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Abstract

We study mechanisms to construct equal-opportunity policies for resource alloca-

tion. In a model where individuals enjoy welfare as a function of the e¤ort they

expend, and the amount of a socially provided resource they consume, the aim is to

allocate the social resource so that the inequality of welfare across individuals at the

same relative e¤ort level is minimized. In doing so, and as opposed to other existing

mechanisms for equal-opportunity policies, we account for the hypothetical relative

deprivation of equally-deserving individuals. Besides studying these mechanisms

generically, we analyze how they work in the context of the delivery of health care

resources.
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1 Introduction

Most advanced democracies present as a goal the achievement of equality of opportunity,

probably the most universally supported conception of distributive justice. The precise

meaning of this concept has evolved over time, especially in the last four decades, thanks

to the contributions of distinguished political philosophers and economists.

Traditionally, equality of opportunity was understood as the absence of legal bar to

access to education, to all positions and jobs, and the fact that all hiring was meritocratic.

John Rawls (e.g., Rawls, 1971) and Amartya Sen (e.g., Sen, 1980; 1985) introduced

pioneering theories in which this traditional view was challenged to invoke a more radical

notion. They argued that real equality of opportunity requires compensating persons

for a variety of circumstances whose distribution is morally arbitrary. For Rawls, this is

attained when social class and family background do not a¤ect people�s opportunities for

social positions and the attendant bene�ts, whereas for Sen, this is attained when the

personal sets of vectors of functionings (e.g., nourishment, health, happiness, self-respect,

etc.) are equal.

The next step is due to Ronald Dworkin who in his two celebrated articles (Dworkin,

1981a; 1981b) highlighted an important issue that was germinal, although incompletely

developed, in the works of Rawls and Sen: personal responsibility. According to Dworkin,

justice requires compensating individuals for aspects of their situation for which they

are not responsible and hamper their achievement of whatever is valuable in life, but

only for those aspects. Di¤erences between aspects of their situations for which they are

responsible are of no concern for justice. A controversial aspect of Dworkin�s proposal

is the decision of placing preferences within the jurisdiction of a person�s responsibility.

This aspect was challenged in the late 80�s by Richard Arneson and G.A. Cohen (e.g.,

Arneson, 1989; Cohen, 1989) who made the point that Dworkin had misplaced the line

separating those aspects for which a person should be held accountable from those for

which he should not, in an egalitarian theory of justice.

The path-breaking contribution to translate these philosophical ideas into an economic

framework, which is the one we shall endorse here, comes from John Roemer (e.g., Roemer,

1993, 1998, 2002b). Roemer formalizes a precise de�nition of equality of opportunity as

an explicit method to select policies among a set of alternatives. Typically, a policy

can be reduced to a proposal for the allocation of some �nite amount of resource across

types of individuals sharing circumstances (i.e., aspects beyond the individual�s control

that in�uence her status) as a function of the e¤ort (i.e., aspects that also in�uence the

individual�s status but over which she has at least some control) they invest. An equal-
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opportunity policy, with respect to an objective, should allocate the resource so that it

makes the degree to which an individual achieves the objective a function only of her

e¤ort, and therefore independent of her circumstances. Typically, it will not be feasible

to reach this goal for a given �nite amount of resources. Consequently, Roemer adjusts

this ideal goal proposing to implement the policy that maximizes a social welfare function

that is the average of the advantage enjoyed by the worst-o¤ type at each possible e¤ort

level. Thus, he shifts from an pure equity framework to a welfare objective.

The aim of this paper is to present an alternative mechanism to design equal-opportunity

policies from a pure equity framework, without resorting to a welfare objective. In the

framework provided by Roemer, suppose we were only concerned with equalizing the ad-

vantage of all individual, across types, who expended a given degree of relative e¤ort.

Roemer postulates that the selected policy should be the one that maximizes the mini-

mum level of advantage across all types, of individuals who expend the given degree of

e¤ort for their type. We postulate, however, that the selected policy should be a policy

minimizing the inequality of the advantage enjoyed among these individuals, at the same

degree of relative e¤ort. As is usual in inequality measurement, we deal with this task

by means of an inequality index, to be applied to the resulting distributions of advantage

levels in the population of individuals who expend the same given degree of e¤ort. By

using an inequality index we re�ect a concern for, either the whole pattern of a distrib-

ution, or at least a reference level of it (such as its mean). In doing so, we are able to

address an issue that is absent in Roemer�s proposal: relative deprivation. This concept

was �rst described by Adam Smith in �The Wealth of Nations,� in a passage on the

�necessaries� of daily life. For decades, economists overlooked Smith�s analysis, and it

was left to sociologists and anthropologists to study the impact of relative deprivation

(e.g., Runciman, 1966). It was not till recently that economists turned to focus on this

issue establishing, among other things, the close connection between inequality indices

and relative deprivation (e.g., Yitzhaki, 1979; Berresi and Silber, 1985) and documenting

instances of relative deprivation in real life (e.g., Clark and Oswald, 1996; Luttmer, 2005).

