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The  concentration  index  is  widely  used  to measure  income-related  inequality  in  health.  No  insight  exists,
however,  whether  the  concentration  index  connects  with  people’s  preferences  about  distributions  of
income  and health  and  whether  a  reduction  in  the  concentration  index  reflects  an  increase  in  social
welfare.  We  explored  this  question  by testing  the  central  assumption  underlying  the  concentration  index
and  found  that it  was  systematically  violated.  We  also  tested  the  validity  of  alternative  health  inequality
measures  that have  been  proposed  in  the  literature.  Our  data  showed  that decreases  in the  spread  of
income and  health  were  considered  socially  desirable,  but  decreases  in the  correlation  between  income
and  health  not  necessarily.  Support  for  a condition  implying  that  the  inequality  in  the  distribution  of
income  and  in  the  distribution  of  health  can  be considered  separately  was  mixed.

© 2011 Elsevier B.V. All rights reserved.
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. Introduction

Reducing inequalities in well-being is an important aim of eco-
omic and social policy. Both the World Health Organisation (2000)
nd the World Bank (2006) explicitly mention it as a major objec-
ive. There exists a vast literature on the measurement of inequality.
he common approach in this literature is to focus on inequality in
ne dimension, typically income or health. Well-being is, however,
etermined by several dimensions simultaneously, two  of which
re income and health. Focusing only on one dimension may  give a
isleading impression of the degree of inequality. Properly assess-

ng the degree of inequality in well-being requires measures of
nequality that account for the multifaceted nature of well-being.

Early contributions to measure multidimensional inequality
ere made by Kolm (1977) and Atkinson and Bourguignon (1982,

987).  Atkinson and Bourguignon used dominance criteria to assess

hether one distribution was more equal than another. A draw-

ack of using dominance criteria is that they only lead to a partial
rdering, which means that the number of distributions that can be

∗ Corresponding author at: Erasmus School of Economics, Applied Economics,
13-27, P.O. Box 1738, 3000 DR Rotterdam, Netherlands.

E-mail address: bleichrodt@ese.eur.nl (H. Bleichrodt).
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ompared is limited. This is undesirable for social policy, where we
ould like to assess the distributional effects of any policy proposal.

An alternative is to start from a (complete) social preference
elation, to derive a social welfare function that represents this
reference relation, and to use the resulting social welfare function
o derive an inequality index. This normative approach to inequal-
ty measurement was  pioneered for one-dimensional distributions
y Kolm (1969) and Atkinson (1970).  Extensions to multidimen-
ional inequality measurement were proposed among others by
olm (1977), Tsui (1995), and Gajdos and Weymark (2005).

In health economics, an innovative approach to account for the
ultifaceted nature of well-being was suggested by Wagstaff et al.

1991). They measured income-related inequalities in health by
he concentration index (Kakwani, 1980), which summarizes how
umulative shares of health are associated with cumulative shares
f the population ranked by income. Bleichrodt and van Doorslaer
2006) provided a welfare economics foundation for the concen-
ration index by showing which conditions it imposes on social
references. The key condition they identified is the principle of

ncome-related health transfers.

While the concentration index has been widely used both within

nd outside economics and has gained worldwide acceptance by
olicy makers (van Doorslaer et al., 1997; Anand et al., 2001;
watkin et al., 2007; Yazbeck, 2009), no insight exists into the

dx.doi.org/10.1016/j.jhealeco.2011.12.003
http://www.sciencedirect.com/science/journal/01676296
http://www.elsevier.com/locate/econbase
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a series of Pigou–Dalton transfers then x is socially preferred to y.
An equivalent formulation is to say that x is socially preferred to
y if x is obtained from y by multiplying y by a bistochastic matrix4

1 In the sense that PIRHT implies CIM, but not vice versa.
2 Obviously the same criticism applies to the stronger condition of PIRHT.
H. Bleichrodt et al. / Journal o

alidity of the principle of income-related health transfers, the con-
ition that underlies it. Do people agree that this principle should
overn social choices over multidimensional distributions? The
ack of insight into the validity of the principle of income-related
ealth transfers complicates ascertaining whether the concentra-
ion index should be used to guide social policy or whether other
ndices are more appropriate.

The main purpose of this paper is to experimentally test the
alidity of the principle of income-related health transfers and,
ence, to obtain insight into the question whether reductions in
he concentration index reflect increases in social welfare. The
nswer to this question was clearly negative; our experimental data
iolated the principle of income-related health transfers systemat-
cally.

We also explored the appeal of several other conditions that
ave been proposed in the literature. Two ways of looking at mul-
idimensional inequality can be distinguished (Tsui, 1999), first,
s the dispersion in the distribution of the different dimensions
nd second, as the correlation between the different dimensions.
ur data suggest that people are concerned about the dispersion,
ut care less about the correlation. A majority of our subjects even
eemed to favor increases in the correlation between income and
ealth. In other words, our results provide no support for measures
hat assume that all increases in the correlation between income
nd health are undesirable. Examples of such measures are the con-
entration index and the measures that have been proposed by
aasoumi (1986),  Tsui (1999),  and Abul Naga and Geoffard (2006).
We  also explored whether people evaluate the inequality in

ncome and health separately. If so, this would offer support for a
wo-stage procedure where the first stage measures the inequality
n each dimension by standard one-dimensional inequality mea-
ures and the second stage aggregates these dimension-specific
nequality measures into one overall inequality measure. Our
esults on this question were mixed, with some tests offering sup-
ort for such a two-stage procedure and others rejecting it.

. Background

We consider a social planner who has to choose between allo-
ations of income and life-expectancy. The number of people in
ociety is n ≥ 2. An allocation (y,l) is a vector ((y1,l1),. . .,(yn,ln)) of
ength 2n, where yj denotes the income of person j and lj denotes
is life-expectancy. Both yj and lj are positive numbers.

Let � denote the social planner’s preference relation over
llocations. As usual, � denotes strict preference and ∼ denotes
ndifference. A social welfare function W represents � whenever for
ll allocations (y,l), (y′,l′),

y, l) � (y′l′) ⇔ W(y, l) ≥ W(y′l′).

