all dimensions; 7 (14%) assigned a value of zero to  
one or more dimensions.

The weights of 30 (60%) participants implied different prefer-
ence order, i.e. at least one preference reversal, compared to the 
order specified in the previous ranking task (ties were not con-
sidered an order violation). As noted above, these inconsist-
encies do not necessarily signify that participants did not pay 
attention. In the qualitative pilot, some participants deliberately 
chose a different ranking, in response to the slightly differently  
phrased question.

Step 6: Validation DCE
Each participant completed three paired comparisons. Of 
the 150 choices, 120 (80%) were consistent with the choices  
predicted by participants’ PUFs. More specifically, 28 (56%)  
participants made no inconsistent choice, 15 (30%) made one, 

six (12%) participants made two, and one (2%) participants made  
three ’errors’.

We also found that the larger the utility difference between the 
two states in a choice set, the smaller the error rate: at a distance 
of about 0.1 (on a normalised 0-1 scale, dominating/dominated  
states were excluded), the error rate was 26%, at 0.2, it  
was 24%, and at 0.3, it was 10%.

Step 7: Position-of-Dead Task
A total of 18 (36%) participants stated that they would pre-
fer the worst health state state (‘55555’) over ’being dead’. 
Another nine (18%) preferred ’being dead’ in the first choice 
set, but then choose the health state in the next five sets. Of the 
remaining participants, the position of dead varied greatly. The 
number of states considered worse than dead ranged from 0 (0%)  
to 2,883 (92%), with a mean and median of 483 (15%) and  
50 (2%).

Step 8: Dead-VAS
The 18 participants, who considered the worst health state better 
than ’being dead’, completed the Dead-VAS task. Their valua-
tions of the worst health state on a scale between 100 (’no health 
problems’) and 0 (’being dead’) ranged from 5 to 70, with a  
mean (SD) and median (IQR) of 23.22 (21.03) and 19.5 (21.75).

Step 9: Demographics
Some of the collected demographic information (age, sex, 
level of education) are provided above in the description of the  
study sample. Further data are not reported here, since this is 
only a pilot study, and we did not attempt to make any inferences  
about participants personal characteristics.

Survey duration
On average, it took participants about seven minutes (range: 3.6 
– 18.2 mins) to complete all tasks. The longest time (76 secs) 
participants spent completing the survey was on the dimen-
sion weighting task and the demographic questions. The shortest 
duration was observed for the subjective health status (EQ-VAS)  
(21 seconds). Further details on the time participants spent  
on different tasks are shown in Table 2. With only very few 
exceptions (e.g. one participants spent only 4 seconds on the 
dimension ranking task), the observed times seemed by and 
large plausible and suggested that participants did engage with  
the tasks.

How to construct PUFs from participants’ responses?
Constructing a participant’s PUF required two steps: firstly, 
level ratings were combined with the dimension weights. Sec-
ondly, the resulting model coefficients were anchored on to the  
QALY scale.

In the first step, level ratings, ranging from 100 (no problems) 
to 0 (extreme problems) were converted to disutilities, rang-
ing from 0 (no problems) to 1 (extreme problems). For conven-
ience, dimension weights were also normalised so that the sum 
of all five weights summed up to 1. By taking the outer product  
of these two vectors, we derived a (1-0 scaled) set model  
coefficients.

Figure 2. Swing weights for dimension MO = Mobility, SC = 
Self-care, UA = Usual activities, PD = Pain/discomfort, AD = 
Anxiety/depression.
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In the second step, these coefficients were anchored on the QALY 
scale, using either the state that was determined to be approxi-
mately equal to ’being dead’ in the position-of-dead task (for 32 
participants who considered one or more health states worse 
than ’being dead’), or the value that was assigned to the worst 
health state (’55555’) in the Dead-VAS task (for the other 18  
participants).

To illustrate the computation with a simple example: suppose 
an individual rated the five severity levels (denoted l) in the fol-
lowing way: lno = 100, lslight = 90, lmoderate = 50, lsevere = 30, and  
lextreme = 0. Furthermore, they assigned the following weights 
(denoted w) to the five dimensions: wMO = 100, wSC = 60,  
wUA = 45, wPD = 80, and wAD = 70. After converting to level  
ratings to disutilties and normalising the weights, we get the  
following two vectors:

[ ] [ ]0 0.1 0.5 0.7 1 ; 0.29 0.17 0.11 0.23 0.2l w= =

Taking the outer product provides a (scaled) matrix M� , con-
taining all 25 level-dimension coefficients (see below). These 
coefficients can already be used to value (on a 0-1 scale) and 
rank health states. The value for ’12345’, for example, is  
1 − (0 + 0.02 + 0.06 + 0.16 + 0.20) = 0.56. It should be noted 
that this procedure is also used within the OPUF Tool, in 
order to determine the algorithm for the Position-of-Dead and  
also to select choice sets for the DCE validation task.

0 0 0 0 0

0.03 0.02 0.01 0.02 0.02

0.14 0.09 0.06 0.11 0.10

0.20 0.12 0.08 0.16 0.14
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 
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Suppose that for this individual, the health state ’51255’ was 
identified as being approximately similar to being dead in the 
Position-of-Dead task. After we compute the (scaled) disutility 
for state ’51255’ (= 0.29 + 0 + 0.02 + 0.23 + 0.2 = 0.74), we can 
anchor and rescale the coefficient matrix, by simply dividing it  
by this value:

0 0 0 0 0

0.04 0.02 0.02 0.03 0.03

0.19 0.12 0.08 0.15 0.14
0.74

0.27 0.16 0.11 0.22 0.19

0.39 0.23 0.15 0.31 0.27
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 
 
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 
 
  

�

Now, we have derived the individual’s PUF. It sets ’51255’ 
to 0 (1 − (0.39 + 0 + 0.02 + 0.31 + 0.27) = 0); ’11111’ is still 
equal to 1 (1−(0+0+0+0+0) = 1), and the worst health state 
(’55555’) is set to -0.35 (1 − (0.39 + 0.23 + 0.15 + 0.31 + 0.27)  
= −0.35).

Individual and social PUF
We constructed PUFs for all 50 participants. The descriptive 
statistics are provided in Table 3. The first column shows the 
mean coefficients. These mean values may also be taken as the  
group-level value set (i.e. the group tariff). The 95% confidence  
intervals were bootstrapped using 10,000 iterations. The 
width of the confidence intervals suggests that, even with a 
small sample size of only 50 participants, the OPUF approach  
allowed us to estimate a group tariff with reasonable precision.

Figure 3 illustrates all 50 personal, as well as the average, 
group-level utility function for a small subset set of EQ-5D-5L  
health states. Shown are the values for 50 health states, 
ranked 1st, 65th, 129th, 192th, 256th, ..., 3125th, according to the  
group-level utility function.

Table 2. Survey completion times (in seconds).

Mean SD Min 25th perc. Median 75th perc. Max

Own Health State 29 17 11 18 23 30 96

EQ-VAS 21 18 6 11 15 24 116

Level Rating 58 33 17 36 49 66 177

Dimension Ranking 51 33 4 33 41 58 184

Dimension Weighting 76 47 18 50 62 89 274

Validation DCE 63 27 20 45 57 70 165

Position-of-Dead Task 48 34 7 17 44 64 172

Dead-VAS (conditional) 26 12 15 17 22 32 56

Demographics 76 26 43 62 72 85 195

Total 431 178 215 318 356 508 1091

Total (Minutes) 7.2 3.0 3.6 5.3 5.9 8.5 18.2
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Table 3. 'HVFULSWLYH�VWDWLVWLFV�IRU����38)V��L�H��SHUVRQDO�PRGHO�FRHࢇFLHQWV��

Dim Lvl Mean (95% CI) Min. 25th perc. Median 75th perc. Max.

MO 2 0.072 (0.064; 0.099) 0.000 0.031 0.048 0.083 0.573

3 0.150 (0.138; 0.188) 0.000 0.075 0.126 0.185 0.679

4 0.250 (0.234; 0.302) 0.000 0.137 0.219 0.309 0.793

5 0.344 (0.316; 0.437) 0.000 0.175 0.282 0.354 1.554

SC 2 0.057 (0.053; 0.070) 0.000 0.027 0.045 0.076 0.207

3 0.121 (0.112; 0.151) 0.000 0.068 0.099 0.160 0.622

4 0.207 (0.192; 0.258) 0.000 0.139 0.176 0.242 1.057

5 0.282 (0.254; 0.375) 0.000 0.167 0.247 0.309 2.073

UA 2 0.051 (0.047; 0.063) 0.000 0.020 0.040 0.069 0.166

3 0.103 (0.097; 0.124) 0.000 0.055 0.090 0.144 0.357

4 0.182 (0.170; 0.221) 0.000 0.102 0.174 0.213 0.629

5 0.234 (0.219; 0.281) 0.000 0.131 0.219 0.265 0.761

PD 2 0.062 (0.057; 0.078) 0.000 0.030 0.051 0.079 0.281

3 0.132 (0.123; 0.160) 0.000 0.067 0.114 0.159 0.500

4 0.225 (0.211; 0.273) 0.000 0.138 0.185 0.269 0.840

5 0.291 (0.274; 0.351) 0.000 0.173 0.249 0.339 1.000

AD 2 0.052 (0.046; 0.071) 0.000 0.020 0.042 0.066 0.413

3 0.104 (0.096; 0.130) 0.000 0.045 0.093 0.133 0.489

4 0.175 (0.163; 0.213) 0.000 0.092 0.154 0.201 0.572

5 0.231 (0.214; 0.288) 0.000 0.124 0.205 0.259 1.086
MO = Mobility; SC = Self-Care; UA = Usual Activities; PD = Pain/Discomfort; AD = Anxiety/Depression

Figure 3. Personal and group-level utility functions for 50 health states, ordered from best to worst, according to the group 
preference. The thick lines represent the group preference, and the thin lines represent the 50 underlying personal utility functions. The 
GLࢆHUHQW�FRORXUV�DUH�XVHG�WR�GLVWLQJXLVK�EHWZHHQ�VHSDUDWH�LQGLYLGXDOV�DQG�KDYH�QR�RWKHU�PHDQLQJ�

3DJH����RI���

:HOOFRPH�2SHQ�5HVHDUFK������������/DVW�XSGDWHG�����$8*�����



It can be seen from the graphs that health state preferences of 
the participants differed considerably. Two separate processes 
can be distinguished: firstly, lines depicting personal utility  
values go up and down, and cross each other, while the group 
preference is monotonically decreasing. This illustrates indi-
vidual differences in the relative ranking of health states.  
Secondly, the range of utility values also varies greatly 
between participants. For some participants, all health states 
have high values, within a narrow range, while for others, the 
range of utility values is much wider. Accordingly, the value 
of the worst health state (’55555’) ranges from a maximum 
of 0.7 to a minimum of -3.2, with a mean and median of -0.4  
and -0.2. For comparison, the population estimate reported by  
Devlin et al. is -0.28518.

It may be interesting to note the difference between the mean 
and the median, as it shows the effect that outliers, with a 
wide utility range, have on the overall group tariff. This is not  
an uncommon finding in valuation studies and for the construc-
tion of a social value set, one may want to consider following 
the common practice of rescaling the negative values to have  
a lower limit of -1, or using the median, instead of the mean,  
to aggregate preferences across individuals31.

5 Discussion
This study provides a comprehensive description of the new 
OPUF Tool. It covers the theoretical background, reports on 
the iterative development, and provides a pilot study, which 
demonstrates that it is feasible to use the online tool for elicit-
ing personal, as well as group-level, preferences for EQ-5D-5L  
health states.

We think the OPUF Tool provides a flexible, conceptually attrac-
tive, and potentially useful new approach for deriving value 
sets for the EQ-5D-5L (or any other health descriptive system).  
It could be used as a standalone solution, or to complement  
established (decompositional) methods, by providing more 
detailed preference information. The compositional preference 
elicitation techniques included in the OPUF Tool have several  
advantages over the more commonly used decompositional  
methods, which may make the approach particularly attractive  
to other researchers.

In contrast to the TTO, which is generally administered in  
face-to-face interviews (though can be online), the OPUF 
is applied online, which makes it easier and cheaper to col-
lect preference data. The qualitative feedback received during 
the online interviews even suggests that participants tended to  
find the online survey to be interesting and engaging. Fur-
thermore, the OPUF approach provides value sets which are 
anchored on the QALY scale (i.e. at full health and dead), and 
not only on a latent scale (i.e. un-anchored), which is usually  
the case in conventional DCE surveys.

Another advantage of the OPUF approach over other conven-
tional valuation methods is the statistical power: fewer partici-
pants are required to derive a group tariff or social value set. Note 
that even with data from just 50 participants, we were able to 
derive relatively precise estimates for an EQ-5D-5L group tariff. 

The OPUF Tool may thus allow estimating value sets for smaller 
groups (e.g. local communities, patient groups), which could  
practically not be estimated using decompositional methods.

As we have demonstrated, utility functions can even be esti-
mated on the individual-level. This enables researchers to inves-
tigate the heterogeneity of health state preferences between 
individuals in an unprecedented level of detail. It could poten-
tially be useful for other applications beyond health economics  
(e.g. individualised cost-effectiveness analyses32). For example,  
the OPUF approach could be used as a patient decision aid 
and to facilitate shared decision making in a clinical context.  
Explicitly weighing different aspects of health might help 
patients, who face complex treatment decisions, to better under-
stand the trade-offs that are involved, and what aspects are  
most important to them.

Furthermore, we would like to draw attention to the fact that the 
calculations required to construct individual and group-level  
preferences in the OPUF approach are relatively simple. This  
makes the underlying model more transparent and potentially 
easier to communicate to decision makers than more sophisti-
cated statistical models, such as a mixed conditional logit, or a  
Bayesian hybrid model18,33.

