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Abstract—The paper re-examines the issue of the appropriate unit for measuring output in cost utility
analysis and the technique that will measure jt. There are two main themes. The first is that utility, as
itis often conceived and quantified, is not an appropriate basis for measurement. Consequently, a question
arises concerning the selection of an appropriate unit of measurement. The second theme is that there is
a need to establish criteria for the evaluation of measurement units. Four criteria are proposed which
follow from commonly accepted social objectives and from the requirements of a measurement unit. It
is concluded that, as judged by these criteria, the measurement units produced by the time trade-off and
person trade-off (equivalence) techniques are more satisfactory than the units produced by the rating scale,

magnitude estimation or the standard gamble.
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1. INTRODUCTION

Much of the appeal of cost utility analysis (CUA)
must be attributed to the fact that its unit of output
is the quality adjusted life year—the QALY. As
most would agree that the quality of life—QoL—
should be a consideration in decisions about the
allocation of resources; its inclusion in economic
analysis appears to represent a significant methodo-
logical advance. However, while the name ‘QALY’
was a successful device for promoting CUA it ob-
scures the fact that the term ‘quality’ has a variety of
meanings* and that the measurement units produced
by different scaling techniques} may be measuring
different concepts of quality or a concept that is an
inappropriate basis for the allocation of resources.
The most common approach to this problem has
been to define ‘quality’ as ‘utility’. Several authors

*Mosteller notes that “we know now that several different
measures fly under the banner of quality of life—perhaps
three to seven different kinds of measures.... The
needed advance is to put them in some agreed pattern,
to clump them, to name the clumps, and then to tell what
cach is especially good for and not to fight with one
another about what is really a quality of life measure”
[1, p. 282].

tThroughout the paper the term ‘scaling’ is used to describe
the technique by which a health state description is
converted into a numerical value or score. The five
examples discussed are the standard gamble, time trade
off, rating scale, magnitude estimation, and person
trade-off (equivalence technique). They are described in
the Appendix. The term ‘measurement unit’ is used to
describe the outcome of the application of the technique.
For example, QALY refer to the product of life years
and an index of ‘utility’ produced by a scaling technique.
Healthy year equivalents are produced with the standard
gamble in combination with a multi-year health state
:scenario.

have noted [2,3] that the QALY is not a pure
measure of utility but a number of life years weighted
by an index of utility. This differs from a pure
measure of utility since the index assigns the same
numerical value for each individual’s healthy year,
irrespective of variation in the utility of full health
between individuals. The unit of output is therefore
the ‘utility adjusted life year’, which may nor may not
be as intuitively appealing as the ‘quality adjusted life
year’. A more important issue than nomenclature is
whether or not the various techniques employed in
CUA succeed in measuring any of the concepts of
utility described in the literature and, more funda-
mentally, whether these concepts of utility are an
appropriate basis for decisions about the allocation
of resources. It is surprising that the latter issue has
not received some attention. Elsewhere in the econ-
omics literature there has been a vigorous debate
about the nature and meaning of ‘utility’ and this
would suggest that a consideration of its use in CUA
is desirable [4-8].

In selecting a scaling technique that is an appropri-
ate basis for resource allocation, a common ap-
proach, particularly amongst economists, is to equate
‘utility’ with the utility described by the von Neu-
mann and Morgenstern axioms (‘N-M utility’) [9].
This leads to the conclusion that the standard gamble
(SG), is the appropriate gold standard for measure-
ment as it is the technique that purports to measure
this concept of utility. A weaker version of this
argument recognises that the assumptions underlying
the measurement of N-M utility are not strongly
supported by empirical evidence but still concludes
that the SG comes closest to the measurement of
utility; imperfect theoretical support is claimed to
be better than ad hoc measurement and the
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standard gamble, like a medical procedure, is carried
out under risk.

In Section 2 of the paper it is first argued that
different authors are often referring to different con-
cepts when they refer to ‘utility’. Basing a unit of
output upon ‘utility’ is therefore ambiguous unless
the particular concept is specified. Second, while it is
well known that the axioms from which N-M utility
is derived are empirically flawed, it is argued that the
theoretical basis for N-M utility is also defective.
Consequently, the SG should not be regarded as a
gold standard for measurement but as one of several
scaling techniques to be evaluated on an equal basis
with other techniques.

In view of this discussion it is argued in Section 3
that the analysis of alternative measurement units
and scaling techniques should not commence with the
assumption that QALY should be based upon “util-
ity’, somehow defined. Rather, it is argued that
possible measurement units should be evaluated
using explicit criteria. Four are suggested that are
necessary to ensure that a measurement unit satisfies
the purported objective of a QALY, namely, the
combination of the quantity and quality of life into
a single unit appropriate for use in CUA. Finaily,
these criteria are applied to the measurement units
(QALYs) produced by five of the most commonly
used scaling techniques. The conclusion reached is
that there are strong grounds for accepting the time
trade-off or the person trade-off (equivalence tech-
nique) as the preferred method for scaling health
states when the objective is to determine the allo-
cation of scarce resources.

2. CONCEPTS OF UTILITY
Positive analysis

The question of what should be measured in the
economic evaluation of health programs may appear
to have a self-evident answer, namely ‘utility’. How-
ever, the use and meaning of this concept have varied
over time, and it is generally used differently by
psychologists and economists. There is not even
agreement on its meaning amongst economists. For
example Allais notes that at the 1982 Oslo Confer-
ence on Utility and Risk “by far the most heatedly
debated issues were those on the concept of utility”
[4,p.8]. The debate, recorded in the proceedings,
revealed very significant differences in the way in
which it is conceptualised by economists [8].

The use of the term ‘utility’ has been the subject of
several reviews [10, 7]. These reveal that historically
there have been at least four distinct concepts, In-
itially, the term referred to a psychological concept of
welfare or well-being. The concept was derived di-
rectly from Bentham’s [11] belief that nature has
placed us under two masters, pleasure and pain and
that, while the intensity of these sensations might
vary, the nature of the resulting ‘utility” is essentially
the same irrespective of its source. This view was

adopted with little modification by economists. Viner
[12], for example, claims that “the utility theory of
value is primarily an attempt to explain price determi-
nation in psychological terms” while Strotz [7, p. 84]
viewed utility as “a psychological entity measurable
in its own right” (in [7, p. 130]). This remained the
predominant view of European economists in the
second half of the nineteenth century including
Jevens, Menger, Walrus and Marshall [7]. Outside the
economics profession ‘utility’ is often used in this
original sense of a psychological and measurable
quantity. For example, in a recent review of the
measurement of health state preferences Froberg and
Kane [13] commence with the statement that “in this
paper, preferences or utilities refer to levels of subjec-
tive satisfaction, distress, or desirability that people
associate with a particular health state. Other syn-
onyms for this level of subjective satisfaction are
quality of life, weight, or rating of the health state”
[13, p. 346]. As with other psychological concepts
these attributes cannot be directly observed but only
inferred. The concept itself is a construct and the
functional relationship between the construct and
external evidence must be embodied in psycho-physi-
cal theory [14].