Kolm (1969) and Atkinson (1970) showed how a normatively
ignificant inequality index can be derived from the social wel-
are function. For a description of their and related approaches
ee Weymark (2006).  By imposing conditions on the social pref-
rence relation, and, consequently, on the social welfare function
,  the inequality index can be restricted to specific forms. We  will

onsider several such conditions in this paper. First, we  define the
rinciple of income-related health transfers, the central condition
nderlying the concentration index.

.1. Condition 1 (Principle of income-related health transfers,

IRHT)

The social planner’s preference relation satisfies the principle of
ncome-related health transfers if a transfer of health from a richer

t
u

t

th Economics 31 (2012) 86– 98 87

erson to a poorer person increases social welfare, provided the
ransfer does not change the ranking of the individuals in terms of
ncome.

PIRHT implies correlation increasing majorization, a condition
hat has frequently been used in the theoretical literature on multi-
imensional inequality measurement. Consider an allocation (y,l).
he allocation (y′,l′) is obtained from (y,l) through a correlation

ncreasing majorization when we rearrange two persons’ alloca-
ions such that one person has at least as much income and
ife-expectancy as the other and strictly more of one of these, and
he rearrangement is not just a permutation of the two persons.
hat is, if yi > yj for two persons i,j ∈ {1,. . .,n} then we rearrange
ife-expectancy such that li ′ = max{li,lj} and lj ′ = min{li,lj}, or, if li > lj
or two  persons i,j ∈ {1,.  . .,n} then we  rearrange income such that
i
′ = max{yi,yj} and yj

′ = min{yi,yj}.

.2. Condition 2 (Correlation increasing majorization, CIM)

For all allocations (y,l), (y′,l′), if (y′,l′) is obtained from (y,l)
hrough a (sequence of) correlation increasing majorization(s) then
y,l) � (y′,l′).

CIM and PIRHT both capture Tsui’s (1999) idea that increases
n the correlation between income and life-expectancy are socially
ndesirable. PIRHT is stronger than CIM1, however, since it allows
or all convex combinations of life-expectancy that keep the income
ank unchanged, whereas CIM only allows for rearrangements of
ife-expectancy. In other words, CIM only concerns changes in cor-
elation that do not alter the marginal distributions of income and
ife-expectancy, whereas PIRHT does allow for (some) changes in
he marginal distributions of income and life-expectancy.

CIM was  criticized by Bourguignon and Chakravarty (2003) and
y Fleurbaey (2005, 2007) for its neglect of individual preferences2.
f the dimensions are complements, e.g. better health increases the

arginal utility of income, then a correlation increasing majoriza-
ion might actually increase social welfare. In fact, there is some
vidence that health and income are complements in the sense that
he marginal utility of income increases with better health (Viscusi
nd Evans, 1990; Sloan et al., 1998).

PIRHT and CIM are conditions that imply that decreases in
he correlation between income and life-expectancy are desir-
ble. They are silent, however, about the effect of mean-preserving
hanges in the spread of income and life-expectancy. The next con-
ition that we  tested, uniform majorization, focuses on the effects
f such changes in spreads.

Uniform majorization is the multidimensional extension of
he well-known Pigou–Dalton principle of transfers for one-
imensional outcomes. The Pigou–Dalton principle of transfers says
hat a transfer of a good from a better-off person to a worse-off
erson increases social welfare provided that the transfer does
ot change the ranking of the individuals in terms of the good3.
or one-dimensional outcomes, a social welfare function can only
erve as a satisfactory foundation for an inequality measure when
t satisfies this principle. The Pigou–Dalton principle of transfers
mplies that if allocation x is obtained from allocation y through
3 In fact, we  could relax the exclusion of rank reversals to demanding that the
ransfer should not lead to a situation in which the initially worse-off person ends
p  better than the initial position of the better-off person.
4 A bistochastic matrix is a nonnegative matrix which rows and columns all sum

o 1.
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The purpose of the experiment was to explore the appeal of the
principles discussed in Section 2, with a special focus on PIRHT.
8 H. Bleichrodt et al. / Journal o

nd x is not a permutation of y. This implies that the social wel-
are function must be Schur-concave (Dasgupta et al., 1973; Kolm,
977).

We  can apply the same idea to multidimensional outcomes. The
llocation (y,l) uniformly majorizes (y′,l′) if (y,l) is obtained through
ultiplying (y′,l′) by a bistochastic matrix and (y,l) is not a permu-

ation of (y′,l′). The next condition says that uniform majorizations
ncrease social welfare.

.3. Condition 3 (Uniform majorization, UM)

For all allocations (y,l), (y′,l′), if (y′,l′) is obtained from (y,l)
hrough a (sequence of) uniform majorization(s) then (y′,l′) � (y,l).

Kolm (1977, Theorem 3) showed that if the social welfare func-
ion is the sum of the individual identical utility functions then
M is equivalent to concavity of the individual utility functions. To

llustrate UM,  consider the choice between the following two poli-
ies which show mean monthly income and life-expectancy per
ncome quintile:

Income 740 745 745 1340 2180
LE 72 72 72 80 84

nd

Income 470 750 1010 1340 2180
LE 68 72 76 80 84

This choice was actually one of the tests (UM5) in the experi-
ent described below. The first policy is obtained by multiplying

he second policy by the bistochastic matrix:

0.5 0 0.5 0 0

0.25 0.5 0.25 0 0

0.25 0.5 0.25 0 0

0 0 0 1 0

0 0 0 0 1

⎤
⎥⎥⎥⎥⎦

Hence, if the social planner behaves according to UM he should
refer the first policy to the second.

UM implies that mean-preserving decreases in the spread of
ncome and life-expectancy are socially desirable. UM and CIM
re independent conditions (see Proposition 2 in Tsui, 1999). Tsui
1999, Theorem 4) further showed that, in combination with other
onditions that are commonly invoked in the literature, UM and
IM jointly imply that the inequality measure must be a generalized
ntropy measure.

The final condition that we tested was introduced by Gajdos
nd Weymark (2005).  Define a conditional ordering over income
y fixing the distribution of life-expectancy at some level l = (l1,. . .,

n), which may, but need not be constant. Income is separable from
ife-expectancy if the conditional ordering thus defined is inde-
endent of the level of l (Condition 4(a)). In a similar fashion
e define separability of life-expectancy from income (Condition

(b)).