Finally, another benefit of compositional preference elicita-
tion techniques may be that they break down the valuation of 
health states into sub-tasks (level rating, dimension weighting, 
anchoring). The original PUF approach made use of this and 
encouraged participants to reflect on their preferences at every  
step of the survey. The OPUF Tool could also be adapted for 
this purpose and be applied in computer-assisted personal  
interviews. A study that uses a modified version of the tool to 
facilitate deliberative discussions among groups of participants  
is currently under way.

This study also has several important limitations that need to  
be considered.

Firstly, in the development of the OPUF Tool, ’ease of use’ was 
a main goal. Some valuation tasks were thus simplified, in order 
to reduce the burden for the participants. For example, we used 
a single level rating task for all dimensions combined, instead 
of having separate tasks for each. This assumes the that the rela-
tive positions of slight, moderate, and severe problems are the 
same across all five EQ-5D dimensions. In the absence of any 
authoritative guidance, it remains unclear whether we struck  
the right balance between rigour and ease of use.

Secondly, every task has a design which shapes how participants 
respond to it and which may influence their decision making. 
This is referred to as choice architecture34. Further evaluation of 
the OPUF Tool could help to assess to what extent participants’ 
responses are sensitive to changes in the presentation of the dif-
ferent tasks, and to improve the quality and robustness of the  
survey.

Thirdly, an important limitation of compositional prefer-
ence elicitation techniques is that they cannot easily be used to 
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test for interaction effects. Rather, a functional form must be 
assumed a priori. In our study, we assumed an additive, main 
effects model. This seemed reasonable, because it is commonly 
used to represent health state preferences – most EQ-5D-5L 
value sets are based on such a model. When studies test for and 
include interaction effects, authors also often find only minor  
improvements in the explanatory power35.

Finally, some important challenges of the OPUF Tool are likely 
not methodological, but normative. Over the last decades, 
decompositional preference elicitation methods, have been used  
extensively in the valuation of health and are by now well  
established. The compositional methods, used in the OPUF 
Tool, on the other hand, are new. Decision makers may be less 
familiar with them, and they may also appear to be conceptu-
ally different. This raises the question, are the derived value sets  
equally valid?

Assessing validity of a new method for valuing health is an  
intricate problem, as there is no gold standard against which it 
could be compared. At the moment, several valuation methods 
(SG, TTO, DCE, etc) are used side by side, and numerous stud-
ies have shown that these different methods, and even varia-
tions of the same method, produce different results1,36–38. It is not  
clear, which, if any, of these methods should be considered to 
be the best. Nevertheless, the findings from this study indi-
cate at least a high level of consistency between the OPUF 
approach and DCE. We included three standard DCE tasks 
in the survey and found that the constructed PUF of a par-
ticular participant predicted their choices in a DCE task with an  
accuracy of 80%.

Irrespective of the comparably high level of agreement with 
DCE, some readers may argue that eliciting preferences 
requires observing choices involving trade-offs and potentially 
also risk and uncertainty. Compositional techniques may then 
seem principally inappropriate. To this, we would reply that  
MAVT/MAUT provide broad theoretical frameworks, on the basis 
of which different methods can be justified. Moreover, devia-
tions from formal (Welfare) economic theory are common in 
health economics and other areas. Simplifications are often made 
to make certain applications practically feasible. The QALY  
framework, for example, can be viewed as a major simplifica-
tion, yet it proved to be immensely useful to inform resource 
allocation in health care. Similarly, the OPUF Tool may be 
based on a simpler conception of individual preferences, but 
it enables new types of analyses (e.g. preferences heterogene-
ity) and makes it possible to derive value sets on the individual 
level and in settings in which it would otherwise be unfeasible  
(e.g. small patient groups).

Next steps
The immediate next step will be to replicate the pilot in a larger 
study, not only to show that the OPUF can be used to estimate a 
country-specific social tariff, but also to demonstrate how infor-
mation on individuals’ personal preferences can be harnessed  

to investigate the heterogeneity of preferences between individuals 
and/or societal subgroups.

Furthermore, it should be noted that the OPUF approach is not 
specific to the EQ-5D instrument. The approach is, in principle,  
applicable to any health descriptive system. This might be 
true not only on the conceptual level, but also on the tech-
nical: the OPUF Tool was programmed in R/Shiny28. For  
the implementation, we developed several generic methods and 
input elements. This means, the tool could quickly be adapted 
for different settings (e.g. other country) or instruments (e.g. 
SF-6D)39. Several steps in the development could then be auto-
mated. With some further abstraction, the underlying code 
could potentially provide a flexible, modular software platform  
for creating valuation tools for any health descriptive system.

Conclusion
Using an iterative design approach, we developed the OPUF 
Tool; a new type of online survey to derive value sets for  
the EQ-5D-5L. Based on compositional preference elicita-
tion techniques, it allows the estimation not only of social, but  
also of personal utility functions. In this study, we success-
fully tested the OPUF Tool and demonstrated its feasibility in a 
in a sample of 50 participants from the UK. Even though the 
development is still in an early stage and further refinement is 
required, we see several potential applications for the OPUF  
approach.

Data availability
Underlying data
Zenodo: bitowaqr/opufdemo: OPUF zenodo version 1, https://doi.
org/10.5281/zenodo.5773915.

Data are available under the terms of the Creative Commons 
Zero “No rights reserved” data waiver (CC0 1.0 Public domain  
dedication).
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Chapter 7: Not just another EQ-5D-5L value set for the UK 

Not just another EQ-5D-5L value set for the UK: using the 
OPUF approach to study health preferences on the soci-
etal, group and individual level 

Directly following on from chapter 6, this chapter presents the first application of 

the Online elicitation of Personal Utility Functions (OPUF) approach in a larger 

sample of the UK general population. The aim was to construct and compare 

EQ-5D-5L preferences on the societal, group and individual level, and OPUF 

made it indeed possible to not only estimate an alternative UK value set, but also 

to investigate the heterogeneity of preferences in granular detail. 

This paper was written with three co-authors: Nancy Devlin, Ben van Hout and 

John Brazier. PS and JB conceived the project and designed the study. PS devel-

oped and implemented the survey software, conducted the analysis, and wrote 

the first draft. JB and ND supervised the project and provided input on the survey 

design and the analysis. All authors contributed to the interpretation of results, 

provided comments on the manuscript and approved the final version. 
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ABSTRACT 

A new method has recently been developed for valuing health states, called ‘On-

line elicitation of Personal Utility Functions’ (OPUF). In contrast to established 

methods, such as time trade-off or discrete choice experiments, OPUF does not 

require hundreds of respondents, but allows estimating utility functions for small 

groups and even at the individual level. In this study, we used OPUF to elicit 

EQ-5D-5L health state preferences from the UK general population, and then 

constructed and compared utility functions on the societal-, group-, and individ-

ual level. A demo version of the survey is available at: https://eq5d5l.me. Data 

from 874 respondents were included in the analysis. For each respondent, we 

constructed a personal EQ-5D-5L value set. These personal value sets predicted 

respondents’ choices in three hold-out discrete choice tasks with an accuracy of 

78%.  

Overall, preferences varied greatly between individuals. However, PERMANOVA 

analysis showed that demographic characteristics explained only a small propor-

tion of the variability between subgroups. While OPUF is still under development, 

it has important strengths as a method: it produces plausible mean values for pa-

tient reported outcome instruments such as EQ-5D-5L, while also allowing ex-

amination of underlying preferences in an unprecedented level of detail. 
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INTRODUCTION 

Preference-based measures of health, such as the EQ-5D-5L, are a widely used 

component of health economic evaluations. They map health states to a common 

currency, that is usually referred to as health state ‘utility’. Utility values are 

needed to compute quality-adjusted life years (QALYs) and to assess and compare 

the health effects of different treatment options (Drummond et al., 2015; White-

head & Ali, 2010). 

Preference-based measures of health have two components. Firstly, a descriptive 

system which defines a number of mutually exclusive health states. Secondly, a 

value set, which assigns each health state a utility value. These utility values are 

preference-based. They require the preferences of a target population, in most 

cases the general population, but occasionally also patients, as input (Brazier et 

al., 2017b). 

Health state preferences can be elicited using various different methods. Time 

trade-off (TTO), standard gamble (SG) and discrete choice experiments (DCE) 

are those most commonly used (Brazier et al., 2017a). These methods, however, 

have a severe limitation: they only allow the elicitation of (large) group prefer-

ences. Since little information is obtained from each individual, data from hun-

dreds, if not thousands of individuals are required to estimate a preference func-

tion. Work by Oppe & van Hout (2017) suggests, for example, that the minimum 

sample size required to derive a preference model (with 20 coefficients) for the 

EQ-5D-5L is about 1,000 participants. While this may not be an issue when elic-

iting average preferences from the general population, it makes it difficult, if not 

impossible, to elicit preferences from smaller groups, such as patients with a par-

ticular disease. Since models can only be estimated on a group level, it is also dif-
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ficult to study the heterogeneity within groups, and it is generally impractical to 

draw inferences about the preferences of any given individual. 

We recently developed a new preference elicitation method, called Online elicita-

tion of Personal Utility Functions (OPUF) (Schneider et al., 2022). The approach 

is based on previous work by Devlin et al. (2019), and allows estimating prefer-

ences on the individual person-level.  

Thus far, the new method has only been applied in small pilot studies. Here, we 

report on the results of a larger survey of the UK population, in which we used 

OPUF to elicit health state preferences for the EQ-5D-5L. We exploit the ap-

proach’s ability to construct preferences on the social, group, subgroup, and indi-

vidual level, and to study the heterogeneity of preferences in an unprecedented 

level of detail. Specifically, we investigated to what extent health preferences dif-

fer between members of the UK general public, and how much of these differ-

ences can be explained by demographic characteristics. 

METHODS 

Sample 

We recruited 1,000 participants through the Prolific online platform (Palan & 

Schitter, 2018) in August 2021. The sample was selected to be broadly representa-

tive of the UK general population in terms of age, sex, and ethnicity. All partici-

pants completed the EQ-5D-5L OPUF survey. 

The EQ-5D-5L instrument 

The EQ-5D-5L instrument is a generic preference-based measure of health-re-

lated quality of life (Herdman et al., 2011). It consists of two components: a de-
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scriptive system, which defines mutually exclusive health states and, secondly, a 

set of (social) values, that reflect their respective desirability.  

The descriptive system defines health states along five dimensions: mobility 

(MO), self-care (SC), usual activities (UA), pain or discomfort (PD), and anxiety 

or depression (AD). Each dimension has five levels: no, slight, moderate, severe, 

and extreme problems or unable to do. The instrument can describe a total of 

3,125 health states. These states are usually referred to by a 5-digit code, repre-

senting the severity levels: ‘11111’ denotes full health, for example; ‘21111’ de-

notes slight mobility problems but no problems on any other dimension; and 

‘55555’ denotes the (objectively) worst health state (Herdman et al., 2011, Devlin 

et al., 2018).  

The social value set maps each health state to a utility value. Utility values range 

from 1, assigned to perfect health (‘11111’) to 0, assigned to dead. Health states 

that are considered worse than being dead have a negative utility value.  

EQ-5D-5L health state preferences are most commonly represented by a linear 

additive model. It includes 20 coefficients, – four on each dimension – repre-

senting the disutility associated with the move from no problems to slight, mod-

erate, severe, and extreme problems (Devlin et al., 2018).  

The online elicitation of personal utility functions (OPUF) approach 

The OPUF approach is an adaptation of the Personal Utility Function (PUF) 

method (Devlin et al., 2019) for use as a stand alone online survey. In contrast to 

traditional preference elicitation techniques (TTO, DCE, SG, etc), which are alter-

native-based (decompositional), the OPUF approach is attribute-based (compo-

sitional). The theoretical foundation for both, compositional and decompositional 

methods, lie in multi-attribute value theory. The difference between the two is 
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the direction in which preferences are (de)constructed (Belton & Stewart. 2002; 

Keeney & Raiffa, 1993; Thokala et al., 2016).  

Decompositional methods start with valuing health states. In a second step, the 

responses are decomposed into their components, using statistical methods. This 

means, the 20 EQ-5D-5L preference model parameter coefficients are inferred 

from respondents' holistic evaluation of health states.  

In a compositional approach, the partial values for the different components of 

health states are elicited directly. The components are 1) dimension weights, 

which determine the relative importance of each dimension; 2) level ratings, 

which determine the relative position of the five severity levels (no, slight, mod-

erate, severe, extreme) within each dimension; and 3) anchoring, which maps 

the dimension weights and level ratings on to the QALY scale. These components 

are then combined to construct values for entire health states.  

The EQ-5D-5L OPUF survey 

The EQ-5D-5L OPUF survey consists of nine steps, of which four are essential for 

the construction of PUFs. In the following, the steps will be briefly described. A 

more detailed description of the OPUF survey and its development is provided in 

Schneider et al., (2022). Much effort went into the design of an intuitive and 

easy-to-use interface. We thus recommend readers to consult the online demo 

version of the OPUF survey while reading through this section. It is available at: 

https://eq5d5l.me.  

1) Warm-up (own EQ-5D-5L health state, EQ VAS) 

The survey began with a question asking the participants to report their own EQ-

5D-5L health state and to rate their overall health status, using the EQ VAS. 
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2) Level rating 

Level ratings were elicited by asking participants to position ‘slight’, ‘moderate’, 

and ‘severe health problems’ on a visual analogue scale between 0% and 100%. 

The instructions stated that “a person with 100% health has no health 

problems”, and“a person with 0% health has extreme health problems”. Respon-

dents are then asked "[h]ow much health does a person with slight, moderate, 

and severe health problems have left?”.  

