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a  b  s  t  r  a  c  t

Quality-Adjusted  Life  Years  (QALYs)  are  the  most  widely  used  measure  of  health  in economic  evalua-
tions  of health  care. Within  a  welfarist  framework  QALYs  are consistent  with  people’s  preferences  under
stringent  assumptions.  Several  authors  have argued  that  QALYs  are  a valid  measure  of  health  within  an
extra-welfarist  framework.  This  paper  studies  the  applicability  of  QALYs  within  the  best-known  extra-
welfarist  framework,  Sen’s  capability  approach.  We  propose  a procedure  to  value  capability  sets  and
provide  a foundation  for QALYs  within  Sen’s  capability  approach.  We  show  that,  under  appropriate  con-
ditions,  the  ranking  of capabilities  can  be represented  locally  by a  QALY  measure  and  that  a  willingness
70
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to  pay  for QALYs  can be  defined.  The  validity  of  QALYs  as  a general  measure  of  health  requires  the  same
stringent  conditions  as  in  a  welfarist  framework.

© 2012 Elsevier B.V. All rights reserved.
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. Introduction

The provision and funding of health care are among the most
mportant responsibilities of governments in modern societies. In
he absence of effective markets for most health care services, it is
ecessary to make decisions regarding the amount that should be
pent on health care services and the allocation of those services
etween individuals and across different kinds of services.

Over recent decades, attempts have been made in many
ountries to improve the allocation of health care resources using
conomic evaluations of health care. The central tool in this
pproach has been the concept of Quality Adjusted Life Years
QALYs) (Gold et al., 1996). QALYs have intuitive appeal and
rovide practical guidance in making the difficult trade-offs that
re inevitable in any system of health care provision where a gov-
rnment or insurer must decide which services to fund. However,
ttempts to provide a secure foundation for the QALY approach in
erms of economic theories of welfare, which we review in the next
ubsection, have proved problematic. The conditions under which

ALYs represent preferences are stringent and unlikely to hold in

ull generality (Bleichrodt and Pinto, 2012).

∗ Corresponding author.
E-mail address: bleichrodt@ese.eur.nl (H. Bleichrodt).
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A different justification for using QALYs in health policy is based
n a questioning of the notion of ‘welfarism’ (Culyer, 1989; Hurley,
000; Brouwer et al., 2008). In this context, ‘welfarism’ may  be
ummed up as the idea that policy should aim at maximizing a
ocial welfare function, the only arguments of which are the life-
ime utility profiles of the individual members of society. According
o the extra-welfarist approach advocated by Culyer and others, the
valuation of policy decisions should not be exclusively based on
ndividual utilities, but should also take account of other factors,
uch as concepts of equity.

The best developed alternative to welfarism has been based on
he concept of capabilities, put forward by Sen (1985) and fur-
her developed by Nussbaum (2000) and Robeyns (2006) among

any others. Although the details of the formulation vary, the cru-
ial idea is to distinguish between capabilities, represented as a
erson’s opportunities to achieve well-being, and achieved func-
ionings, the actual outcomes realized by individuals given their
apabilities, preferences, and social situation.

While the capability approach has been much discussed, there
as been less progress in its formal theoretical development and
mpirical application (Schokkaert, 2009). Kuklys and Robeyns
2005) and Fleurbaey (2005) presented formal models, but subse-

uent development of these models has been limited. Anand (2005)
nd Cookson (2005) argue that the capability approach should be
pplied in health economics and could be integrated with a QALY-
ased analysis. Coast et al. (2008) give a qualified endorsement

dx.doi.org/10.1016/j.jhealeco.2012.10.004
http://www.sciencedirect.com/science/journal/01676296
http://www.elsevier.com/locate/econbase
mailto:bleichrodt@ese.eur.nl
dx.doi.org/10.1016/j.jhealeco.2012.10.004
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o this view, but note that the capability approach will require
daptation to the health context.

The aim of this paper is to explore the extent to which a
ALY-based evaluation of health services can be used within the
apability approach. That is, we study the question of whether
ALYs can be justified under a specific extra-welfarist framework.
o do so, we must address several open question in the capability
pproach, the most important one being how capabilities can be
alued numerically (Schokkaert, 2009; Fleurbaey, 2009).

The central idea in our formalization of the capability approach,
ollowing suggestions of Sen (1991) and Sugden (1993) is to model
apabilities as menus, i.e. as sets of functionings, in the analytical
ramework developed by Kreps (1979).1

In Kreps’ framework, an agent takes decisions in two stages. In
he first stage, he chooses a menu, a capability set of possible func-
ionings. In the second stage, he chooses a functioning from this

enu. This modeling strategy permits us to capture an essential
art of Sen’s capability theory, namely, that people have the free-
om to choose the kind of lives they want to lead. Freedom of choice

s intrinsically valuable in Sen’s theory and our model allows it to
e valued as such.

The key contribution of Kreps was to show that, under very
eak conditions, any ranking over menus may  be derived from the
aximization of a state-contingent utility function over final out-

omes. The state-contingency may  reflect an agent’s uncertainty
bout his future preferences or about the future availability of out-
omes. Using this idea, we derive an evaluation rule for capabilities
n terms of a state-contingent utility function over functionings.
his rule can be interpreted as the evaluation rule for a society in
hich people’s preferences are not known in advance and where

reedom of choice is valued.
We  next consider the relationship between capabilities and

ALYs. We  derive conditions under which QALYs can be used as a
ocal approximation to a ranking over capabilities. That is, we derive

hen the use of QALYs is justified in the capability approach. Our
entral result shows that, under appropriate conditions, any rank-
ng of capabilities gives rise to a ‘shadow price’ for QALYs, which is
ocally consistent with the given ranking and which can be inter-
reted as a local approximation of the willingness to pay for a QALY.
owever, the global validity of QALYs requires stringent conditions,

imilar to those discussed in the welfarist framework by Bleichrodt
nd Quiggin (1999).