The second concept of utility emerged from the
work of Edgeworth, Fisher, Pareto and Slutsky, and
more recently Hicks and Allen [15]. These writers
argued that for the purposes of consumption theory
it is unnecessary to define utility in psychological
terms. Rather, a satisfactory theory could be estab-
lished on the basis of an ordinal ranking of prefer-
ences and the term ‘utility’ was used to indicate the
order of preferences or indifference between options.
While removing the psychological connotations, this
also reduced the value of the concept outside the
framework of positive consumption theory. Thus,
Graaff’ asserts that “to say that [a person’s] welfare
would be higher in A than in B is to say no more than
he would choose A rather than B if he were allowed
to make the choice” [16, p. 5, emphasis added). Refer-
ring to the same instrumentalist concept, Philips
recognises its more restrictive application when he
argues that “the utility function is a formal concept,
useful to the economist, not to the consumer . . . the
economist wants to create a tool useful for correct
description of observed behaviour . . . In the limit one
might say that the utility function exists because we
postulated it” [17, p. 26]. As utility is defined in terms
of revealed preferences, this use of the concept does
not require a behavioural theory to establish a func-
tional relationship between a psychological construct
and observed behaviour. Consequently, any con-
struct devised to measure the psychological concept
could result in a utility ranking that differed from one
based upon revealed preferences;

Third, and related to each of the first two concepts,
utility has been treated as an index of the strength of
choice, and as having cardinal properties. Thus Allais
argues that “some, including myself even believe that
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it [cardinal utility] can be defined independently of
any random choice by reference to the intensity of
preferences . .. Others deny it any existence or any
operational value. Still others hesitate to state a
categorical judgement; this is apparently the case of
K. Arrow who answered: ‘I am not sure—maybe it
exists’ to one of my questions” [4, p. 28]. The exist-
ence of a cardinal property indicates a significant
departure from the previous concept. Utility is no
longer simply an instrument to assist with the descrip-
tion and analysis of behaviour. Rather, the third
concept which is derived from preference utilitarian-
ism is related to a potentially measurable character-
istic of an individual: the intensity of preferences. In
his initial work on the subject in 1735 Bernoulli,
along with other nineteenth century economists, simi-
larly conceived of utility as having cardinal properties
and as being measurable. However, while the third
concept is related to a person’s psychological charac-
teristics it differs from the first, broader concept of
psychological well-being or quality of life as it relates
only to the intensity of preferences. Individuals could,
potentially, have a preference for an activity that
would reduce their quality of life as independently
conceived and measured.

Fourth, ‘von Neumann—Morgenstern (N-M) util-
ity’ is obtained from a standard gamble in which
individuals indicate the probability that leaves them
indifferent between the state to be evaluated and a
gamble in which the outcomes are two reference
states. (‘Full health’ and ‘death’ are often used in the
evaluation of health states.) By assuming the von
Neumann-Morgenstern, axioms to be correct it is
possible to derive a utility value from the probabilities
in the gamble.* It is not clear whether the axioms
were initially part of an attempt to quantify the
intensity of preferences under conditions of risk (and
the indications are that they were not—see below), or
if the N-M utility index was, as Baumol [18] asserts,
no more than an operational device for predicting a
person’s choice between lottery tickets.t But more
recently N-M utility appears to have been explained
only in terms of the process of its quantification and
not in terms of an underlying concept. Lane for
example, argues that “utilities are easy to interpret
because they are defined directly in terms of a specific
trade-off between the consequences and the
problematic choice between two reference conse-
quences” [19, p. 591]. The fact that it is not easy to
interpret N-M utility is illustrated by the fact that
Lane’s interpretation is defective. The trade-off re-

*N-M utility is the sub-set of what Allais refers to as
neo-Bernoullian utility in which the probabilities are
objective. ‘

TFisliburn also notes that von Neumann and Morgenstern

- distinguish the concept of utility from its numerical
value: When von Neumann and Morgenstern talk about
what we refer to today as their linear utility function they
almost always talk about rumerical utility or numerical
valuation (values) of utility [17, p. 137].

ferred to, and quantified by a probability, only
indicates N-M utility if the N-M axioms are assumed
to be true.

Joan Robinson [20] argues that the first two of
these concepts of utility have been confused. Baumol
[18] points out that the last two concepts have been
wrongly equated. It is likely that the great appeal of
N-M utility in the context of CUA is derived from
such a conflation of concepts. The intuitive attraction
to utility as a measure of QoL is probably derived
from the first, psychological, interpretation. Confi-
dence in its empirical relevance is probably derived
from the large literature that has usefully employed
utility functions as part of the framework for positive
analysis. This confidence and intuitive appeal prob-
ably explains the attraction of N-M utility in the
context of CUA and elsewhere,

Utility or value

The fact that the concept of utility has mutated
does not disqualify it from being a sensible maximand
in one form or other. It only indicates the need to
ensure that the concept is clearly understood and
correctly measured. The process for deriving N-M
utility via the standard gamble is clear but the
concept is not. A possible interpretation is that it
measures cardinal utility in the third sense discussed
above, but under conditions of risk; that is, it pro-
vides a cardinal index of the strength of choice under
risk. A distinction is often drawn between ‘value’,
which is the result of decision-making in a risk-free
environment, and ‘utility’, which is revealed under
conditions of risk. The claim is often made that the
N-M axioms describe decision making under risk and
that this is the relevant context for cost utility analy-
sis, as the outcomes of medical interventions are
always uncertain. To clarify the claim, consider the
following equation:

A=p J(X)+(1=p). J(Y,) (N

In equation (1), p and (1 — p) are the probabilities
of two outcomes Y, and Y,, which are assessed as
being worth J(Y,) and J(Y,) respectively. The final
quantitative assessment of this prospect according to
the rule incorporated in the equation is A, the
expected value. The procedure embodies an assess-
ment under risk. If J is a concave function then
4 <J(pY, + (1 —p)Y;)—with a diminishing mar-
ginal valuation of Y, the outcome under risk will be
less favourable than a riskless, actuarially equivalent,
prospect. However, the specific claim of those who
wish to distinguish ‘utility’ from ‘value’ is that, in
addition to the effect that is captured by the concavity
of the function J, the magnitude J(Y) must also be
assessed under conditions of risk. It would not be
sufficient to measure Y, and Y, under conditions of
certainty and to incorporate risk solely through the
use of the formula. For example, in the case of an
evaluation of a medical intervention for which there
was a 10% chance of death and a 90% chance of life
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in a health state, S, it would not be correct to evaluate
S under certainty (using, for example, the time trade-
off technique) and then to weight its value by 0.9 to
obtain quality adjusted life years. Rather, it is claimed
that S should be evaluated under risk, using the
standard gambile.

The reason for the assessment of ¥ under risk is
that there is a ‘specific utility of gambling’ or a
‘specific utility of risk’ arising from risk per se as
distinct from the utility obtained in any riskless state
or combination of riskless states. In Pope’s terminol-
ogy [21, 22}, there is a “pre outcome period” before
the result of the gamble or risk is known or experi-
enced. During this period there may be a variety of
emotional factors operating that are relevant to util-
ity and directly attributable to the uncertainty of the
outcome. These may include like or dislike of excite-
ment and danger, the anticipation of regret or elation,
tension, curiosity, wonder, hope, fear or worry. The
relevant issue here is whether or not the N-M axioms
allow for this specific utility of risk. In the CUA
literature and elsewhere it has been explicitly argued
that the axioms take full account of an individual’s
risk behaviour [23, 24]. If they do not, then serious
doubt arises about the use of the N-M standard
gamble as the gold standard of measurement in cost
utility analysis.

Von Neumann and Morgenstern did not believe
that their axioms accounted for the specific utility of
risk. This is explicit in the introduction to their 1944
analysis of game theory:

The conceptual and practical difficulties of the notion of
utility and particularly of the attempts to describe it as a
number, are well known and their treatment is not among
the primary objectives of this work .. . Let it be said at once
that the standpoint of the present book on this very
important and very interesting question will be mainly
opportunistic. We wish to concentrate on one problem—
which is not that of the measurement of utilities and of

preferences—and we shall therefore attempt to simplify all
other characteristics as far as reasonably possible [9, p. 28).

Because of the ensuing misunderstanding of their
intentions Morgenstern was forced to reiterate the
point. In a posthumously published article he wrote:

I want to make it absolutely clear that I believe—as von
Neumann did—that there may be a pleasure of gambling,
of taking chances, a love of assuming risks, etc. But what
we did say and what I do feel I have to repeat even today
after so many efforts have been made by so many learned
men, is that the matter is still very elusive. 1 know of no
axiomatic system worth its name that specifically incorpor-

*In support of the historical interpretation given here,
Harsanyi [27], was quoted earlier as believing that N-M
utility incorporates the specific utility of risk (which he
terms ‘process utilities”), Harsanyi argues that “even
though risk taking behaviour in the real world in many
cases will involve both types of utilities, it is clear from
von Neumann and Morgenstern’s own words . .. that
their theory is meant to abstract from all process utilities
(which they call the ‘specific utility of gambling’) and is
meant to apply only to situations where these process
utilities are unimportant” [27, p. 307]. ‘

ates a specific pleasure or utility of gambling together with
a general theory of utility...I am not saying that it is
impossible to achieve it in a scientifically rigorous manner,
1 am only saying (as we did in 1944) that this is a very deep
matter [25, p. 181].