The proposal outlined in the previous paragraph was e¤ort-level speci�c, selecting a

policy for a given level of relative e¤ort. If, by chance, the same policy were obtained for

each existing level of relative e¤ort, that would be unambiguously the equal-opportunity

policy recommended. Typically, this will not be the case and therefore we need to adopt a

compromise for this hypothetical bundle of policies. We propose two alternatives to deal

with this task. The �rst one follows Roemer (1998) and replaces the objective for a social

objective function consisting of the average of the objectives in each of the (e¤ort-level)

programs. The second alternative minimizes the maximum inequality (rather than the
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average) throughout the di¤erent levels of relative e¤ort.

A di¤erent, but somewhat related, approach to Roemer�s theory of equality of oppor-

tunity, has been developed by Dirk Van de gaer (e.g., Van de gaer, 1993). This approach,

rather than focussing on the outcomes of individuals in di¤erent types at the same rela-

tive level of e¤ort, focusses on the set of outcomes available to the members of each type.

(One might call this their opportunity set.) Van de gaer determines the value of this

opportunity set by taking the average outcome for each type, and then maximizes the

value of the least valuable opportunity set. One could adapt Van de gaer�s approach to

the proposal outlined above, as follows. First, we take the average outcome of each type,

and then we seek to minimize the inequality between these averages.

To conclude with this introduction, it is worth mentioning that this paper could be

considered as part of the fast-expanding literature on compensation and responsibility

in fair allocation rules (see Fleurbaey and Maniquet (2004) for an excellent survey). In-

stances within this literature dealing with related issues to the ones addressed in this

paper are Bossert et al. (1999), Hild and Voorhoeve (2004), Peragine (2004) and Ooghe

et al. (2005). They are all concerned, albeit to a di¤erent extent and in slightly di¤er-

ent contexts, with the idea of minimizing inequality across individuals in a same e¤ort

group. Bossert et al., (1999), for instance, propose social criteria for second-best mod-

els of compensation based on agents� talents and responsibilities. Hild and Voorhoeve

(2004) concentrate on a shortcoming of Roemer�s �relative e¤ort�metric that might fail

to correctly identify the choices for which individuals should be held responsible. Per-

agine (2004) provides conditions to rank income distributions and characterizes classes

of opportunity-egalitarian social evaluation functions, extending the well-known Lorenz

ordering. Finally, Ooghe et al. (2007) present an exhaustive comparison of the social

orderings derived from Roemer�s proposal and Van de gaer�s proposal (as well as some

generalizations) from an axiomatic approach.

The rest of the paper is organized as follows. In Section 2, we introduce the preliminar-

ies of the model. In Section 3, we present the mechanisms to construct equal-opportunity

policies. In Section 4, we provide an application to obtain equal-opportunity policies from

each mechanism and we compare them. Section 5 concludes.

2 The model

The preliminaries of the model presented here follow those in Roemer (1998, Chapter

4). Consider a population whose members enjoy welfare as a result of two features:

the amount of a socially provided resource they consume and the amount of e¤ort they
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expend. The amount of e¤ort an individual expends comes determined, not only by her

autonomous volition, but also by her circumstances. By circumstances we mean those

aspects beyond individual�s control that in�uence her pursuit of welfare. For instance, a

circumstance could be the parental socioeconomic status, the level of formal education

attained by the parents, the race, the gender, etc. We assume society has �xed a set of

circumstances for which their individuals should not be held responsible. Each individual

will be identi�ed with a pro�le of circumstances, leading to a population partition.

Formally, let T = f1; :::; ng be a set of types, where each type re�ects a particular
pro�le of circumstances. Two individuals in the same type share the same pro�le of

circumstances, whereas individuals in di¤erent types will have di¤erent pro�les of cir-

cumstances. We denote by pt the frequency of type t 2 T in the population. Each type
is characterized by a function denoted ut(�; �) representing the welfare of an individual
of type t, as a function of the amount of the resource she consumes and the e¤ort she

expends. We assume that these utility functions are fully interpersonally comparable.

That is, ut(x; e) � ut0(x0; e0) means that an individual in type t, who receives an amount
of resource x and expends a level of e¤ort e enjoys at least the same welfare level than an

individual in type t0, who receives an amount of resource x0 and expends a level of e¤ort

e0.

