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Abstract

This thesis reflects on how to assess unfair inequality in health. Its main arguments

are that the Equality of Opportunity framework may be more adequate for this task

compared to the framework of socioeconomic health inequalities, but that there are several

limitations regarding how the Equality of Opportunity framework has been implemented.

The thesis features a systematic literature review and five empirical applications, including

three questionnaire-experimental studies. The literature review in Chapter 2 explores how

the framework of Equality of Opportunity has been used to assess health inequalities.

The third chapter looks at socioeconomic health inequalities in Chile and it shows for the

first time that socioeconomic differences in life expectancy have increased in the last two

decades. Four limitations of the theory of Equality of Opportunity are explored. Chapter 4

argues that the ‘control approach’ has failed to provide an operational definition of effort.

In this respect, it was found that the requirements needed to provide a definition of effort

according to such an approach are not satisfied empirically. Chapter 5 shows that there are

several challenges to compensate for the indirect effect of circumstances. It was found that

an alternative compensation criteria has moderate acceptance among Chilean members

of the public. Chapter 6 uses the theory of Equivalent Income to provide a basis to reduce

inequalities among individuals who face the same constraints. This idea finds some support

among a representative sample of Chilean adults. Chapter 7 suggests that the ‘preference

approach’ may be a better strategy to operationalise effort and circumstances. In this

chapter, an empirical study assesses Equality of Opportunity according to this approach.

The thesis concludes with the proposition that the ‘preference approach’ and the theory

of equivalent income may offer a better alternative to assess unfair inequalities.
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Chapter 1: Introduction

—Si acaso doblares la vara de la justicia, no sea con el peso de la dádiva, sino

con el de la misericordia.

– Miguel de Cervantes, Don Quijote de la Mancha

This thesis aims to reflect on how unfair inequality in health can be measured. It

focuses on two different frameworks to assess unfair inequalities, the framework of so-

cioeconomic health inequalities and the framework of Equality of Opportunity (EO). The

thesis provides new evidence of socioeconomic inequality in health in Chile and it ad-

dresses several limitations of the EO framework.

The most common approach to assessing unfair health inequalities has been to analyse

inequalities by socioeconomic groups. There is a large literature on inequality in income,

which differs with the literature on inequality in health in many ways. The study of so-

cioeconomic inequalities, which first studies date from 1960s 1, has always been concerned

with the measurement of unjust health differences. As it has been suggested by Gakidou

et al. (1999, 2000), the traditional approach to health inequalities focuses on health differ-

ences between groups and it does not addresses ‘total’ health inequalities at the individual

level. In contrast, the study of income inequality has been mainly concerned with the un-

equal distribution of income between ‘individuals’, and the shift from focusing on income

1Cash-Gibson et al. (2018) provide a bibliometric analysis of studies on socioeconomic health inequal-
ities from 1966 to 2015. The study shows that the publications before 1970 were scarce and that it was
not until the beginning of 1970’s that the frequency of publications is equal or higher than one per year.
I know of one study on health inequalities published before 1966 (Behm, 1962).

1



1. INTRODUCTION

inequality as such to the measurement of Inequality of Opportunity (IO) has been rela-

tively recent (the first publications in this field appeared in the early 1990s (Fleurbaey,

1994; Roemer, 1993; Van de gaer, 1993)).

In a very influential paper, Whitehead (1992) introduced the distinction between

(health) inequality and inequity. While inequalities include both fair and unfair health

differences, inequities correspond to health differences that are, systematic, socially pro-

duced and unfair. According to this definition, health inequalities that are distributed

randomly and factors that cannot be modified (such as the biological effect of sex and age

on health) should not be considered unjust. Among the modifiable differences in health,

the line between what is considered fair and not revolves around whether choices could

be considered to be under the individuals’ control. In this regard, Whitehead argues that

choices that are unfairly constrained, such as choices over health-related lifestyles that

are influenced by income or social customs, should be distinguished from choices that

account for legitimate health differences, such as choices over risky sport. However, this

distinction seems arbitrary and is not clear under what conditions choices constitute a

legitimate or illegitimate source of inequality.

The theory of EO comprises several approaches that have been developed mainly in

the area of economics, and have their roots in a set of philosophical ideas that have

been referred to as luck-egalitarianism or responsibility-sensitive egalitarianism (Knight,

2009). Responsibility-sensitive egalitarianism brought to the egalitarian tradition a more

conservative idea about holding individuals responsible for their actions. It claims that we

should distinguish between factors that are beyond or within the individuals’ responsibil-

ity and that inequalities due to the former kind of factors are illegitimate. The theory of

EO has translated these ideas to the analysis of inequality in income and other outcomes.

According to EO, a given distribution of outcomes can be characterised as a function of

two sets of factors, those which the individuals should and should not be held accountable

for, referred to as effort and circumstances, respectively.

Among other aspects, the approaches to EO differ regarding where to locate the ‘re-

2



1. INTRODUCTION

sponsibility cut’ (Schokkaert and Devooght, 2003) or the partition between effort and

circumstances. There are two main traditions. The preference approach, which could be

tracked back to the works of Rawls (1971) and Dworkin (1981a,b), holds that individuals

should be responsible for their preferences since preferences define our identity and it

would be disrespectful to interfere in it. The so-called control approach emerged as a cri-

tique of the preference approach and it has been developed most notably by Cohen (1989),

Arneson (1989) and Roemer (1996). According to the control approach, individuals should

be held accountable in proportion to how responsible they are for their choices. In this

sense, individuals should not be held accountable for factors that are beyond their control.

The theoretical literature have translated these philosophical ideas into a set of prin-

ciples that embody the idea of EO, namely the principles of compensation and reward.

Compensation principles are about how to reduce inequalities between individuals with

different circumstances, whereas reward principles are about how to deal with inequal-

ities due to effort among individuals with the same circumstances. There are different

versions of these principles and there are many incompatibilities between them (Ramos

and Van de gaer, 2016; Bosmans and Öztürk, 2021). The most prominent frameworks of

EO, those developed by Roemer (1993, 1996, 1998) and Fleurbaey (1994, 1995a,b, 2008),

are motivated by the control and preferences approaches, respectively.