The von Neumann—-Morgenstern view of their own
theory has not been universally accepted. Harsanyi
for example argues;

Fundamentally, the answer is that the decision maker’s
‘gambling temperament’ has already been allowed for in
defining his von Neumann-Morgenstern (vN-M) utility
function. Therefore, if the utilities of the various possible
outcomes are measured in (vN-M utility) units, then the
expected utility of a lottery ticket will already fully reflect the

decision maker’s positive or negative (or neutral) attitude
towards risk [26, p. 155].

Similarly, in the health economics literature Gafni
argues that “the concept of risk attitude. . . the con-
cept of time preference . . . [and] the concept of quan-
tity effect...are all accounted for in individuals”
answers to lottery questions in health...[24, p. 4].
Harsanyi and others have subsequently changed
their view. Pope describes the sequence of events as
follows: :
Prior to the late 1940s all contributors to mainstream
decision literature recognised that the expected utility pro-
cedure omits risk taking considerations arising directly from
not knowing the outcome. Consequently, there were many
efforts to generalise the procedures so as to remedy the
defect. But, a mistaken view that the expected utility pro-
cedure includes all risk taking considerations took hold.
This view even came to be known as the classical interpret-
ation of the expected utility procedure. It appeared in
numerous publications up into the early 1980s, and led to
confusing changes in terminology. By the mid 1980s, proofs
of the erroneous nature of this view had gained wide
currency, and the mistaken interpretation of the expected

utility procedure is now comparatively rarely encountered
[22, pp. 197-198].*

There are good reasons for a return to the pre-1940
position. In equation (1) earlier the value of the
prospect, A, is the result of the independent evalu-
ation of two outcomes and then their combination.
That is, there are three distinct steps, viz: (1) the
evaluation of Y,; (2) the evaluation of Y,; and (3) the
combination of J(Y|) and J(Y,) to obtain their
expected value. If steps 1 and 2 are carried out using
the standard gamble and if the procedure allows for
a specific utility of risk, then J(¥,) and J(Y,) will
differ from an evaluation of Y, and Y, carried out
under certainty. If the evaluation under certainty
produced values V(Y|) and V(Y,) respectively, then

J(Y))=V(Y\)+g
J(V)=V(Y;)+g, .

where g, and g, are interpreted as the differences
attributable to a specific utility of risk. Under cer-
tainty the evaluation of Y, in step 1 has to be
independent of ¥, or any other possible value of Y
(since by definition Y, is not a possible outcome).
Consequently, g, cannot be a function of Y, and,
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conversely, g, cannot be a function of Y,. This is
inconsistent with the notion of a specific utility of risk
which arises from Y, not being the only possible
outcome for Y. Consider the uncertain prospect which
includes both Y, and Y, as possible outcomes. The
evaluation of the prospect will include a specific utility
of risk which arises from the knowledge that both Y,
and Y, are possible outcomes: there could be no regret
or elation, hope or fear associated with outcome ¥, if
there had been no alternative outcome. Further, the
intensity of the regret or elation would, in general, be
different if the prospect consisted of a third outcome
Y; and not Y,. This may be seen by allowing Y, to
differ from Y, by an arbitrarily small amount. As this
amount approaches zero the basis for elation or regret
is eliminated. This dependence of the specific utility of
risk on the difference between Y, and Y, cannot be
taken into account in either g, or g, nor their combi-
nation. Likewise, the emotions giving rise to a specific
utility of risk such as hope and fear arise because there
are different possible outcomes and this excludes the
possibility that these reactions can be taken into
account in J(Y,) and J(Y,).

The combination rule embodied in equation (1)
cannot combine g, and g, in a way that allows for an
additional specific utility of risk above and beyond
what is embodied in the evaluation of ¥, and ¥, and
the assumption that it can do so results in a contradic-
tory outcome. This occurs if ¥, = Y, = ¥,. It follows
that in equation (1), 4 = J(¥,). Risk is eliminated and
the function J represents decision making under cer-
tainty. Hence g, =g, =g =0. Since g, and g, are
independent of Y, and Y, respectively, this must be a
general result. In all other cases where Y,#Y,,
equation (1) is claimed to represent decision making
under risk. However, the one rule cannot simul-
taneously represent behaviour under risk and under
certainty. This is equivalent to the conclusion that the
combination rule does not permit the existence of a
specific utility of risk that describes risk behaviour
generally.

The conclusion drawn by Allais [4] from a more
generalised proof is that N-M utility measured under
uncertainty is the same as cardinal utility measured
under certainty (the third concept in Section 2). The
chief idea behind his proof was also put forward by
Pope in 1983 [21]. More recently, Bouyssou and
Vansnick [28] have demonstrated that the N-M utility
function is not only identical to cardinal utility under
certainty (‘classical utility’) but that every N-M func-

*For example Machina {30] has attempted to avoid the use
of the independence axiom, which has been a target for
particular empirical criticism. The theory does not
provide a convincing basis for a'return to the expected
utility hypothesis. Allais [5] and Pope {31] have argued
‘that Machina’s argument has been widely misunder-
stood, that it contains mathematical errors and that with
any truly testable interpretation of his well defined and
testable maxim, this collapses to ‘the conventional
expected utility hypothesis.

tion and every classical utility function must be a
linear transform of every other (i.e. they differ by a
scaling factor only). The authors note that this
amounts to negating any specific element due to the
introduction of risk in a choice situation and to
reducing the concept of risk aversion to no more
than the idea of decreasing’ marginal utility
28, pp- 109-110]. :

The conclusion is significant. It implies that the
standard gamble should not be given special status. At
best it may measure cardinal utility under certainty.
At worst itintroduces an additional, random element
(g, and g; in the example) whose relationship to the
specific utility of the risk associated with a medical
procedure is unknown.

It is perhaps unsurprising that it has been hard to
model the specific (positive or negative) utility of
risk—or the (dis)pleasure of gambling, the
(dis)pleasure of taking a risk, the direct dependence of
utility on risk, the utility of the mere act of taking a
chance or the specific utility of gambling as it has been
variously called). Empirical evidence suggests that the
emotions that contribute to the specific (dis)utility of
risk are varied and complex and that their importance
is dependent upon the context of the risk. For
example, in her review of the subject, Pope reports
that people are more prepared to take risks when the
choice is voluntary, when avoiding the bad outcome
depends partly on their own skills and control of the
situation, when the bad outcome affects a less vulner-
able subgroup of the household or nation, and when
the general social atmosphere applauds risk taking
{22, p. 15). Further, the process of decision making
does not always conform even approximately to N-M
behaviour with some random variation attributable to
an add-on utility, of risk. Rather, heuristics are often
adopted that are specific to particular contexts.

The more general reviews of the expected utility
(EU) literature and the N~M axioms reveal that they
are empirically flawed to such an extent that they
cannot be assumed in-any given context unless inde-
pendently shown to be valid. Schoemaker, for
example, concludes that:

EU theory fails on at least three counts. First, people do not
structure problems as holistically and comprehensively as
EU theory suggests. Second, they do not process infor-
mation, especially probabilities, according to the EU rule.
Finally, EU theory as an ‘as if’ model, poorly predicts
choice behaviour in laboratory situations, Hence it is doubt-
ful that the EU theory should, or could serve as a general
descriptive model {29, p. 552].

Froberg and Kane similarly note that at the individual
level, expected utility maximisation is more the excep-
tion than the rule, at least for the types of decision
tasks examined [13, p. 464]. '

One response to this evidence has been an attempt
to reformulate the axioms in a way that avoids criti-
cism. To date, this has not been achieved satis-
factorily.* Fishburn concludes his review of these
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developments with the belief that “the next two
decades or so will see numerous refinements, appli-
cations and experimental analysis of the types of
representations described here” [6, p. 280]. The con-
clusion is driven by the inadequacies of the present
axioms and their inability to systematically represent
the utility of gambling. Another response has been to
argue that the axioms proposed to date are imperfect
but that they are the best available. The argument is
unpersuasive. There is no methodological imperative
for the adoption of an axomatic approach to the
analysis of behaviour and very compelling reasons for
its rejection in an applied context if a satisfactory,
empirically robust set of axioms cannot be found.
False assumptions result in highly unreliable con-
clusions.