Suppose that there exists an amount ! (per capita) of the resource to allocate among

individuals in the population. The issue is to determine how to allocate ! properly to

achieve equality of opportunity. In order to do that, society must choose a policy for

allocating ! among the population. For each t 2 T , let 't : R+ 7�! R+ be the function
that indicates the amount of resource that an individual of type t receives with respect

to the e¤ort she expends. An n�tuple ' = ('1; :::; 'n) of such functions will be called a
policy and each of its components 't will be called an allocation rule. Let � be the set of

available policies for which the budget balance is reached.

Suppose that the distribution of e¤ort expended by members of type t is given by the

probability measure F t't. Let e
t(�; 't) be the level of e¤ort expended by the individual at

the �th quantile of that e¤ort distribution. Formally, et(�; 't) is such that

� =

Z et(�;'t)

0

dF t't.

Now, we de�ne the indirect utility function vt(�; 't), i.e., the level of welfare enjoyed by

an individual of type t who reached the �th degree of e¤ort and faced the allocation rule

't, as follows:

vt(�; 't) = ut('t(et(�; 't)); et(�; 't)).
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Let � 2 [0; 1] and ' = ('1; :::; 'n) 2 � be given and consider

v(�; ') = (v1(�; '1); v2(�; '2); :::; vn(�; 'n)),

the vector of indirect utilities of the individuals at the �th degree of e¤ort of each type,

after implementing policy '.

3 The mechanisms

The issue now is to construct a mechanism that yields for each environment a particular

policy in �.

3.1 Opportunity mechanisms

For a given quantile � of e¤ort expended, suppose we are only concerned with equalizing

the advantage of all individual, across types, who expended the �th degree of e¤ort. For

this case, Roemer (1998, page 27) would propose choosing that policy 'R� that maximizes

the minimum level of advantage, across all types, of individuals who expend the �th degree

of e¤ort for their type. Formally,

'R� = argmax
'2�

R(v(�; ')), (1)

where R(v(�; ')) = mint2Tfvt(�; 't)g.
As Roemer states, his aim is �[t]o choose the policy that equalizes advantage across

types, for given centiles of e¤ort expended�(e.g., Roemer, 1998; page 26). We argue that,

in order to follow Roemer�s aim more closely, the selected policy, for a given centile (or,

more generally, quantile) �, should be the one that minimizes the inequality of advantage,

across all types, of individuals who expend the �th degree of e¤ort for their type, rather

than the one that maximizes the level of the worst-o¤type. Formally, let I be an inequality

index. Then, our recommended policy would be

'IR� = argmin
'2�

I(v(�; ')). (2)

Program (2) di¤ers from program (1) in a main aspect. Whereas program (1) is only

concerned with the advantage achieved by the worst-o¤ individual, out of those at the

same (relative) level of e¤ort, program (2) is concerned with the whole distribution of

advantage levels within the group, or at least with a reference level of it (such as its mean).

In doing so, we allow for capturing the well-documented (see, for instance, the discussion

section of this paper and the literature cited therein) phenomenon of relative deprivation
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that individuals might feel.1 There is, however, a possibility of modifying program (1) to

capture the concern for relative deprivation. More precisely, the selected policy 'R
�

� would

be the one that maximizes the relative minimum level of advantage, across all types, of

individuals who expend the �th degree of e¤ort for their type. Formally,

'R
�

� = argmax
'2�

R�(v(�; ')), (3)

where

R�(v(�; ')) = min
t2T

�
vt(�; ')P
t2T v

t(�; ')

�
:

Note that program (3) is actually a particular case of program (2): that in which the

inequality index is the so-called (relative) maximin index. Formally,

'R
�

� = argmax
'2�

R�(v(�; ')) = argmin
'2�

I(v(�; ')),

where

I(v(�; ')) = 1�
�
mint2T v

t(�; ')P
t2T v

t(�; ')

�
.

Now, if we wish to equalize advantage across types for every �, either using program (1)

or program (2), we would have in general a continuum of di¤erent policies, f'R� : � 2 [0; 1]g
or f'IR� : � 2 [0; 1]g. If, by chance, all the programs would provide the same policy,
that would be unambiguously the equal-opportunity policy recommended. Typically,

this will not be the case and therefore we need to adopt a compromise between such

hypothetical bundle of policies. To do so, Roemer (1998) proposes modifying program (1)

upon replacing the maximandum for a social objective function consisting of the average

of the maximanda in each of the programs. More precisely,

'R = argmax
'2�

R(v; '), (4)

where R(v; ') =
R 1
0
R(v(�; '))d� =

R 1
0
mint2Tfvt(�; ')gd�.

The analogous extension of our proposal would generate the following program:

'IR = argmin
'2�

I(v; '), (5)

where I(v; ') =
R 1
0
I(v(�; '))d�.2 Another feasible option, however, comes to mind.