.4. Condition 4 (Separability)

The social preference relation satisfies separability if for all allo-
ations the following two conditions hold:

y, l) � (y′, l) ⇔ (y, l′) � (y′, l′) (a)

′ ′ ′ ′
y, l) � (y, l ) ⇔ (y , l) � (y , l ) (b)

In the presence of anonymity, the assumption that social
references do not depend on the identity of people in soci-
ty, separability and correlation increasing majorization are

r

a

th Economics 31 (2012) 86– 98

ncompatible (Gajdos and Weymark, 2005, Theorem 10). If sepa-
ability holds then correlation increasing majorization cannot hold
nd vice versa. To see this, consider the choice between the follow-
ng two  policies:

Income 470 750 1010 1340 2180
LE 69 73 76 80 84

nd

Income 470 750 1010 1340 2180
LE 69 76 73 80 84

This is the first test of CIM that we  performed in the exper-
ment. By CIM the second policy should be strictly preferred
o the first. Now suppose that separability holds as well. We
ill show that this leads to a contradiction. Because the income
istribution is common across the two policies we  can, by sepa-
ability, replace it with another common income distribution, say
470, 1010, 750, 1340, 2180), without affecting preference. Hence,
olicy

Income 470 1010 750 1340 2180
LE 69 76 73 80 84

is strictly preferred to policy

Income 470 1010 750 1340 2180
LE 69 73 76 80 84

By anonymity, the social planner has no preference for the sec-
nd quintile over the third quintile and, hence, we must have that
olicy

Income 470 750 1010 1340 2180
LE 69 73 76 80 84

is strictly preferred to policy

Income 470 750 1010 1340 2180
LE 69 76 73 80 84

which contradicts the first strict preference and, hence, CIM.
Gajdos and Weymark (2005, Theorem 3) showed that in the

resence of some common conditions, separability implies that
ocial welfare is determined through a two-stage process. The first
tage evaluates the distributions of income and life-expectancy
eparately. The second stage then aggregates these dimension-
pecific evaluations into an overall measure of social welfare.
ajdos and Weymark (2005, Theorem 6) showed that if social
elfare is invariant to independent changes in the scale of each
imension5 then the first stage functions are generalized Gini social
elfare functions (Weymark, 1981) and the second stage function

s a Cobb–Douglas function. If social welfare is invariant to inde-
endent changes in the location of each dimension6 then the first
tage functions are generalized Ginis and the second stage function
s linear. We  do not pursue the exploration of invariance properties
ere, but only note that they are not obviously fulfilled (Erreygers,
009).

. Experiment
5 That is, social preferences satisfy the invariance assumptions needed to generate
elative inequality indices.

6 That is, social preferences satisfy the invariance assumptions needed to generate
bsolute inequality indices.
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tion, consider test CIM1:
Fig. 1. Present

.1. Subjects

Subjects were 84 students (42 female) from Erasmus University
otterdam. They received a flat fee of D 10 for their participation. On
verage subjects needed between 15 and 30 min  to complete the
uestionnaire. The questionnaire was in English, but a Dutch trans-

ation was available upon request. Before the actual experiment,
he questionnaire was tested in pilot sessions involving different
tudents.

.2. Procedures

Data were collected in group sessions with at most 10 sub-
ects per session. There were always two interviewers present.
ubjects were asked to make choices between distributions of life-
xpectancy and monthly income. Following Amiel et al. (2007,
009),  we told subjects to imagine a small country called Alfaland
or which two policies have been proposed, affecting the income
nd life-expectancy of its inhabitants.

Subjects were asked to choose the policy that they preferred.
ndifference was not allowed. The exclusion of indifference is
ommon in experimental studies to avoid that subjects minimize
ognitive effort. In the literature, subjects are sometimes asked
hich of two allocations they consider more equal instead of ask-

ng them to choose between these allocations (Amiel and Cowell,
999). We  avoided this type of question. It is inherent in the nor-
ative approach that we are interested in the question which

llocation subjects prefer and not in the question which alloca-
ion subjects consider more equal. We  want to ascertain whether
ecreases in the concentration index reflect increases in social
elfare and not whether decreases in the concentration index cor-

espond with decreases in people’s perceptions of inequality. Our
pproach is entirely based on observable decisions (revealed pref-
rences) and does not require introspective data (equality ratings).
ence it is entirely grounded on the rationality requirements of
conomics.

We told subjects that the population of Alfaland consists of 5
qually sized groups of people. Within each group all persons have
he same income and the same life-expectancy. Income was net

onthly income in Euros per person. Subjects were told that all
ife years are spent in good health. The exact instructions are in

ppendix A.

We chose the Alfaland formulation to induce subjects to take
he perspective of an impartial policy maker. Several studies told
ubjects to imagine that they have a grandchild and asked them to i
Income

of the choices.

hoose in which society they would want it to be born (Carlsson
t al., 2003, 2005; Johansson-Stenman et al., 2002). We  used this
ormulation in the pilot sessions, but it induced many subjects to
ook only at the income and life-expectancy of the higher income
roups in the distribution, because they belonged or expected to
elong to these groups. Feedback from some of the subjects indeed

ndicated that they only looked at their own position in society
nd viewed the decision problems as concerning their own income
nd life-expectancy. We  wanted subjects to look at the complete
istribution and from the perspective of an impartial social planner
nd, therefore, adopted the Alfaland framing.

Policies were presented both in a matrix and in a graph. Fig. 1
llustrates. To avoid order effects, we randomized the dimension
hat was presented first in the matrices and the dimension that
as displayed on the horizontal axis of the graph. Policies were
resented in a rank-ordered fashion. Policies were ranked by the
rst dimension that was displayed. So sometimes the ranking was
y income (as in Fig. 1) and sometimes by life-expectancy. Finally,
e randomized which was policy A and which was policy B to avoid

abeling effects or the results being affected by subjects resolving
ndifference by always choosing one particular policy7.

.3. Stimuli

Every subject first answered two practice questions, then 21
hoice-questions and, finally, 9 background questions. The order of
he 21 choice questions was  randomized across subjects. Some of
he choice questions could be used to test more than one condition.
n overview of the choice questions is in Appendix B.