The normative argument

The alternative interpretation of N-M utility
offered by Torrance and Feeny [32] amongst others,
is that its purpose is normative—that it indicates
what individuals should do even if the outcome does
not correspond with their own choice. They argue
that:

The von Neumann-Morgenstern utility theory is a norma-
tive model for individual decision making under uncertainty
[32, p. 562].... The theory and the methods of measure-
ment were developed as a normative (prescriptive) model for
individual decision-making under uncertainty. The model is
general; it applies to decision-making in all fields, including
health [32, p. 560].

The historical interpretation of von Neumann—
Morgenstern is open to serious doubt.* Despite this,
the interpretation of the axioms as having normative
significance has had considerable appeal. Marschak
[34] argued that the axioms defined rational be-
haviour and that their repeated application would
ensure that “the probability that the achieved utility
differs from the maximum achievable utility by an
arbitrarily small number approaches unity
[34, p. 139]. Ramsey [35] went further and argued that
violation of the axioms to take account of the specific
utility of risk signified inconsistent behaviour that
would result in the decision-maker’s failure to survive
in a competitive environment.

The usefulness of this normative interpretation is
questionable. The axioms result in the expected value

*Savage for example, writes that “one idea now held by me
that 1 think that Von Neumann and Morgenstern do
not explicitly support and that so far as I know they
might not wish to have attributed to them is the norma-
tive interpretation of the theory [of expected utility]”
i33, p. 97]. This is consistent with von Neumann—
Mgrgenstem’s own introductory comments on the re-
quirements for rationality: “It may safely be stated that
there exists, at present, no satisfactory treatment of the
qu_estion of rational behaviour. There may, for example,
exist several ways by which to reach the optimal position
but...[an analysis of this] is an exceedingly difficult
task, and we may safely say that it has not been

?;comgllished in the extensive literature about the topic”
, p. 9] ‘ !

of utility being accepted as the maximand for
decisions under risk. But as both J. M. Keynes and
Allais have noted, the outcome of a risky prospect is
not its expectation (in [22]). If an outcome is suffi-
ciently unpleasant it is not irrational to adopt a rule
that avoids the outcome or, perhaps, to adopt a rule
that maximises the value of the worst possible out-
come. There is nothing specifically rational about
adopting the probabilities of outcomes as weights in
a one-off decision. Marschak’s appeal to repeated
outcomes is irrelevant in such cases and somewhat
odd in view of the fact that Bernoulli initially intro-
duced the expected utility hypothesis specifically to
explain one-off choices, where expected values were
not a possible outcome.

A more important defect in the normative argu-
ment is that, as noted earlier, the N-M axioms do not
take account of the specific utility of risk and of the
associated emotions. If these are relevant to welfare
and can be taken into account in a decision rule, it
is rational to do so. Thus, for example, Baumol
argues “it is not the purpose of the Neumann Mor-
genstern Utility Index to set up any sort of measure
of introspective pleasure intensity”, and Arrow notes
that “the utilities assigned are not in any sense to be
interpreted as some intrinsic amount of good in the
outcome” (in [7, p. 134]). It is not unreasonable for a
rational individual to seek to maximise the good in
the outcome, or the introspective pleasure intensity.
Harsanyi finally accepts this when he argues that “it
is only in such situations [where the specific utility of
gambling is unimportant] that the N-M axioms
represent acceptable rationality requirements. In par-
ticular, whenever process utilities [the specific utility
of gambling] are important, the compound lottery
axiom and their independence axioms lose their
plausibility” {27, p. 307}.

Finally, and perhaps most fundamentally, if N-M
utility can be defined and understood only in terms
of its axioms then the normative justification for their
use involves a logical tautology. The usual argument
is that behaviour consistent with the axioms should
be adopted because this is the behaviour that maxi-
mises utility. But maximising utility means nothing
more than adopting behaviour that is consistent with
the axioms.

The conclusion of this section is that N-M utility
cannot be accepted as the basis for the measurement
of output in CUA because of its status in established
economic theory. In both its positive and normative
forms the theoretical arguments for using N-M util-
ity as a gold standard are subject to serious defects.

3. CRITERIA FOR EVALUATING THE UNIT OF OUTPUT

There has been little discussion in the literature
about alternative gold standards or criteria for select-
ing a QoL scaling technique that is appropriate for
economic evaluation. In the psychometrics tradition,
emphasis is almost exclusively upon the process of
validation with the implicit or explicit assumption
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that criterion validity cannot be achieved. It is not
surprising that within this tradition there appears to
have been little, if any, consideration of the character-
istics that would make a measurement unit appropri-
ate for the specific requirements of an economic
analysis. Economists have been largely distracted by
the debate over N-M utility. Even where this has not
occurred analysis invariably assumes that the unit of
output in CUA should be ‘utility’ or be based upon
‘utility” [3]. It is suggested below that an alternative
analytical approach should be adopted which avoids
the ambiguities associated with the definition of
utility.

These ambiguities are not confined to CUA. In his
summation of the 1983 Oslo Conference on Utility
and Risk Theory, Allais observes that ‘most of the
conflicts seemed to have arisen from the use of the
same words to designate entirely different concepts—
words such as ‘probability’, ‘random wvariables’,
‘chance’, ‘utility’, ‘rationality’ [4, p. 6]. Allais cites the
following passage from Claude Bernard to express his
concern,

In creating a word to define a phenomenon, the idea it
expresses is generally specified at that time together with its
exact meaning. However, with the passage of time and the
progress of science, the meaning of the word changes for
some but keeps its initial significance for others. As a result
there is often such a discordance that persons employing the
same word mean very different ideas...if we focus on
words rather than phenomena we stray quickly from reality

@, p. 5]

Both authors are echoing the Popperian argument
about the inverted role of definition or what Popper
describes as ‘the essentialist method of definition’. In
this, some word, X “is presumed to define some
inherent essence or nature of a thing” [36, p. 20],
which is presumed to be fundamental to the under-
standing of an issue. Debate focuses upon the ques-
tion of ‘what X really is or should be’ or ‘what are
the properties of X?’. As noted by Bernard, ambiguity
arises because the term is eventually used to describe
different concepts but, because of the common termi-
nology, there is a conviction that it describes some
more universal concept whose properties need explo-
ration and clarification. In the present context, ‘X’ is
‘utility’. Because of the useful application of a con-
cept of utility elsewhere in economic theory there has
been an assumption that some general concept of
utility must be the appropriate basis for output in the
context of CUA. The resulting ambiguity has been
recognised by some health economist [3]. For
example, Labelle es al. argued that “the precise
definition of utility has long eluded economists and
decision scientist” [37, p.29] and Culyer notes that
“a...puzzle that pervades some welfarist theory is
the meaning to be attached to the word ‘utility’ ™
[38, p. 293].

The alternative approach to definition is to deter-
mine, first, which concepts are relevant for a pro-
posed solution, method or hypothesis, and
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subsequently to use definitions to abbreviate the
description of the concept. In the present case the
fundamental question should not be ‘What is utility,
what are its properties and how can it be measured?’
but ‘What objectives does the society seek to achieve
through its health programs and how may they be
measured? If these objectives or the analysis arising
from them employs one of the concepts of utility
discussed earlier then the term can be used unambigu-
ously with its meaning defined by the context of the
analysis. In other words, the definition of utility or
any other unit of output should follow from, and not
be the initial subject of, the analysis.

Determining social objectives is a complex task. In
cost benefit analysis it is simplified by distinguishing
between productive efficiency and distributional ob-
jectives. The quantity produced is treated as an input
into a social welfare function which takes into ac-
count distributional and other ethical considerations.
However, the separation of these objectives does not
imply that the unit for measuring production in CBA,
the dollar, is value free. Rather, it implies widespread
support for the judgment that, all else equal, what
individuals are prepared to pay for a commodity is
often an acceptable basis for measuring value. The
acceptance of the dollar as a unit of measurement is
also related to the fact that it is easily understood in
terms of its purchasing power over other goods and
serices.

The separation of the issues of distribution and
productive efficiency has particular appeal in the
health sector where questions of equity and distri-
bution are highly contentious. The approach has been
discussed by Wagstaff [3] who argues that the separ-
ation may overcome many of the legitimate criticisms
of the QALY approach. While Wagstaff explicitly
recognises that utility adjusted life years (QALYs) are
not a measure of utility in the ‘welfarist/utilitarian’
tradition they are, nevertheless, treated as the appro-
priate unit for measuring the quantity of health. The
appropriate technique for measuring utility is not
addressed. The remainder of the present paper is
concerned with the prior issue of the evaluation of
measurement units and the scaling techniques that
produce them.