The level descriptions of the EQ-5D-5L are similar across dimensions. The sec-

ond best level is referred to as ‘slight’ on all five dimensions, for example. We 

thus decided to elicit the level ratings for health problems in general, i.e. without 

reference to any particular dimension, and then applied the level ratings to all five 

dimensions. However, this should be seen as a simplification. The description of 

the worst level differs between dimensions (extreme problems and being unable to 

do), and, irrespective of the wording, the ratings of levels might also differ by di-

mension. Ideally, level ratings should thus be obtained for each dimensions sepa-

rately. 

3) Dimension ranking 

Participants were asked to rank the worst levels of the five EQ-5D-5L dimensions 

(i.e. ‘I am unable to walk about’, ‘I am unable to wash and dress myself’, etc) from 

worst to less worse. Ties were not permitted. The selected rank order was used to 

tailor the presentation of the following task (4) to the individual participant. 

4) Dimension swing weighting 

The task showed five sliders, one for each EQ-5D-5L dimension, describing an 

improvement from the worst (extreme problems) to the best level (no problems) 
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on the respective dimension. The sliders were presented in the same order as the 

participant had ranked them before. The first slider (the most important dimen-

sion) was set to 100. Participants were asked to use this as a yardstick to evaluate 

the importance of the four other dimensions. The instructions for this task were 

personalised. If, for example, pain/discomfort was ranked first in the previous 

exercise, the instructions stated: “If an improvement from ‘I have extreme pain 

or discomfort’ to ‘I have no pain or discomfort’ is worth 100 'health points', how 

many points would you give to improvements in other areas?”. 

5) Validation DCE 

The survey also included three DCEs. The choice sets were personalised, to cover 

a broad range in terms of severity (mild, moderate, severe health states) and util-

ity differences between scenarios (easy, moderate, difficult). The choice sets al-

ways involved trade-offs, i.e. dominant or dominated states were excluded. The 

responses were not used to construct PUFs. The task was only included to assess 

the consistency between PUFs and participants’ DCE choices. 

6) Anchoring I: position-of-dead 

Two different methods were used to anchor PUFs on the QALY scale: all partici-

pants were asked to consider a pairwise comparison between the worst health 

state ‘55555’ (scenario A) and being dead (scenario B). If they preferred ‘55555’ 

over ‘being dead’, they immediately moved on to task 7. If they preferred ‘being 

dead’ over ‘55555’, a binary search algorithm was initiated, during which the 

health state shown in scenario A changed, adaptively, depending on the partici-

pant’s choices, to find the health state that they considered to be equivalent to 

‘being dead’ (Devlin et al., 2019; Sullivan et al., 2020). 
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To enable the search algorithm, all 3,125 EQ-5D-5L health states were ranked 

from the best to the worse, based on the participant’s responses to the level rating 

and dimension weighting. After the first comparison (‘55555’ vs ‘being dead’), 

the algorithm selects the median state (which may be different for each partici-

pant). It then jumps up or down, narrowing down to the health state that is equal 

to being dead. After six iterations, the search ended. At this point, the equal-to-

dead state is being identified with a maximum error of +/- 49 ranks (correspond-

ing to 1.6% of the total number of EQ-5D-5L health states). 

7) Anchoring II: dead-VAS 

If participants prefer the worst health state, ’55555’, over ‘being dead’, the utility 

of ‘55555’ could take any value between 1 and 0. We therefore asked those partici-

pants to locate the position of ‘55555’ on a visual analogue scale between 'No 

health problems’ (=100) and 'being dead’ (=0). The selected value was then used 

as the anchor point for the PUF.  

8) Demographic questionnaire 

The OPUF survey included questions about personal characteristics, which were 

previously shown to be associated with EQ-5D-5L health preferences. These in-

cluded: age, sex, having children, importance of religion or spirituality, the fre-

quency of engaging in religious or spiritual activities, level of education, income, 

and experience with severe health problems – see table 1 for more details (Golicki 

et al., 2019; MVH, 1995; Feng et al., 2018; Peeters & Stiggelbout, 2010). 
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9) Results page 

As a thank-you to the participants, the last page of the survey showed a compari-

son between some of their own responses and aggregate results from English 

general population (obtained from Devlin et al., 2018). 

Constructing Personal Utility Functions (PUFs) 

PUFs were constructed for all participants. In this section, we provide an overview 

of the preference construction procedure and illustrate the steps with an example. 

Overview 

1. The level ratings for no, slight, moderate, severe, and extreme health prob-

lems were rescaled between 0 (no problems) and 1 (extreme problems).  

2. The five dimension weights were normalised to sum 1. 

3. The outer product of the dimension weights and the level ratings was taken to 

generate a set of 20 (un-anchored) model coefficients (+5 zero coefficients). 

4. Depending on whether the participants considered state ‘55555’ better or 

worse than dead, we either used the response from the ‘dead-VAS’ or from the 

‘position-of-dead’ task to anchor the model coefficients and map them on to 

the QALY scale. 

5. Finally, the model coefficients were used to generate utility values for all 3,125 

EQ-5D-5L health states – this vector of utility values represents the PUF 

147



Example 

To illustrate the procedure, suppose a participant gave the following level ratings 

l with , and ; and the following di-

mension weights w with , and .  

After rescaling the level ratings and the dimension weights, we derive the two 

vectors:  

  

Taking the outer product provides a matrix , containing 20 (1-0 scaled) coeffi-

cients (+ zero coefficients for ‘no problems’ on each dimension). 

      

Suppose the respondent considered state '51255' (approximately) equivalent to 

being dead in the ‘Position-of-Dead’ task. To rescale and anchor  on the QALY 

scale, we first compute the scaled disutility for the state equal to being dead with 

0.29+0+0.02+0.23+0.2= 0.74. Subsequently, we set the utility of that 

lno = 100, lslight = 90, lmoderate = 50, lsevere = 30 lextreme = 0

wMO = 100, wSC = 60, wUA = 45, wPD = 80 wAD = 70

l′ =

0
0.1
0.5
0.7
1

; w′ =

0.29
0.17
0.11
0.23
0.2

M̃

l′ ⊗ w′ = M̃ =

wMO wSC wUA wPD wAD
lno

lslight

lmoder.
lsevere

lextreme

0 0 0 0 0
0.03 0.02 0.01 0.02 0.02
0.14 0.09 0.06 0.11 0.10
0.20 0.12 0.08 0.16 0.14
0.29 0.17 0.11 0.23 0.20

M̃

u (̃ 51255) =
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state to zero and rescale the entire matrix accordingly, by simply dividing it by 

that value: 

  

Note that the constructed preference model assigns state '51255' a value of 0 (= 1 

- (0.39+0+ 0.02+0.31+0.27) ); '11111' is still equal to 1 (= 1 - (0+0+0+0+0)), and 

the worst health state ('55555') now has a value of –0.35 (= 1-(0.39+ 

0.23+0.15+0.31+0.27) ). The model can be used to assign utility values to all 

EQ-5D-5L health states. The resulting vector of 3,125 utility values is taken to be 

a representation of the participant’s PUF. 

Preference Heterogeneity 

Investigating the heterogeneity of preferences between individuals, requires a 

measure of dis/similarity to quantify how far apart two PUFs are. As stated above, 

a PUF was represented by a vector of 3,125 utility values (one for each EQ-5D-5L 

health state). It would not be useful to compare the utility values of individual 

health states, nor would it provide much insight to compute means or medians in 

this case. Instead, we assessed the dissimilarity between PUFs using the euclid-

ean distance (ED) measure. 

Analogous to a line between two points on a two dimensional plane, the ED be-

tween two PUFs denotes the shortest path length in a 3,125 dimensional space. It 

M̃
0.74 = M =

wMO wSC wUA wPD wAD
lno

lslight

lmoder.
lsevere

lextreme

0 0. 0 0 0
0.04 0.02 0.02 0.03 0.03
0.19 0.12 0.08 0.15 0.14
0.27 0.16 0.11 0.22 0.19
0.39 0.23 0.15 0.31 0.27
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is computed as the square root of the sum of the squared differences between the 

PUFs of individuals i and j:  

 

with s = {11111, 21111, …, 55555} 

The ED has a lower bound of 0, which indicates that two PUFs are identical. Theo-

retically, it does not have an upper bound, but due to the design of the EQ-5D-5L 

OPUF survey, the maximum ED between two PUFs was 1,789. 

Statistical analysis 

After we constructed PUFs for all participants, we computed all pairwise ED. We 

then performed permutational multivariate analysis of variance (PERMANOVA) 

to investigate the heterogeneity of preferences between subgroups. 

PERMANOVA is a geometric partitioning of variation across a multivariate data 

cloud, defined in the space of any given dissimilarity measure, in response to one 

or more groups (Anderson, 2014; Anderson & Walsh, 2013). Originally developed 

to test for differences in dispersion in ecological data (e.g. Souza et al., 2013), in 

this study, we used it to investigate the variability in EQ-5D-5L health state pref-

erences. Analogous to ANOVA, PERMANOVA decomposes the total distances be-

tween observations ( ) into within-groups ( ) and between groups sum-of-

squares ( ), with 

 ; and    

where N is the total sample size (=874),  is the squared distance between 

the PUFs of participants i and j,  is an indicator which is 1, if participants i and j 

dEUD(i, j ) = ∑ (ui(s1) − uj(s1))
2

+ … + (ui(s3125) − uj(s3125))
2

SST SSW

SSB

SST = 1
N

N−1

∑
i=1

N

∑
j=i+1

d(i, j )2 SSW =
N−1

∑
i=1

N

∑
j=i+1

d(i, j )2ϵℓ
ij /nℓ

d(i, j )2

ϵij
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belong to the same group, and 0 if they do not, and  is the size for group  ℓ. 

Then,  can then be calculated as  , which allows calculating the 

pseudo F statistic for p groups:   

Semiparametric inference is achieved by permutations. The data is resampled 

(without replacement) and each time the F statistic is recorded. The original F 

statistic is then compared to the F statistics of the permutations to derive a p-val-

ue. This allows robust statistical inference in situations where more response 

variables than participants are observed or when the data is non-normal or zero‐

inflated. The null hypothesis that is investigated is that the centroids and the dis-

persion (however defined by the distant measure) are equivalent for all groups. 

The null hypothesis can be rejected either because the centroids or the spread of 

the distances is different. PERMANOVA was performed on the ED matrix. We first 

tested each of the group characteristics shown in table 1 individually, and then 

combined them all in one model. P-values were based on 10,000 permutations 

and a value below 0.05 was considered statistically significant. 

nℓ

SSB SSB = SST − SSW

F =
( SSB

p − 1 )
( SSW

N − p )
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RESULTS 

Sample 

We recruited 1,000 participants through 

the Prolific online platform. Data from 126 

participants, who skipped one or more val-

uation steps, had to be excluded, because 

no meaningful PUF could be constructed 

for them. Characteristics of the 874 partici-

pants included in the study are shown in 

table 1.  

Although we sought to recruit a represen-

tative sample of the UK population, the in-

cluded sample tended to be younger (e.g. 

only 3% were aged 70+ versus 15% in the 

UK population), and more highly educated 

(e.g. 56% had a degree versus 40% in the 

population). 

EQ-5D-5L OPUF survey results 

On average, it took participants about nine 

minutes to complete the survey. The medi-

an was eight; the shortest duration was 

three; and the longest was 32 minutes. 
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TABLE 1 Sample characteristics
n (%%)

Sex
Female 456 (52%)
Male 413 (47%)
Other/prefer not to say 5 ( 1%)

Age
18-29 189 (22%)
30-39 188 (22%)
40-49 162 (19%)
50-59 147 (17%)
60-69 164 (19%)
70+ 23 ( 3%)
Prefer not to say 1 ( 0%)

Children
No 410 (47%)
Yes 458 (52%)
Prefer not to say 6 ( 1%)

Education
without qualifications 10 ( 1%)
GCSE/Standard grade 93 (11%)
A-Level/Higher grade 161 (18%)
Certificate/Diploma/NVQ 118 (14%)
Degree 305 (35%)
Post-graduate 181 (21%)
Prefer not to say 6 ( 1%)

Income
£0 − £20,000 207 (24%)
£20,001 − £30,000 161 (18%)
£30,001 − £50,000 216 (25%)
£50,001 − £70,000 132 (15%)
£70,001+ 99 (11%)
Prefer not to say 59 ( 7%)

Religious/spiritual practice
Never/practically never 545 (62%)
A few times a year 132 (15%)
A few times a month 47 ( 5%)
Once a week 32 ( 4%)
A few times a week 48 ( 5%)
Every day 60 ( 7%)
Prefer not to say 10 ( 1%)

Importance of religion/spirituality
Not important 476 (54%)
Slightly important 201 (23%)
Moderately important 100 (11%)
Very important 88 (10%)
Prefer not to say 9 ( 1%)

Experience with health problems*
Health care professional 76 ( 9%)
Carer 86 (10%)
Family member 429 (49%)
Past own experience 199 (23%)
Present own experience 49 ( 6%)
No experience 285 (33%)
Prefer not to say 11 ( 1%)

*non-exclusive categories



Warm-up (own EQ-5D-5L health state, EQ VAS) 

Most participants had no or only mild health problems: 216 (25%) were in full 

health and 404 (46%) reported slight problems on one or more dimensions.  

Overall, problems were most frequently reported for the AD (n=470; 53%) and the 

PD dimension (n=458, 52%). The mean (SD) and median (IQR) EQ VAS score was 

77.56 (15.59) and 80 (70-90), with a range of 12 to 100. 