. The limitations of QALYs under welfarism

Before considering the interpretation of health in terms of
apabilities, we briefly review the standard QALY approach. The
entral idea of the QALY approach is to value improvements in
ealth in terms of the additional years of life in full health that
ould be regarded as being equally beneficial and to add these

mprovements using unweighted summation. Cost-effectiveness
hen requires that, given two equally costly services, the one that
ives the larger improvement in QALYs should be provided first.
iven a consistent application of cost-effectiveness analysis to
ealth services with a given budget, there will exist a shadow QALY
rice p* (typical values are of the order of D 30,000) such that all
nd only those services for which the cost per QALY gained is less

han p* will be approved.

The QALY approach is popular and widely used in practical
ost-effectiveness studies. However, attempts to found QALYs in

1 A similar approach may  be found in the literature on valuing freedom deriving
argely from the work of Pattanaik and Xu (1990, 2000) and further developed by
uppe (1996),  Nehring and Puppe (1999), and Xu (2003).
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conomic welfare theory have met  with only limited success.
arly contributions that sought to provide an economic foundation
or QALYs involved reasoning based on the expected utility (EU)
heory of choice under uncertainty. Axioms on preferences over
otteries, with health profiles as payoffs, were used to derive QALY-

aximization as a social objective (Pliskin et al., 1980; Bleichrodt
t al., 1997; Miyamoto et al., 1998). This approach encountered a
umber of difficulties.

First, it became evident that individuals do not, in general, sat-
sfy the assumptions of EU in making choices under uncertainty
Starmer, 2000). Evidence of violations of EU for health can be
ound, among others in Llewellyn-Thomas et al. (1982),  Oliver
2003), and Bleichrodt et al. (2007).  The observed violations of EU
ntailed a reformulation of the axiomatic basis of the QALY model
o avoid reliance on the EU assumptions (Bleichrodt and Quiggin,
997; Miyamoto, 1999; Bleichrodt and Miyamoto, 2003). Empiri-
al tests of these reformulations have led to mixed results, but the
eneral finding is that the basic QALY model, in which life-years
re multiplied by a quality weight, is too restrictive (Bleichrodt and
into, 2005; Bleichrodt and Filko, 2008).

Second, there was  no obvious justification for extending indi-
idual preferences for QALY-maximization to a social objective
f maximizing the expected QALY benefit derived from health
ervices. Several authors have argued and presented empirical evi-
ence in favor of equity-weighting QALYs (for an overview see
suchiya, 2012) and various alternatives for ‘QALY-utilitarianism’
ere put forward, notably including Williams’ (1997) fair innings
rinciple. Axiomatic foundations for these alternative models have
een provided in Bleichrodt et al. (2004).

Third, the standard welfare-theoretic justifications for QALY-
aximization considered individual welfare solely in terms of

ealth status, without taking account of other aspects of wel-
are such as the consumption of market goods and services. This
pproach appeared adequate in terms of cost-effectiveness anal-
sis, but proved problematic when broader considerations were
aken into account. Bleichrodt and Quiggin (1999) provided nec-
ssary and sufficient conditions for QALY maximization to be
onsistent with the maximization of an individual lifetime welfare
bjective. As subsequent discussion made clear, these conditions
re stringent (Klose, 2002; Bleichrodt and Quiggin, 2002).

. The capability approach

The limitations of QALYs under welfarism have led to justi-
cations of QALYs under an extra-welfarist framework. In this
aper we focus on the most well known of these extra-welfarist
rameworks, Sen’s capability approach. As emphasized by Robeyns
2006) and Schokkaert (2009), the capability approach (Sen, 1985,
992) is essentially a mode of thinking about normative issues,
hich specifies an evaluation space. The core characteristic of the

apability approach is its focus on what people are able to do and
e. Together these doings and beings, which Sen calls functionings,
onstitute a life and make a life valuable. Examples of functionings
re being adequately nourished, avoiding premature mortality, and
eing happy.

A  key distinction in the capability approach is between means
nd ends. Only ends are important and means are instrumental in
eaching the ends. This illustrates that functionings are not equal to
ommodities. Commodities are objects which a person might use
o achieve a valuable life, whereas functionings are an aspect of

iving itself. The distinction between means and ends is not always
bvious, however. Good health, for instance, is a means to be able
o work or be happy, but it is also an end in itself. Functionings
re not equal to utility in the classical economic sense of metrics
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C = X  (c(e)). (1)

In Eq. (1),  e is an individual’s initial endowment. For simplicity
30 H. Bleichrodt, J. Quiggin / Journal o

f happiness. For Sen, being happy is just one of many elements of
eing that may  be relevant to an overall evaluation of well-being.

The other central concept in the capability approach is the dis-
inction between functionings and capabilities, that is, between
he realized and the effectively possible. In choosing what kind of
ife to live an individual chooses between functionings. The set of
vailable functionings is the person’s capability set.  The capability
et represents the person’s opportunities to achieve well-being or,
lternatively stated, his freedom of choice. This freedom is central
n Sen’s theory and of intrinsic value. The focus on the importance
f freedom illustrates that the capability approach belongs to the
iberal school of thought in political philosophy.

. Two  open questions

.1. Capabilities or functionings

Two important questions pervade the application of the capa-
ility approach (Fleurbaey, 2009). The first concerns the normative

ssue of whether the evaluation of an individual’s situation should
e based on capabilities alone or on both capabilities and func-
ionings. This concern is related to the question whether the
ppropriate metric for interpersonal comparisons corresponds to
chievements or to opportunities. Normative economics is increas-
ngly interested in opportunity-based theories in which value is
ttached to the size and richness of an individual’s opportunity set
Sen, 1992; Arrow, 1995; Roemer, 1998; Sugden, 2004). Accord-
ng to these theories, public policy and theories of justice should
e concerned with maximizing individuals’ opportunity sets and
hould not be concerned with preference satisfaction. A normative
eason to focus on opportunity sets instead of preference satisfac-
ion is that individuals must take responsibility for how they use
heir opportunities. A more pragmatic reason lies in the wealth of
ehavioral data showing that preferences are unstable and incon-
istent and, hence, an unreliable guide for public policy.