In my view, there are three main characteristics that make EO more attractive com-

pared to the normative perspective adopted by the research on socioeconomic health in-

equalities. First, EO offers more sound normative arguments regarding what constitutes

illegitimate inequality. It could be argued that Whitehead’s normative position is very

similar to relational egalitarianism. Relational egalitarianism is rooted in a contractualist

perspective, where moral claims should follow a second-person interpersonal justification

(Anderson, 2014). In this regard, an inequality that cannot be attributed to the actions

of others (such as random factors) or that cannot be modified by the actions of others

(such as innate talent or genetic make up) should not be considered unfair. By contrast,

luck-egalitarianism can be understood as a consequentialist and communitarian perspec-

tive, according to which justice is an ideal situation in which moral desirability does not

3



1. INTRODUCTION

depend on whether or not this state of affairs is feasible and where duties derive from

our responsibility for the fate of every other member of the community. Second, it seems

that EO is better equipped to specify under which conditions individuals’ choices can be

considered to be legitimate sources of inequality. Third, the methods used by the the-

ory of EO are better equipped to formalise the concepts of fair and unfair inequalities.

Compared to the literature on socioeconomic health inequalities, the literature on EO

has developed a strong theoretical basis, in the form of principles of compensation and

reward, that guide the empirical analysis 2.

To understand how the framework of EO could be used to analyse unfair inequalities

in health, the third chapter reports on a systematic literature review of empirical studies

aimed to assess IO in health outcomes in adults. Compared to other literature reviews

(Fleurbaey and Schokkaert, 2011; Jusot and Tubeuf, 2019), this work covers in greater

detail the normative justifications used to define the partition between circumstances and

effort and how the econometric models have been specified. More importantly, this review

critically examines the estimators that have been used to assess IO and proposes a novel

categorization of these estimators.

The third chapter analysed inequalities in life expectancy in Chile according to the

framework of socioeconomic inequalities. This chapter uses information from censuses

and data from death certificates to compare the life expectancy and lifespan variation of

individuals according to their rank in the distribution of years of education within their

own birth cohort. The study focuses on three periods of time (1991, 2002 and 2017) and

two educational groups (first quintile, tenth decile). The changes in life expectancy over

time in each socioeconomic group are decomposed according to the leading causes of death.

The literature review identified several limitations of the EO framework. The canon-

ical model proposed by Roemer fails to provide an explicit account of what effort ‘is’ in

2Although the empirical literature on health inequalities is vast and has grown rapidly since the late
1980’s (Cash-Gibson et al., 2018), the literature on social welfare foundations for the measurement of
health inequalities is scarce and recent (the first work on this field date from 2006 (Bleichrodt and van
Doorslaer, 2006)).
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1. INTRODUCTION

reality. In Roemer’s model, effort is conceived as an ordered set of inputs with respect

to a given outcome. The model assumes that effort is not observable but that it can

be identified based on information about the joint distribution of outcomes and circum-

stances. However, as Roemer has admitted, this strategy fails once it is acknowledge that

the distribution of outcomes can also be shaped by luck (Roemer, 2012). Lefranc and

Trannoy (2017) have proposed an alternative strategy that may help to identify effort in

the presence of luck. This assumes that the order of inputs can be defined with respect

to how costly is for the individuals, in terms of their own utility functions, to engage

in each combination of inputs. The fourth chapter aims to understand to what extent

the assumptions behind this notion of effort hold among members of the public. With

this purpose, a questionnaire-experimental study was conducted in Chile. Adapted to the

health context, Lefranc and Trannoy’s approach implies that people agree unanimously

regarding an ordinal ranking of lifestyles determined by how costly the effort is to engage

in each. The survey explores if the preferences of members of the public satisfy this re-

quirement.

Chapter 5 focuses on how to compensate for the indirect effect of circumstances. As it

has been acknowledged in the literature, circumstances can have a direct and an indirect

effect on outcomes (Bourguignon et al., 2007; Jones, 2019). The direct effect corresponds to

the return to effort, conditional on circumstances, whereas the indirect effect corresponds

to the influence of circumstances on the distribution of effort. It could be said that the

core of the EO theory is about the direct effect, namely that conditional on a given effort,

individuals should not face different outcomes due to circumstances. However, different

normative positions have been proposed regarding the indirect effect of circumstances.

Roemer’s framework assumes that the influence of circumstances on the distribution of

effort is illegitimate, whereas Fleurbaey’s framework assumes the opposite. This chapter

explores how the normative principles that embody the idea of EO can be interpreted

depending on whether the indirect effect of circumstances is considered legitimate or not.

Additionally, the chapter discuss some limitations that arise when trying to compensate

for the indirect effect of circumstances and proposes an alternative compensation criteria.

A questionnaire-experimental study is conducted to elicit the preferences of members of
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the public regarding different compensation strategies.

The remaining chapters explore the preference approach. Chapter 6 focuses on the lib-

eral reward principle, which suggests that a redistributive policy should be neutral with

respect to inequalities that arise due to legitimate factors (Fleurbaey, 2008). Applied to

the preference approach, this principle would suggest that when individuals with different

preferences choose from the same choice set, the inequalities resulting from those choices

are legitimate. In this chapter it is argued that since the shape of the choice set is be-

yond the individuals’ responsibility, a reduction of inequalities among individuals with

the same circumstances could be justified if the menu of alternatives is more favourable

to individuals with certain kinds of preferences. The chapter proposes to measure how

favourable a choice set is to each kind of preference using a measure analogous to equiva-

lent income. These concepts are applied to the interplay between lifestyles and health. A

questionnaire-experimental design is used to understand the extent to which these nor-

mative position finds support among a representative sample of Chilean adults.

Chapter 7 is inspired by an argument proposed by Fleurbaey and Schokkaert (2009).