Level ratings 

The mean (SD) ratings assigned to the ‘slight’, ‘moderate’, and ‘severe health 

problems’ were 80.23 (11.23); 55.61 (11.55); and 23.47 (13.18), respectively. Partic-

ipants often assigned round values: 182 (21%) participants assigned a rating of 

80 to the ‘slight’ level, and 112 (13%) assigned it a value of 90, for example. 

Dimension weights 

The EQ-5D-5L dimension that was, on average, considered to be most important 

was pain/discomfort with a mean (SD) weight of 90.05 (16.61), followed by mo-

bility and self-care, which nearly identical weights of 82.88 (20.71) and 82.87 

(20.47), and then anxiety/depression with a mean weight of 75.80 and the high-

est standard deviation of 24.15. The least important dimension was usual activi-

ties, with a mean (SD) weight of 73.71 (22.15). 
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Anchoring (position-of-dead and dead-VAS) 

For 342 (39%) participants, who indicated that they would prefer state ‘55555’ 

over ‘being dead’, we took the anchor point from the dead-VAS task. For the re-

maining 532 (61%) participants, who considered ‘55555’ worse than dead, we 

anchored the PUF using their responses to the position-of-dead task. Figure 1 be-

low shows the resulting bi-modal distribution of utility values for state ‘55555’. 

The mean (SD) utility of state ‘55555’ was -0.37 (0.83), and the lowest and high-

est values were -9.42 and 1. 
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FIGURE 1 Distribution of utility values for state ‘55555’, based on the responses from either the 
dead-VAS or the position-of-dead task. Values below -2 are not shown (n=24).



Personal utility functions and an alternative UK EQ-5D-5L social value set 

Descriptive statistics for the constructed personal EQ-5D-5L preference models 

are provided in table 2. The reported mean or median model coefficients may be 

interpreted as a social utility function, and could be used to generate an alterna-

tive EQ-5D-5L social value set for the UK. 

TABLE 2 Descriptive statistics of personal EQ-5D-5L models 
(n=874) 

Mean (95% CI) Median (Q1-Q3)
Mobility
Level 2 0.055 (0.053; 0.059) 0.044 (0.024; 0.071)
Level 3 0.123 (0.121; 0.130) 0.109 (0.071; 0.156)
Level 4 0.213 (0.210; 0.223) 0.193 (0.128; 0.267)
Level 5 0.283 (0.278; 0.297) 0.252 (0.168; 0.346)

Self-Care
Level 2 0.055 (0.054; 0.058) 0.045 (0.026; 0.071)
Level 3 0.124 (0.122; 0.130) 0.110 (0.072; 0.158)
Level 4 0.213 (0.210; 0.222) 0.192 (0.133; 0.267)
Level 5 0.282 (0.278; 0.294) 0.256 (0.174; 0.350)

Usual activities
Level 2 0.048 (0.047; 0.051) 0.038 (0.022; 0.062)
Level 3 0.108 (0.106; 0.113) 0.096 (0.062; 0.138)
Level 4 0.186 (0.184; 0.194) 0.168 (0.110; 0.236)
Level 5 0.248 (0.245; 0.260) 0.220 (0.150; 0.317)

Pain/Discomfort
Level 2 0.060 (0.059; 0.063) 0.050 (0.029; 0.080)
Level 3 0.136 (0.134; 0.141) 0.122 (0.082; 0.171)
Level 4 0.234 (0.231; 0.243) 0.214 (0.147; 0.293)
Level 5 0.309 (0.305; 0.322) 0.275 (0.190; 0.387)

Anxiety/Depression
Level 2 0.049 (0.048; 0.052) 0.040 (0.020; 0.065)
Level 3 0.111 (0.110; 0.117) 0.099 (0.061; 0.145)
Level 4 0.192 (0.189; 0.200) 0.173 (0.114; 0.246)
Level 5 0.254 (0.250; 0.266) 0.227 (0.153; 0.322)

*95% CI = 95% confidence intervals, based on 10,000 bootstrap iterations; Q1 
= first quartile; Q3 = third quartile
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Validation DCE 

Overall, PUFs predicted participants’ DCE responses between non-dominant 

pairs with an accuracy of 78.5%. The responses of 453 (52%) participants were 

fully consistent, while 299 (34%) made one, 101 (12%) made two, and 21 (2%) 

made three ‘mistakes’. We found that the consistency varied by difficulty of the 

DCE choice set. When the utility difference between the two presented health 

states was large (>0.3, measured on the personal 1-0 utility scale) 82% (325 of 

395) choices were consistent. Yet, even when the utility difference was small 

(<0.1) and the choice was difficult, a participant’s PUF still predicted their choices 

with an accuracy of 68% (143 of 209 of choices). 

Preference heterogeneity 

The average utility values for the EQ-5D-5L health states ranged from 1 to 

-0.37. The variability of utility values increased with severity: the mean and stan-

dard deviation (SD) of states ‘22222’, ‘33333’, ‘44444’, and ‘55555’ were 0.73 

(0.22), 0.40 (0.38), -0.04 (0.60), and -0.37 (0.83), respectively. (N.B.: by defini-

tion, ’11111’ has a value of 1).  

Figure 2 illustrates the substantial variation in participants’ health state prefer-

ences. It shows the average utility values across all participants, i.e. the social val-

ue set, for a subset of 100 health states, ranked from the best to the worst (ac-

cording to the social preference). The thin lines represent the 874 individual 

PUFs. The colour of the line indicates the ED from the average social value set. 

We computed the ED between the PUFs of all participants, which yielded a 874 x 

874 distance matrix with 381,501 unique pairwise comparisons. The mean (SD) 

and median (IQR) ED was 23.36 (23.02) and 17.95 (9.72; 29.37). The highest and 

lowest observed ED were 259.93 and 0.   
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PERMANOVA 

Table 3 provides the results of the PERMANOVA. Shown are the within-group 

sum-of-squares ( ) for each group individually and for all groups combined, 

and the corresponding R2, pseudo F, and p values. The between groups sum-of-

squares ( ) can be computed by subtracting the  from the . Significant 

differences between groups were observed for four group characteristics: age, 

having children, importance of religion/spirituality, and own EQ VAS quintiles. In 

addition, the effect of currently experiencing severe health problems (‘present 

own experience’) was borderline significant (p=0.0504). However, the propor-

FIGURE 2 Simplified illustration of the aggregate group preference (thick black line) and the 
PUFs of all 874 participants. Shown are the utility values for a sample of 100 health states, 
ranked from the best on the left to the worst on the right (according to the aggregate group 
preference). The colours of the individual PUF lines indicate their euclidean distance from the 
average preference. Values below -1 are not shown. 

SSW

SSB SSW SST
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tions of the variance that were explained by these group characteristics individu-

ally were rather small: R2 values ranged between 2.6% (for age) and 1.2% (for 

importance of religion/spirituality). The effects of group characteristics that re-

flected experience with health problems (e.g. being a healthcare professional, 

carer) were not statistically significant. The model that included all group charac-

teristics explained 8.5% of the differences between participants’ PUFs. 

TABLE 3 Results of PERMANOVA – testing for differences in EQ-5D-5L health state 
preferences between groups characteristics
Group variable SSW Df R2 F p
Sex 473 2 0.1 % 0.44 0.630
Age 12180 6 2.6 % 3.85 0.008*
Having children 7877 2 1.7 % 7.43 0.008*
Education 4142 6 0.9 % 1.29 0.238
Income 4160 5 0.9 % 1.55 0.166
Importance of religion/spirituality 5708 4 1.2 % 2.67 0.034*
Religious/spiritual practice 5698 6 1.2 % 1.78 0.098
Experience w/ health problems
Health care professional 410 1 0.1 % 0.76 0.373
Carer 188 1 0.0 % 0.35 0.569
Family member 146 1 0.0 % 0.27 0.633
Past own experience 179 1 0.0 % 0.33 0.582
Present own experience 1977 1 0.4 % 3.69 0.050
No experience 180 1 0.0 % 0.33 0.586

EQ VAS (quintiles) 5699 4 1.2 % 2.67 0.027*
All groups together 36794 41 7.8 % 1.73 0.018*

469540 873Total ( )SST

 = total sum-of-squares;  = within-group sum-of-squares; df = degrees of freedom; F = 
pseudo F statistics; p values based on 10,000 permutations; * = p<0.05
SST SSW
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To give some intuition for kind of differences that existed between groups, the 

(sub)group-specific value sets for different age groups are shown in figure 3 as an 

example. The colours of the plotted group-level (thick lines) and personal utility 

functions (thin lines) indicate group membership. For simplicity, the ‘prefer not 

to say’ group is not shown. 

 

The age group specific value sets differ from each other in two ways. Firstly, there 

appears to be some differences in scale. The curve for the youngest group (age 18-

29) is the lowest. The curve then seem to move upwards with increased age, and 

FIGURE 3 Age-group specific EQ-5D-5L health state preferences. Shown are the group level val-
ue sets (thick lines) and the underlying PUFs (thin lines), as well as the social value set (thick 
black line). Values below -1 and the ‘prefer not to say’ group are not shown. 
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the curve for the oldest age group (70+) is the highest. This suggests that the old-

er the participants are, the higher they set their anchor point against dead. Sec-

ondly, the group-specific curves are not strictly decreasing, i.e. they move up and 

down. This indicates differences in the relative importance of health state attrib-

utes, i.e. groups assign different weights to the five EQ-5D-5L dimensions and/or 

differ in their level ratings. As a result, the rank order of the health states differs, 

and the graph fluctuates when compared to the overall social rank order. Due to 

the simplified visualisation of EQ-5D-5L utility functions (we only show 100 of 

the 3125 utility scores) this effect may appear smaller than it actually is. 

DISCUSSION 

This study is the first application of the newly developed OPUF approach for elic-

iting health state preferences in a large sample of the UK population. We con-

structed EQ-5D-5L value sets on the societal-, group-, and individual person lev-

el, to explore the, hitherto largely ignored, heterogeneity of health state prefer-

ences. 

We found that health state preferences systematically differed between groups. 

Significant effects were observed in the PERMANOVA for age, having children, 

importance of religion/spirituality, and the EQ VAS quintile. However, the vari-

ability of preferences within groups was substantial, and individual group char-

acteristics explained only small proportions of the ED between PUFs. For other 

demographic factors (sex, education, income), we observed no systematic differ-

ences between groups. Contrary to our expectations, participants’ experience 

with severe health problems (captured by 6 non mutually exclusive categories) 

were also not associated with the differences in PUFs. It should be noted though, 
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that the participants in our sample were quite ‘healthy’ – a large majority re-

ported no or only slight problems in any of the EQ-5D dimensions. 

When all characteristics were taken into account together, group membership ac-

counted for just 8% of the variance. This result should not be considered surpris-

ing. The formation of health preferences is a complex task, which is likely to be 

influenced by various emotional, cognitive, and social factors (Russo et al. 2019). 

There is no compelling reason why demographic factors, such as age, should be 

good predictors of people’s health preferences. The results illustrate that aggre-

gate group-level value sets usually say little about the preferences of any given 

individual – in our study, preferences differed greatly between individuals within 

all the groups that we considered. 

In addition to allowing us to better understand the heterogeneity of EQ-5D-5L 

preferences within the UK general population , the OPUF method also produced 

highly plausible aggregate social values. Another advantage of the OPUF method 

is that, like DCE, it can be administered as a stand-alone online survey, thereby 

avoiding the cost and complexity of TTO. Yet, unlike DCE, OPUF can yield utility 

values that are anchored at dead (=0) and full health (=1). The fact that the survey 

can also be completed relatively quickly (the median completion time in our 

study was eight minutes), in combination with the compositional nature of the 

method, might make it also applicable to longer, more complex descriptive sys-

tems, like the EORTC QLC10 (King et al., 2016) or the EQ-HWB (Brazier et al., 

2022). 

Our study has some limitations that should be considered when interpreting the 

findings.  

Firstly, the participants that were included in the analysis were younger and more 

highly educated than the general UK population. We also did not attempt to apply 
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quality control criteria (e.g. remove participants with very fast completion times, 

test for response biases). The reported mean EQ-5D-5L model coefficients may 

not yield a representative social value set. 

Secondly, preference heterogeneity can be investigated in many different ways. 

Designing this study thus required making several, somewhat contingent 

methodological choices. Instead of computing the ED between health state utility 

vectors, we could have assessed the differences in participants’ model coeffi-

cients, or we could have computed a different distance measure – the Kendall 

correlation distance, for example, could be used to compare preference orderings 

(i.e. ordinal instead of cardinal preferences). Results may not be robust to these 

kinds of methodological choices. 

Thirdly, we explored the variability of EQ-5D-5L health state preferences in a 

general sense. This means, we neither specified any hypotheses about the type or 

the direction of differences, nor did we test differences between subgroups. Even 

though the OPUF approach would have allowed us to study the health state pref-

erences of small subgroups, in the absence of predefined hypotheses about sub-

group differences, it did also not seem useful to consider the (up to 240) interac-

tion effects between groups. For investigating more specific research questions, 

such as, ‘do older people with strong religious beliefs people assign higher utility val-

ues to health states than the general public?’, PERMANOVA may not be the most ap-

propriate statistical approach. 

Finally, a key consideration for the interpretation of our findings is the validity of 

the OPUF approach. It is a new method, based on a different paradigm (composi-

tional approach) than other, established preference elicitation methods, such as 

TTO, DCE, or SG (decompositional). Even though we observed a high consistency 

of 78%, between the constructed PUFs and participants’ DCE choices, more re-
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search is needed to better understand how the OPUF approach compares to other 

methods, and to determine how the online survey design affects participants’ 

preference formation. Further refinement of the survey may also be help to pre-

vent people from skipping essential valuation tasks, and thereby reduce the 

number of participants who have to be excluded from the analysis. 