There are several counterarguments against an exclusive focus
n capabilities. First, functionings are “constitutive of a person’s
eing” (Sen, 1992, p. 39) and, consequently, they should be valued.
econd, theories of responsibility are harsh on the losers. Should
e punish individuals for the sins of their youth? And if so, how

ong are individuals deemed to be responsible for past actions? And
re there limits to this responsibility (Schokkaert, 2009)? The eval-
ation model we will propose in the current paper takes account
oth of the richness of the capability set, and of the quality of the
unctionings in the set. Hence, it values both the individual’s free-
om and the achieved functionings and belongs to the category of
heories about what Sen terms “refined functionings”.

.2. Valuing capability sets

The second open question is how to value capability sets? If
e want to use the capability approach to derive overall conclu-

ions about the welfare impact of specific (health care) programs,
t is necessary to value capability sets. Unfortunately, the capabil-
ties literature has very little to say on how this can be done. Sen
1985) suggests declaring one capability set better than another if
ll individuals involved agree on this, but this suggestion is not very
elpful in public policy. To carry out a meaningful economic evalu-
tion requires a complete ranking of capability sets. However, Sen’s
roposal only leads to a partial ranking of capability sets. Moreover,
t has paradoxical consequences in the sense that it precludes that
everal plausible conditions on social choice jointly hold (Brun and
ungodden, 2004). Gaertner and Xu (2006, 2008) suggest ranking
apability sets in terms of a standard of living, the development of

a

th Economics 32 (2013) 128– 137

hich over time is uncertain. Their ranking is in terms of a class of
istance functions, implying that the resulting ranking of capability
ets is, once again, only partial.

A subtle issue in the valuation of capability sets is what the role
f individual preferences should be. The capability approach was
roposed as an alternative to welfarism with its exclusive focus on

ndividual preferences. According to Sen (1985),  some function-
ngs are intrinsically valuable and should not depend on people’s
references. In Sen (1985) he declared his belief that a purely sub-

ectivist view of well-being is “ultimately rejectable” and that “the
imits of objectivity extend well into the assessment of well-being”.
ater contributions somewhat qualified Sen’s position and there is
ow wide agreement that individual preferences have a role to play

n valuing capabilities and that it is possible to respect individual
references while avoiding a return to welfarism (Fleurbaey, 2009;
chokkaert, 2009).

Once we allow individual preferences to play a role in valuing
apability sets, other problems emerge. Most importantly, do we
ntroduce current preferences or take account of future preferences
bout which the individual is possibly uncertain? Several authors
ave argued that that to makes sense of opportunities requires the
onsideration of potential future preferences (Jones and Sugden,
982; Arrow, 1995). On the other hand, Sen (1991) and Puppe
1995) argue that preference for freedom and uncertainty about
uture preferences are not necessarily linked.

As Schokkaert (2009, p. 549) concludes: “The problem of the
valuation of opportunity sets remains open”. The purpose of this
aper is to suggest a solution to this problem that takes account of
he above issues. Our proposed solution allows a role for individual
references while avoiding welfarism, values freedom, and takes
ccount of the uncertainty about future preferences.

. The model

.1. Functionings

Let us now formalize the above discussion. In Sen’s (1985, 1992)
apability approach there are two  key elements: functionings and
apability sets. A functioning f is a vector (f1, . . .,  fn) summarizing
he activities, j = 1, . . .,  n, undertaken by an individual.2 Activities
j include consumption levels for market goods and services, work
ndertaken in the labor market, and measures of non-market activ-

ties such as going for walks, participation in family and social life,
nd so on. Aspects of health quality may  be part of the functioning
ector if they contribute directly to welfare, but this need not be
he case.

Let Fj denote the set of possible values of functioning activity
, and let F =

∏n
j=1Fj denote the set of functionings, which is the

artesian product of the n different sets Fj . We  will assume that
ach of the Fj is compact. An example is the case where each Fj is
n interval which can be represented without loss of generality in
he form [0,Mj]. Functionings are denoted as f,g,h.

.2. Capabilities

The capability set is the set of achievable functionings. This set
an be written as
nd to clarify the main ideas, we will only focus on the case where

2 What we  call ‘functioning’ is also sometimes called ‘state of being’.
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in x. The extra opportunities offered by y have therefore no value
to him. We  can express this as x ∼ x ∪ y.4 Given this preference, it
seems plausible that if we enlarge the individual’s capabilities to

3 By completeness either x � y or y � x or both. If x � y then x ∼ x ∪ y. If y � x then
y  ∼ x ∪ y. If both x � y and y � x then x ∼ x ∪ y ∼ y. Hence, x ∪ y � x and x ∪ y � y are
H. Bleichrodt, J. Quiggin / Journal o

he initial endowment consists of health and wealth. Extensions to
icher initial endowments are straightforward. The initial wealth
ndowment can be spent on goods and services, one of which is
ealth care. These goods and services are converted through the

unction c(·) into a vector of objective characteristics in the Gorman
1959) and Lancaster (1966) tradition. Finally, the objective charac-
eristics are converted through the technology relation X  into the set
f achievable functionings. Eq. (1) captures the notion that goods
nd services do not carry value by themselves but are a means to
he end of producing functionings through the technology relation
. We will denote generic capability sets by x,y,z.

.3. The decision problem

We analyze the position of an agent choosing an allocation of
esources between health care and general resources, and of health
are resources between different services. The agent can either be

 health policy maker or a representative individual. The agent is
aken to have an endowment of initial health status and resources,
ut not to have specified preferences over achievable functionings
see Section 5.4 for more on this). Thus, the individual is not a ‘rep-
esentative agent’ in the sense used in economic modeling. Rather
er position is closer to that of a decision maker seeking ‘reflective
quilibrium’ behind a Rawlsian veil of ignorance.

Eq. (1) assumes that the initial endowment and the technol-
gy relation X  are the same for all individuals. In particular, initial
ealth status is given and can be improved by the use that is made
f health care and other resources. This improvement is the same
or all individuals because the technology relation is the same
or all individuals. One way to extend the above model would
e to allow for heterogeneity in initial health status and to make
he initial endowment and the technology relation X  individual-
pecific. This extension is beyond the scope of the present paper,
ut we will consider some implications in the subsequent discus-
ion.