There were 12 tests of the principle of income-related health
ransfers (PIRHT 1–12) of which 6 could also be used to test cor-
elation increasing majorization (CIM 1–6). For instance, the first
est of PIRHT is also a test of CIM because the left option, which
ields a life-expectancy distribution of (69, 73, 76, 80, 84) is a
orrelation increasing majorization of the right option yielding a
ife-expectancy distribution of (69, 76, 73, 80, 84).

By varying the dimension by which the policies were ranked,
e could test whether the support for PIRHT and CIM depended on
hether life-expectancy or income was  transferred. As an illustra-
7 For example, a bias could arise if subjects resolved indifference by always choos-
ng  A and we would not have varied what was  policy A.
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Income 470 750 1010 1340 2180 vs. 470 750 1010 1340 2180
LE  69 73 76 80 84 69 76 73 80 84

In the displayed test both policies are ranked in terms of income.
ubjects might have interpreted this as life-expectancy being trans-
erred between groups 2 and 3. If we would instead rank the policies
y life-expectancy the test would be displayed as:

LE 69 73 76 80 84 vs. 69 73 76 80 84
Income 470 750 1010 1340 2180 470 1010 750 1340 2180

which could be interpreted as transferring income between
roups 2 and 3.

There were 6 tests of uniform majorization (UM 1–6). In
ests UM1 through UM4  income was held constant and only
ife-expectancy varied. In tests UM5  and UM6  both income and
ife-expectancy varied.

Finally, there were 8 direct tests of separability (SEP 1-8). To
nderstand how these 8 tests work, consider test SEP1. SEP1

s obtained from PIRHT3 by replacing the common income dis-
ribution (470,750,1010,1340,2180) by the common distribution
1150,1150,1150,1150,1150). By separability the subject’s policy
hoice should not depend on the common income distribution and
ubjects should make the same choice in PIRHT3 and in SEP1. That
s, they should either choose the left policy on both occasions or
hoose the right policy on both occasions. A choice of once right
nd once left would violate separability.

A heuristic that might affect the tests of separability is cancel-
ation: if the common dimension (income in the example above)
s obvious, subjects might simplify the choices by canceling it.
hen the two choices would become identical and separabil-
ty would trivially be satisfied. We  tried to limit the impact of
ancellation by varying the dimension that was  used to rank
rder the policies. This made it harder to detect the common
imension.

The 6 tests of CIM could also be used to test separability pro-
ided that anonymity holds. Because these tests depend on the
alidity of anonymity we  will refer to them as indirect tests of
eparability. As shown before, separability and anonymity jointly
mply that subjects should be indifferent in the CIM questions8.
ence, we had 14 tests of separability in total, 8 direct and 6 indirect

ests.
For the baseline distribution of monthly after tax income we

sed the most recent (2001) Dutch wave of the European Commu-
ity Household Panel and adjusted this for inflation. At the time
f the experiment no data on life-expectancy per income quintile
xisted in the Netherlands. So, based on the pilot sessions, we chose
he life-expectancies such that the differences in life-expectancy
etween the income quintiles appeared sufficiently different, while
emaining realistic.

The wording of the background questions is in Appendix C. We
btained information on whether subjects focused more on the
ables or on the graphs in answering the questions, on their sex,
ge, study, political views, family income, expected income in 10
ears, health, and life-expectancy. At the end of the experiment
e asked whether subjects were familiar with the Gini index, the

orenz curve, and/or the Pigou–Dalton principle of transfers. Amiel
nd Cowell (1992) observed that subjects who were familiar with

hese concepts were more likely to agree with transfers to the
orse-off.

8 In Section 2 we  showed that separability and anonymity exclude a strict pref-
rence satisfying CIM. A similar line of argument shows that the reverse strict
reference is impossible. The only answer pattern consistent with separability and
nonymity is indifference.

o
o

G
t

th Economics 31 (2012) 86– 98

.4. Analysis

We used seemingly unrelated regression (SUR) to analyze
hether subjects satisfied the different conditions that we tested

Zellner, 1962, 1963; Zellner and Huang, 1962). For each prefer-
nce condition we  performed a separate SUR regression. That is,
e estimated a simultaneous regression model with 12 equations

because there were 12 tests) for PIRHT, a simultaneous regression
odel with 6 equations for UM and so on. The dependent variable

n each equation was binary and equal to 1 if a subject behaved
ccording to the condition tested and 0 otherwise. Hence, we  had
2 binary indicators for PIRHT, 6 for UM,  and so on. The effect of the
ackground variables was  tested through the inclusion of dummy
ariables.

We used constant-only SUR models where the constants corre-
ponded to the proportion of subjects behaving in agreement with
he respective condition. We  analyzed for each question whether
he proportion of subjects behaving in agreement with a condi-
ion differed significantly from 50%, the proportion that could be
xpected if subjects were indifferent or choice were entirely ran-
om. The usual dismissal of models with linear conditional means
or analyzing binary variables does not apply to constant-only

odels (Wooldridge, 2002, pp. 454, 456, 457). We  dealt with the
eteroskedasticity of the error terms by using a heteroskedasticity-
obust covariance matrix (Wooldridge, 2002, p. 160). To account for
he limited sample size, we  applied a small-sample adjustment in
he estimation of the covariance matrix of the SUR estimator, which
mounts to dividing the elements of this matrix by the relevant
egrees of freedom.

An advantage of SUR is that it allows for dependence of
he responses to the different questions. Most studies testing
reference conditions unrealistically assume that responses are

ndependent (Iverson and Falmagne, 1985). Subjects often use a
ommon response strategy to answer the different questions and
hen their responses are not independent. Seemingly unrelated
egression accommodates for this dependence between responses
y allowing the error terms of the different equations to be cor-
elated. Not allowing for this correlation invalidates statistical
nference in case responses are dependent. The only assumption

e make is that the different subjects respond independently from
ach other, which is a much weaker and much more plausible
ssumption. An additional advantage of SUR is that its coefficients
ave a similar interpretation as the coefficients resulting from OLS.

In addition, we  used negative binomial regression (with a robust
ovariance matrix adjusted for sample size) to analyze the asso-
iation between the number of times a subject responded in
greement with a particular condition and the background vari-
bles.