Given that we are dealing with inequality indices for each e¤ort level, we can consider

1Note that, since we have assumed that policies in the set � are e¢ cient (in the sense that they

are budget balanced) and therefore distribute the available amount of resource completely, we rule out

as solution for program (2) the policy that gives zero to every group, that might reach a higher (but

undesirable) degree of equality.
2See Kolm (2003) for the elaboration of a related point.
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instead minimizing the maximum inequality throughout the di¤erent levels of relative

e¤ort. This would lead to the following program:

'II = argmin
'2�

II(v; '), (6)

where II(v; ') = max�2[0;1] I(v(�; ')).

3.2 Opportunity-set mechanisms

There is a second approach to equality of opportunity, that departures from Roemer�s

approach, that focuses on the opportunity set to which people have access, and tries to

make these sets as equal as possible. Compensation is de�ned in terms of opportunity

sets. The concern for responsibility implies that only the set matters, while individuals

remain responsible for their choice. A rule which starts from this inspiration has been

proposed by Van de gaer (1993) and is further explored in Bossert et al. (1999) and

Ooghe et al. (2007). Van de gaer�s rule can be easily described making use of the model

presented above.

For ' 2 �, we construct its representative vector v' as the average of the indirect
utilities of each type at each degree of e¤ort, after implementing policy ', i.e.,

v' =

�Z 1

0

v1(�; ') � d�; :::;
Z 1

0

vn(�; ') � d�
�
.

Each component of the representative vector v' can be interpreted as the opportunity set

of each type. In order to equalize these sets, Van de gaer proposes a maximin mechanism.

More precisely, Van de gaer�s mechanism would select the following policy:

'V = argmax
'2�

V (v'), (7)

where V (v') = mint2T
nR 1

0
vt(�; ') � d�

o
.

As in the above section, we propose an alternative mechanism to achieve the equality

of opportunity sets more accurately. Formally, let I be an inequality index. Our proposal

would recommend implementing the following policy:

'IV = argmin
'2�

I(v'). (8)

As before, the main advantage of program (8) with respect to program (7) is that of being

concerned with the whole distribution of opportunity sets rather than just its worst-

o¤ component hence allowing for a concern on relative deprivation. However, there is

also a possibility of modifying program (7) to capture this concern. More precisely, the
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selected policy 'V
�
would be the one that maximizes the relative worst-o¤ opportunity

set. Formally,

'V
�
= argmax

'2�
V �(v(�; ')), (9)

where

V �(v(�; ')) = min
t2T

( R 1
0
vt(�; ') � d�P

t2T
R 1
0
vt(�; ') � d�

)
:

Note that, similarly to the case of the previous section, program (9) is actually a particular

case of program (8): that in which the inequality index is the (relative) maximin index.

4 Application: equal-opportunity policies for health

care

In the present section, we show, by means of a stylized application, that the mechanisms we

propose in this paper typically yield di¤erent equal-opportunity policies to Roemer�s and

Van de gaer�s mechanisms. This example comes from Roemer (2002a) and it is presented

here with some slight modi�cations. It consists of a framework to select equal-opportunity

policies for the delivery of health care resources.

Assume a society with two types of individuals, the rich and the poor, where we

suppose that a person is not to be held accountable for her socioeconomic status in

regard to her health. Let us say that one half of the population is poor whilst the other

half is rich. The rich have, on average, more healthy life styles than the poor. This is

formalized by assuming that the poor have life-style qualities uniformly distributed on

the interval [0; 1], while the rich have life-style qualities that are uniformly distributed on

the interval [0:5; 1:5].

We suppose that members of the population die from cancer or tuberculosis. The

probability of contracting cancer, as a function of life-style quality (q), is the same for

both types, and given by:

�CR (q) = �
C
P (q) = 1�

2q

3
,

whereas the probability of contracting tuberculosis is only positive for the poor people

and given by:

�TP (q) = 1�
q

3
.

In particular, the rich do not contract tuberculosis at all. Suppose that life expectancy

for a rich individual has the following expression:

LER =

(
70 if cancer is not contracted,

60 + 10xc�1000
xc+1000

if cancer is contracted and xc is spent on its treatment.
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Thus, if the disease is contracted, life expectancy will lie between 50 and 70, depending

on how much is spent on treatment (from zero to an in�nite amount). This is a simple

way of modeling the fact that nobody dies of cancer before age 50. Suppose that life

expectancy for a poor individual is

LEP =

8>>>>><>>>>>:
70 if neither disease is contracted,

60 + 10xc�1000
xc+1000

if cancer is contracted and xc is spent on its treatment.

50 + 20xt�10000
xt+10000

if tuberculosis is contracted and xt is spent on its treatment.

min
n
60 + 10xc�1000

xc+1000
; 50 + 20xt�10000

xt+10000

o
if both diseases are contracted.

Thus, the poor can die at age 30 if they contract tuberculosis and it is not treated. With

large expenditures, an individual who contracts tuberculosis can live to age 70. We also

assume that if a poor individual contracts both cancer and tuberculosis then her life

expectancy will be the minimum of the above two numbers.