As the discipline of psychometrics is concerned
with the measurement of imprecise psychological
concepts it is not surprising that its scaling techniques
were first used to measure preferences for ‘health’ and
‘quality of life’. These techniques—the rating scale
and magnitude estimation—remain the basis of a
significant proportion of CUA. It is probably for this
reason that some researchers have concluded that the
units of measurement in CUA can be no more precise
than in other cases of psychometric measurement. A
degree of conceptual imprecision—vagueness—is in-
evitably introduced by the treatment of ‘utility’ in its
original sense, i.e. as a psychological construct linked
in some unobserved way to behaviour. For example,
Kind argues that ‘“‘the efficiency with which any
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scaling procedure is able to capture and represent
personal preferences for health states is largely un-
known, since no standard values have been, or are
likely to be promulgated” [39, pp. 11, 12]. Similarly
Froberg and Kane argue that “in scaling preferences
we are concerned with an abstract variable or ‘con-
struct’ rather than an observable one. To define this
abstract variable and determine what a particular
scaling method actually measures requires methods
of construct validation” [13, pp. 466—467].

The conclusions are unduly pessimistic. The fact
that the concepts of ‘QoL’ and ‘preferences’ may be
abstract does not imply that an individual's ex-
pression of ‘preferences’ and the scale for measuring
those preferences must be correspondingly abstract.
Analogously, the concept of ‘consumer preferences’
or ‘tastes’ in consumer theory is abstract and its direct
measurement would encounter significant difficuities.
However, the external expression of these tastes as
‘revealed preferences’ through dollar expenditures
normally provides a satisfactory basis for resource
allocation. In the CUA literature it has yet to be
demonstrated that a unit of measurement appropriate
for the allocation of resources cannot or has not been
found that eliminates, at least to a significant degree,
the vagueness of the psychometric measures.

As noted, this issue has received little attention in
the economics literature* and the appropriate criteria
for the evaluation of the unit of output have been
almost ignored. An important exception is the recent
suggestion by Nord [42] that as the purpose of
measurement is to quantify preferences for different
outcomes then a criterion test of validity may be the
test of ‘reflective equilibrium’, i.e. determining
whether values revealed by various instruments corre-
spond with the values that are directly elicited from
trade-off questions. This amounts to the suggestion
that such trade-off questions should replace the stan-
dard gamble as the gold standard. Criteria are pro-
posed below which could be used to evaluate Nord’s
suggestion.

The criteria for selecting a unit of output should
follow from the social objectives and from the prac-
tical requirements of such a measurement unit. Four
are suggested here. They are pragmatic in the sense
that they are not derived from an established the-
ory—at present there is no such acceptable theory.
The criteria, requirements, do not purport to be

*Torrance briefly considers this issue and argues that
“proper weights should be non arbitrary, community
based, scientifically measured values reflecting the rela-
tive desirability of [strength of preferences for] the
various states of health. This requires the availability of
4 measurement instrument (or instruments) of proven
reliability and validity which can be used on the general
public to quantify the preferences for the relevant states
of health. No such instrument has been reported in the
literature to date” [40, p. 129, Torrance, however,
subsequently accepts that validity may be determined by

correspondence with the outcome of the standard
gamble [41].

exhaustive. It is argued, however, that they should be
regarded as necessary, if not sufficient, conditions
that should be met.

As the purpose of measurement is to obtain a basis
for the allocation of resources, the first criterion is
that, all else equal, more units are considered to be
better than fewer. As economic evaluation must
reflect social values, this implies that there should be
a broad consensus that the units correspond with a
socially desired outcome. In cost effectiveness analy-
sis the use of ‘lives saved’ or ‘life years gained’ are
examples where there would be a broad social con-
sensus that, all else equal, more units would be
preferred to fewer. Similarly, in CBA ‘dollars’ meet
the criterion as more dollars represent an increased
capacity to obtain satisfaction from goods and ser-
vices elsewhere.

Secondly, the unit of measurement should have, as
far as possible, a clear and unambiguous meaning.
The end point of an economic evaluation should be
information that is persuasive: it should help to
convince decision makers that a program is, or is not,
desirable. This is less likely to occur if the measure
does not appear to have intrinsic plausibility or if the
measure is incomprehensible to all but a small group
of evaluation experts. More importantly, it is unlikely
that projects will be ranked entirely in terms of their
costs and benefits as defined by the chosen units.
Rather, distributional and political objectives are
likely to intervene and when trade-offs are made
between conflicting objectives it is necessary to under-
stand clearly what the trade-off entails.

The need for easy comprehension is noted by
Mosteller when he reports his personal experience
with ‘talented lay people’ responsibie for allocating
resources between alternative medical technologies.
He notes that “they wanted to know what different
technologies will produce ... what the benefits and
losses would be, but they do not like to have these
complicated problems summed up in single numbers.
In using quality adjusted life years or any other cost
benefit analysis summaries, they felt something was
being concealed from them, and they did not under-
stand how the work was being done™ [1, p. 285).

The third criterion is that the unit of measurement
has a meaningful interval property to permit the
summation of benefits. Since CUA is concerned with
changes in health states, a ratio property is not
necessary. However, differences in the numerical
value of the units must be directly and proportionally
related to differences in the benefits measured by the
units. The term ‘meaningful’ is used here to empha-
sise that the property should be recognisably related
to the magnitude of the benefit received and not be
an artefact of the scale. In the previous example both
‘life years® and ‘lives saved’ have a meaningful prop-
erty. The difference between two lives and one life can
be readily understood. A/l else equal, the former
would represent twice the benefit of the latter and, in
the absence of budget constraints or other relevant
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considerations, obtaining two lives would be expected
to justify twice the expenditure. Similarly, and again
setting aside the issue of budget constraints, the
willingness to pay a maximum of $y for one type of
QoL improvement and $2y for another improvement
may be understood in terms of the value of other
goods and services that an individual is prepared to
forego to obtain the QoL improvements and the
latter case may be meaningfully interpreted as indi-
cating twice the benefit obtained by the former, as
judged by the individual.

By contrast with these examples, and taking an
extreme case of an artefactual property, individuals
could be asked to rate from 0 to 10 the ‘circularity’
of geometric figures. Respondents may oblige and
attach numbers to shapes. These might be indicative
of an ordinal ranking as judged by some unknown
criterion. However, it would have little meaning to
argue that a shift from 0 to 2.0 on the scale indicated
the same increase in ‘circularity’ as a shift from 7.0
to 9.0. Rather, the numerical values would be a
product of the scale and some unknown criterion of
the respondent. In this case there is little semblance
of meaning to the interval property unless the individ-
ual’s criterion of circularity is known. Froberg and
Kane [13] note that a limitation of many approaches
to measurement is that the assumption of an interval
scale is based upon definition. Both Mulkay et al. [43]
and Nord [44] similarly express concern that the
numerical properties of utility weights may be artifi-
cial products of the survey instrument. Elsewhere in
the literature the issue has received limited attention.

The criterion discussed above might be termed the
‘weak interval requirement’ or criterion. It is derived
primarily from the need to ensure that as QoL
improves, quantitative comparisons can be made that
are not artefactual. However, a much more demand-
ing interval criterion must be met if QALYs are to
fulfil the purpose usually assigned to them in CUA.
In this, no distinction is drawn between QALYs
gained because of life extension or life improvement.
In the conventional QALY calculation which separ-
ates life years from the index of quality, a 10%
increase in QALYs may be achieved by a 10%
increase in either the QoL (utility) index or the life
years, This implies that the units for measuring QoL
should not simply meet the weak property but that an
increase in the QoL index should be equivalent in
some meaningful way to a similar percentage increase
in life years. The most important (and controversial)
contribution of QALYs is that they trade-off QoL
and life itself. The strong interval criterion is, in
effect, that the basis for this trade-off should be
visible and comprehensible.