. Results

The mean age of our subjects was 21.5 years and nearly all of
hem were in good health. The distribution of our subjects over the
olitical spectrum was  fairly balanced: on a scale ranging from 1
“very left-wing”) to 5 (“very right-wing”), the mean score was 3.29.

ost subjects focused on the tables rather than on the graphs, and
nly the concept of the Lorenz curve was  known by the majority of

ur subjects (awareness of Gini and Pigou/Dalton was much lower).

None of the background variables, including knowledge of the
ini index, the Lorenz curve, and/or the Pigou–Dalton principle of

ransfers, significantly affected the response patterns. There was

9 The number of subjects in the different categories was  (0,22,30,28,4).
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ig. 2. Proportion of subjects satisfying the principle of income-related health trans-
ers.

o evidence of order effects and neither did the variable that was
sed for ranking have an impact on the results. The latter find-

ng suggests that subjects treated transfers of life-expectancy and
ransfers of income similarly.

The correlations between the error terms of the SUR regres-
ions were positive in all tests indicating that the responses to
he different questions were correlated and that subjects used a
ommon strategy in answering the questions. That is, subjects
ho (dis-)agreed with PIRHT for one question were inclined to

dis-)agree with PIRHT for the other questions as well. We  could
eject the hypothesis of no correlation between the error terms
n all regressions (Breusch–Pagan test, p < 0.001 in all cases) indi-
ating unobserved subject-specific characteristics that affected the
nswers to the choice questions and illustrating the usefulness of
sing SUR regressions.

.1. Principle of income-related health transfers

Fig. 2 shows the proportions of subjects satisfying PIRHT in each
f the 12 tests that we performed. The dotted line corresponds
ith subjects being indifferent or choice being purely random.

IRHT was clearly rejected. The proportions of subjects choosing
n line with PIRHT varied between 13.3% and 30.1%. All propor-
ions differ significantly from 50% at the 1% level. The question
ith the lowest support for PIRHT involved lower life-expectancies

han the other questions suggesting that the support for PIRHT
ecreases with mean life-expectancy. This makes intuitive sense:

f life-expectancy is relatively low for all groups, people are more
eluctant to transfer life-expectancy from the better-off to the
orse-off.

The time scale of income and health differed in our exper-
ment. Income was monthly and life-expectancy was a period
in years) in which an individual is enjoying life and income.

 consequence of this difference in time scale is that a choice
upporting PIRHT implied a sacrifice of some income. Consider,

or example, question PIRHT1 in which 3 expected life-years
ere transferred from income quintile 3 (earning D 1010 per
onth) to income quintile 2 (earning D 750 per month). This

ransfer implies a total loss of income per person in society of

P
o
t

ig. 3. Frequency distribution number of times subjects behaved in line with PIRHT.

1010 − 750) × 3 × 12 = D 9360. We  found no evidence that subjects
ook this loss of income into account. If this were true, the correla-
ion between the loss of income and the support for PIRHT should
e negative. The correlation was, however, equal to 0.13, not sig-
ificantly different from zero (p = 0.66), and positive rather than
egative.

There was no indication that the lack of support for PIRHT was
aused by subjects considering distributions in which income and
ealth are negatively correlated counterintuitive. We  did not find

 relationship between the size of the reduction in the correlation
etween life-expectancy and income and the support for PIRHT. An
bvious example is the comparison between the first and twelfth
est of PIRHT. In the first test of PIRHT, the reduction in the correla-
ion between life-expectancy and income was much smaller than
n the twelfth test. Consequently, the distribution in the 12th test

ould be more counterintuitive than the distribution in the first
est. Nevertheless, we found more support for PIRHT in the twelfth
est than in the first test.

We also explored whether our subjects were more sensitive
o transfers between the two  extreme groups (1 and 5). Psycho-
ogical research suggests that people are particularly affected by
xtreme outcomes (Kahneman, 2003). We  found no evidence for
his hypothesis, however. For instance, the support for PIRHT did
ot vary between test 3, involving a transfer between the extreme
roups, and test 4, involving a transfer between the middle groups.
ikewise, a comparison between tests 5, 6, and 12 shows that the
upport for PIRHT was  similar for transfers between above average
ncome groups and for transfers between below average income
roups.

Within-individual analyses confirmed the lack of support for
IRHT. Fig. 3 shows the number of times subjects chose in accor-
ance with PIRHT. The distribution is skewed to the right and shows
hat only a small minority of subjects chose consistently with PIRHT
n more than a few tests. The proportion of subjects that satisfied
IRHT in at least 8 out of 12 tests was less than 10%. Over 80% of

ur subjects violated PIRHT in more than half of the tests. Clearly,
he individual analyses did not support PIRHT either.
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Fig. 5. Proportion of subjects satisfying uniform majorization.

6543210

0

5

10

15

20

25

Number of subjects

Number of consistent t ests

F
f

4

a
a
s
n
t
a
r
b

individual level. Fig. 8 shows the frequency distribution of how
ig. 4. Frequency distribution number of times subjects behaved in line with cor-
elation increasing majorization.

.2. Correlation increasing majorization

The results on PIRHT also imply that correlation increasing
ajorization was violated. Hence, this weakening of PIRHT did not

ead to a more accurate representation of social preferences. PIRHT
ests 1, 2, 9, 10, 11 and 12 are also tests of correlation increasing

ajorization. In all tests correlation increasing majorization was
ejected (p < 0.01 in all cases). Moreover, the support in these ques-
ions was not higher than in the questions that tested PIRHT only.
pparently, our subjects were not concerned about the increases

n correlation as specified by correlation increasing majorizations.
Fig. 4 shows the lack of support for CIM at the individual level.

nly 16% of our subjects chose in accordance with CIM in at least 4
ut of 6 tests. Seventy-five percent of the subjects violated CIM in
ore than half of the tests.

.3. Uniform majorization

Fig. 5 shows that uniform majorization was generally confirmed
n our data. The proportions supporting UM in the first four tests
iffered significantly from 50% at the 1% level. Support for UM was

ower in tests 5 and 6. In the fifth test, the proportion was  signifi-
antly different from 50% at the 5% level; in the sixth test it did not
iffer significantly from 50%.