Finally, assume that national health care budget is $4000 per capita.

The instrument is (xc; xt), the schedule of how much will be spent on treating an

occurrence of each disease. The objective is to equalize opportunities, for the rich and

the poor, for life expectancy.

With the data mentioned above, one can easily compute that 1=3 of the rich will

contract cancer, 1=9 of the poor will contract only cancer, 5=18 of the poor will contract

only tuberculosis and 5=9 of the poor will contract both tuberculosis and cancer. Hence,

the budget constraint can be expressed as�
1

2
� 1
3
+
1

2
� 2
3

�
xc +

1

2
� 5
6
� xt = 4000,

or equivalently, 6xc + 5xt = 48000.

It is also straightforward to see that the probability that individuals at quantile � of

their e¤ort distribution contract a disease is:

CANCER TUBERCULOSIS

RICH 1� 2
3
(� + 0:5) 0

POOR 1� 2
3
� 1� �

3

Thus, life expectancies are

vR (�; xc) =
2

3
(� + 0:5) � 70 +

�
2

3
(1� �)

��
60 + 10

xc � 1000
xc + 1000

�
,
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and

vP (�; xc; xt) =
2�2

9
� 70 + (1� �

3
)
2�

3

�
50 + 20

xt � 10000
xt + 10000

�
+

(1� 2�
3
)
�

3

�
60 + 10

xc � 1000
xc + 1000

�
+

(1� �
3
)(1� 2�

3
)min

�
60 + 10

xc � 1000
xc + 1000

; 50 + 20
xt � 10000
xt + 10000

�
.

The solution that Roemer�s mechanism would propose is obtained by solving the problem:

maxfxc;xtg

nR 1
0
minfvR (�; xc) ; vP (�; xc; xt)g � d�

o
s.t. 6xc + 5xt = 48000

Van de gaer�s mechanism would propose, however, solving the problem:

maxfxc;xtg

n
minf

R 1
0
vR (�; xc) � d�;

R 1
0
vP (�; xc; xt) � d�g

o
s.t. 6xc + 5xt = 48000

It can be shown that, for (xc; xt) given, vR (�; xc) � vP (�; xc; xt) for all � 2 [0; 1]. Thus,
both programs become

maxfxc;xtg

nR 1
0
vP (�; xc; xt) � d�

o
s.t. 6xc + 5xt = 48000

whose solution turns out to be

(xRc ; x
R
t ) = ($310; $9230),

i.e., $310 spent in the treatment of cancer and $9230 in the treatment of tuberculosis.

Let us now turn to the mechanisms proposed in this model. Program (5) translates

into
minfxc;xtg

nR 1
0
I(vP (�; xc; xt) ; vR (�; xc)) � d�

o
s.t. 6xc + 5xt = 48000

Program (8) translates into

minfxc;xtg I
�R 1

0
vP (�; xc; xt) � d�;

R 1
0
vR (�; xc) � d�

�
s.t. 6xc + 5xt = 48000

Note that, since this example consists of only two types, any sensible inequality index will

provide the same solution. In particular, the last two programs amount to solving:

maxfxc;xtg

nR 1
0

vP (�;xc;xt)
vR(�;xc)+vP (�;xc;xt)

� d�
o

s.t. 6xc + 5xt = 48000
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and
maxfxc;xtg

n R 1
0 vP (�;xc;xt)R 1

0 vP (�;xc;xt)�d�+
R 1
0 vR(�;xc)�d�

o
s.t. 6xc + 5xt = 48000

The solution to both programs turns out to be

(xIc ; x
I
t ) = ($0; $9600),

i.e., everything is spent in the treatment of tuberculosis.3 Thus, the solution would be

more radical than the one proposed by Roemer�s original mechanism.4 Indeed, this would

be precisely the so-called Rawlsian policy (the policy that maximizes the condition of the

worst-o¤ individual) for this example.5

Finally, we deal with the mechanism in which we minimize the maximum inequal-

ity throughout the di¤erent levels of relative e¤ort (i.e., program (6)). This program

translates for this example into

minfxc;xtgmax�2[0;1]

n
vP (�;xc;xt)

vR(�;xc)+vP (�;xc;xt)

o
s.t. 6xc + 5xt = 48000

whose solution is given by

(xIIc ; x
II
t ) = ($285; $9260),

which is less radical than the Rawlsian policy, but more radical than Roemer�s (or Van

de gaer�s) proposal.

Now, as mentioned above, for two-type societies all inequality indices coincide and

therefore the choice of an index becomes irrelevant. This is not the case for more than

two types, as the literature on inequality measurement has (extensively) shown us. Let

us, nonetheless, extend the previous example to a three-type society so that we see that,

even in such a case, there is considerable room for an agreement in the recommended

policy.