CONCLUSION 

The OPUF approach provides a flexible, conceptually attractive, alternative ap-

proach for eliciting health state preferences. The ability to construct utility func-

tions on the individual person level opens up new and, we think, exciting avenues 

for research. As demonstrated in this study, the OPUF approach makes it possible 

to investigate the heterogeneity of health states preferences in an unprecedented 

level of detail. It may also enable researchers to derive value sets for small groups 

of participants (e.g. patients with rare diseases), for which this would otherwise 

be practically infeasible. Even though the OPUF approach has, thus far, only been 

implemented for the EQ-5D-5L, in principle, it could be applied to any descrip-

tive system or patient-reported outcome measure. 
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Chapter 8: Using OPUF to derive a patient-based value set 
Using OPUF to derive a patient-based value set 

This chapter reports on a study testing the OPUF approach to derive an EQ-5D-5L 

value set from a relatively small sample of patients with rheumatic diseases in 

Germany. The survey was generally well received and we were able to derive a 

logically consistent value set. 

The sample was chosen because collaborators from the German Institute for 

Quality and Efficiency in Health Care (IQWIG) were interested in contrasting (in-

formed) patient-based with (uninformed) population-based value sets. 

Rheumatic disease patients are likely to have experienced problems in all five 

domains of the EQ-5D, making a future comparison particularly  informative. 

Following the study reported in the previous chapter, the OPUF survey was fur-

ther refined. An important change was made to the ‘anchoring task’. While in the 

previous version, two different methods were used, depending on whether or not 

the worst state was preferred over being dead, the new survey uses only one 

method (see methods section below), to make it more internally consistent. The 

layout and design of the survey was also revised, to make the tool more flexible. 

This paper was written with four co-authors, Katharina Blankart, John Brazier, 

Ben van Hout, and Nancy Devlin. PS and KB conceived the study. PS developed 

and implemented the survey software, recruited participants, conducted the 

analysis and wrote the first draft of the paper. KB, JB, ND provided input to the 

survey design and analysis. KB and JB supervised the project. All authors re-

viewed, edited, and approved the final version. 
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Using the Online Elicitation of Personal Utility Functions (OPUF) 
approach to derive a patient-based EQ-5D-5L value set: a study in 

122 patients with rheumatic diseases from Germany 

Schneider P , Blankart K , Brazier J , van Hout B , Devlin N   

University of Sheffield, Sheffield, UK;   University of Duisburg/Essen, Essen, Germany;   
Open Health, York, UK;   University of Melbourne, Melbourne, Australia 

ABSTRACT 
Objectives 
Traditional preference elicitation methods, such as DCE or TTO, usually require large 
sample sizes. This can limit their applicability in patient populations, where recruiting 
a sufficient number of participants can be challenging. 
The objective of this study was to test a new method, called the Online elicitation of 
Personal Utility Functions (OPUF) approach, to derive an EQ-5D-5L value set from a 
relatively small sample of patients with rheumatic diseases. 

Methods 
OPUF is a new type of online survey that implements compositional preference elici-
tation techniques. Central to the method are three valuation steps: (1) dimension 
weighting, (2) level rating, and (3) anchoring. An English demo version of the OPUF 
survey can be accessed at https://valorem.health/eq5d5l. 
From the responses, a personal EQ-5D-5L utility function can be constructed for each 
participant, and a group-level value set can be derived by aggregating model coeffi-
cients across participants. 

Results 
A total of 122 rheumatic disease patients from Germany completed the OPUF survey. 
The survey was generally well received, and most participants completed the survey 
in less than 20 minutes. We derived a plausible, logically consistent EQ-5D-5L value 
set. The precision of mean coefficients was high, despite the small sample size. 

Conclusions 
Our findings demonstrate that OPUF can be used to derive an EQ-5D-5L value set 
from a relatively small sample of patients. Even though the method is still under de-
velopment, we think that it has the potential to be a valuable preference elicitation 
tool and to complement traditional methods in several areas. 

1,2 2 1 1,3 1,4

1 2
3 4
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HIGHLIGHTS 
• Using the recently developed OPUF method, we successfully derived an 

EQ-5D-5L value set from a sample of 122 rheumatic disease patients from 
Germany. 

• The valuation survey was easy to implement, and the results suggest that it was 
feasible and acceptable to the participants. 

• We think OPUF is a promising new approach for eliciting health preferences 
from patients, which could complement standard methods, especially when 
sample sizes are small. 

INTRODUCTION 
Many health technology assessment agencies recommend that QALY-weights are to 
be derived from the preferences of the general public. Nevertheless, decision makers 
may – and probably should - be keen to also consider the patients’ perspective when 
making decisions about the allocation of limited healthcare resources. This can be 
done formally, by including patient preferences in the decision-making process.1–7 

Eliciting preferences from patients, however, can be difficult.4,8 Traditional elicitation 
methods, such as discrete choice experiments (DCEs), time trade-off, or standard 
gamble, require large sample sizes:9,10 several hundred participants are commonly 
needed to estimate a reliable preference model. Recruiting such a large number of 
patients for a study can be difficult, and in many cases (e.g. rare diseases) it will not be 
feasible at all. This limits the availability of quantitative evidence on patient prefer-
ences and thus the use of patient preferences to inform health policy decision mak-
ing. 

Recently, a new method, called Online elicitation of Personal Utility Functions (OPUF), 
was developed.11,12 It implements multiple compositional preference elicitation tech-
niques into an adaptive and easy to use online tool. OPUF allows constructing prefer-
ences for small groups and even on the individual person level. 

Here, we report the results of a valuation study that was conducted to test the feasibil-
ity of using OPUF to elicit EQ-5D-5L health state preferences from patients with 
rheumatic diseases in Germany. We demonstrate how the new method allows con-
structing a value set based on a sample of just 122 participants. 
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METHODS 
Respondents 
The valuation study was conducted in Germany between May and July 2022. Partici-
pants were recruited through the German Rheumatism Association (Deutsche 
Rheuma-Liga e.V., DRL). The invitation to participate in our study was distributed to 
their members through a newsletter and social media. Participants were offered a fi-
nancial incentive of €5. The survey was open to anyone who identified as a patient 
with a rheumatic disease. We did not specify any exclusion criteria. 

EQ-5D-5L 
The EQ-5D-5L is the most widely used generic measure of health-related quality of 
life.13,14 It consists of five dimensions (mobility, self-care, usual activities, pain/discom-
fort, and anxiety/depression), each of which has five levels (no problems, slight prob-
lems, moderate problems, severe problems, and extreme problems). EQ-5D-5L 
health states are commonly denoted by a 5-digit code, representing the respective 
dimension-levels. The system can describe a total of 3,125 health states, ranging from 
‘11111’ (full health, no health problems) to ‘55555’ (the worst state with extreme prob-
lems on all five dimensions). While population-based EQ-5D-5L value sets currently 
exist for 25 countries (more studies are presently ongoing),15 patient-based value sets 
are scarce.16,17 

OPUF – general method 
OPUF is a web-based version of the Personal Utility Function (PUF) approach, original-
ly developed by Devlin et al.12. The main difference to traditional valuation methods is 
that OPUF based on a different paradigm: it is a compositional, instead of a decom-
positional, preference elicitation technique.18,19 While DCE or TTO require partici-
pants to evaluate entire health states, from which partial values for dimension-level 
coefficients are subsequently inferred (= decompositional approach), in the OPUF 
method, partial values are elicited directly from the participants. The process broadly 
consists of three steps: 

Firstly, criteria weighting, which determines the relative importance of the different 
dimensions of the HRQoL measure, on a scale from 0 to 100. 

Secondly, level rating, which determines, within each dimension, the relative impor-
tance of any intermediate levels (e.g.  slight, moderate, severe problems walking 
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about), on a scale that is anchored at the worst (unable to walk about = 0) and the 
best level (no problems walking about = 100).20 

Finally, anchoring, which is an additional step that allows mapping the values ob-
tained in the previous steps on to the QALY scale, which is anchored at full health (=1) 
and dead (=0). 

From the responses, an additive preference model, containing one coefficient for 
each dimension-level, can then be derived, for each participant, by multiplying the 
level ratings with the respective dimension weights, and rescaling the resulting values 
to the QALY scale, using the anchoring factor. 

This model can then be used to derive values for any health state, by multiplying the 
dimension-level coefficients with the respective dimension-levels of the health state, 
and summing up the values, and subtracting them from 1. 

A more detailed description of the OPUF method can be found in11, and a formal de-
scription of method used to construct personal preference models from individual 
level responses, and a simple example, can be found in the appendix (see S1). 

OPUF - Implementation 
For this study, we adapted a previous (English) version of the EQ-5D-5L OPUF survey 
tool and translated it into German.11 The survey was built using modern JavaScript 
frameworks (Vue.js for the front-end; Node.js for the back-end). The different valua-
tion tasks were tsted in online interviews with a small group of lay persons and ex-
perts, and piloted it in a small study with 25 participants, recruited though prolific.21 

A demo version of the final survey (in German) that was used for this study can be 
found under the following url: https://valorem.health/rl2022. An English translation of 
(a newer version of) the survey is available at https://valorem.health/eq5d5l. 

In the following, we provide a brief overview of the different valuation steps and how 
they were implemented in the study. 

Warm-up 
At the beginning of the survey, each participant was asked to report their own EQ-5D-
5L health state and rate their subjective level of health using the EQ VAS. This was 
done not only to assess the health of the participants. but also to familiarise partici-
pants with the instrument. 
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Criteria weighting 
First, participants were shown a list of the worst problems of each dimensions. De-
pending on their choice, the respective dimension was set to 100 in the subsequent 
task, in which participants had to complete a swing rating exercise. The task was to 
assign values between 0 and 100 to swings from the worst to the best level on each 
dimension. The 100 points, assigned to the most important dimension, were fixed, 
and used as a yard stick to help participants to determine the relative importance of 
the other four dimensions. The order of the dimensions was randomised. 

Level rating 
For each dimension, the participants were asked to place the 3 intermediate levels 
(slight, moderate, severe problems) on a scale from 0 (no problems) to 100 (extreme 
problems). For this, participants had to ‘drag and drop’ labels with the respective level 
description onto the scale. This method avoids any anchoring effects. The order of the 
five dimensions was randomised. 

Anchoring 
The anchoring task consists of two steps. The task begins with a pairwise comparison 
between the objectively worst EQ-5D-5L health state ‘55555’ (Option A) and ‘being 
dead’ (Option B). Depending on their stated choice, participants got to see different 
tasks. 

Option A, If a participant preferred ‘55555’ over ‘being dead’, they were asked to lo-
cate the position of ‘55555’ on a visual analogue scale between ‘No health 
problems’ (=100) and ‘being dead’ (=0). The selected value was then used as the an-
chor point for the personal utility function. 

Option B, if participants preferred ‘being dead’ over ‘55555’, a binary search algo-
rithm was initiated, in which the state that was shown as option A adaptively changed, 
to find the health state that they considered to be equivalent to ‘being dead’.12 22 For 
this, all 3,125 EQ-5D-5L health states were ranked from the best to the worse, based 
on the participant’s responses to the previous tasks. After the first comparison 
(‘55555’ vs ‘being dead’), the algorithm selects the median state (which may be differ-
ent for each participant). Depending on the participant’s subsequent choices, the al-
gorithm then jumps up or down in half interval steps. After six iterations, the rank of 
the equal-to-dead state is identified with a maximum error of +/- 49 ranks, and the 

,
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search ends. The normalised utility value of the equal-to-dead state is then used to 
rescale and anchor the personal utility function. 

Demographic questions and feedback 
At the end of the survey, we asked for basic demographic information and rheumatic 
diseases diagnoses. Participants were also invited to share feedback on the survey 
and to make suggestions for improvement. 

Data analysis and modelling 
Participants’ responses were analysed on multiple levels. 

First, we assessed the raw response data of the three valuation steps separately. 

Secondly, we constructed personal EQ-5D-5L utility functions for each participant. The 
utility functions were specified as additive models with 20 coefficients – four for each 
of the five dimensions, representing the utility decrement associated with levels 2-5. 
The models were constructed using the procedure described above. For a detailed 
description of the procedure used to construct the personal preference models from 
individual level responses, and a simple example, Please see S1 in the appendix. 

Finally, we aggregated the personal utility functions model coefficients to derive a 
preference function for the group as a whole. This was done by averaging the coeffi-
cients across all participants. The aggregate preference function was then used to 
generate an EQ-5D-5L value set, i.e.  QALY-weights for all 3,125 EQ-5D-5L health 
states. 

All analyses were conducted in R 4.2.1.23 

Engagement 
One indicator of engagement that we assessed was the time participants spent on 
completing the survey. Furthermore, the levels of the EQ-5D-5L instrument have a 
predefined order: slight problems, for example, (weakly) dominates moderate prob-
lems. We can therefore, utilise the level rating task to check participants’ understand-
ing and their engagement with the task, by assessing the frequency of implausible 
level ratings, that means ratings that violate the correct order of the levels. 

DCE hold-out tasks 
Participants completed three forced choice DCE holdout tasks. The tasks were gener-
ated adaptively, based on participants’ PUF. For each participant, choices were select-
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ed to have a utility difference between the two states of around 0.05 (hard), 0.1 (mod-
erate), and 0.25 (easy) on the personal utility scale. The order of the DCEs was ran-
domised. Trivial choices, involving dominated or dominating alternatives, were ex-
cluded. We predicted participants’ choices in the DCE hold-out tasks, based on per-
sonal utility functions, and then compared those against the observed choices. 

Feedback 
At the end of the survey, participants were invited to share feedback on the survey 
and make suggestions for improvement. A formal qualitative analysis of the respons-
es is beyond the scope of this paper. However, we performed a crude thematic analy-
sis to assess how the survey was received and whether any potential issues were 
raised, which would indicate problems with the response data. 