They suggest that there are factors that influence outcomes through different pathways

or mechanisms, some of which may be considered legitimate while others may be judged

illegitimate sources of inequality. For this reason they point out that empirical researchers

should build structural models that distinguish between the different mechanism of ac-

tions of the variables included in the analysis. Based on this idea, this chapter argues

that for the partition between legitimate and illegitimate factors to be intelligible, empir-

ical researchers should provide an operational definition of effort and circumstances. The

chapter discusses why the control approach fails to provide such a definition. In contrast,

it is suggested that the preference approach allows to provide an operational definition of

effort and circumstances. An empirical application aimed to assess IO according to this

approach is provided.

The next chapter covers the systematic review of studies about EO applied to health.

Chapter 3 presents a study that analyses trends in socioeconomic inequality in life ex-
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pectancy in Chile. The other chapters feature four studies including three questionnaire

experiments with general public samples that explore the limitations of the EO frame-

work. Across these chapters, four aspects of the EO theory are challenged. First, it is

argued that Roemer’s model lacks an operational definition of effort and that the require-

ments behind the alternative notion of effort proposed by Lefranc and Trannoy (2017) are

not satisfied empirically. Second, it is shown that the compensation of the indirect effect

of circumstances clashes with basic notions of neutrality and that Roemer’s framework

fails to identify this due to the restrictive assumptions of that model. In this regard, an

alternative approach to compensation is proposed. Third, the thesis makes the case that

the liberal reward principle can be challenged in favour of a reduction of inequalities if

the choice set faced by individuals of the same type is more favourable to certain kinds

of preferences than others. Fourth, the thesis argues that the control approach fails to

provide an operational definition of effort and circumstances, and suggests that circum-

stances and effort can be operationalised according to the preference approach, although

there are several challenges to translating these definitions into the empirical analysis.

The thesis claims that the framework of socioeconomic health inequalities has several

limitations to define what constitutes unfair inequalities. In this regard I would argue that

the framework of EO several challenges of the EO and that has not necessarily provided

good answers to these shortcomings of the socioeconomic health inequality framework.

The thesis argues that the control approach has failed to provide operational definitions

of effort and circumstances and that without such definitions it is not possible to provide

an intelligible notion of unfair inequality. In contrast, the preference approach and the

theory of equivalent income may offer a better alternative to assess IO. In this regard,

the thesis suggests alternative proposals to move the debate forward.
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Formatting

This document is organised according to the University of Sheffield’s “Publication for-

mat thesis”. This approach permits a doctoral candidate to present a collection of papers

in a format suitable for publication in a peer-reviewed journal.
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Chapter 2: Inequality of opportunity in health: a

review and critique of the literature

Abstract

Equality of Opportunity has become a widely used framework to assess health inequal-

ities. This paper offers a review and critique of the studies that have measured inequality

of opportunity in health. A literature review search was conducted using EconLit, Em-

base, MEDLINE, Web of Science and Google Scholar. The review included only empirical

studies aimed to assess inequality of opportunity in health outcomes in adults. The data

extraction and analysis focused on: how circumstances and effort have been defined and

how inequality of opportunity has been measured. After the screening process, 29 articles

were included. The following factors were considered as circumstances among the studies:

parental factors, childhood and adolescence circumstances, health endowments, ability,

religion, and ethnicity. Studies disagree on the normative interpretation of inequalities

due to adult socioeconomic position. Sex and age were considered as ‘neutral’ variables

in several articles, which is not a category that figures in the canonical framework of in-

equality of opportunity. Most studies define effort in relation to health-related lifestyles.

Four normative approaches to defining effort were found. We will refer to them as i) a

choice approach, ii) a genuine control approach, iii) an authentic preference approach, and

iv) a family’s effort approach. The normative interpretation of the unexplained variability

was typically missing. Two broad categories of estimators were found. Most studies focus

on estimators which aim to measure inequality of opportunity. These estimators can be

further classified depending on whether they aim to explicitly reflect the normative prin-

ciples of compensation and reward. The second category includes estimators that assess
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what would be the counterfactual distribution of outcomes if inequality of opportunity

would be suppressed. We reflect on the normative justifications to categorize the vari-

ables as circumstances or effort, offer some considerations about the role of sex and age

on health inequalities, and discuss the implications of labelling variables as normatively

‘neutral’. Compared to the assessment of income-inequality of opportunity where effort

is usually assumed to be unobservable, many of the reviewed studies include some effort

variables. We argue that, even though health-related lifestyles are attractive variables

widely available in population surveys, its use as a measure of effort is challenging and

perhaps dubious. We examine the normative foundations of some of the inequality of op-

portunity estimators and argue against a popular strategy among the reviewed studies,

which is the use of relative inequality of opportunity estimators (inequality of opportunity

as a fraction of total inequality) of categorical health outcomes.
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2.1. Introduction

Inspired by luck-egalitarianism, Equality of Opportunity (EO) has become a widely used

framework to assess health inequalities. The canonical framework of EO acknowledges

that the distribution of outcomes among a society is driven by factors of two kinds: those

for which individuals should be held accountable (referred to as effort) and those which

are beyond the individuals’ responsibility (referred to as circumstances). As stated by

Fleurbaey, “equal opportunity ethics wants to eliminate inequalities due to circumstances

and not inequalities due to effort” (Fleurbaey, 2012, p. 202). Besides effort and circum-

stances, it has been suggested that ‘luck’ should be considered as a third category of

factors (Lefranc et al., 2009; Lefranc and Trannoy, 2017). Different normative positions

have been proposed regarding whether society should aim to reduce inequalities due to

luck.

The aim of our study is to survey the empirical literature to see how the framework

of EO has been applied to assess health inequalities. Since our review is focused on nor-

mative as well as methodological concepts, we will first provide a brief summary of some

key theoretical aspects.

A word should be said regarding the way we summarise these theoretical aspects. We

will cover the operationalization of EO as the intersection of three separate topics: i) the

partition between circumstances, effort and luck, ii) the normative principles that guide

the analysis, and iii) the outcomes over which EO is assessed. Nevertheless, each of the

frameworks that have been developed in the literature of EO should be better understood

as a single unit, rather than as an ad-hoc collection of these three components.