Again, we assume a society where a person is not to be held accountable for her

socioeconomic status in regard to her health. Individuals are divided now in three types:

the rich, the poor, and a new type called the mid-class. Mid-class life styles are between

3Note that, in particular, this would also be the solution to programs (3) and (9) which are the adequate

extensions of the original proposals by Roemer and Van de gaer, to capture relative deprivation.
4It is worth noting that this feature is also obtained under more general conditions: namely, a higher

average life expectancy for the rich and single-peakedness in the average life expectancy of the poor.
5Formally, the Rawlsian policy is given by the program 'RW = argmax'2�min(t;�)2T�[0;1]fvt(�; ')g:

It is not di¢ cult to show that the solution of this program, for the example of this section, is obtained

by solving the problem: maxfxc;xtg fvP (0; xc; xt)g such that 6xc+5xt = 48000, whose solution turns out
to be (xRWc ; xRWt ) = ($0; $9600).
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those of the rich and the poor. As before, members of the population die from cancer

or tuberculosis. The three types can contract cancer and the probability of doing so

depends on their life styles. Thus, mid-class individuals are more likely to contract cancer

than the rich. We assume that both poor and mid-class are equally likely to contract

cancer. Finally, we assume that neither rich nor mid-class contract tuberculosis at all. To

summarize, the following table shows the probabilities that individuals at quantile � of

their e¤ort distribution contract a disease.

CANCER TUBERCULOSIS

RICH 1��
2

0

MID-CLASS 1� �
2

0

POOR 1� �
2

1� �
4

We assume that 10% of the population is poor and 30% is rich. The health care budget

is also $4000. Hence, the budget constraint can be expressed as�
1

10
� 3
4
+
3

5
� 3
4
+
3

10
� 1
4

�
xc +

7

8
� 1
10
� xt = 4000,

or equivalently, 48xc + 7xt = 320000.

Finally, the last di¤erence with respect to the previous case is that now treating

tuberculosis is more expensive. More precisely, life expectancies are

LER = LEM =

(
70 if cancer is not contracted,

60 + 10xc�1000
xc+1000

if cancer is contracted and xc is spent on its treatment,

for the rich and mid-class and

LEP =

8>>>>><>>>>>:
70 if neither disease is contracted,

60 + 10xc�1000
xc+1000

if cancer is contracted and xc is spent on its treatment.

50 + 20xt�10000
xt+10000

if tuberculosis is contracted and xt is spent on its treatment.

min
n
60 + 10xc�1000

xc+1000
; 50 + 20xt�10000

xt+10000

o
if both diseases are contracted.

for the poor. Upon replacing in these expressions the above probabilities, we have the

following:

vR (�; xc) =
1 + �

2
� 70 +

�
1

2
(1� �)

��
60 + 10

xc � 1000
xc + 1000

�
,

vM (�; xc) =
�

2
� 70 +

�
1� �

2

��
60 + 10

xc � 1000
xc + 1000

�
,
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and

vP (�; xc; xt) =
�2

8
� 70 + (1� �

2
)
�

4

�
60 + 10

xc � 1000
xc + 1000

�
+

(1� �
4
)
�

2

�
50 + 20

xt � 100000
xt + 100000

�
+

(1� �
2
)(1� �

4
)min

�
60 + 10

xc � 1000
xc + 1000

; 50 + 20
xt � 100000
xt + 100000

�
.

We start using our mechanism for the particular case in which we �x the inequality

index as the Gini index. Consequently, programs (5) and (7) translate into:

minfxc;xtg

nR 1
0

vR(�;xc)�vP (�;xc;xt)
vP (�;xc;xt)+vM (�;xc)+vR(�;xc)

� d�
o

s.t. 48xc + 7xt = 320000,

and
minfxc;xtg

R 1
0 vR(�;xc)�d��

R 1
0 vP (�;xc;xt)�d�R 1

0 vP (�;xc;xt)�d�+
R 1
0 vM (�;xc)�d�+

R 1
0 vR(�;xc)�d�

s.t. 48xc + 7xt = 320000.