Ethical approval 
The study was approved by the ethics committee of the University of Sheffield, UK 
and the University of Duisburg/Essen, Germany. All participants provided informed 
consent. 

Data and code availability 
The data and source code of the survey as well as the analysis scripts have been up-
loaded onto Github. We are happy to share access to the respective repositories 
upon request. Please contact the corresponding author for more information. 
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RESULTS 
Sample demographic and health characteristics 
A total of 122 participants completed the survey between May and July 2022. Most 
participants were female (n = 111, 91%). Further demographic information is provid-
ed in table 1. 

Participants reported various rheumatic disease diagnoses. The most common condi-
tions were: rheumatoid arthritis (n = 72, 59%), osteoarthritis (n = 31, 25%), psoriatic 
arthritis 21 (17%), fibromyalgia (n = 21, 17%) and chronic pain syndrome (n = 19, 
16%). Sixty-four (52%) participants reported more than one condition. Further details 
can be found in the appendix (see table S2). 

Table 1: sample characteristics
Group N (%)

Age
18-29 18 (14.8%)
30-39 23 (18.9%)
40-49 20 (16.4%)
50-59 36 (29.5%)
60-69 18 (14.8%)
70+ 7 (5.7%)

Sex
Female 111 (91%)
Male 9 (7.4%)
Other 2 (1.6%)

Highest secondary education degree
University entrance qualification 67 (54.9%)
Entrance qualification for univer-
sities of applied sciences

25 (20.5%)

Intermediate secondary educa-
tion

22 (18%)

Basic secondary education 4 (3.3%)
None/other 4 (3.2%)

Total number of participants 122 (100%)
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Corresponding to the prevalent health conditions, many participants reported poor 
EQ-5D-5L health states. Only one (1%) participant was in full health, and 22 (18%) re-
ported having only mild health problems, while 41 (34%) reported having severe or 
extreme problems on at least one EQ-5D dimension. The most frequently affected 
dimension was pain/discomfort (n = 118, 97%) with a mean (SD) severity score of 2.9 
(0.78); followed by usual activities (n = 104, 85%), with a score of 2.5 (0.79); anxiety/
depression (n = 90, 74%) with a score of 2.2 (0.95); mobility (n = 87, 71%) with a score 
of 2.2 (0.97); and lastly self-care (n = 52, 43%), with a score of 1.6 (SD = 0.79). The 
mean (SD) and median (IQR) EQ VAS was 61.1 (18.14) and 61.5 (48.0 - 75.0), respec-
tively. 

OPUF survey results 
Criteria weighting 
The most important EQ-5D dimension was pain/discomfort (mean = 90.1, SD = 16.4), 
followed by usual activities (mean = 67.6, SD = 17.1), self-care (mean = 85.8, SD = 
20.2), and mobility (mean = 84.9, SD = 15.9). The least important dimension was anxi-
ety/depression (mean = 72.9, SD = 27.7). 

Level rating 
Level ratings were similar across all five dimensions. The mean ratings for the inter-
mediate levels, slight, moderate, and severe problems, were around 75, 50, and 22, 
respectively. The ratings for the best and the worst level were fixed at 100 and 0. Full 
results of the level ratings are provided in table S3 in the Appendix. 

Anchoring 
The majority of participants (n = 89, 73%) indicated that they would prefer ‘being 
dead’ over the worst EQ-5D-5L health state (‘55555’). The mean (SD) and median 
(IQR) utility values for the worst health state were -0.32 (0.52) and -0.26 (0.1; -0.65), 
respectively. A total of 11 (9%) participants had utility scores below -1, with one partic-
ipant having a utility score as low as -1.9 for state ‘55555’. 

Personal and group-level utility functions 
For each participant, we successfully constructed a personal EQ-5D-5L utility function, 
using their individual responses from the criteria weighting, the level rating, and the 
anchoring task. 
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Model coefficients were aggregated across participants, by means of averaging, to 
obtain a utility function that reflects the preferences of the group of patients with 
rheumatic diseases as a whole. Table 2 below shows the resulting mean coefficient 
estimates and bootstrapped 95% confidence intervals. 

The reported coefficients can be used to construct utility values for any of the 3,125 
EQ-5D-5L health states. For example, the utility value for the health state ‘12345’ is 

. The utility values of states ‘22222’, 
‘33333’, ‘44444’, and ‘55555’ are 0.69, 0.35, -0.05, and -0.32, respectively, to give just a 
few more examples. 

A simplified visualisation of the group value set - compared to all 122 individual pa-
tient value sets - is provided in figure 1. The graphs illustrate that even though the 
study was conducted in a population of patients with similar health problems, the 
personal value sets showed a considerable degree of heterogeneity. 

1 − (0 + 0.066 + 0.141 + 0.222 + 0.222) = 0.35

Table 2: EQ-5D-5L value set based on the preference data of 122 patients with 
rheumatic diseases from Germany – shown are mean coefficients and bootstrapped 
95% confidence intervals, based on 10,000 iterations.

Mobility Self-care Usual activities Pain/ 
discomfort

Anxiety/ 
depression

lvl2 0.063  
(0.055; 0.072)

0.066  
(0.056; 0.078)

0.066  
(0.058; 0.075)

0.061  
(0.053; 0.070)

0.054  
(0.047; 0.062)

lvl3
0.129  

(0.117; 0.142)
0.133  

(0.119; 0.146)
0.141  

(0.128; 0.155)
0.136  

(0.123; 0.150)
0.115  

(0.102; 0.128)

lvl4
0.208  

(0.190; 0.227)
0.212  

(0.192; 0.232)
0.227  

(0.207; 0.248)
0.222  

(0.202; 0.242)
0.176  

(0.159; 0.194)

lvl5
0.269  

(0.248; 0.290)
0.270  

(0.247; 0.293)
0.280  

(0.258; 0.303)
0.281  

(0.261; 0.301)
0.222  

(0.202; 0.243)
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Figure 1: Simplified illustration of the aggregate group preference (thick line) and the  per-
sonal utility functions of all 122 participants. Shown are the utility values for a sample of 50 
health states, ranked from the best on the left to the worst on the right (according to the ag-
gregate group preference). The colours of the lines representing personal preference func-
tions indicate their euclidean distance from the average preference: purple (smaller distance) 
to yellow (greater distance). Utility values below -1 are not shown.  

Engagement 
On average, participants spent about 17 minutes (SD = 16) on the OPUF survey. The 
median completion time was 13.6 minutes (IQR 9.9; 18.7). The fastest participant 
completed the survey in 4.5 minutes, which is still within reasonable time limits. 

Using the 15 individual level rating tasks as a means to assess participants’ under-
standing and attention, we found that participants were generally able to rate the in-
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termediate levels in a consistent way across the five EQ-5D dimensions. Only 13 par-
ticipants (11%) made two or more errors, while 10 participants (8%) made one error, 
and 99 participants (81%) made no errors. The results suggest a high level of en-
gagement and understanding of the level rating task. 

DCE hold-out tasks 
Overall, the constructed personal utility functions predicted participants’ observed 
choices in the three hold-out DCE tasks with an accuracy of 67.8%. The predictive ac-
curacy varied by difficulty: the accuracy was 60.7% for the hard DCE task (with a utility 
difference of 0.05 between the two states in the choice set), 61.5% for the medium 
task (0.1 difference), and 81.1% for the easy task (0.25 difference). Thirty-nine partici-
pants (32%) made no ‘error’, 52 (43%) made one, 27 (22%) made two, and 4 (3%) 
made three ‘errors’. 

Feedback 
Of the 122 participants, 49 (40%) sent feedback and/or suggestions to improve the 
survey. The median word count was 19 (IQR: 10; 30). The crude thematic analysis 
identified five main themes, in which most of the responses could be categorised (re-
sponses could be categorised in multiple themes) - see list below. No major issues 
were identified, but some suggestions for improvement were made. 

1. Introspection/reflection: Twenty participants (41%) found the survey interesting 
or thought-provoking. Some also reported that the survey helped them to bet-
ter understand their own priorities. 

2. Difficulties: Fourteen participants (29%) made suggestions for improvement 
and/or reported difficulties with certain aspects of the survey, including the 
navigation on specific tasks, instructions for the level rating task, and the han-
dling of the sliders. 

3. Overall assessment: Eight participants (16%) submitted an overall evaluation of 
the survey, which ranged from ‘very good’ [“sehr gut”] to ‘so-so’ [“geht so”]. 

4. Unrealistic states: Five participants (10%) commented on the DCE task and 
noted that some states were unrealistic or implausible (note: states were gen-
erated randomly, and thus not necessarily realistic). 

5. Other: Eight participants (16%) provided comments that were not directly re-
lated to the survey. 
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DISCUSSION 
Main findings 
Based on a sample of 122 participants, we were able to construct an EQ-5D-5L value 
set for patients with rheumatic disease from Germany. Despite the small sample size, 
the precision of mean coefficient estimates was high and the resulting model was in-
ternally consistent. The reported health state utilities could be readily used in health 
economic evaluations to gain insight into the to value of different treatments for 
rheumatic diseases from the patients’ perspective. 

This is the first study to apply the OPUF method in a population of patients with 
rheumatic diseases - or any patient population, for that matter. So far, OPUF has only 
been used in smaller pilot studies and in samples of the general population.11,12 The 
results show that the method is feasible and acceptable. The feedback we received 
further suggests that the OPUF survey was generally well received; many participants 
even found it to be interesting and thought-provoking. Notwithstanding, several par-
ticipants also reported difficulties with the navigation, handling, or instructions on 
specific tasks. These issues should be addressed in future studies. 

Comparison with previous studies 
Even though the OPUF method is still under development and further refinement 
may be needed, our findings can be compared with the results from previous study. 
Only very recently, Ludwig et al.16 conducted a DCE study to elicit EQ-5D-5L health 
state preferences from 453 patients with rheumatic arthritis in Germany. The ranking 
of the dimensions, as well as the absolute coefficient values reported in their paper 
are considerably different from our results. The most important dimension for the pa-
tients in Ludwig et al’s study was self-care (level 5 coefficient = 0.364), followed by 
mobility (0.355), pain/discomfort (0.339), anxiety/depression (0.330), and lastly usual 
activities (0.272). In our study, in contrast, we found that the most important dimen-
sion was pain/discomfort (level 5 coefficient = 0.281), followed by usual activities 
(0.280), self-care (0.270), mobility (0.269), and anxiety/depression (0.222). It should 
also be noted that their final model contains three logical inconsistencies in the level 
ordering. Within the pain/discomfort dimension, for example, the level 2 coefficient 
has a higher value than the level 3 coefficient (0.121 vs 0.089). 

There are several possible explanations for these differences. Firstly, Ludwig et 
al. used a different method, namely DCE, to elicit preferences. Secondly, the charac-
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teristics of the patient sample were considerably different from our sample in terms of 
age, sex, and the reported health conditions. Thirdly, because of the DCE design, pa-
tient preferences were estimated on a latent scale, which was then anchored using 
the pits state value (=-0.661) from the official German EQ-5D-5L value set24, which 
may also have influenced the results. 

A direct comparison between our results and the official German value set24 may be 
difficult to interpret, because of the differences in the target population. It seems 
noteworthy, however, that despite the large differences in sample sizes, the precision 
of the coefficient estimates was similar in both studies. The official German EQ-5D-5L 
valuation study used the EQ-VT protocol and included 1,158 participants. The report-
ed standard errors around mean estimates range between 0.008 and 0.011. This cor-
responds to 95% confidence interval widths of (0.006*3.92=) 0.024 to 
(0.011*3.92=)0.043, which is comparable to the 95% confidence intervals we 
achieved in our study with a sample of 122 participants. 

Strengths and limitations 
Our study has several strengths but also limitations that should be considered when 
interpreting the results. 

First of all, we would like to note that any comparison of our findings with results from 
other studies should take into account the differences in the valuation method. It may 
well be the case that value sets generated with OPUF systematically differ from value 
sets generated with other methods. Some indication for this can be seen in the fact 
that the personal utility functions we constructed were not good predictors of partici-
pants’ choices in DCE hold-out tasks; overall, the predictive accuracy was 67.8%. This 
is not necessarily surprising. It is well established that different valuation methods 
tend to produce different results.25,26 Moreover, OPUF is based on a different theoret-
ical framework; it is a compositional preference elicitation technique, in which partici-
pants evaluate each dimension, and each dimension-level individually.18 This ap-
proach has several advantages, as demonstrated in this study, but it also requires 
making stronger assumptions about the underlying preference structure. In particular, 
the OPUF method assumes an additive model, which may not always be appropriate.  
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Decompositional methods, like DCE or time trade-off, on the other hand, involve 
holistic evaluations of entire health states. This requires more participants, and often 
more intricate statistical modelling,27 but in principle, it is able to accommodate more 
complex, non-additive preference structures - although, in practice, few studies have 
actually done so, and it was found that interaction terms generally do not markedly 
improve model fit.28 

We think that neither approach can be said to be inherently superior to the other. To 
reiterate a common refrain, there is no gold standard. The choice of method should 
be based on the research question and the context.19,29 

The OPUF method may be particularly well suited when it is difficult to recruit a large 
sample of participants (note, using DCE, it would most likely not have been feasible to 
construct an EQ-5D-5L value set for 122 patients). Moreover, the fact that dimensions 
are evaluated individually may make the OPUF method useful for valuing instruments 
that are more complex than the EQ-5D-5L (such as the EQ-HWB30) - when there many 
dimensions, it can difficult for participants to evaluate all dimensions simultaneously. 

From a practical perspective, the OPUF method is very flexible. It can be adapted to 
different settings and instruments, is easy to implement as a stand-alone online sur-
vey, and can be completed in a short time; most participants completed the survey in 
less than 20 minutes. 