We will assume that the initial wealth endowment we can be
llocated to health care expenditures and other expenditures to
enerate functionings f = f(q,w), where q denotes health, w denotes
ealth minus health expenditures, and we replace the compos-

te function X  ◦ c by f for notational convenience. We  will define
he health cost function h(q) as the expenditure h required to pro-
uce health status q. It is immaterial for our analysis whether
ealth expenditure stands for the expenditure on one compos-

te good health care or for a vector of expenditures on different
reatments.

A functioning f = f(q,w) is feasible if and only if

(q) + w ≤ we. (2)

The primary question for health policy is to determine the
ocially optimal choice of q given the initial endowments and the
echnology as described. This choice may  be broken into questions
f cost-effectiveness (for given health expenditures h, choose q
uch that q is maximized), and budget allocation (assuming cost-
ffective choices of q, determine h).

The central claim of the capability approach is that the best way
f approaching these questions is to consider the capability set C
rising from particular choices of h and q. The elements of the capa-
ility sets are feasible functionings and a typical capability set is {f1,

2, . . .,  fn}. The capability sets represent the individual’s opportuni-
ies for achieving well-being. The larger the capability set the larger

s the number of feasible functionings available to the individual
nd the larger are the individual’s possibilities for achieving well-
eing. In other words, the capability set represents the individual’s
reedom of choice.

i

b
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.4. Evaluating capability sets

To make the capability approach operational we should find a
ay to evaluate capability sets. The approach we take is based on
reps’ (1979) model of preference for flexibility, which was later
xtended by Dekel et al. (2001) and Kopylov (2009).  We  consider
n ordering � defined over capability sets x,y,z. The ordering can
ither belong to a social policy maker or to a representative agent.
he ordering � is assumed to be a weak order: transitive (for all x,y,z,
f x � y and y � z then x � z) and complete (for all x,y, either x � y or

 � x). Strict order � and indifference ∼ are defined as usual. We
ssume that the ordering over capability sets is nontrivial, i.e. there
xist capability sets x and y such that x � y. In other words, not all
apability sets are considered equivalent. A function v represents
he ordering � if for all x, y ∈ C,  x � y ⇔ v(x) ≥ v(y).

Under the standard economic model, the ordering � over
apability sets x,y is induced from a preference relation � over func-
ionings. More precisely, define x � y if and only if for all g ∈ y there
xists f ∈ x such that f � g. That is, capability set x is ranked above
apability set y if for all functionings g in y there is a functioning f
n x that is at least as good as g. The standard economic model can-
ot, however, incorporate the intrinsic value of freedom, which is
entral to the capability approach. This follows, because the above
efinition implies that if x � y then x ∼ x ∪ y. If for all functionings g

n y there is a functioning f in x such that f is at least as good as g,
hen expanding the capability set x by adding the functionings in y
o it does not lead to an improvement in welfare. Hence, the possi-
ility that the capability set x ∪ y offers more freedom of choice is
ot valued and it can never be the case that x ∪ y is strictly preferred
o both x and y.3

To incorporate a preference for larger and richer opportunity
ets, and thus for freedom of choice, we  define the ordering � over
apability sets instead of over functionings. Preferences over func-
ionings are not given and the decision maker may  contemplate
n array of different preference relations. It is for this reason that
e mentioned in Section 5.3 that the position of the representative

gent is closer to a Rawlsian decision maker seeking reflective equi-
ibrium behind a veil of ignorance than that of a standard economic
gent.

To capture Sen’s (1992) idea that freedom of choice is valu-
ble, we assume that � satisfies monotonicity: for all capability sets
, y ∈ C,  if y ⊆ x then x � y. In words, if capability set y is contained
n x and, hence all functionings available in y are also available
n x, then y cannot be strictly better than x. In contrast with the
tandard economic model, x ∪ y may  be strictly preferred to both x
nd y. Strictly ordering x ∪ y above both x and y implies that more
hoice is preferred and, hence, that freedom of choice is positively
alued.

Apart from the idea that freedom is valuable we  will impose one
ore condition, which is again adopted from Kreps (1979).  Suppose

hat adding capability set y to capability set x has no value to a deci-
ion maker, for example because the functionings included in y are
ll of low value to the decision maker compared to what is available
mpossible.
4 The fact that we allow for the possibility that x ∼ x ∪ y shows that larger capa-

ility sets are not necessarily better and illustrates that our approach differs from
attanaik and Xu (1990) and other non-preference-based measurements of free-
om.
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 ∪ z by adding any set z to x, then adjoining y to x ∪ z should still
ave no value to the individual. If the functionings included in y
re all of low value to the individual if he has x available, then they
hould also be of low value when he has the larger set x ∪ z avail-
ble. We  will refer to this condition as irrelevance: for all x, y ∈ C,  if

 ∼ x ∪ y then for all z ∈ C,  x ∪ z ∼ x ∪ y ∪ z.

.5. The state-dependent utility representation

Kreps (1979) showed that if monotonicity and irrelevance
ointly hold then � can be represented by

(x) =
S∑

s=1

max
f ∈ x

Us(f ). (3)

The different s can be interpreted as states that could reflect
he individual’s uncertainty about his future preferences or about
he availability of future functionings, but they could also refer to

 set of reasonable or potential preferences. Us(f) is a real-valued
tate-dependent utility function defined over functionings.5 We
an write Eq. (3) as

(x) =
S∑

s=1

max
f ∈ x

�svs(f ). (4)

here the �s are decision weights. In some choice problems these
eights can be interpreted as subjective probabilities of the sub-

ective states. However, when utility is state-dependent these
ubjective probabilities cannot be uniquely determined and, hence,
hey do not have a clear behavioral interpretation. Moreover, a
ocial ordering may  place weight on the availability of options, even
f the probability that these options will actually be selected is zero.
s an example, I may  be entirely confident that I would not wish

o visit Antarctica. Nevertheless, I may  object to a state of affairs in
hich I am prevented from doing so, either by legal restrictions or

y a lack of resources.
To understand Eq. (4),  imagine that the representative agent

hooses a capability set x ∈ C knowing that at some ex post stage,
e will learn what his preferences are. He then chooses the optimal

unctionings from capability set x according to these ex post pre-
erences once he knows what they are. Ex ante, these preferences
re aggregated by summing the maximum utilities across states.