In the first four tests, in which UM was supported, only life-
xpectancy changed, whereas in the final two tests, in which less
upport for UM was observed, both life-expectancy and income
hanged. The lower support for UM in tests 5 and 6 is perhaps
ot surprising. When both dimensions change simultaneously, the
omparison becomes harder and it is not immediately clear that the
imensions of one alternative are more equally distributed than
hose of the other.

The general support for uniform majorization was  confirmed

t the individual level. Fig. 6 displays the number of times sub-
ects answered in line with UM.  Over 70% of our subjects chose in
greement with UM in at least 4 out of 6 questions.

o
o
5

ig. 6. Frequency distribution number of times subjects behaved in line with uni-
orm majorization.

.4. Separability

The eight direct tests of separability generally supported sep-
rability. Fig. 7 shows the proportions of subjects behaving in
greement with separability. In 6 out of 8 tests this proportion was
ignificantly higher than 50%. In tests 5 and 6 the proportion did
ot differ significantly from 50%. This lower support could be due
o task complexity. Tests 5 and 6 involved redistributions of health
mong at least three quintiles. The other separability tests involved
edistributions of health among only two  quintiles, which may have
een easier for subjects.

The direct tests also provided support for separability at the
ften subjects behaved in agreement with separability. Around 70%
f our subjects behaved in agreement with separability in at least

 out of 8 tests.



H. Bleichrodt et al. / Journal of Health Economics 31 (2012) 86– 98 93

61.9%

63.1%

70.2%

85.7%

47.6%

44.0%

73.8% 75.0%

1 2 3 4 5 6 7 8

0%

20%

40%

60%

80%

100%

Proportion

s
j
W
i
a

4

f
t
t
b
t

F
r

Table 1
Spearman rank correlations between number of times subjects respond in line with
a  condition.

CIM Separability (direct
tests)

UM

CIM 1
Separability (direct tests) −0.468 (p = 0.000) 1
UM −0.027 (p = 0.809) 0.197 (p = 0.076) 1

Table 2
Summary of findings.

Principle Satisfied?

Principle of income-related health transfers No
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Fig. 7. Proportion of subjects satisfying separability.

The indirect tests, on the other hand, provided no support for
eparability. As explained in Section 2, separability and anonymity
ointly imply that subjects should be indifferent in the tests of CIM.

e observed, however, that subjects significantly deviated from
ndifference in those tests, casting doubt on separability and/or
nonymity.

.5. Combinations of conditions

Correlation increasing majorization is independent from uni-
orm majorization and CIM and separability are incompatible. In
his subsection we briefly analyze how the responses to these ques-

ions were related. Table 1 shows the Spearman rank correlations
etween the number of times subjects satisfied particular combina-
ions of conditions. For the separability condition we only consider
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he direct tests SEP 1-8 in this subsection. As expected, there was
 negative correlation between the number of times subjects sat-
sfied CIM and the number of times they satisfied separability. This
egative correlation was highly significant (p < 0.001). Most sub-

ects satisfied either CIM or separability, rarely did they violate both
onditions. Depending on the underlying choice question, between
% and 15% of the responses satisfied both CIM and separability,
hich is inconsistent. These responses may  reflect error or con-

usion. The proportion of such erroneous choices is relatively low
ompared with other choice experiments where error rates up to
0% are common (Stott, 2006).

Table 1 also shows that there was no relationship between the
umber of times a subject satisfied CIM and the number of times
e satisfied UM.  There was a positive and marginally significant
elationship between the number of times a subject satisfied UM
nd the number of times he satisfied separability.

. Discussion

The main purpose of our study was  to test experimentally
hether decreases in the concentration index, a widely used
easure of socio-economic inequalities in health, are considered

ocially desirable. Our results did not support the concentration
ndex. The crucial condition on which the concentration index
elies, the principle of income-related health transfers, was  sys-
ematically violated.

A second purpose of our study was to shed light on the ques-
ion which alternative conditions might be used instead. Table 2
ummarizes our findings. We  found no support for correlation
ncreasing majorization, a weakening of PIRHT. On the other hand,
niform majorization, the multidimensional generalization of the
igou–Dalton principle of transfers was  supported. The results on
eparability were mixed with support being observed in the direct
ests, but inconsistent results in the indirect tests. These inconsis-
encies could be caused by violations of separability or by violations
f anonymity. Even though anonymity is commonly assumed in
nequality measurement, it could be violated in case the attributes
istinguished in the analysis, life-expectancy and income, do not
apture all the relevant information on which social choices should
e based.

What do our findings imply for health inequality measure-
ent? Unfortunately, our paper yields more negative than positive

nswers. The refutation of the principle of income-related health
ransfers suggests that the concentration index does not con-

ect well with subjects’ preferences over distributions of income
nd life-expectancy. Likewise, the lack of support for correla-
ion increasing majorization suggests that alternative indices that
ssume correlation increasing majorization do not reflect these
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references either. Examples of such indices are Tsui’s (1999) gen-
ralized entropy measure and the indices proposed by Maasoumi
1986), Bourguignon (1999),  and Abul Naga and Geoffard (2006).
he mixed support for separability means that the question
hether a two-stage procedure to health inequality measure-
ent, as put forward by Gajdos and Weymark (2005),  may  be

sed to arrive at a more descriptive health inequality measure is
till open.

Our data should not be interpreted as saying that people do not
are about inequality. The strong support for uniform majorization
hows that they are concerned about the spread in the distributions
f income and life-expectancy. Reductions in these spreads are
learly perceived as desirable. Unfortunately, uniform majorization
s too general to identify a particular inequality measure. Future
tudies should try to limit the set of appealing indices by testing
dditional conditions.