2.1.1. The partition between circumstances, effort and luck

Following the categorization provided by Lefranc et al. (2009), three factors are usually

labeled as circumstances: genetic endowments, social background and social connections,

and characteristics of the individuals acquired during childhood and adolescence. The
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notion of effort is perhaps more elusive. We follow Fleurbaey and Schokkaert (2011),

where two main normative positions are distinguished 1. The first links effort with the

notion of controlled-choices (referred to as the ‘genuine control’ approach in Fleurbaey

and Schokkaert (2011)), whereas the second links effort with the individuals’ endorsed

preferences when facing the same constraints or choice sets (referred to as ‘authentic pref-

erence’ approach in Fleurbaey and Schokkaert (2011)). We cover the notion of luck in

less detail, but a brief summary of its normative implications is offered after looking at

circumstances and effort.

Vallentyne (2002) referred to genetic endowments and social background as the ‘initial

opportunities’ of individuals. These factors are usually conceived as circumstances since

they are not the results of agents’ choices. However, it also has been argued that innate

ability is a legitimate source of inequality because is part of the individuals’ identity and

-in contrast to social background- the allocation of genetic endowments in the birth lot-

tery cannot be changed by social policy 2 3.

Arguably, up to some point in the individuals’ life, there are several characteristics

(e.g. education and lifestyles) that are chosen by someone else (e.g. legal guardians) on

behalf of them. In addition, there are other characteristics that are chosen by the indi-

viduals while their decision-making ability is still immature. Arneson (1990) coined the

term ‘canonical moment’ to define a transition period when individuals start becoming

accountable for their preferences and choices. In this regard, the inequalities that emerged

before the canonical moment are good candidates to be considered to be beyond the indi-

1Roemer (2012) and Lefranc and Trannoy (2017) have proposed an alternative definition of effort as a
parameter in the subjective utility function of individuals that could represent the psychic cost associated
with different activities. We do not cover such definition here.

2It could be argued that the distribution of innate ability on a given cohort may be the result of
assortative mating of the parents of that cohort. In that sense, to the extent that social policy could
have an impact on assortative mating, it could also impact the distribution of innate ability of future
generations. However, it is hard to think on how such a public policy could be feasible (or desirable).

3The distinction between aspects that can (or cannot) be shaped by social policy or by how the society
is organized resembles the definitions of natural and moral inequality provided by Russeau in his famous
Discourse on the Origin of Inequality. The former account for inequality due to a different distribution of
endowments (among which Russeau includes age, health and bodily strength, and we could perhaps add
innate ability). By contrast, moral inequalities are created and reproduced by the society. Russeau focus
on the latter arguing that society is not responsible for the inequalities that arise from nature. The notion
that inequalities do to innate ability should be respected is one of the core arguments of the libertarian
theory developed by Nozick (1974).
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viduals’ responsibility. Moreover, another aspect to examine is to what extent the role of

the family in the pursuit of their children’s future wellbeing could be a legitimate source

of inequality (see for example Swift (2005); Brighouse and Swift (2014)).

Are individuals responsible for the choices they make after the canonical moment?

Some scholars have argued that individuals should be held accountable for their decisions

to the extent that they have genuine control over their choices (see for example Arneson

(1989), Cohen (1989), and Roemer (1998)). Moreover, several factors that shape the indi-

viduals’ choices are beyond their control. Preferences may be the result of the interaction

between the individual and its environment. Think for example of the influence of parents

and other experiences during childhood, job experiences, as well as the impact of mass

media and shocks, among many other determinants. Choices also depend on the individ-

uals’ innate decision-making ability, which allow people to make more or less accurate

judgements regarding the consequences of their actions. However, once we start taking

into account all the factors that shape our decisions we may end up concluding that these

are the result of a deterministic process and that we lack control of our choices (Fleurbaey

and Schokkaert, 2009, 2011). As argued by Phillips (2006), in such a case the notion of

individuals as autonomous beings is undermined, and is hard to make them responsible

for their decisions. These considerations cannot be solved without a coherent theory of

free will.

As it has been advanced by Frankfurt (1971), one may define that having free will

depends on whether individuals identify themselves with their actions. Hence, there is

free will provided that the individuals have the capacity to weigh and approve their pref-

erences and then act according to those preferences 4. A similar notion can be found in

Korsgaard (1996) concept of ‘reflective endorsement’. Koorsgard asserts that individuals

are moral agents if they are capable of calling their beliefs into question and, after re-

4Both Frankfurt and Dworkin recognizes that there are some situations where individuals do not iden-
tify themselves with their revealed preferences. In such cases there may be a claim to override individuals’
choices and still pursuit their own benefit. One example is the case of individuals who suffer from addic-
tions that they wish they do not have, but who lack enough will capacity to change their behaviour. Also,
individuals may not be considered as endorsing their preferences when they lack the capacity to reflect
about acts, such in the case of severe mental impairments or dementia.
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flection, endorse some actions over another. However, as stated by Robinson (2014), one

may consider that if such underlying disposition or capacity is a random factor which is

beyond the individuals’ control, they should not be responsible for it either 5.

A way out of the free will problem may be to argue that individuals should be held

accountable for their endorsed preferences, irrespective of how these were acquired, since

these are constitutive of the individuals’ conception of the good life and ultimately de-

fine their identity. Nevertheless, besides preferences, choices are also a function of the

choice set available to each person. Then, a distinction should be made between authentic

preferences (the preferences of individuals’ with respect to different choice sets or under

different constraints) and revealed preferences (the choices made when facing a particu-

lar choice set or constraint). Therefore, as it has been asserted by Le Grand (1991) and

Fleurbaey (2008), we should hold individuals accountable for their endorsed preferences,

but not for the influence of circumstances on the constraints faced by them.

Besides circumstances and effort, Lefranc et al. (2009) and Lefranc and Trannoy (2017)

have proposed to include luck as a third component of the EO framework. To better un-

derstand the normative implications of luck, we consider useful to distinguish between

choices, events and consequences. Consider a two period process in which there is a deci-

sion in period one and a probabilistic event with uncertain consequences in period two.