A drawback of Kreps’ axiomatization is that the states s are not
niquely defined and that Eqs. (3) and (4) are essentially ordinal
epresentations. This “problem” was solved by Dekel et al. (2001)
y letting menus, capability sets in our framework, consist of prob-
bility distributions over functionings and was later generalized
y Kopylov (2009) to menus as abstract convex compact spaces.
ecause the non-uniqueness of Kreps’ representation is no prob-

em for our subsequent analysis and probability distributions over
unctionings are intuitively less plausible when considering capa-
ilities, we do not further pursue these alternative approaches in
his paper. The important thing for our analysis is that by adopting

onotonicity and irrelevance we can value capability set through
he sum of a collection of state-dependent utility functions over

unctionings. If we need cardinal utility, as in the construction of
ALY league tables, then we can obtain this by imposing the axioms
f Dekel et al. (2001) or Kopylov (2009).

5 To be precise, Kreps only showed that (3) holds if the set of functionings is finite.
opylov (2009) derives (3) for infinite F from a different set of conditions.
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.6. The two-stage decision problem

Given Eq. (4),  we are faced with a two-stage decision problem.
n the first stage an optimal vector (q,w) is chosen subject to the
estriction that h(q) + w ≤ we. This choice ensures that the resulting
apability set is optimal. The second stage then entails choosing the
ost preferred functioning from the optimal capability set given

he realization of s, encompassing preferences, relative prices and
ther contingent factors.

In Appendix A we show that both the first- and the second-stage
roblems are well-defined and that solutions to these decision
roblems exist. This analysis requires the introduction of several
echnical conditions, stated in the Appendix, and can be summa-
ized by the following two results:

esult 1. Under the assumptions stated in Appendix A, Us(x) =
ax

f ∈ x
Us(f ) is well defined for each s.

esult 2. Under the assumptions stated in Appendix A, the first-
tage problem is well-defined.

.7. A local QALY evaluation

Let us now analyze the role of QALYs within this framework.
sing Result 2 and Eq. (3),  we can implicitly define a capability
aluation function V(q,w). The Proof of Result 2 shows that V is con-
inuous, and increases in health and wealth. The health attribute
n V(q,w) can consist of various dimensions, such as longevity and
arious quality of life dimensions such as mobility, self-care and
ain. We  assume that the set of health states is a subset of R

n, i.e.
he different health attributes can be expressed numerically. This
ssumption may  be too strong, e.g. sometimes it may not be pos-
ible to express quality of life numerically. We  present the more
eneral case in Appendix B where we  drop the assumption that the
et of health states is a subset of R

n.
If the functions Us in Eq. (3) are twice differentiable then V(q,w) is

lso twice differentiable.6 Let z = (q,w). Differentiability of V implies
hat there exists a linear function dV:  R

n+1 → R  such that

lim
→0

V(z + k) − V(z) − dV(k)
‖k‖ = 0, (5)

here ‖k‖ denotes the Euclidean norm of k. The linear function
V can be represented by the gradient vector, the vector of partial
erivatives, ∇V = (∂V/∂q1), . . . , (∂V/∂qn) of V, in the sense that for
ll k ∈ R

n+1 dV(k) = ∇V · k.
The existence of a linear function dV in Eq. (5) implies that both

ost-effectiveness analysis and cost-benefit analysis are consistent
ith the use of QALY measures in a neighborhood of the optimal

q*,w*) as we will show next. Without loss of generality, suppose
hat q1 denotes longevity. If we normalize V such that (∂V/∂q1) =
1(q∗, w∗) = 1, then the partial derivative (∂V/∂qk) = Vk(q∗, w∗) is
he increase in health attribute k that would be ranked equally with

 unit increase in longevity (with health characteristics q*). That is,
he partial derivatives express the rates of trade-off between health
ttributes and longevity and we  can compare health gains in terms
f a QALY measure. Thus, we obtain a QALY measure for any local
hange in health

Vq(q∗, w∗) · dq, (6)
here �Vq(q*,w*) is the health gradient vector evaluated at the
ptimum (q*,w*). Note that the optimum q* does not necessarily
ean full health, and indeed in general it will not mean full health,

6 This follows from the implicit function theorem (Rudin, 1976, Theorem 9.28).
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ut the level of health that generates the optimal capability set
or the decision maker. That is, it is the solution to the first-stage
ecision problem, the determination of the optimal capability set.

Because wealth is one of the arguments of the capability valu-
tion function V we can also compute the willingness to pay for a
nit increase in longevity (with health characteristics q*). This is
efined as 1/Vw(q*,w*).7 In other words, 1/Vw is the willingness to
ay for a QALY when the decision maker’s position is (q*,w*). More
eneral, we can determine the decision maker’s willingness to pay
or an increase in health by dq as

∇Vq · dq

Vw

)
(q∗, w∗). (7)

qs. (6) and (7) are local approximations and are valid only in a
eighborhood of a given (q*,w*). They are applicable to valuing
lternative health improvements for a decision maker who is at an
ptimal position, given the constraints of the first-stage problem.
qs. (6) and (7) also imply that QALY-based measures can be used
o compare individuals with comparable health and wealth (q*,w*).
ecause Eqs. (6) and (7) are local approximations, they are not
pplicable to comparisons between individuals in widely separated
ositions. In those cases, the restrictions on preferences consis-
ent with QALY maximization, derived by Bleichrodt and Quiggin
1999) still apply and alternative measures may  have to be used
nstead. An example is Fleurbaey’s (2005) full-health equivalent
ncome measure.