Let us conclude with some caveats. In our experiment we
nly considered inequality in two dimensions: income and life-
xpectancy. Health has another dimension, quality of life, which
e did not include in the present study. In future research we plan

o examine whether our conclusions remain valid when quality of
ife is included as a separate dimension. There is some evidence
hat people derive less utility from income when in poorer health
nd taking this into account may  affect distributional judgments.
n advantage of using quality of life is that it can be measured
n the same time scale as income. On the other hand, we found
o evidence that the difference in time scale between income and

ife-expectancy had an impact on the results.
A second concern may  be that our sample, consisting of uni-

ersity students, was not sufficiently large and representative and,
elated to this, that questions about life-expectancy are too the-
retical and abstract for university students who still have many
xpected life-years to come. While we acknowledge these points
nd aim to design further tests that will be submitted to larger
nd more general samples, two points are worth making. First,
n our sample none of the background variables had an influ-
nce on the results. Second, in a study about inequality in health,
leichrodt et al. (2005) observed no significant differences between
he views of a comparable sample of university students and
hose of a representative sample of the Dutch population. Amiel
nd Cowell (1992) provided an interesting argument why  it may
ctually be better to use students instead of general population
amples when studying social preferences. Members of the general
ublic may  have an intuitive idea what tradeoffs between differ-
nt members of the population mean, but their ideas are often
ied to specific situations or examples rather than based on pre-
isely defined abstract principles of distributive justice. Intuition
lone can prove a poor guide to criteria of general applicability.
tudents are better able to think about distributional problems
nalytically.

A more fundamental question is whether we can have sufficient
onfidence in the responses of students to inform social policy. One
ould argue that relevant normative judgments should be based
n informed choice: people should be informed about the issues
t stake. While confronting people with the pros and cons of dif-
erent arguments is desirable, we are inclined to believe that this
ould not have substantially affected our findings. In most of the

ests the difference between the two choice options was  easy to
pot and it was obvious what we were testing. Take the first test
f correlation increasing majorization. In one choice option the
econd quintile had a life-expectancy of 73 years and the third

uintile had a life-expectancy of 76 years. In the other option these

ife-expectancies were reversed. The two options were equal in
ll other respects. It was clear that we tested whether decreas-
ng the correlation between income and life-expectancy was

l
i

th Economics 31 (2012) 86– 98

esirable. Nevertheless the condition was rejected. Moreover,
hose subjects who were aware of the Gini index, the Lorenz curve,
nd the Pigou–Dalton principle of transfers behaved exactly like the
ubjects who  were unfamiliar with these concepts, suggesting that
dditional knowledge of what we were testing had no impact on the
esults.

That said, we  acknowledge that there is a danger that subjects’
nswers were affected by biases and heuristics, which ought to play
o role in social policy. Saying that elicited preferences are impor-
ant carries with it the responsibility to ensure that what is elicited
ndeed reflects what people consider important. As explained in the
escription of the experiment, we tried to control for the biases that
e could think of. We  used several versions of the questionnaire
ith different orderings of the different questions to control for the
ossibility that the order of the questions would affect the results
nd we randomized what was policy A and policy B to counter can-
ellation. Of course, the possibility can never be excluded that other
iases affected our results.

It is obvious that our study cannot provide the final answer
n which health inequality measure to use. We  invite other
esearchers to replicate and extend our findings. The quest for a
etter measurement of health inequality is important and more
esearch is needed to ascertain the extent to which principles are
n line with people’s concerns about inequality. We  hope that our
tudy will prove a useful step in this quest.
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ppendix A.

Thank you very much for participating in this experiment. The
urpose of this survey is to obtain information on how people value
istributions of income and life expectancy. There are no ‘right’ or

wrong’ answers in this questionnaire. We  are only interested in
our own personal opinion.

Alfaland is a small country for which two  governmental policies
ave been proposed. Both policies will have an identical impact on
he country, except for the income and life expectancy of people. In
he questions below you are asked to choose repeatedly between
wo distributions of income and life expectancy that result from
hese two  policies.

The population of Alfaland consists of 5 groups of people. All 5
roups are equally large. Within every group all persons will have
he same income and the same life expectancy throughout their
ives. The resulting distribution of income and life expectancy from
ach policy is described as in the following table.

1 2 3 4 5

Income D 470 D 750 D 1010 D 1340 D 2180
Life expectancy 69 73 76 80 84
Income is the net monthly income in euros per person. The price
evel in Alfaland will be similar to the price level in the Netherlands
n 2008. Life expectancy is the expected number of years a person in
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he group will live in full health, after which he or she dies. The five columns, named 1, 2, 3, 4, and 5, give the income and life expectancy
or the five equally large groups of people. In this example one fifth of the population has an income of D 1010 and a life expectancy of 76
ears.

The distribution of income and life expectancy can also be depicted in a graph as follows:
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Every point in the graph denotes a group of people. In the graph below we can see that the third point from the left corresponds to
roup 3 with the income of D 1010 and the life expectancy of 76.
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In the questions below you will be asked to compare two  policies. We  will depict the distributions corresponding to both policies in
ne graph. The distribution of the first policy is given by points that are indicated through white circles. The distribution of the second
olicy is given by points that are indicated through black diamonds.

Note that the graphs never contain more information than the tables. Therefore, in determining your choice between two policies it is
ot mandatory to look also at the graphs.

For some policies, two groups will have exactly the same income and life expectancy. For those policies two points will coincide, so
hat you can see only four, three, two, or one point. This is the case in the following example.
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Policy  A

Policy  B

Policy A 

Policy B 

5 4 3 2 1 

€ 2180 € 1340 € 1010 € 750  € 470  Income 

84 80 76 73 69 Life Expectancy

5 4 3 2 1 

€ 1150 € 1150 € 1150 € 1150 € 1150  Income 
Income84 84 76 73 73 Life Expectancy

In policy B group 1 is in the same situation as group 2 and group 4 is in the same situation as group 5.
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In some questions the two policies considered will only differ for a few groups. This is the case in the following example.
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Policy A

Policy B

Policy A 

Policy B 

5 4 3 2 1 

€ 2180 € 1340 € 1010 € 750  € 470  Income 

84 80 76 73 69 Life Expectancy

5 4 3 2 1 

€ 2180 € 1340 € 1150 € 750  € 470  Income 

84 80 76 73 69 Life Expectancy

In each question below, please indicate the policy that you would implement for Alfaland by putting a cross in the circle to the left of
he table of the corresponding distribution. In every question you may  choose only one policy.

ppendix B. Experimental questions

The shaded options are predicted to be chosen according to the condition being tested. The responses to the eight separability questions
hould be the same as to PIRHT questions 3,4,5,6,8,4,5, and 1, respectively, in the sense that if the right (left) policy was  chosen in the
IRHT question then the right (left) policy should also be chosen in the separability question.