In the earlier example, the willingness to pay for
health improvement results, under certain circum-
stances, in the unit of payment, the dollar, having a
weak interval property. If the additional (probably
false} assumptions were made that individuals were
well informed and that risky choices were unaltered

by linear transformation then the dollar value of life
could validly be inferred from the willingness to pay
for a reduced risk of death (contingent valuation).
Under these circumstances dollars would meet the
strong interval criterion for a measurement unit. An
increased willingness to pay for health improvement
and for life per se would have an equivalent meaning
in terms of the strength of an individual’s preferences.

The fourth criterion is that there should be a simple
and practical scaling technique for mapping health
states into the unit of measurement and that the
technique should be sensitive to variation in health
states, reliable and valid (i.e. that it should measure
the units that it purports to measure). These are the
measurement properties most commonly discussed in
the literature [13,41,45]. The requirements are a
prerequisite to, but separable from the practical
application of the second criterion. Unless a satisfac-
tory scaling technique exists the units of measurement
may be theoretically attractive but unpersuasive in
practice. For example, it may be conceptually appeal-
ing to ask individuals to convert into a utility index
a whole-of-life scenario in which health and social
states change with age and disease progression, How-
ever, in the absence of a reliable and valid technique
for converting such scenarios into a numerical score
the approach can not be operationalised. This fourth
criterion is again a recognition of the fact that
economic evaluation must eventually be an applied
discipline.

4. EXISTING SCALING TECHNIQUES

This discussion of criteria may seem to imply that
a number of measurement units have been proposed
in the literature, each with clearly distinguished prop-
erties that could be evaluated with the proposed
criteria. In fact, practitioners of CUA have given little
explicit attention to the properties of the measure-
ment units used. With the exception of the healthy
year equivalent (discussed later) these units have
consisted of weighted life years, where the weights
have purported to represent indices of ‘QoL’ or
‘utility’. The various scaling techniques used to pro-
duce these weights have been assumed appropriate
for the task of producing homogeneous ‘quality
adjusted life years’. As evidenced by the comparison
of QALY results in ‘league tables’ it has also been
commonly assumed that the different techniques pro-
duce the same or similar adjustment weights. Some
have explicitly argued that the different techniques
produce comparable results or at least results that can
be reconciled by simple transformation [13, 32, 41].
Empirical comparisons do not support this belief (for
reviews see [42, 46]). The differences suggest that the
techniques involve qualitatively different cognitive
tasks [14,42] and that the adjusted life years pro-
duced by each technique may represent distinct
measurement unit.

The five most commonly used scaling techniques
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are described in the appendix. It is possible to
discriminate between the units produced by each of
these techniques—the adjusted life years—not in
terms of their correspondence with utility theory—
but by the extent to which they satisfy the criteria
discussed above. Such an evaluation has two
parts. First, abstracting from practical issues such as
sensitivity and reliability, what will a technique
measure? (Criteria 1-3). Second, do practical prob-
lems alter or constrain the choice of technique?
(Criterion 4). This final question is empirical and is
not considered here.

Rating scale and magnitude estimation

Both the rating scale (RS) and magnitude esti-
mation (ME) have produced results in the cost utility
literature that are empirically different from the time
trade-off (TTO) and standard gamble (SG). A
proximate reason for this is that the latter two
techniques involve choice, whereas the RS and ME
do not [42]. It is known that individual responses are
sensitive to context and the framing of questions. Tt
is therefore possible that differences in scale values
are entirely attributable to these effects. However, the
second possibility is that the techniques do not
measure the same underlying quantity or that one or
both of the units produced by the techniques do not
meet criteria 2 or 3. That is, the techniques may not
lead to a unit with a clear meaning and interval
property.

Taken literally, the scores on a RS give the dis-
tances along a calibrated linear scale which represent
to subjects, in some sense, the value or worth of a
health state relative to the reference points on the
scale. In psychometric theory these scores are related
to a psychological construct by an unknown func-
tional relationship [14]. The question that the rating
scale leaves unanswered concerns the functional re-
lationship between the units of the scale on the one
hand, and on the other hand the welfare, utility or
attribute that is believed to be appropriate as the
basis for resource allocation. Empirical inquiry into
this issue indicates that individuals are not themselves

*The method of successive intervals is one approach that is
claimed to produce an interval property [48]. The tech-
nique essentially adjusts interval widths in order to
impose a normal distribution upon data. The interval
property does not appear to have any meaning that is
independent of the construction. Consequently it is
questionable whether this adjustment to scale values
Improves their suitability as a basis for resource alio-
cation,

tFor a review of the debate see Ref. [13] and for empirical
evidence see Ref, [49],

11t has generally been found that results from the RS and
ME are related by a power function. This does not help
Fesolve the issue of which scale, if either, has the required
interval property. Further, there does not appear to be

a single power function that will transform health-out-
come results consistently [46].

able to provide an explanation of their own responses
in these teris [44, 47, 50]. This suggests that the RS
does not meet the weak interval criterion, that there
should be a meaningful interval property.* As the RS
is normally administered in a way that makes no
reference to a relationship between scale values, life
and length of life, it is even less likely that the results
from the RS could meet the strong interval criterion.

With ME, subjects are asked a question of the form
‘How many times worse is one state than another
[reference] state?’. The response is unconstrained. As
there is no universally accepted scale for heaith states,
the meaning of the question is deeply obscure. Pre-
sumably subjects must translate the question into an
equivalent TTO or RS question to produce an
answer. Alternatively, subjects may give a purely
subjective response which does not purport to have
an independent meaning. As different individuals are
likely to use different heuristics to answer the ques-
tion, it is again difficult to place a clear meaning on
the final scale and the resulting QALY units (Cri-
terion 2). The phrase ‘how many times worse’ may
result in values which are appropriate for a trade-off
between quantity and quality of life (Criterion 3). To
date there is little evidence or reason to encourage this
belief.

These ambiguities are not confined to the context
of health. In the psychometrics literature there have
been significant differences about the meaning and
appropriateness of each of the scales, the existence
and the meaning of an interval property.* Some have
claimed that the two scales should give the same
result [51]. Others have agreed with the suggestion
first made by Marks [52] that the two scales measure
fundamentally different psycho-physical process. In
virtually all empirical studies in the general psycho-
metric literature the results of category rating scales
are not linearly related to magnitude estimates [14].
This result has also been observed in the context of
health measurement [46, 53, 54]. The unavoidable
conclusion is that one or other of the scales does not
have the interval property that is required by the third
criterion.f A further possibility is that neither has the
property required and that the apparent interval
property of each of the techniques is an artefact
imposed by the scale that respondents have been
required to use. In the conclusion to a recent survey
of psycho-physical scaling, Gescheider notes that
“perhaps the most perplexing and certainly one of the
oldest problems in psycho-physics is the observed
non-linear relations between scales obtained by
different methods. Whether these non-linearities are
due to cognitive—judgment factors or to sensory-—
perceptual factors is yet to be determined. Two
scaling procedures that apply to the same perceptual
dimension cannot both be valid” [14, p. 194]. The
comment underscores the difficulty in placing a mean-
ing on the units obtained from these scales and the
difficulty in judging their suitability as a basis for
allocating resources. ' ‘
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The N-M standard gamble

The N-M standard gamble (SG) purports to
measure von Neumann-Morgenstern utility. More
precisely, the SG would measure N-M utility if the
N-M axioms were acceptable but, as discussed in
Section 2, they are not supported by the empirical
evidence. The outcome from the technique is, strictly,
a probability, p, which makes an individual indiffer-
ent between a certain outcome and a probabilistic
choice. However, even if the N-M axioms are not
generally true, SG based QALY's may be acceptable
measurement units as judged by the criteria proposed
here. First, they reflect choice. All else equal, higher
values of p should be preferred. Secondly, probabili-
ties have an interval property. There is an objective
sense in which, for example, an increase in probability
from 0.2 to 0.4 is quantitatively equivalent to an
increase from 0.7 to 0.9.* As the probability is
obtained by a direct comparison between quality of
life and expected length of life, the units obtained
might also meet the strong interval criteria. Thirdly,
it can be argued that, by contrast with the TTO and
PTO which aiso measure choice, the SG necessarily
reflects an attitude towards risk and that any medical
interventions to be assessed must also involve risk.
This amounts to an assertion that in the present
context the specific utility of risk is either quantitat-
ively insignificant, or that it is a positive advantage by
increasing the realism of the choice context. Finally,
while it may be conceded that probabilities are not a
unit that can easily be comprehended by those un-
trained in statistics, the results of the standard gamble
can be translated into more readily understood
‘Healthy Year Equivalents’ (HYEs) [55].