The QALY measure derived in Eq. (6) depends on health and
ealth and differs from that usually considered in the literature.

he standard QALY measure compares some given health status
 with the health vector associated with some given number of
ears in full health. By contrast, the evaluation here is undertaken
t the health status q*,  the optimal health of the decision maker
iven the initial endowments and the technology as described. In
ur view, the latter approach may  be regarded as an improvement,
specially in the light of the capability approach. Even with the
est of health care, nutrition and so on, the capabilities of a 70
ear-old are not the same as those of a 25-year old. So, if we  are
omparing interventions that increase longevity and alternatives
hat increase other aspects of health capability, we would not want
o evaluate them against the hypothetical yardstick of an individual
iving 45 years after age 25, while enjoying the capabilities of a
ealthy 25-year old.8

Similarly, the QALY measure in Eq. (6) is dependent on the
ealth level w*.  It does not provide a basis for comparison between

ndividuals with significantly different endowments. The analyti-
al framework presented here therefore leaves open the question
f whether a common QALY measure should be applied to evaluate
he health-related capabilities of individuals with different levels
f wealth. Some extra-welfarist views of the ethics of health care
ake as axiomatic the principle that all health care benefits should
e evaluated equally, regardless of who benefits and, in particular,
egardless of ability to pay. They might interpret Eq. (6) as proof
hat the current use of QALYs is incompatible not only with wel-
arism but also with a preference-based extra-welfarist valuation

ethod.

. Welfarism, freedom of choice, and consequentialism
We now consider whether, as we have claimed, the analyti-
al framework developed in the previous section provides an

7 Vw = ∂V
∂w

.
8 For empirical evidence that people’s notion of acceptable health changes with

ge see Brouwer et al. (2005)
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xtra-welfarist basis for the allocation of health care resources and,
ubject to appropriate constraints, for the use of QALYs in the eval-
ation of health outcomes.

The analysis developed in the previous section shows that,
nder fairly weak conditions, any ranking of capabilities by a
ecision-maker may  be represented by a state-contingent utility
unction defined over the elements of the capability set. Further,
iven any set of feasible resource allocations, the optimal choice
ay  be derived as the maximum of a function V(q, w) where q is a
ALY value and w is wealth.

Before discussing the difference between welfarism and extra-
elfarism, it is useful to consider conditions under which the utility

unction Us in Eq. (3) is state-independent. The following condition
nsures this

Condition (Stability) for all x, y ∈ C,  either x � x ∪ y or y � x ∪ y.
Stability together with monotonicity and irrelevance implies

hat each capability set is equivalent to its most preferred element.
n other words, we have the following result.

esult 3. Under monotonicity, irrelevance, and stability, the
rdering � over C can be represented by

(x) = max{u(f ) : f ∈ x}

hat is, given the set x, the individual can do no better than choose
he most preferred element f*(x) and this is achievable with the
ingle-element choice set {f*(x)}. It is clear from this observation
hat Result 3 excludes any relevance of freedom of choice.

.1. Welfarism and extra-welfarism

The term ‘welfarist’ along with alternatives such as ‘non-
elfarist’ and ‘extra-welfarist’ has been the subject of vigorous
ebate. As is common in such cases, there is no generally accepted
efinition of this term. We  will define ‘welfarism’ to mean the eval-
ation of policies in terms of a preference-based evaluation of the
unctionings they produce (or, in the case of uncertainty, of the
robability distribution over functionings). Under this definition
elfarism focuses on the maximization of individual satisfaction

nd is characterized by Result 3. Freedom of choice is irrelevant.
he key objection from the liberal approach against welfarism is
hat it fails to distinguish obtaining what one wants from being
atisfied. People may  value freedom of choice for the reasons out-
ined below even though they may  end up with an outcome from

hich they derive the same hedonic experience.
As shown by Result 3, the approach developed here includes

elfarism as a special case. The model as presented here allows
or both objective (or paternalist) versions of welfarism in which
he ranking of functionings is determined by an objective criterion,
uch as a QALY model with weights, derived from evidence on the
ctual quality of life under particular conditions, and subjective (or
reference-based) versions in which QALY weights are determined
y individual preferences.

.2. Freedom of choice

The main difference between Eq. (3) and Result 3 is that peo-
le may  strictly prefer larger capability sets or, in other words,
hey may  prefer freedom of choice. The literature on the value
f freedom distinguishes two approaches to measure freedom: a
on-preference-based approach and a preference-based approach

Dowding and Van Hees, 2009). The first approach is closer to
xtra-welfarism and Sen’s argument that freedom of choice is
ntrinsically valuable irrespective people’s preferences. It origi-
ates from Pattanaik and Xu (1990) who  derived rules that imply



1 f Heal

t
t
(

t
a
f
a
t
a
p
d
l
c
A
t
a
d
c
f
b

a
a
(

T
f
h
w
r
m
b

b
m
i
a
(
i
u

b
s
i
p
d
p
o

p
p
a
b
m
b
k
i
w
S
d

o
w
c

a
c
u

6

h
t
a
a
t
r
c
t
a
v
w

w
t
A
o
u
l
p
c
b
u
b

c
o
e
a
i
c
a
t

7

b
w
c
v
i
t
t
c
c

e
K
c
o
m
t
w

34 H. Bleichrodt, J. Quiggin / Journal o

hat the value of freedom is determined by the size of the oppor-
unity set. This approach has encountered at least three difficulties
Dowding and Van Hees, 2009).

First, simple measures of size, such as the cardinality of
he choice set, take no account of the dissimilarity between
lternatives. Adding an alternative that is substantially different
rom those already available provides more freedom than adding
n alternative that is barely distinguishable from an alternative
hat is already available. Later attempts to take the diversity of the
lternatives in the opportunity set into account have only proved
artly successful. Second, it ignores the opportunity aspect of free-
om: the set of available alternatives may  be very large but this is of

ittle use if they are highly unattractive. Finally, it ignores the psy-
hological costs of choosing and the possibility of negative freedom.
dding alternatives may  lead to a decrease in freedom, because

hey preclude certain types of activities (Van Hees, 1998). Kuklys
nd Robeyns (2005) and Fleurbaey (2005) proposed to model free-
om of choice in the capability approach by including a variable that
aptures the intrinsic value of choice in the utility function over
unctionings. Their proposal also belongs to this non-preference-
ased approach of valuing freedom.

The second preference-based approach to value freedom takes
ccount of individual preferences over alternatives in the evalu-
tion of opportunity sets. This approach was adopted by Puppe
1996), see also Nehring and Puppe (1999) and Xu (2003).