Question Quintile 1 2 3 4 5 1 2 3 4 5

PIRHT1 Income 470 750 1010 1340 2180 vs. 470 750 1010 1340 2180
LE  69 73 76 80 84 69 76 73 80 84

PIRHT2  Income 470 750 1010 1340 2180 vs. 470 750 1010 1340 2180
LE 60 73  76 80 84 84 73 76 80 60

PIRHT3 Income 470 750 1010 1340 2180 vs. 470 750 1010 1340 2180
LE  69 73 76 80 84 85 73 76 80 68

PIRHT4  Income 470 750 1010 1340 2180 vs. 470 750 1010 1340 2180
LE  69 73 76 80 84 69 81 76 72 84

PIRHT5  Income 470 750 1010 1340 2180 vs. 470 750 1010 1340 2180
LE 69 73  76 80 84 69 73 82 74 84

PIRHT6 Income 470 750 1010 1340 2180 vs. 470 750 1010 1340 2180
LE  65 61 69 72 75 68 58 69 72 75

PIRHT7  Income 470 750 1010 1340 2180 vs. 470 750 1010 1340 2180
LE  69 73 76 80 84 69 79 74 78 82

PIRHT8  Income 470 750 1010 1340 2180 vs. 470 750 1010 1340 2180
LE  70 73 76 80 84 78 71 74 78 82

PIRHT9 Income 470 750 1010 1340 2180 vs. 470 750 1010 1340 2180
LE  69 69 76 80 84 69 80 76 69 84

PIRHT10 Income 470 750 1010 1340 2180 vs. 470 750 1010 1340 2180
LE  70 70 70 75 80 75 70 70 70 80

PIRHT11 Income 470 750 1010 1340 2180 vs. 470 750 1010 1340 2180
LE  70 70 70 75 80 70 75 70 70 80

PIRHT12 Income 470 750 1010 1340 2180 vs. 470 750 1010 1340 2180
LE  69 69 78 80 84 69 78 69 80 84

CIM1  Income 470 750 1010 1340 2180 vs. 470 750 1010 1340 2180
LE  69 73 76 80 84 69 76 73 80 84

CIM2  Income 470 750 1010 1340 2180 vs. 470 750 1010 1340 2180
LE  60 73 76 80 84 84 73 76 80 60

CIM3  Income 470 750 1010 1340 2180 vs. 470 750 1010 1340 2180
LE  69 69 76 80 84 69 80 76 69 84

CIM4 Income 470 750 1010 1340 2180 vs. 470 750 1010 1340 2180
LE  70 70 70 75 80 75 70 70 70 80
CIM5 Income 470 750 1010 1340 2180 vs. 470 750 1010 1340 2180
LE 70  70 70 75 80 70 75 70 70 80

CIM6  Income 470 750 1010 1340 2180 vs. 470 750 1010 1340 2180
LE 69  69 78 80 84 69 78 69 80 84
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A
5 1 2 3 4 5

1150 vs. 1150 1150 1150 1150 1150
84 85 73 76 80 68

1150 vs. 1150 1150 1150 1150 1150
84 69 81 76 72 84

1150 vs. 1150 1150 1150 1150 1150
84 69 73 82 74 84

1150 vs. 1150 1150 1150 1150 1150
75 68 58 69 72 75

2180 vs. 470 750 1010 1340 2180
84 68 72 76 80 84

1465 vs. 470 750 1010 1340 2180
78 68 72 76 80 84

1150 vs. 1150 1150 1150 1150 1150
84 85 73 76 80 68

1150 vs. 1150 1150 1150 1150 1150
84 69 81 76 72 84

1150 vs. 1150 1150 1150 1150 1150
84 69 73 82 74 84

1150 vs. 1150 1150 1150 1150 1150
75 68 58 69 72 75

1150 vs. 1150 1150 1150 1150 1150
84 71 74 78 78 82

2180 vs. 470 750 1010 1340 2180
69 84 72 76 81 69

2180 vs. 470 750 1010 1340 2180
84 82 73 69 74 84

2180 vs. 470 750 1010 1340 2180
84 69 78 69 80 84

A

o
a

a

c

c

R

A

A

A

A

A

A

from Ethics to Action. Oxford University Press, Oxford.
H. Bleichrodt et al. / Journal o

ppendix B (Continued )
Question Quintile 1 2 3 4 

UM1 Income 1150 1150 1150 1150 

LE  69 73 76 80 

UM2  Income 1150 1150 1150 1150 

LE 69 73 76 80 

UM3 Income 1150 1150 1150 1150 

LE  69 73 76 80 

UM4  Income 1150 1150 1150 1150 

LE  65 61 69 72 

UM5 Income 740 745 745 1340
LE 72 72 72 80

UM6 Income 470 1010 1340 1465 

LE 68 76 80 78 

SEP1 Income 1150 1150 1150 1150 

LE  69 73 76 80 

SEP2  Income 1150 1150 1150 1150 

LE  69 73 76 80 

SEP3  Income 1150 1150 1150 1150 

LE 69 73 76 80 

SEP  4 Income 1150 1150 1150 1150 

LE  65 61 69 72 

SEP  5 Income 1150 1150 1150 1150 

LE  70 73 76 80 

SEP  6 Income 470 750 1010 1340 

LE 84 80 76 73 

SEP  7 Income 470 750 1010 1340 

LE  76 73 69 80 

SEP  8 Income 470 750 1010 1340 

LE  69 69 78 80 

ppendix C. Background questions

• When answering the previous questions, did you focus more
n the tables or more on the graphs? Please circle your answer on

 scale from 1 to 5.

“focus more on tables” “focus more on graphs”

1 2 3 4 5

• Are you male or female? Please circle your answer. M/F
• What is your age?

———
•  Which study program are you following or did you follow?

———
• How would you rate your political views? Please circle your

nswer on a scale from 1 to 5.

“very left” “very right”

1 2 3 4 5

• How would you rate your family’s income 10 years ago? Please
ircle your answer on a scale from 1 to 5.

“relatively low” “relatively high”

1 2 3 4 5
• How do you think your income in 10 years will be? Please
ircle your answer on a scale from 1 to 5.

A

A

“relatively low” “relatively high”

1 2 3 4 5

• How is your health in general? Please circle your answer.

Very good Good Fair Bad Very bad

• What is the maximum age that you expect to reach?
———
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