The solution to both programs is, again, the Rawlsian solution for this problem,

(xIc ; x
I
t ) = ($0; $45715),

i.e., spending everything in the treatment of tuberculosis. This would also be the solution

for the maximin index and hence for the adaptation of Roemer�s and Van de gaer�s

proposals (i.e., programs (3) and (9)). Surprisingly enough, this would also be the solution

for all the S-Gini indices, between the Gini index and the maximin index.6 The same

solution would also be obtained for all the indices within the Atkinson-Kolm-Sen family of

relative indices.7 This broad agreement among the solutions proposed by the mechanisms
6The so-called S-Gini indices (e.g., Donaldson and Weymark, 1980) are a one-parameter family of

indices generalizing the Gini index that has the maximin index as an extreme member. Formally, let

Dn = fx 2 Rn+ :
Pn

i=1 xi > 0g, D = [n2NDn and � 2 (1;+1). For a vector x 2 D, we denote by
n(x) its dimension and by �(x) its mean. Let x[i] be the ith smallest component of x, with ties broken

arbitrarily, and let x" = (x[1]; :::; x[n(x)]) be a permutation of x in which the components of x have been

rank ordered from smallest to largest. Let ��(x) =
Pn

i=1 c
�
i �x[i]Pn

i=1 c
�
i

, where c�i = (n+ 1� i)� � (n� i)�. Then,
the (relative) S-Gini index is the function GR� : D 7! R, de�ned as GR� (x) = 1�

��(x)
�(x) for all x 2 D. When

� = 2 then the S-Gini index coincides with the Gini index, whereas if � ! 1 then the maximin index

emerges.
7This is a family of indices generated by a parameter that can be interpreted as the equality�s distrib-

utional value of the index. Formally, let " 2 (0;+1). Then, the AKS index is the function A" : D 7! R,

de�ned as A"(y) = 1�
�
1
n

Pn
i=1

�
yi
�(y)

�1�"� 1
1�"

for all y 2 D. For " = 1, A"(y) = 1� 1
�(y)

nY
i=1

y
1
n
i for all

y 2 D. Note that, for low values of the parameter ", no distributional considerations are made, whereas
for high values only the worst-o¤ type matters, leading in the limit to the maximin index, as in the case

of the S-Gini indices. See Blackorby et al., (1999) for further details.
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based on inequality indices does not include Roemer�s original mechanism, whose solution

is obtained by solving the problem,

maxfxc;xtg

nR 1
0
minfvR (�; xc) ; vM (�; xc) ; vP (�; xc; xt)g � d�

o
s.t. 48xc + 7xt = 320000,

and it turns out to be:

(xRc ; x
R
t ) = ($205; $44310).

Finally, we deal with the mechanism in which we minimize the maximum inequality

throughout the di¤erent levels of relative e¤ort (i.e., program (6)). This program trans-

lates, for the case of the Gini index, into

minfxc;xtgmax�2[0;1]

n
vR(�;xc)�vP (�;xc;xt)

vR(�;xc)+vM (�;xc)+vP (�;xc;xt)

o
s.t. 48xc + 7xt = 320000

whose solution is given by

(xIIc ; x
II
t ) = ($155; $44650),

thus also breaking the agreement mentioned above.

5 Discussion

The concept of responsibility (absent from normative economics for a long time) and its

combination with the idea of compensation have become prominent in some of the recent

developments in political philosophy and welfare economics. Roemer�s theory of equality

of opportunity has constituted a very important contribution in this direction, providing

perhaps the �rst workable proposal in an economic model to design equal-opportunity

policies. An extensive debate has been generated after the birth of this theory (see, for

instance, Roemer (1995) and the subsequent comments in the same issue of the Boston

Review). Most of the discussion has focused on philosophical aspects of the theory, such as,

the distinction between e¤ort and circumstances, the scope and extent of the theory and

the underlying notion of responsibility, or the informational requirements of the scheme.

In this paper, we have incorporated an aspect to that debate, arguing that there is an

algorithm more consonant with the idea of equality of opportunity he formalizes. Our

mechanism, that can also be adapted to provide an alternative to Van de gaer�s approach

regarding equality of opportunity sets, aims to incorporate a concern for the issue of

relative deprivation in the design of equal-opportunity policies.

During the Second World War, Stou¤er et al., (1949) compared the levels of job satis-

faction reported by members of the military police, a profession in which few people were
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promoted, and members of the Army Air Force, where there were frequent opportunities

for advancement. To their surprise, the policemen reported greater happiness in their

jobs than the airmen. One possible explanation, they speculated, is that the policemen

tended to compare themselves with colleagues who had not been promoted, whereas the

�reference group� for the airmen was colleagues who had been promoted. This was a

�rst instance of the idea of relative deprivation formalized later by Runciman (1966), who

wrote that �the more people a man sees promoted when he is not promoted himself, the

more people he may compare himself to in a situation where the comparison will make

him feel relatively deprived.�More recently, Luttmer (2005) found that people with rich

neighbors tend to be less happy than people whose neighbors earn about as much money

as they do. Brown et al., (2006) published the results of a survey of sixteen thousand

workers in a range of industries, in which they found that the workers�reported levels of

job satisfaction had less to do with their salaries than with how their salaries compared

with those of co-workers.