Notwithstanding the potential advantages of the OPUF method noted above, it is im-
portant to acknowledge that the OPUF method is still under development. The feed-
back we received suggests that further refinement may be needed to ensure that all 
participants can complete the survey without difficulties. Since this was a self-com-
plete online study, we cannot rule out the possibility that some participants did not 
fully understand the tasks or did not pay attention, even though completion times and 
error rates indicated a good level of engagement. 

Finally, since this study was conducted online and participants were recruited through 
a patient organisation, participants in our study are unlikely to be representative of 
patients with rheumatic diseases in Germany. 
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CONCLUSION 
This study demonstrates, for the first time, that it is possible to use the OPUF ap-
proach to derive an internally consistent EQ-5D-5L value set from a relatively small 
sample of patients with rheumatic diseases. Our results show that the OPUF method 
is feasible and the feedback we received further suggests that it was generally well 
received by the participants. Even though OPUF is still under development, we think 
that it has the potential to complement traditional preference elicitation methods, es-
pecially in situations where it is difficult to recruit a large sample of participants. 
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APPENDIX 
S1: Method for constructing a personal preference function from individual level 
responses - general model and a simple example 

General Model 
This section first describes the general model for constructing a personal preference 
function from individual level responses. Below, we then provide a simple example to 
illustrate the procedure. 

The formula below shows how dimension level coefficients can be derived directly 
from the responses to the dimension weighting, level rating, and the anchoring task. 
In short, the level ratings and multiplied by the dimension respective weights, and the 
resulting values are rescaled to a 0-1 utility scale, where 0 is the best possible health 
state and 1 is the worst possible health state. The values are then multiplied with the 
anchoring factor, which either specifies the position of dead, on a scale between full 
health and the worst state (if the participants prefers the worst state over being dead), 
or the position of the worst state on a scale between full health and dead (if the par-
ticipants prefers being dead over the worst state). 

More formally, the model is defined as follows: 

 

Where  refers to the coefficient for th level on dimension . Accordingly,  refers to 
the rating for level  on dimension ,  refers to the weight for dimension ,  refers to 

the number of dimensions,  refers to the anchoring factor. Note that  is 

simply the sum of all dimension weights, used to rescale the values to a 0-1 utility 
scale. 

As stated above, the specification of the anchoring factor is dependant on whether 
the participant prefers the worst state over being dead, or being dead over the worst 
state. It can be defined as follows: 

 

cij =
(1 −

li, j
100 )* wi

∑n
k=1 (wk)* f (a)

 

cij j i li, j
j i wi i n

f (a)
n

∑
k=1

(wk)

f (a) =
pits ≽ dea d , 1

1 − vpits

pits ≺ dea d , 1 − vdead
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Where  is the position of ‘being dead’ on 0-1 scale, anchored at full health (=1) 
and the worst health states (=0); and  is the rating of position of the worst health 
state on 0-1 scale, anchored at full health (=1) and dead (=0). 

To derive the utility for any given health states, first the sum of the respective dimen-
sion-level coefficients  needs to be computed. Since the model is expressed in 
terms of disutilities, the resulting value needs to be subtracted from 1. The simple ex-
ample below illustrates the method. 

Example 
Suppose a health-related quality of life measure with 3 dimensions ( ), each of 
which with 3 ordered levels ( ). 

Suppose that a participant provided the following responses: 
• Dimension weightings:  = 80;  = 100;  = 50; 

• Level ratings:  = 100;  = 50;  = 0;  = 100;  = 40;  = 0;  = 100; 

 = 70;  = 0; 
• Anchoring: the participants preferred the worst state (‘333’) over being dead. 

They located the worst state at 0.2 on the scale between full health (1) and 

dead (0). The anchoring factor is thus:  

Applying the formula above, we can derive the coefficients for each dimension and 
level: 

N.B.: Note that level 1 coeffi-
cients are being equal to 0 
and that

 

These coefficients can then be used to compute the value of any given health state. 
The value of states 111, 123, 3333 are consequently: 

vdead
vpits

ci, j

d1, d2, d3
l11, l12, . . . , l33

d1 d2 d3
l11 l12 l13 l21 l22 l23 l31

l32 l33

f (a) = 1
1 − 0.2 = 1.25 

n

∑
k=1

(wk) = 80 + 100 + 50 = 230
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c1,2 =
(1 − 50

100 ) * 80
230 * 1.25 ≈ 0.14,c1,3 =

(1 − 0
100 ) * 80

230 * 1.25 ≈ 0.28

c2,2 =
(1 − 40

100 ) * 100
230 * 1.25 ≈ 0.17,c2,3 =

(1 − 0
100 ) * 100

230 * 1.25 ≈ 0.35

c3,2 =
(1 − 70

100 ) * 50
230 * 1.25 ≈ 0.09,c3,3 =

(1 − 0
100 ) * 50

230 * 1.25 ≈ 0.18

v111 = c1,1 + c2,1 + c3,1 = 0 + 0 + 0 = 0
v123 = c1,1 + c2,2 + c3,3 = 0 + 0.17 + 0.18 = 0.35

v333 = c1,3 + c2,3 + c3,3 = 0.28 + 0.35 + 0.18 = 0.81



Table S2: Sample characteristics: reported health conditions
Disease frequency
Rheumatoid arthritis 72 (59.02%)
Psoriatic arthritis 21 (17.21%)
Fibromyalgia 21 (17.21%)
Chronic pain syndrome 19 (15.57%)
Ankylosing spondylitis 15 (12.3%)
osteoporosis 11 (9.02%)
Sjogren’s syndrome 9 (7.38%)
Lupus erythematosus 8 (6.56%)
Gout 3 (2.46%)
Polymyalgiarheumatica/RZA 3 (2.46%)
Scleroderma 1 (0.82%)
Other degenerative 6 (4.92%)
Other endocrine 3 (2.46%)
Other inflammatory 8 (6.56%)
Other vasculitis 6 (4.92%)
Other 4 (3.28%)
prefer not to say 1 (0.82%)
Note: 64 participants reported more than one health condition.

Table S3: Mean (SD) level ratings
MO SC UA PD AD

lvl_1 100 (0) 100 (0) 100 (0) 100 (0) 100 (0)
lvl_2 75.5 (17.1) 74.4 (19) 75.8 (15.2) 77.2 (17.5) 74.5 (19.3)
lvl_3 52 (14.6) 50.5 (17) 49.4 (14) 52.7 (14.8) 49.3 (17.3)
lvl_4 23.6 (17.4) 22 (18.3) 20.5 (17.5) 22 (19.8) 21.4 (15.3)
lvl_5 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
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DISCUSSION 

‘I could tell you my adventures – beginning from this morning,’ said Alice 

a little timidly: ‘but ‘it’s no use going back to yesterday, because I was a 

different person then.’ 

 – Lewis Caroll, Alice in Wonderland 
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Chapter 9: Discussion and Conclusion 
Discussion and Conclusion 

Overview  

In this thesis, I have sought to contribute to both the understanding, as well as 

the practice, of health valuation in the context of HTA, and more specifically to 

the way in which individual health preferences are elicited, aggregated, and used 

to create value sets. The thesis has two parts. In Part I (Chapters 2-5), I used an 

applied ethics approach to explore normative issues related to the aggregation of 

individual preferences and the ethical implications of currently used methods 

were evaluated from different theoretical perspectives. Part II  (Chapters 6-8) re-

ported on the development of the OPUF approach, a new method for valuing 

health, which allows for the construction of preferences in small samples and 

even on the individual level. The underlying theme, connecting both parts, is the 

challenge of determining the value of health in a plural society, consisting of 

many individuals, with unique preferences, values, and perspectives. By explor-

ing related normative and methodological issues, I have sought to call into ques-

tion current standard practices, and derive starting points for a more informed, 

considered, and pluralistic approach.  

This final ninth Chapter is structured as follows: First, I summarise the main 

contributions to the field of health valuation and the impact of the research re-

ported in this thesis. I then reflect on the limitations of this work before, finally, 

offering potential avenues for future research and a conclusion. 
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Key contributions and impact 

This thesis makes a number of original contributions to the field of health valua-

tion. In part I, I developed four original ideas, outlining new perspectives on the 

relationship between individual preferences and social value sets. 

Part I: normative issues 

In Chapter 2 (Social tariffs and democratic choice), I explored how social value sets 

can be understood as a major instrument of democratic participation, and how 

this would have implications for both the method used to aggregate individual 

preferences, and the set of individuals whose preferences should count. This pro-

vides a novel perspective on what value sets are, or could be, i.e. thinking through 

the idea of incorporating ‘the will of the people’ into health economic evaluations.  

In addition, I point out interesting paradoxes that can occur when using the me-

dian, instead of the average, to aggregate preferences, including the finding that 

the median does not necessarily represent the preferences of a majority. This is 

certainly not a new insight, but illustrating the implications in the context of 

health state preferences aggregation provides an original contribution to the 

field. 

In Chapter 3 (Fair interpersonal utility comparison), I developed a relative utilitari-

an approach to the aggregation of individual preferences as an alternative to the 

current practice of simply taking the arithmetic average. To the best of my 

knowledge, this is the first time such an approach has been proposed in the con-

text of health economics. More generally, my research also sheds light on certain 

peculiar characteristics of the utility scale in a QALY framework, namely that the 

scale is anchored between two potentially incomparable states: full health, which 

has a time and a health-related quality of life dimension, and being dead, which 
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most people understand as a timeless state without any qualities whatsoever. Lo-

cating other health states on this scale involves complex evaluations of both 

health-related quality of life and life time. For intrapersonal utility comparisons, 

i.e. within a single individual, this may not be a problem, but when comparing or 

aggregating preferences of different individuals, it seems questionable whether 

utilities are (directly) interpersonally comparable. 

The scaling between full health and dead is investigated further in Chapter 4 

(Setting dead to zero?), which adds to the knowledge base by critically reviewing 

the arguments that have been used to justify the practice of setting dead to a util-

ity value of zero. It is shown that setting dead to a different value may well be 

permissible. Several authors have already proposed anchoring the utility scale on 

a different state (e.g. Sampson et al., 2020), but, as far as I am aware, this is the 

first time the question has been engaged with on an quasi-axiomatic basis, and it 

refutes previously made claims that setting dead to a different value would violate 

rationality rules or measurement theory (Roudijk et al., 2018). 

Finally, Chapter 5 (The QALY is ableist) contributes a new argument to the long-

lasting debate on whether or not the QALY discriminates against people in poor 

health and those living with disability (Ubel et al., 2000). Previous ethical objec-

tions primarily focused on relative prioritisation, i.e. is a person with poor HRQoL 

more or less deserving of health care (e.g. Harris, 1995)? Proponents of the QALY 

could then argue that, since resources are limited, some form of discrimination is 

unavoidable, and that HRQoL seems to be a reasonable allocation criterion 

(Whitehurst and Engel, 2018). As I have shown, states worse than dead add an-

other layer to this debate, because not only do they involve judgments about rela-

tive prioritisation, but about the absolute value of people’s lives. Assigning nega-

tive QALYs to additional life years leads to QALY gains from people (who would 

prefer to live longer) dying earlier. This result seems utterly absurd, and there 
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does not seem to be any justification for the implied discriminatory value judge-

ment. It is striking that this point has not been made before, and I hope this work 

will contribute to a more informed debate on the ethical implications of current 

practices in health valuation and decision analytical modelling. I was recently in-

vited to give a talk to the Evidence Review Group at the University of Exeter, who 

worked on a technology appraisal in which states worse than dead posed a chal-

lenge. Anecdotally, it was my impression that the group was interested in the ar-

guments I presented, and that it might have affected the way in which the ap-

praisal was conducted. 

Potentially more important than the individual issues addressed in the four chap-

ters may be the overall realisation that the aggregation of individual preferences 

into a social value set is a complex process, requiring careful consideration of 

both, methodological and normative issues. Throughout Part I of this thesis, I 

sought to make explicit the strong normative assumptions underlying current 

practices, and to stress the contingency of methodological choices. This applies 

not just to preference scaling and aggregation but more generally to other aspects 

of health valuation, including questions about what should be valued, whose val-

ues should count, and how values should be elicited. I would even argue that 

when the outcome of a research project – such as a value set – is supposed to in-

form health policy decision making, possibly affecting the health of millions of 

people, even seemingly mundane research methods, such as taking measure-

ments, recruiting respondents for a survey, or applying statistical models, may 

suddenly become highly charged, value-laden activities. A more nuanced under-

standing of the methodological and normative choices underlying health valua-

tion seems necessary, in order to ensure decisions about health care are based on 

evidence that is both methodologically rigorous and ethically sound.  
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Part II: practical tools 

In the second part of the thesis, I sought to provide a more practical solution to 

the problem of how to account for the heterogeneity of preferences between indi-

viduals. Chapters 6-8 report on the development and piloting of the OPUF tool, a 

new method eliciting health state preferences, based on compositional preference 

elicitation techniques.  

The initial survey development, using an iterative design approach, is document-

ed in Chapter 6. The OPUF survey was then first tested on 50 respondents. Subse-

quently, in Chapter 7, OPUF was applied to derive an alternative EQ-5D-5L value 

set in a larger sample of 1,000 respondents, that were broadly representative of 

the UK general population. The collected data allowed me to demonstrate that it is 

feasible to use OPUF to construct and compare subgroup preferences in a level of 

granularity that is not possible with time trade-off, or other traditional methods. 

Finally, in Chapter 8, I showed that OPUF can also be used to construct an EQ-5D-

5L value set in a relatively small group of patients (n=122) with rheumatic dis-

eases. While the results of the individual studies are discussed in detail in the re-

spective chapters, the overall finding is that OPUF provides a promising alterna-

tive approach, which has been demonstrated to generate plausible value sets (for 

the EQ-5D-5L) with good precision, even in small samples. 