There are several reasons why people value freedom of choice.
he first reason, suggested by Kreps (1979),  is uncertainty about
uture preferences. For instance, a 20-year old may  not be fully sure
ow important he will consider health to be, relative to income,
hen he is 50. To account for this preference uncertainty, larger and

icher capability sets can be preferred. Similarly, a social planner
ay  be unsure about the preferences of people in society on whose

ehalf he acts and may  therefore prefer larger capability sets.
A different source of uncertainty for the decision maker could

e the future availability of functionings. In this case the decision
aker knows his future preferences (or the preferences of people

n society), but he is unsure whether all functionings will still be
vailable when he has to choose among the available functionings
Barberà and Grodal, 2011). For example, if health is a function-
ng then some health states may  no longer be available due to
nexpected illness.

On the other hand, freedom of choice may  be valuable precisely
ecause preferences are potentially unstable and therefore not a
atisfactory basis for ranking outcomes. The literature on behav-
oral economics has uncovered many inconsistencies in people’s
references, and individuals may  act on different preferences at
ifferent times and in different situations. In the presence of such
reference instability, the flexibility offered by larger and richer
pportunity sets is valuable (Sugden, 2004).

A possible compromise between non-preference-based and
reference-based approaches arises if the decision maker gives
ositive weight to any preferences he considers ‘reasonable’ (Jones
nd Sugden, 1982; Sugden, 1998). Even if the decision maker
elieves that it is unlikely that he will act on some preferences he
ay  wish to include these preferences in his evaluation because he

elieves they are reasonable. For example, I may  be sure that to treat
idney failure I will prefer transplant to dialysis, but I believe that
n some case a preference for dialysis is reasonable and I, therefore,

ould not want to exclude such preferences from consideration.
imilarly, a policy maker may  wish to base his resource allocation
ecisions on all preferences that he considers reasonable.
This discussion shows that, while our approach places weight
n preferences, it is more flexible than traditional welfarism. Under
elfarism adding an outcome that will never be chosen cannot

arry value. Under our framework it can. In our model preferences

d
t
y
h
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re defined over capability sets and a decision maker can prefer
apability set x over capability set y even though the object that he
ltimately chooses belongs to both capability sets.

.3. Consequentialism

Finally, it may  be useful to consider whether the model proposed
ere is consistent with consequentialism, which we  will define as
he principle that a policy should be evaluated according to its
ctual or (in the case of uncertainty) expected outcome. Clearly,
n evaluation rule based on achieved functionings is consequen-
ialist. We  claim, consistently with Sen (1979),  that an evaluation
ule based on the capabilities generated by a given policy is also
onsistent with consequentialism. At least in the health context,
he typical components of a capability (mobility, life expectancy,
bsence of pain) are the direct consequences of medical inter-
entions, while the realized functionings (walking to the shops,
orking in a given occupation) are indirect consequences.

By contrast, a good deal of health policy debate is concerned
ith non-consequentialist principles. For example, the most con-

entious component of the US health reforms introduced under the
ffordable Care Act is the ‘individual mandate’, requiring every-
ne to purchase health insurance. There is widespread, though not
niversal, agreement that, by overcoming adverse selection prob-

ems, the mandate reduces social costs and (with appropriate side
ayments) yields at least a potential Pareto-improvement. Most
riticism of the mandate takes no account of these consequences
ut is based on the claim that a mandate to purchase a partic-
lar product is unconstitutional, a violation of human rights or
oth.

The distinction between consequentialist and non-
onsequentialist principles is not sharp. A consequentialist
pponent of the mandate might argue that the loss of liberty it
ntails is itself a consequence, even if the cost savings it generates
re enough to expand the individual’s budget set. Nevertheless,
t seems useful to draw the distinction in such a way  that both
apability-based and functioning-based policy evaluation rules
re classified as consequentialist, while rights-based approaches
o policy debates are not.

. Concluding comments

The idea that public policy should aim at expanding the capa-
ilities available to people rather than at specific improvements in
elfare has considerable appeal. However, except in very limited

ontexts, it has not been developed in an operational form. Con-
ersely, while the use of the QALY measure to evaluate health
nterventions is well-developed in an operational sense, attempts
o provide a welfare-theoretic basis for QALY measures and hence
o establish consistency between cost-effectiveness analysis and
ost-benefit analysis, have proved unsatisfactory, except in special
ases.

In this paper, we  have shown that, using concepts from the lit-
rature on choice and flexibility, and in particular the model of
reps (1979), it is possible to develop a formal representation of
apabilities. Further, this representation allows for an evaluation
f health interventions in which QALYs may  be interpreted as local
easures of changes in capabilities. To derive a full representa-

ion, implying that QALYs can be used for individuals with different
ealth and health positions would require similarly stringent con-

itions as those used by Bleichrodt and Quiggin (1999) to establish
he link between cost-effectiveness analysis and cost-benefit anal-
sis. Hence, one message that emerges from this paper is that it is
ard to justify the general use of QALYs even within a capabilities
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ramework. That said, it should be kept in mind that our opera-
ionalization of the capabilities framework rested on some specific
ssumptions, e.g. on the role of preferences in valuing capability
ets and the freedom of choice. We  believe that these assumptions
re reasonable but other proposals have been made. However, it
s as yet unclear how these other proposals can be operational-
zed and thus whether a justification for the use of QALYs can be
rovided under them.

There is considerable scope for expansion of the work presented
ere. Most importantly, the analysis presented here applies to the
ase of a single individual who may  be considered as represen-
ative of a class of potential patients with similar initial health
tatus and financial wealth. Extension of the analysis to the case of

 heterogeneous population represents a considerable challenge.
or example, a difference in initial endowments would mean that
riority should be given to the least advantaged if society aims
o provide people with equal capability sets (Sen, 1992, p. 12).
llowing for individual differences in “producing” functionings

rom health and wealth could lead to priority being given to those
ith the least capacity to benefit from health care. Such a priority
ould not only be inconsistent with QALY maximization, but also
ith the aim of equalizing the distribution of health care resources

cross individuals with similar health conditions, which under-
ies the extensive literature on the measurement of inequalities
n health.

Another direction for extension would be to relax the assump-
ion that a greater range of choice is always desirable. The obvious
ounter-example is that of addictive or unhealthy behaviors, where
atients may  seek interventions that reduce the effective avail-
bility of these behaviors. This point is related to the literature on
elf-control (Gul and Pesendorfer, 2001) and raises questions about
aternalism and limits to freedom.