The distribution of consequences depends only on the informed choices that individuals

make in the first period, which are of two kinds: i) those that influence the probability

of occurrence of the event, and ii) those that shape the consequences of the event if it

occurs. Assume that there is a group of individuals who have the same characteristics (e.g.

innate ability, skills, income, education, etc). In such a case, we may consider that the

(ex-ante) inequality in the probability of occurrence of the event can be attributed to the

individuals’ responsibility since is caused by their (controlled) choices. However, whether

the event occurs or not is beyond the individuals’ control and can be attributed to luck.

5The compatibilist notion of free will in Frankfurt is similar to one of the arguments advanced Fleurbaey
(2008) according to which we may retain a non-deterministic notion of preferences if we assume that there
is an underlying non-causally determined disposition in every agent that allows them to react differently
to the same external stimuli.
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This gives rise to two conflicting normative positions. On one hand, the consequences

of the event depends on the choices of the second kind made in the first period and it

could then be considered under the responsibility of the individuals. On the other hand,

among individuals who face the same probability of occurrence of the event, consequences-

inequalities could be considered unfair, since consequences are attached to luck. Different

normative arguments have been suggested, which are either closer to the former or to

the latter aforementioned positions (see for example Le Grand (1991); Fleurbaey (2008);

Lefranc and Trannoy (2017)).

2.1.2. The normative principles that guide the analysis

We now cover several aspects regarding the normative principles that guide the assess-

ment of EO, assuming that the partition between circumstances and effort has been de-

fined 6. EO is realized with respect to some achievement when two principles are fulfilled:

compensation and reward (Fleurbaey and Schokkaert, 2011). Reward principles offer con-

siderations regarding the achievements of individuals who are of the same type (type

being defined as a given combination of circumstances), but who exert different effort.

Compensation principles are about reducing inequalities between individuals of different

types. Following Fleurbaey and Schokkaert (2011), two variants of these principles have

been proposed: the utilitarian and the liberal perspective. According to the utilitarian

perspective, compensation is realized when individuals who exert the same level of effort

have the same achievements, irrespective of their type 7. By contrast, according to the

liberal perspective, compensation is assessed with respect to a reference type (i.e. a type

that is judged to be a normatively relevant standard). Hence, compensation is realized

when for each level of effort and for any type, individuals that exert a given level of effort

experience the same achievements as individuals who exert that same level of effort, but

who belong to a reference type. Utilitarian reward says that there should be no inequality

6How to account for the effect of luck has usually been neglected and is not covered here. A proposal
about how to incorporate luck to the normative principles of compensation and reward has been proposed
by Lefranc and Trannoy (2017).

7More generally, utilitarian compensation seeks to achieve that all the individuals at the same level of
effort share the same equally distributed equivalent (EDE) (see Fleurbaey and Schokkaert (2011)). EDE
is the value of outcome to be achieved equally by all the individuals and that could be considered as good
as the current distribution from the point of view of social welfare.
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aversion with respect to the distribution of achievements among individuals of the same

type (or that the achievements of a type can be assessed by the sum of outcomes). Liberal

reward is focused on the transfers between individuals and it aims to achieve neutrality,

in the sense that the redistributive policy should be neutral with respect to those factors

for which the individuals are responsible. Hence, liberal reward is realized when all the

individuals of the same type are subject to the same transfers.

Within each perspective, the compensation and reward principles are usually not com-

patible, which means that either compensation or reward should be prioritized. Moreover,

the utilitarian and the liberal perspective are not compatible either. For instance, if it

were possible to fully redistribute the achievements between individuals of different types,

compensation in the utilitarian approach may entail that individuals of the same type re-

ceive different transfers, which would violate liberal reward. In contrast, the compensation

principle in its liberal version satisfies that at least for individuals at the reference level

of circumstances, liberal reward holds. The incompatibility between both perspectives

can also be found with respect to the reward principles. Think for example what would

these perspectives suggest if there were a single type among the society. In such a case,

since utilitarian reward assesses the value of opportunity states as the sum of outcomes,

it will allow transfers between individuals provided that the sum of outcomes increases.

However, this would violate liberal reward, since according to such principle there should

be a ‘laissez-faire’ policy and no transfers should be made.

The assessment of IO translates these distributive principles into the measurement

of inequality. The purpose of IO assessment is to obtain a measure that captures all the

inequality accounted for by circumstances excluding inequality due to effort. This can be

translated into two conditions (Fleurbaey and Schokkaert, 2009) 8. The first condition

mirrors the reward principles and states that a measure of unfair inequality should not

measure legitimate inequality. The second condition mirrors the compensation principles,

8The framework advanced by Fleurbaey and Schokkaert is more general and propose to partition the
variables into fair and unfair sources of inequality. In this regard IO will be one of many normative
positions that could be adopted to guide that partition. In the IO framework fair variables are referred to
as effort while unfair variables are referred to as circumstances.
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and entails that when a measure of IO is zero, no illegitimate inequalities should be left

unmeasured. As it happens with the compensation and reward principles, these two con-

ditions cannot generally be satisfied at the same time (Fleurbaey and Schokkaert, 2009).

2.1.3. The outcomes over which EO is assessed

A key aspect of the EO framework is to define what outcome distribution requires as-

sessment. Two main alternatives can be found in the literature. The work that has been

developed by Roemer and other scholars (Roemer, 1996, 1998, 2012; Roemer and Trannoy,

2015) has mainly been focused on the assessment of EO on single outcomes or achieve-

ments, such as education, income or health. Alternatively, the framework advanced by

Fleurbaey and others (Fleurbaey, 2008; Fleurbaey and Schokkaert, 2009, 2011; Fleur-

baey, 2012) have been conceived as a vehicle to assess EO on individuals’ well being,

understood as a representation of individuals’ preferences over different achievements 9.

We are aware of two previous literature reviews about IO in health (Fleurbaey and

Schokkaert, 2011; Jusot and Tubeuf, 2019). Our review is more recent than both of them

and therefore includes more articles. It is also different in scope compared to the review

by Jusot and Tubeuf (2019), mainly because we only include studies that focus on adults

and we exclude studies that did not provide a measure of IO (see inclusion and exclusion

criteria in Section 2.2.1). Furthermore, compared to both reviews, our work covers in

greater detail the normative justifications to define the partition between circumstances

and effort and how the econometric models have been specified. This is particularly rel-

evant for the study of IO in health, in contrast to the study of IO of income, since in

the former many studies included effort explicitly, whereas in the latter effort is usually

assumed to be unobservable. More importantly, this review focuses on the estimators that

have been used to assess IO and propose a novel categorization of these estimators.