Notwithstanding the developmental work described in this thesis, some might 

argue that OPUF is not a particularly original contribution, because it heavily 

builds on previous work: compositional preference elicitation methods have been 

used since at least the 1970s (Keeney et al., 1979), and even the specific combina-

tion of compositional methods used for OPUF is not new. It was first developed by 

Devlin et al. (2019) in a study from 2015. However, their approach was designed 

for face-to-face interviews, with an emphasis on deliberative and reflective ele-
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ments. My primary contribution to this work stream has been to take this rather 

elaborate approach and translate it into a short, easy-to-use online survey. This 

came at a cost: deliberative elements, such as the ability to reflect on and revise 

responses, or to tap into personal motivations, had to be omitted. However, in do-

ing so, the tool was significantly easier (and cheaper) to apply at scale, while re-

taining considerable benefits of compositional preference elicitation.  

A distinguishing feature of OPUF, in comparison to other elicitation methods, 

may, in fact, be its design as a ‘web-native’ method. In the development process, 

particular attention was paid to the ‘user experience’, i.e. much effort went into 

making the survey as user-friendly and aesthetically appealing as possible, so 

that it is intuitive to use and easy to navigate, making it accessible to a broad au-

dience, including patients and members of the general public. Throughout the 

three studies described in Part II of this thesis, the OPUF surveys were generally 

well received, as evidenced by the positive qualitative feedback many of the re-

spondents provided. 

Ease-of-use was an important design criterion, not only for the respondent-fac-

ing survey part, but also for the researcher-facing ‘backend’. The first version of 

OPUF, used for the research reported in Chapters 6 and 7, was developed in R, 

making use of the ’shiny’ package to create the user interface (Chang et al., 2017). 

The EQ-5D-5L instrument was hard-coded into the survey, making it difficult to 

reuse and adapt the tool for other research project. The current version uses a 

modern web development framework consisting of Vue.js (vue 3) for the front-

end (client-side), Node.js as backend (server-side), and MongoDB as database. It 

now consists of several modules (e.g. ranking, demographic questions, swing 

weighting, etc.), which can be configured and easily combined with each other to 

create customised surveys. The tasks provide merely a – so called – ‘skeleton’. 

This means, all page content (e.g. instructions, questions, labels, etc) is retrieved 
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from the database and filled-in programmatically. This enables researchers to 

create bespoke OPUF surveys for any standard measure of health-related quality 

of life (such as EQ-5D, SF-6D, etc) within minutes, allowing fast testing, piloting, 

and implementation. The platform also contains an ‘admin dashboard’, which 

displays survey status (e.g. number of completes, duration, etc.), and automates 

some common analytical steps. 

The entire OPUF source code is released under a permissive open source licence, 

so that it can be checked, copied, re-used and adapted by anyone. Although the 

current lack of documentation creates a significant barrier to entry, I am confi-

dent that, once this is in place, OPUF can become a widely used health state pref-

erences elicitation platform, to which other developers can also contribute. 

So far, the reception of the OPUF method by the research community has been 

positive. I have been given the opportunity to present my work at over 20 confer-

ences, seminars, and workshops, had many interesting discussions, and several 

researchers contacted me to express their interest in applying the method for 

their own research. Collaborative projects in a range of different applications have 

been initiated, which I will support by providing technical assistance and 

methodological advice. Three examples are listed below. 

1. OPUF for the MobQoL-7D: the MobQoL-7D is a new instrument to capture 

mobility-related quality of life (i.e. it is a condition-specific measure), re-

cently developed by Bray et al. (2022). In September 2022, an OPUF study 

was successfully conducted to derive value sets for the instrument based on 

the preferences of both members of the UK general public (n= 504) and in-

dividuals with mobility problems (n=368). The results have been submit-

ted to ‘Disability and Rehabilitation’ and are currently under review (‘De-
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veloping preference-based value sets for the MobQoL-7D: Practical application 

of the Online Elicitation of Personal Utility Functions (OPUF) tool’). 

2. OPFU for the EQ-HWB: the EQ-HWB-S is a recently developed generic 

measure that goes beyond health to include aspects of wellbeing (Brazier et 

al., 2022; Peasgood et al. 2022). The measure has nine dimensions, which 

makes it difficult to derive a value set using conventional time trade-off or 

discrete choice experiment, i.e. the number of questions and/or partici-

pants would need to be quite large to derive reliable estimates. Pilot studies, 

funded by the EuroQol Group, are currently underway in the UK and in 

Germany to elicit EQ-HWB-S preferences from members of the general 

public as well as from patients (rheumatic diseases and diabetes mellitus). 

The study includes a test-retest part, to assess the reliability of OPUF. At 

the time of writing, the data collection for the re-test has just been com-

pleted. 

3. OPUF for the EQ-5D-5L in South Africa: at the moment, there is no 

EQ-5D-5L value set for South Africa. Estimating a value set using the ‘offi-

cial’ EQ-VT protocol entails an involved and expensive process, which cur-

rently does not seem to have enough policy support (Al Shabasy et al., 

2021). Researchers from the University of the Witwatersrand in Johannes-

burg are currently using OPUF to derive an experimental value set, with a 

particular emphasis on exploring preference heterogeneity with respect to 

socio-economic status and ‘race’. Preliminary discussions concluded that 

the use as a stand-alone online survey was not feasible, and thus, the sur-

vey was adapted for computer-assisted personal interviewing. At the time 

of writing, the data collection is ongoing.  
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Further OPUF valuation studies currently underway or being planned include ap-

plications to value the EQ-5D-Y in the UK (Wille et al., 2010), the CHU9D in Aus-

tralia (Stevens, 2009), the FACT-8D and the QLU-C10D in China (King el al., 

2016), the EQ-5D-5L in Hungary, and the SanQoL in Mozambique (Ross et al., 

2022). Moreover, the use of OPUF to create dashboards for patients with dementia 

and their family and care givers, as well as a decision-aid in clinical practice, are 

being explored.  

Overall, OPUF provides a versatile and pragmatic tool to elicit values in a range of 

different contexts and settings. It is easy to use (for the respondents) and easy to 

implement (for the researcher), while still providing detailed, granular data on 

preferences of individuals and small groups. It is my hope that OPUF will be taken 

up by researchers and practitioners, and that it will contribute to making con-

text-specific preference information more readily available to decision makers. 

Limitations 

The research program reported in this thesis has a number of limitations that de-

serve mentioning. Study specific limitations have been discussed in the respec-

tive chapters, but there are some limitations that relate to the approach taken in 

this thesis more generally. 

First, this thesis has covered a wide range of issues, which, while connected by a 

general theme, are still quite distinct from each other. The four chapters in part I 

are essentially independent works; they could stand on their own, and are not 

even mutually reinforcing. My aim was merely to exemplify the range of ethical 

issues raised by preference aggregation methods. 
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This also applies to parts I and II of the thesis, which focus on normative issues 

and on the provision of a practical solution, respectively. The two parts are con-

nected by the underlying theme of accounting for individual preferences in 

health valuation in a plural society, yet there is a risk of a ‘disconnect’ between 

the two parts. More in-depth work on each topic, and/or a clear demonstration of 

the implications of the findings from Part I, using the tools developed in Part II, 

would have been desirable. However, this would have required a whole pro-

gramme of work, well beyond the limited scope and resources of my PhD thesis, 

which, I hope, provides useful starting points for further research. 

Secondly, the empirical studies reported here are pilot studies, which means the 

results should be interpreted with caution. More psychometric testing is required 

to determine the reliability and validity of the OPUF method. More work is also 

needed to explore the implications of the OPUF method for the construction of 

value sets, and to demonstrate the usefulness of the OPUF in a range of different 

contexts, and to determine whether, and if so, where, the new method can best 

complement (or even replace) existing methods. 

Thirdly, health valuation, and the resulting value sets, are but one component of 

health economic evaluations, which, in turn, are but one component within HTA. 

For none of the work described in this thesis have I demonstrated whether, and if 

so how, alternative approaches to valuing health, in general, and to preference 

aggregation, in particular, would make any difference in the broader context of 

HTA: is the decision, whether or not to reimburse a given health technology (and 

potentially its price) affected by the way in which preferences are aggregated? 

Would different decisions be made, if, instead of the current reference case, pa-

tient preferences, elicited using OPUF, were used? Further research is needed to 

answer these questions, and demonstrate that the intellectual exercises displayed 

in this thesis have any relevance for the real world. However, the informational 
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requirement for this would be substantial: one would need to compare the out-

comes of a ‘standard’ economic model with the outcomes of a counter-factual 

model that uses the alternative health valuation method. Detailed information on 

the health states of the underlying population would be required to estimate 

QALY weights. In order to generate a robust evidence base that does (or does not) 

show that the alternative method propagates through the model and affects cost-

effectiveness estimates in a relevant way, a single case study is unlikely to be suf-

ficient, and so one would need either to investigate many different economic 

models, or devise a compelling simulation study. To complicate things further, 

one should account for the fact that NICE’s HTA process is not deterministic. 

Many factors other than the incremental cost-effectiveness are considered. Some 

change in the incremental cost-per-QALY from just under to just above the 

threshold is unlikely to affect the decision in the real world, which makes 

demonstrating a practical impact of alternative health valuation techniques even 

more difficult.  

Finally, I should acknowledge that, although I have repeatedly criticised the lack 

of coherent normative framework for the valuation of health in this thesis, I have 

not made any attempt to develop one of my own. In fact, in Part I, I adopted dif-

ferent, potentially incompatible, perspectives (democratic, relative utilitarian, 

and liberal) from which to examine the status quo and to develop alternative ap-

proaches. The OPUF approach developed in Part II is also not based on any partic-

ular normative framework. Rooted in multi-criteria decision analysis, it provides 

a distinctly pragmatic method for the elicitation of health state preferences, 

which is agnostic to the underlying value system. This may seem somewhat con-

tradictory, but it is in line with my overall aim to explore the complexity of health 

valuation.  
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On a personal note, I may add, that it is also in line with my own view on these is-

sues. When I started my PhD, I (perhaps naively) assumed that I would finish 

with a well-formed idea for how health should be valued and how individual pref-

erences should be conceptualised and aggregated. Yet, the opposite is the case. 

Any sense of certainty I may have had in the beginning has given way to an ever-

deepening appreciation of the (rewarding) complexity of the task of determining 

the value of health in a plural society. 

Further research 

As indicated above, the work presented in this thesis provides the foundation for 

further research. 

First, the practical implications of the arguments presented in Part I of this thesis 

should be explored. This could include, for example, using granular data on indi-

vidual preferences, elicited through the OPUF method, to compare the results of a 

‘standard’ average value set with alternative approaches.  

Secondly, a comprehensive research program could be devised to validate the 

OPUF approach and explore its potential applications. Some work is already ongo-

ing to 1) evaluate OPUF in various different settings; 2) assess the test-retest reli-

ability; and 3) qualitatively explore respondents’ thought processes and experi-

ences. Further validation studies should also be conducted. However, I would like 

to add two caveats: before trying to investigate criterion validity, and comparing 

OPUF to other methods, one should in advance determine how results will be in-

terpreted. It is known, for example, that different preference elicitation methods 

– and even variations of the same method – can produce different results (Bra-

zier et al., 2017, p. 72). Since there is no gold standard, neither agreement nor 

disagreement between the results of different methods can be taken as an indica-
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tion of validity, and it is not entirely clear what can be learned from these studies. 

Furthermore, OPUF does not necessarily need to be one standardised method, but 

could provide a modular platform for which different components could be ad-

justed, depending on the context.  

Thirdly, one particularly interesting further research avenue for OPUF would be 

to explore its use as a decision aid for patients. Many respondents who completed 

an OPUF study reported that they found the survey thought-provoking and inter-

esting. Given the increasing use of patient-reported outcome measures in clinical 

practice, OPUF could provide a useful tool to summarise the often complex in-

formation that these measures convey, and more generally to help patients better 

understand their own preferences priorities and make informed decisions about 

their care. 

A key challenge to the adoption of OPUF remains the accessibility of the method 

to other researchers. Although the source code is provided under a permissive 

open source licence, comprehensive documentation of the existing source code is 

still needed. Yet this is unlikely to be sufficient. Most health economists do not 

have web development experience. To make the method more accessible, I have 

recently started exploring the possibility of creating a web-based, graphical user 

interface for OPUF, i.e. a ‘survey builder tool’, which would allow researchers to 

create customised surveys without any coding. However, this will require a sig-

nificant amount of development work and some sustainable source of funding to 

ensure that the platform is maintained and updated. 

Finally and most importantly, this thesis shows the need for more research on the 

normative foundation of health valuation. Ideally, this should involve a broad and 

sustained participation of all relevant stakeholders  (members of the general pub-

lic, patients, care givers, health care professionals, decision makers, etc.) in an 
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open, participatory process. As already argued on multiple occasions, I do not 

think one can expect to derive a single, consistent normative framework from 

this process. Rather, the aim should be to identify core values and principles that 

can then guide further methodological research in and the practice of health val-

uation. 

Conclusion 

This thesis seeks to make an original contribution to both the understanding as 

well as the practice of health valuation. It provides a critical examination of the 

normative issues arising from the aggregation of individual preferences into a 

value set, and it develops a new, pragmatic preference elicitation method – On-

line Elicitation of Personal Utility Functions (OPUF) – which allows for the con-

struction of preferences in small samples and even on the individual level. In the 

absence of consensus on the ‘correct’ way to value health, and no reasonable ex-

pectation that such a consensus will soon, or ever, be reached, a more pluralistic 

and transparent approach is needed. This thesis provides some potential starting 

points such an approach will require. 
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