This research is in its early stages. Nevertheless, we believe an
nalysis based on capabilities may  help to better understand the
rinciples on which health care resources should be allocated and,

n particular, on the strengths and limitations of the QALY approach,
han do the standard frameworks of cost-effectiveness analysis and
ost-benefit analysis.
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ppendix A. Proofs of Results

.1. Preliminaries

The first and the second-stage are linked by the relation

 (q, w) = {f ∈ F : f is feasible given (q, w)}.

We start by analyzing the second-stage solution. To derive this
e have to introduce some additional assumptions of a technical
ature. First, we assume that a topology exists on the capability set
. The ordering � is continuous with respect to this topology. That
s, for any capability set y ∈ C the sets {x: x � y} and {x: y � x} are
oth open in the topology on C.
The capability set C is compact and convex. The convex combina-
ion ˛x + (1 − ˛)y,  ̨ ∈ [0,1] of two capability sets x, y ∈ C is defined
s: for all f ∈ x, g ∈ y, ˛f + (1 − ˛)g belongs to ˛x + (1 − ˛)y. That is,
he linear combination ˛f + (1 − ˛)g is feasible. We  further assume

s
v
F
n
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hat if (q′,w′) < (q,w) then X  (q′, w′) ⊂ X  (q, w). That is, the capa-
ility set expands when health and wealth increase. Finally, we
ssume that X  is an upper semi-continuous correspondence. That
s, at all (q,w) if lim

n→∞
(qn, wn) = (q, w), f n ∈ X  (qn, wn), lim

n→∞
f n = f

mplies that f ∈ X  (q, w). In words, if (qn,wn) is a sequence that
onverges to (q,w) and f n ∈ X  (qn, wn) is a sequence of feasible func-
ionings that converges to f then f is also feasible given health and
ealth (q,w). We  can now state the proof of our first result, which

ays that the second-stage solution exists.

roof of Result 1. X is a correspondence from the set of (q,w) into
he set of functionings. X is  upper semi-continuous. The set F is
ompact by Tychonoff’s theorem (Dugundji, 1966, p. 224). Conti-
uity implies that the Us are continuous. It follows by the upper
emi-continuous maximum theorem (Berge, 1963, p. 116) that the
unction g(q, w) = max

f ∈ x
{Us(f (q, w)) is well-defined and is continu-

us from above over the set of (q,w). �

For the Proof of Result 2 we further assume that C is separable,
.e. it contains a countable order dense subset.

roof of Result 2. Because we  assume convexity of C,  we can
o longer use Eq. (3), because convexity implies that C is infinite.

nstead we use Theorem 4 in Kreps (1979) which shows that �
an be represented by a function V(u1, . . .,  uS), which is strictly
ncreasing in each of the us and us = sup

f ∈ x
Us(f ). Because F is com-

act, us = sup
f ∈ x

Us(f ) is well-defined. By Tychonoff’s theorem, F S is

ompact and the maximization of V is well-defined by the upper
emi-continuous maximum theorem. Strict increasingness of V in
q,w) follows from increasingness of the capability set. Continuity
f V follows from continuity. �

roof of Result 3. We  can define a subspace topology on F
erived from the topology on C.  The subspace topology is compact
nd separable. Define a preference relation �* over functionings
rom the preference relation over capability sets as: for all func-
ionings f, g ∈ F,  f �* g iff f � f ∪ g. It is easily verified that this
reference relation over functionings is complete. For transitivity,
uppose that f �* g and g �* h. Then f � f ∪ g and g � g ∪ h. By irrele-
ance f ∪ g � f ∪ g ∪ h. By monotonicity f ∪ g ∪ h � f ∪ h. Thus, we have

 � f ∪ g � f ∪ g ∪ h � f ∪ h. By transitivity of � we obtain f � f ∪ h and
hus f �* h.

It is obvious that f � g iff f �* g. Hence, �* is continuous with
espect to the subspace topology on F and we can define a contin-
ous utility function U over the set of functionings F.

Because �* is continuous and F is compact, there is a maximal
lement in F.  Similarly any subset of elements of F has a maximal
lement. It follows that each capability set x has a maximal ele-
ent. Let the maximal element of x ∈ C be f*. Hence, for all f ∈ C,

* �* f. It follows from repeated application of irrelevance that f* �
∪

 ∈ x
f = x. By monotonicity, x � f*. Hence, x ∼ f* and V(x) = U(f*). Result

 follows. �

ppendix B. Extension to more general health spaces

In the analysis of the main paper, we assumed that health was a
ubset of R

n. This assumption may  be too restrictive, because health
tates do not correspond directly to subsets of the real numbers. In
his appendix we  show that Eqs. (6) and (7) can also be derived in a

ore general framework. Let the set of health states be any linear

pace with a norm ||·|| defined on it. We  assume that the capability
aluation function V is Fréchet differentiable as in Machina (1982).
réchet differentiability is the natural notion of differentiability on
ormed spaces. A real-valued function V on an open subset A of
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 normed linear space Z is said to be Fréchet differentiable at z ∈ A
f there exists a continuous linear functional Tz on Z where, given

 > 0, there exists a ı(ε,z) > 0 such that |V(z + k) − V(z) − Tz(k)| < ε‖k‖
or all k ∈ Z,  ‖k‖ < ı. Or, alternatively stated:

lim
→0

|V(z + k) − V(x) − Tz(k)|
‖k‖ = 0.

An equivalent way of stating this is by writing

(z + k) − V(z) = Tz(k) + o(‖k‖)

here o denotes a function which is zero at zero and of a higher
rder than its argument. By the Hahn–Banach theorem we  can
xtend Tz to Z.  The subscript z in Tz serves as a reminder that T
ill generally be different at different z.

Hence, it follows that

dV

dzi
= dTz

dzi
+ do‖dzi‖

dzi
.

Because the derivative of the higher order term o is zero at zero
t follows that

dV

dzi
= dTz

dzi
= ∇dzi.

ence, the change in V due to a change in each of the xi can be
ritten as a linear function of these changes:

V =
n∑

i=1

ˇi dxi,

nd locally we obtain a QALY-type representation.
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