We could safely say that human beings are, in general, competitive with their neigh-

bors. Thus, focussing on relative levels of advantage, rather than real (absolute) levels as

in Roemer�s proposal, may make more sense sometimes. If the goal of providing a same

level of advantage to individuals with di¤erent circumstances (but expending the same

degree e¤ort) cannot be achieved, one might think of maximizing the level of relative

advantage of the worst-o¤ individual out of her cohort as a reasonable second-best. This

would actually be a special (and extreme) case of the mechanisms presented in this paper,

in which one would make use of the classical maximin index, which is an extreme example

of an inequality index. If, instead, other indices are used we would still keep a concern

for relative deprivation albeit to a (perhaps) lesser extent. The same argument can be

applied to Van de gaer�s alternative proposal on opportunity sets.

We have also provided in this paper an application of these mechanisms to the case of

designing equal-opportunity policies for the �nance of health care in a stylized example.

We have shown in this example that the mechanisms presented here recommend more

radical solutions than the ones advocated by Roemer�s and Van de gaer�s mechanisms,

leading in some cases to the same recommendations than the Rawlsian mechanism for

this setting. These conclusions are fairly robust to changes in the context described in

this example.

We conclude by addressing several concerns that might arise with the proposal made

in this paper.

The �rst issue would be the price to pay for implementing this proposal, as opposed to

Roemer�s original proposal. It is clear from the example analyzed in the paper (especially
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in the two-type case) that the reduction of inequality between comparable agents (from

the e¤ort viewpoint) at di¤erent types is made at the cost of reducing the advantage of

the most advantaged type more than the increase of the advantage of the least advantaged

type. For instance, to be more precise, for agents at � = 0, the di¤erence in life expectancy

is reduced from 10:6 (in Roemer�s solution) to 7:1 years, reducing life expectancy of the

rich in 3:1 years, while the rise for the poor is around 5 months. This is, however,

not more than another instance of the so-called equality-e¢ ciency trade-o¤ (e.g., Okun,

1975). Actually, a similar situation occurs when we move from the so-called utilitarian

solution to Roemer�s solution in the example of the paper. In the utilitarian solution (the

expenditure schedule at which life expectancy in the population as a whole is maximized,

to be considered as the opposite pole to the Rawlsian solution described above), for agents

at � = 0, the di¤erence in life expectancy is 17:4 years. Now, Roemer�s solution reduces

this di¤erence to 10:6 years, reducing life expectancy of the rich in 5 years, while the rise

for the poor is around 1:8 years. It is not always possible to improve the disadvantageous

without hurting the advantageous and sometimes we need to hurt the latter more than

we improve the former.

A somewhat related issue is the possible existence of unethical measures promoting

lower levels of inequality. One might think, for instance, of investing part of the resources

in diminishing directly the advantage of the most advantaged type (e.g., assuming the

existence of a third cause of death in the example of the paper that only a¤ected the

rich). We have dwelled on the fact that policies are budget balanced to impose an external

restriction on the use of resources and therefore avoid some of these hypothetical unethical

situations. If this were not enough to prevent all of them, we would simply limit the scope

of the mechanism to cases in which these situations would not be likely to arise.8

Another issue is that one might argue that the application considered in the paper is

not adequate for ignoring e¤ort-speci�c policies. The framework of the paper certainly

admits the use of e¤ort-speci�c (and also type-speci�c) policies. It is certainly the case

that, from the equal-opportunity viewpoint, a better possible result could be achieved

with more general policies of this category. Nevertheless, there are some practical reasons

to restrict ourselves to the category of only type-speci�c policies (besides ethical ones) for

this particular context of health care delivery. First, it may compromise the relationship

between the health care providers and the patient if the former must make decisions on the

8We should note, nonetheless, that insofar as we care about inequality per se, �leveling down�could

certainly be an option. We would then interpret the mechanisms of this paper as a way of identifying

one value among many (well-being being another value, which may require sacri�cing equality). We do

not want to pursue this road further, given the obvious ethical problems that a recommendation of this

sort would create.
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nature of treatment by considering e¤ort. Second, the necessity to use more information

introduces the possibility of errors: it is not easy to gather information on e¤ort and type,

and therefore one might consider a non e¤ort-speci�c policy as an error-proof policy (see

Roemer (2002b) for an elaboration of this point.)

Finally, we should acknowledge that the proposal made here might have a weak pre-

dictive power. On the one hand, we have to deal with the multiplicity of inequality indices

in the general case of more than two types (although, as we have seen in our example,

chances are to get a good unique compromise among them). On the other hand (and this

is especially true in the case of e¤ort-speci�c policies for a discrete set of e¤ort levels,

which is not the case of the example considered in this paper) it might well be the case

that even for a unique inequality index we come up with a variety of solutions. If such

were the case, we would need to resort to other considerations (of either an equity nature

or an e¢ ciency nature) to agree on a unique policy as the recommended equal-opportunity

policy.
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