9Kobus et al. (2020) proposed how to measure IO when outcomes are represented by a multidimensional
variable. In the discussion section we come back to the implications of using single vs multiple outcomes
to assess IO.

20



2. SYSTEMATIC REVIEW

2.2. Methods

2.2.1. Search strategy

During February of 2022, a literature review was conducted in EconLit, Embase, MED-

LINE and Web of Science. Additionally, a search for grey literature was performed in

Google Scholar. The references of each of the selected studies were also used to find ad-

ditional articles. The key terms used in the search strategy were: luck egalitarianism,

responsibility-sensitive egalitarianism, equality of opportunity, inequality of opportunity

and variations of these terms. An example of the search strategy in MEDLINE is provided

below.

Search strategy in MEDLINE trough OVID:

1. responsibility sensitive.mp.

2. ((equit* adj2 opportunit*) or (inequit* adj2 opportunit*)).mp.

3. egalit* opportunit*.mp.

4. ((equal* adj2 opportunit*) or (unequal adj2 opportunit*) or (inequalit* adj2 oppor-

tunit*)).mp.

5. opportunit* adj2 egalitarian*.mp.

6. luck egalit*.mp.

7. health.ti,ab.

8. 1 or 2 or 3 or 4 or 5 or 6

9. 7 and 8

10. limit 9 to (English language and humans)

Exclusion and inclusion criteria

Only studies that used some measure of health status as the outcome of interest were

included, which exclude studies focusing on inequalities in access to health care or health
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care financing. Only studies about health inequalities in adults were included. We ex-

cluded studies that assessed inequalities in children because, as discussed by Kanbur

and Wagstaff (2016), inequalities among children could be considered to be beyond their

responsibility and therefore all inequalities at that age could be deemed unjust. To be

included in the review, studies should have measured IO in health, which excludes studies

that test for EO 10, or that analyze the association between circumstances, effort and

outcomes without providing a measure of IO. Papers published in peer-review journals,

working papers and reports were included. The language was restricted to English.

2.2.2. Screening and selection of articles

The screening and selection process was performed in three steps. In the first step, ir-

relevant articles were discarded based solely on the title information, if in doubt, studies

were retained for the next step. In the second step, titles were reviewed and based on the

following sequential criteria. Articles were excluded if they: i) were not about EO, ii) were

not not about health, iii) were not empirical analysis, iv) were not about adult population,

v) did not assess inequality of health outcomes, vi) were not written in English. In the

third step, abstracts were reviewed and discarded based on the same set of criteria. At this

stage, if there were doubts about the inclusion of some studies, the full text was assessed.

The screening and selection of articles was performed by two authors independently (NS

and PS). At each stage disagreements were resolved by discussion between the two review

authors.

2.2.3. Data extraction and synthesis

The information that was extracted from each article was: country of analysis, health out-

come used, which normative justifications were provided to define the partition between

circumstances, effort and unexplained variability, and how inequality of opportunity was

measured (estimators that were used and how they were estimated). An ad-hoc matrix

10We distinguish between studies that test whether there exists EO in a given population from studies
that aim to measure the amount of IO in a given population. The latter was the focus of this review.
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of data extraction was designed for this purpose.

A narrative synthesis was performed and a categorization of the estimators used as

well as the methods used to obtain those estimators was proposed. The data extraction

and synthesis was performed by one author (NS) and validated by another author (RC).

2.3. Results

After the screening and selection, 29 articles which correspond to 26 studies were included

in the analysis (see Figure 2.1) 11. These studies analysed health inequalities in the UK

(n=6), Colombia (n=2), China (2), France (n=2), Canada (n=2), Chile (n=1), Luxem-

bourg (n=1), Indonesia (n=1), Israel (n=1), The Netherlands (n=1), United States of

America (n=3) or compared several countries in Europe (n=4).

2.3.1. Health outcomes

Most studies (n=18) used ordinal measures of self-assessed health (SAH) as outcomes

(Rosa Dias, 2009; Jusot et al., 2010; Trannoy et al., 2010; Bricard et al., 2013; Lazar,

2013; Jusot et al., 2013; Donni et al., 2014; Jones et al., 2014; Jusot et al., 2014; Carranza

and Hojman, 2015; Chen, 2015; Øvrum and Rickertsen, 2015; Fajardo-Gonzalez, 2016;

Pasqualini et al., 2017; Deutsch et al., 2018; Chen et al., 2020; Yan et al., 2020; Brunori

et al., 2021), three studies used an index of physical or mental health (Jones et al., 2014;

Chen, 2015; Asada et al., 2018; Chen et al., 2020; Yan et al., 2020), four studies used

physical measurements (e.g body mass index, blood pressure) (Øvrum and Rickertsen,

2015; Pasqualini et al., 2017; Davillas and Jones, 2020; Ding et al., 2021), two used

preference-based measures of health status (Asada et al., 2014, 2015, 2018), two used

the prevalence of chronic diseases or long-standing illness (Jones et al., 2014; Pasqualini

et al., 2017), four studies used bio-markers (Carrieri and Jones, 2018; Carrieri et al.,

2020; Davillas and Jones, 2020; Ding et al., 2021), two studies used mortality (Garćıa-

Gómez et al., 2013, 2015; Chen et al., 2020), one study used median survival and lifespan

11The articles of Garćıa-Gómez et al. (2013, 2015) and were counted as one study, as well as the articles
by Asada et al. (2014, 2015) and Chen et al. (2020; 2020)). For this reason hereafter the number of studies
and the number of citations quoted may not coincide.
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Figure 2.1: PRISMA diagram
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(Balia and Jones, 2011), one used a cardinal SAH measure (Rivera, 2017) and one used

lifestyles (Øvrum and Rickertsen, 2015). There were no studies using life-course metrics

that integrated both health status and mortality (e.g. quality-adjusted life expectancy or

healthy life expectancy). See Table A.3.1 in the Appendix for more details.