Despite these properties there are serious defects in
the standard gamble as a measurement instrument.
The strong interval criterion would only be met if the
N-M axioms were correct.t It is also questionable
whether the weak interval property is met and differ-
ences between probabilities are a true measure of the
differences in the intensity of an individual’s choice or
whether the interval property is a property of the

*There has been extensive debate about the meaning of the
term ‘probability’ [4]. The standard gamble is often
implemented with the assistance of a ‘probability wheel’
which presents probabilities as being similar to the
chance of winning or losing on a roulette table [41].
When envisaged this way, an increase in the probability
from 0.2 to 0.4 and from 0.7 to 0.9, both raise the
likelihood of a successful outcome by the same amount,
This objective interpretation of probabilities—which is
explicit in the N-M axioms—should not be linked to the
issue of diminishing marginal utility. Health states may
or may not have to be improved disproportionately (in
some other sense) in order to increase (N-M) utility by
the same incremental amount as (N-M) utility rises, The
interval property refers to the probability used for
measuring preferences and not to the health state per se.

tIn order fo extrapolate from a choice involving a proba-

 bilistic outcome to a choice in which non probabilistic
life—QoL comparisons are made, preferences under risk
must be invariant under linear transformation.

scale that is imposed on ordinai values. Empirical
evidence suggests that people have difficulty under-
standing the objective meaning of probabilities, es-
pecially extreme values [29]. Finally, it is open to
doubt whether the risk situation created by the
standard gamble improves or detracts from the real-
ism of the choice context and, consequently, whether
it adds to, or subtracts from the meaningfulness of
the interval property.

This last issue is particularly important as it is the
risk situation created by the SG that has made the
technique attractive to many analyists. However,
while it is true that many medical interventions
involve risk, this usually takes the form of a particu-
lar (known or unknown) probability of a transition
to a particular health state. By contrast, the risk
introduced by the (N-M) standard gamble is part of
the technique for measuring the ‘utility’ (as opposed
to the ‘value’) of the health state itself. It is nor
intended as a means of measuring the importance of
the probability of transition into or out of that state.
The counter argument is that the SG at least intro-
duces an element of ‘risk’ if only in some general
sense and that measurement ‘under risk’ is desirable.
However, the risk modelled by the usual SG is the
result of a singularly unrealistic situation in which the
individual faces instant death as a possible outcome
from one of the two choices. The context is totally
dissimilar from a health scenario involving the possi-
bility (with unknown probability) of, for example,
some non-life-threatening chronic disease. The empir-
ical evidence on risk behaviour referred to in Section
2 reveals such a diverse, context-specific range of
behaviour that these two situations must be regarded
as being quite distinct. Further, the value of p in the
SG depends primarily upon the unpleasantness of the
health state, .S, which is described under conditions
of certainty. In reality, S may occur in conjunction
with very significant uncertainty or with negligible
uncertainty. Yet the same SG is believed to capture
the essence of both risk contexts. Clearly p cannot
reflect real-world uncertainty when information
about the nature and magnitude of this is not given
to subjects. While particular examples can be found
where the risk of death during an operation may
correspond fairly closely to the risk embodied in the
SG, in many—and probably most—instances the
only similarity between the risk in the SG and the
real-world health state is that the lack of certainty
in both cases can be loosely described as ‘risk’.
When the usual distinction is made between ‘risk’
and ‘uncertainty’ even this similarity may end, as
individuals often experience the latter and not the
former.

As they are presently used, the other techniques
employed in CUA abstract from risk. However the
abstraction per se is not a defect. The defect is in the
abstraction from the risk or uncertainty associated
with the intervention being evaluated. The introduc-
tion of irrelevant risk considerations cannot improve
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assessment.* In principle, the ideal measurement
could be achieved by the inclusion of a statement
about relevant risks and uncertainties in the health
state description. There would, of course, be a prac-
tical constraint because of the complexity of the
resulting description and the subject’s capacity to
comprehend risk and uncertainty in the context of a
limited interview. The trade-off between this and
other aspects of the description sacrificed in order to
include the risk statement would depend upon the
relative importance of these factors as assessed at the
pre interview stage.

A variation of the SG proposed by Mehrez and
Gafhni [56] is to use a two stage procedure to derive
healthy year equivalents (HYEs) from the SG. By
converting from a probability to a HYE the measure-
ment unit appears to become more acceptable as
judged by the second criterion. In the first stage the
utility of a fixed number of years in a state of ill
health, n, is evaluated with the SG to obtain an index
of utility from the value of the probability, p. In the
second stage, p is held constant at the level found in
stage 1 and a gamble conducted to determine the
number of healthy years that are equivalent to the
years of ill health. That is, the two stages take the
following form:

Stage 1:
p. (full bealth for n years)=n sick years ...
-+(1 — p) death p varies, n fixed
Stage 2:

p- (full health for n years)=4 heaithy years. ..
+(1 — p) death h varies, p fixed

The logical format of the two stages is:
a=b
a=c
fromwhich 5 =¢

Unless the Stage 1 equation for the SG (i.e. q = b)
omits some magnitude, there is no purpose in using
the SG and a direct trade-off between sick years and
healthy years would be appropriate. The true situ-
ation implied by the need for the two-stage procedure
is that:

a=b—g
a=c—g
from which b=c + (g, - g,)
where g, and g, are the specific (dis) utilities of gam-

bling in the two stages. It is possible that g, = g,, in
which case there is, once again, no purpose in the

*If this were not so, the other techniques could be improved
by including in the health-state description the fact that
there would be an equal but unknown chance of either
a §10,000 bonus or fine, irrespective of other consider-
ations!

1The distinctive feature of the HYE is not the use of the SG
nor the two stage procedure discussed here, but the
derivation of units from multi-year scenarios.

two-stage procedure. If g, # g, the previous question
must be answered, namely, whether the specific (dis)
utilities of gambling in this context capture the be-
haviour of individuals in dissimilar risk contexts.
There is, however, an additional anomaly. Stage 2 is
simply a device for translating utility into healthy year
equivalents. It does not measure some element of
behaviour, asin stage 1. If stage 1 is believed to capture
the essence of risk behaviour, that is, that g, captures
the specific utility of gambling, then the net effect
(g, — &) cannot also do so unless g, = 0. There is no
reason to believe that this is so.

In sum, the SG is a technique that assesses a riskless
health state by means of a gamble. The technique
cannot produce a probability that reflects the single
value (utility) of the health state while simultaneously
reflecting all of the individuals’ diverse responses to all
possible levels of risk (and uncertainty): large and
small risks; present and future risks; risks with respect
to life, morbidity and financial status; and risk in a
multitude of different contexts. The SG will, however,
reflect the preference (like or dislike) for the specific
risk embodied in the technique, and it will reflect the
unknown decision rule applied by individuals in this
particular context. The inclusion of this irrelevant and
random element implies that SG based QALYs will
not meet criterion 3. There does not appear to be, at
present, a satisfactory technique for translating the
outcome of the SG into an easily understood unit as
required by criterion 2.

Time trade-off and person trade-off

The end point of cost utility analysis, at least in its
present form, is the derivation of homogeneous life
years as a unit of output. A common feature of the
three techniques discussed above is that they carry out
this task in a way that requires two separate functional
relationships. The first is the relationship between the
health state and the scale; the second is the relationship
between the scale and the homogeneous year of life
envisaged by CUA. The common criticism of each of
these techniques has been that the nature of the second
relationship is not known. In the case of the RS there is
an unknown relationship between the linear distances
recorded on the scale and the true preference for life
years. With the SG the existence of a specific utility of
risk confounds the relationship between the prob-
ability revealed in the gamble and the preferences for
(risky or riskless) life years.