2.3.2. Normative definitions and its econometric implementation

Partition of variables

According to the theory of EO, variables should be partitioned into circumstances and

efforts (and perhaps, luck). Nevertheless, several studies included an additional category

of factors that were used as control variables, which play a neutral normative role in the

analysis (i.e. there were considered neither effort nor circumstances).

The following variables were categorized differently by several studies, either as cir-

cumstances, effort or ‘neutral’ variables: demographic variables (age and sex), characteris-

tics linked to adult socioeconomic position (e.g. educational attainment, income quintile,

occupation, employment status), geographical region and urbanization of the area of res-

idence, household size and marital status.

Some considerations regarding the categorization of age and sex are worth-mentioning.

A few studies categorized age and (or) sex as circumstances (Lazar, 2013; Asada et al.,

2018; Carrieri and Jones, 2018; Davillas and Jones, 2020; Carrieri et al., 2020; Ding

et al., 2021; Brunori et al., 2021). Most studies included demographic variables among

neutral factors (Rosa Dias, 2009; Jusot et al., 2010; Trannoy et al., 2010; Balia and

Jones, 2011; Bricard et al., 2013; Jusot et al., 2013; Lazar, 2013; Donni et al., 2014; Jusot

et al., 2014; Carranza and Hojman, 2015; Øvrum and Rickertsen, 2015; Fajardo-Gonzalez,

2016; Rivera, 2017; Deutsch et al., 2018; Chen et al., 2020). There were three studies that

explored alternative normative positions in which sex and age were considered either

as legitimate or as illegitimate sources of health inequalities (Asada et al., 2014, 2015;

Garćıa-Gómez et al., 2013, 2015; Davillas and Jones, 2020).
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On one hand, sex and age could be considered circumstances since are factors which

are not chosen by the individuals. On the other hand, there are reasons to argue that

these are legitimate sources of inequality, which make them similar to effort. One rea-

son offered by some studies in favour of considering these factors as legitimate, is that

there is a biological effect of age and sex on health that cannot be modified by policy

(Jusot et al., 2013; Garćıa-Gómez et al., 2015). Similarly, Jusot et al. (2013) argue that

in cross sectional studies age captures the medical and technological progress available to

different birth-cohorts (e.g. the technology available to individuals in their 30’s is differ-

ent from the technology that was available to older individuals when they were in their

30’s.), which is a factor that cannot be modified by policy. By contrast, it was also high-

lighted that demographic factors may shape health outcomes through socially-mediated

processes (Garćıa-Gómez et al., 2015; Øvrum and Rickertsen, 2015; Davillas and Jones,

2020)12. Therefore, even if it is not feasible to change the distribution of age and sex in

the population or eliminate its genetic impact, it is possible to change the impact of those

variables on socially-mediated processes that have an impact on health 13. Another reason

argued to consider age as a legitimate source of inequality is that aging is a process that

universally affects all people (provided that they survive up to a given age) (Jusot et al.,

2013; Asada et al., 2018).

The following are the factors (or proxies of these factors) that were defined as circum-

stances among all the studies (see Table A.3.1 in the Appendix for further details):

• Parental factors: socioeconomic characteristics, place of birth, longevity, health sta-

tus, health-related behaviours, health-related behaviour of the mother during preg-

nancy;

• Childhood and adolescence circumstances: social conditions, place of birth, whether

the child was breastfed, quality of the primary and secondary school attended,

lifestyles during childhood, access to health care during childhood, friendship in

12For example, sex-related health inequalities could be the result of gender differences regarding lifestyles
or occupations, among many other factors. Similarly, the effect of age on health could reflect the priori-
tization of health care to the young or less opportunities to engage in health-enhancing activities among
the elderly.

13Moreover, different normative perspectives may be adopted regarding each specific socially-mediated
process.
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childhood;

• Health endowments: congenital health endowments, morbidity during childhood;

• Ability: cognitive and non-cognitive ability during childhood, numeracy skills in

adulthood; and

• Other: religion, language, ethnicity, born during a period of financial crisis or war

and experiencing an accident.

There were six studies that defined ‘types’ which correspond to mutually exclusive

combination of circumstances (Donni et al., 2014; Jones et al., 2014; Chen, 2015; Carrieri

and Jones, 2018; Carrieri et al., 2020; Brunori et al., 2021), whereas the rest of studies

implemented econometric models were circumstances were used as independent variables.

Among the former, only Carrieri et al. (2020) and Brunori et al. (2021) used a data-driven

latent class approach to define types, whereas the other studies defined types in an ad-hoc

manner.

Most studies defined effort in relation to adult socioeconomic position (e.g. education

and occupation) and lifestyles choices (e.g. cigarette smoking, alcohol consumption, diet,

physical activity and obesity14). Following the review of normative positions introduced

in Section 2.1, we distinguish four approaches to define effort: the choice approach, the

genuine control approach, the authentic preference approach and the family’s effort ap-

proach. Several studies adopted more than one approach.

The choice approach considered that individuals’ choices regarding lifestyles, educa-

tion, or occupation were a legitimate source of health inequality. This strategy was imple-

mented by 10 studies (Rosa Dias, 2009; Bricard et al., 2013; Garćıa-Gómez et al., 2013;

Jusot et al., 2013; Asada et al., 2014; Jones et al., 2014; Asada et al., 2015; Chen, 2015;

Garćıa-Gómez et al., 2015; Øvrum and Rickertsen, 2015; Rivera, 2017; Asada et al., 2018).