The great appeal of both the time trade-off (TTO)
and the person trade-off (PTO) is that these two
relationships are collapsed into one and the health
state to be evaluated is contrasted directly with a
reference state which acts as a measurement unit.
Thus, the TTO directly measures the number of
healthy years that are equally valued as—considered
equivalent to—a given period in a health state. As
there is no additional scale used in the calculation, one
important source of ambiguity is removed. Conse-
quently, the following scenario is possible with each of
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the three techniques discussed earlier, but it is not
possible with the TTO or PTO: an individual might
imply through the use of one of these instruments
that the utility of » years in health state S, was
superior to the utility of »n years in a health state S,
but the same individual could indicate directly that
his or her preference was for the latter and not the
former option. In Nord’s terminology [42], the earlier
techniques could fail the test of reflective equilibrium.
The units produced by the TTO and by the PTO
have an interval property that satisfies both the weak
and the strong interval criteria. There is a clear
meaning to the statement that (all else equal) six
healthy years are double three healthy years, i.e. that
the duration of the flow of benefits of living six years
is twice the duration of living three years and that
there is an objective standard for measuring duration
vis, calender years.* Similarly, there is a clear, com-
prehensible, meaning to the outcome of the PTO.
Returning X people to full health from one health
state is considered equivalent to Y people experienc-
ing full health rather than another (reference) state—
possibly death. If the number of years in these states
is specified, and the reference state is death the
meaning is very similar to the meaning of the TTO.
The unit of measurement may be interpreted as the
healthy or normal year of life. With both techniques
the measurement units are obtained by requiring
subjects to trade-off directly the quality and quantity
of life. This satisfies the strong interval criterion.
Despite their similarities the two techniques are
conceptually different. TTO values are derived from
an interview in which an individual is asked to
imagine that (s)he personally experiences the health
state being evaluated. With the PTO, individuals are
asked to make an impersonal judgement about
changes that could affect others. The personal values
revealed by the TTO are, in principle, closer to the
outcome of consumer sovereignty than the arm’s-
length evaluation judgements revealed by the PTO.
Consequently, results from the two techniques could
vary because of a systematic difference between
choice criteria applied to personal decisions and those
applied to social decisions. In principle, the choice
between the two techniques would therefore depend
upon a judgement concerning the importance of
incorporating libertarian or paternalistic values as
the basis for measuring the quantity of output.
The choice would also be affected by practical

*The existence of an interval property defined in terms of
duration of the benefits does not imply that the sum total
of the psychological or other benefits obtained during
this period have a similar interval property. The intensity
of benefits may vary from person to person [3] and the
relationship between psychological and physical time is
obscure [57]. This implies that neither the TTO nor PTO
embody purely utilitarian values. However, this is true of
QALYs generally [3] and the criterion proposed here is
the existence of a meaningful—intelligible—interval
property and not simple utilitarism, -

measurement issues (Criterion 4). These have not
been addressed in this paper.

5. CONCLUSION

Cost utility analysis must take into account both
the quantity of output produced and its distribution.
The latter issue requires an explicit consideration of
the social welfare function which has not been under-
taken here. The former issue implies the existence of
a satisfactory unit of measurement. With some dis-
sension, it has been generally accepted by economists
that QALYs represent such a unit. By implication
it has also been accepted that the various scaling
techniques used to produce QALY values are all
measuring the same quantity, namely ‘utility’.

This latter assumption is hard to sustain in the face
of the empirical evidence now available. Rather, it
appears that different techniques are measuring
different ‘quantities’ that are the result of distinct
psycho-social processes. This implies that a choice
between the techniques cannot be avoided. This raises
the general question posed in the title of the present
paper namely, ‘what should be measured to achieve
the objectives of CUA?.

The first conclusion reached in the paper is that the
answer to this question should not simply be ‘utility’.
This would not identify which, if any, of the four
concepts of ‘utility’ discussed here was the appropri-
ate choice. In the literature, the term has been used
inconsistently. For some it has retained its original
utilitarian meaning of subjective satisfaction or well-
being. For others, the term is now understood in
terms of preference utilitarianism which makes no
reference to risk. Yet another group accepts the von
Neumann-Morgenstern approach in which ‘utility’
may only be measured ‘under risk’ and is defined by
a particular set of behavioural axioms. It has been
argued here that the special status given to this last
approach because of its basis in economic theory
cannot be justified. In addition to conflicting empiri-
cal evidence, the theoretical basis is flawed.

The second conclusion of the paper is that because
of this unsatisfactory situation the requirements of a
measurement unit for CUA should be explicitly con-
sidered. The analysis should not commence with the
presumption that ‘utility’ is the natural basis for
measurement and that all that is required is a clarifi-
cation of the concept. This approach elevates differ-
ences in the use of words to the status of a ‘conceptual
issue’. The alternative approach is to evaluate poss-
ible measurement units in terms of explicit criteria.
These should include the usual criteria of sensitivity,
validity and reliability but, in addition, include cri-
teria relevant to the specific requirements of CUA. As
these include the combination of quantity and quality
of life into a single unit, it has been argued here that
the unit must not simply have a meaningful interval
property but one where the nature of the trade-off
between quantity and quality of life can be readily
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comprehended: that is, when the value of the unit in-
creases because of the change in the quality of life, and
when it increases by an equal amount because of the
quantity of life the reason for the equality can be
understood.

The application of this and the other suggested cri-
teria leads to the final major conclusion that the TTO
and PTO techniques fuifil the requirements of CUA to
a greater extent than the RS, ME or SG. The con-
clusion is tentative as the issues of sensitivity, validity
and reliability have not been considered. Neither the
RS nor ME techniques produce clearly meaningful
units. Consequently, the relationship between in-
creased QALY values arising from increased quantity
and quality of life is obscure when the QoL is measured
by these techniques. By contrast, the SG is based upon
an explicit trade-off between expected quantity and
quality of life. However, the interval property of the
SG based QALY depends upon the subject’s capacity
to act consistently as objective probabilities vary, that
is, to act in accordance with the empirically invalid
N-M axioms of choice. Additionally, the existence of
idiosyncratic, context dependent risk behaviour intro-
duces an extraneous factor into the measurement task.
As a consequence, the units produced by the SG are
contaminated and both the meaning of the units and
their interval property are called into question.

Neither the TTO nor the PTO are obviously subject
to these defects, Unlike the other three techniques
there is no intermediate scale imposed between the
health state and the final measurement unit. Direct
comparisons are made which require subjects to con-
sider explicitly the trade-off between quantity and
quality of life in such a way that the strong interval
criterion is fulfilled. As with all of the measurement
units proposed to date, there remains an unanswered
question about the relationship between stated and
revealed preferences, that is, the issue of validity is not
satisfactorily resolved. Additionally, the reliability
and sensitivity of the TTO and PTO have received little
attention in the literature. Despite these qualifications,
the units produced by these techniques fulfil the pre-
requisites identified here as essential for an output
measure for cost utility analysis.
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APPENDIX

Utility Measurement Techniques*

Rating scale (RS)

A typical rating scale consists of a line with clearly defined
end points. The most preferred health state is placed at one
end of the line and the least preferred at the other. The
remaining health states are placed between these two, in order
of their preference, so that the intervals between the place-
ments correspond to the differences in preference as perceived
by the subject.

Magnitude estimation (ME)

The subjects are asked to provide the ratio of undesirability
of pairs of health states. For example, is state A two or three
times worse than the other state B? If state B is judged to be x
times worse than state A, the undesirability (disutility) of
state B is x times that of state A. A series of questions allows
all states to be located on the undesirability scale.

Standard gamble (SG)

The subject is offered two alternatives. Alternative 1 is a
treatment with two possible outcomes: either the patient is
returned to normal health and lives for an additional ¢ years
(probability p), or the patient dies immediately (probability
1 — p). Alternative 2 has the certain outcome of chronic state
i for t years. Probability p is varied until the respondent is
indifferent between the two alternatives, at which point the
required preference value for state i is p.

Time trade-off (TTO)

Two alternatives are offered. Alternative | is state / for time
t followed by death; alternative 2 is full (or normal) health for
time x. Time x is varied until the respondent is indifferent
between the two alternatives, at which point the required
preference value for state i is given by A, = x/1.

Person trade-off (PTO): (equivalence technique)

The subject is asked a question of the following kind: ‘If
there are x people in adverse health situation A and y people
in adverse health situation B, and if you can only help [cure]
one group, which group would you choose? One of the
numbers x or y can be varied until the subject finds the two
groups equivalent in terms of needing or deserving help. The
undesirability (disutility) of situation B is x [y times as great as
that of situation A.

*Descriptions are summarised from more detailed descrip-
tions in Ref. [41]. See also Ref. [51].