14Obesity can be considered as an intermediate outcome between lifestyles and health status and mor-
tality. Nevertheless, many studies used it as a proxy for health-related lifestyles.
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The genuine control approach distinguishes between effort and ‘accountable’ or ‘cleaned’

(from circumstances) effort. Efforts are mostly defined as individuals’ choices, whereas ac-

countable effort corresponds to the individuals’ choices once the effect of circumstances

on those choices have been removed 15 16. These studies modeled the impact of circum-

stances on health as the consequences of two effects: a direct and a mediated effect through

individuals’ choices. The genuine control approach considered that both effects were il-

legitimate sources of health inequalities. This approach was implemented by 22 studies

(Jusot et al., 2010; Trannoy et al., 2010; Balia and Jones, 2011; Bricard et al., 2013;

Garćıa-Gómez et al., 2013; Jusot et al., 2013; Lazar, 2013; Donni et al., 2014; Jones et al.,

2014; Jusot et al., 2014; Carranza and Hojman, 2015; Chen, 2015; Garćıa-Gómez et al.,

2015; Fajardo-Gonzalez, 2016; Rivera, 2017; Pasqualini et al., 2017; Deutsch et al., 2018;

Carrieri and Jones, 2018; Carrieri et al., 2020; Chen et al., 2020; Davillas and Jones, 2020;

Ding et al., 2021; Brunori et al., 2021).

The authentic preference approach was implemented only by Garćıa-Gómez et al.

(2013, 2015). The study argues that lifestyles’ choices are a function of the individuals’

preferences and environmental factors such as the budget constraints of individuals. In

addition, it is argued that choices are not necessarily legitimate sources of inequality if the

individuals’ preferences are based on biased information, due to heterogeneity in cognitive

abilities about the outcomes that result from adopting different lifestyles.

The family’s effort approach was explored only by Jusot et al. (2013). That study

focuses on the normative interpretation of the influence of parents on the choices made by

their offspring and it compared three approaches: the choice approach, the genuine control

approach and the family’s effort approach17. The latter considered that the influence of

parents on their offspring’s choices should be fully respected.

15The choice and genuine control approaches were labeled by several studies as the ‘Barry’ and the
‘Roemer’ approaches respectively, since it would translate the normative positions on this matter by
Bryan Barry and John Roemer (see Roemer (1998)).

16Recall that the definition of circumstances varies between studies. In this regard, each partition of
variables entails a different normative approach.

17Referred to as the ‘Swift’ approach by (Jusot et al., 2013), since it was linked to the normative views
by Adam Swift (see Swift (2005)).
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Models’ specification

Different modeling strategies were implemented depending on the normative position

adopted. A more detailed description of the models’ specification and estimation strate-

gies is provided in Table A.3.1 in the Appendix .

Choice approach The models’ specification used by the studies that adopted this ap-

proach consists of modelling circumstances and effort (individuals’ choices) in one equa-

tion, without accounting for the effect of circumstances on effort.

Genuine control approach approach The studies that adopted this approach as-

sume that circumstances have a direct and an indirect or mediated effect on health out-

comes, where the indirect effect results from the influence of circumstances on the distri-

bution of effort. Among the studies that adopted this normative perspective, seven studies

used reduced-form equations where health outcomes are a function of circumstances only

(Rosa Dias, 2009; Jusot et al., 2010, 2014; Pasqualini et al., 2017; Davillas and Jones,

2020; Ding et al., 2021; Brunori et al., 2021). The specification of reduced-form models

aims to to capture both the direct and the indirect effect of circumstances on health out-

comes.

The rest of the studies included at least some effort variables and tried to distin-

guish between the direct and indirect effect of circumstances. To account for the effect

of circumstances on effort, three strategies were identified. Carrieri and Jones (2018) and

Carrieri et al. (2020) split the sample according to types. For each type, they specify a sep-

arate model where outcomes are a function of effort (lifestyles). This strategy allows the

decomposition of the direct from the mediated effect of circumstances on health outcomes.

Jones et al. (2014) and Chen (2015) model health outcomes as a function of cir-

cumstances and effort, where efforts consist of lifestyles, educational attainment and so-
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cioeconomic position 18. They used a non-parametric approach to assess the influence of

circumstances on health by decomposing the cumulative distribution of health outcomes

in three components: i) the proportion of individuals of a given type who attain a given

educational level, ii) the proportion of individuals of a given type and a given educational

level who have a given combination of lifestyle-socioeconomic position and iii) the cumu-

lative distribution of health of individuals of a given type, who have a given lifestyle and

a given socioeconomic position.

The third strategy implemented by the remaining studies consisted on specifying a

system of equations. In this system of equations the health outcome is a function of indi-

viduals’ efforts (mostly lifestyles), circumstances and neutral variables, while efforts are

a function of circumstances and neutral variables (and in some cases, of other legitimate

factors). Among these studies, two used a simultaneous equation approach (Balia and

Jones, 2011; Garćıa-Gómez et al., 2013, 2015) which allow for correlation between the

error terms of the different equations. The rest of studies estimated one equation at a

time. First, a regression of individuals’ efforts on circumstances and neutral variables was

implemented. In a second step, the predicted residuals of the first step were used as a

cleaned measure of effort in the equation of health outcomes.

Authentic preference approach The study by Garćıa-Gómez et al. (2013, 2015)

implemmented and contrasted several normative approaches. The study used a system

of equations where mortality was a function of health events (hospitalizations), health-

related lifestyles and a set of additional factors (age, gender, home ownership, marital

status, being married, having children and home ownership); health events were a func-

tion of lifestyles and the set of additional factors; whereas lifestyles were a function of

the set of additional factors and a set of variables referred to as ‘preferences shifters’

(religion, region of residence and urbanization of the area of residence) since these factors

were supposed to influence only lifestyles with no effect on health events and mortality.

18The two models are is slightly different. See Table A.3.1 in the Appendix for details.
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Among the normative positions implemented by this study, there is a distinction be-

tween what the authors called a ‘preferences’ and an ‘authentic preference’ approach. In

the preference approach, it is assumed that lifestyles are a legitimate source of inequality

with respect to health events and mortality, whereas all the other factors are considered

illegitimate sources of inequality in relation to health events and mortality. In contrast,

the authentic preference approach assumes that the influence of education on lifestyles

is illegitimate, since it is a proxy for budget constraints beyond and for heterogeneity of

cognitive abilities, both of which are unfair drivers of individuals’ choices.

Family’s effort approach Among the normative positions explored by Jusot et al.

(2013) the family’s effort approach is based on the notion that the influence of parents’

choices on their children should be respected. The study modeled health outcomes as

a function of health-related lifestyles and ‘cleaned’ circumstances. Since the influence of

parents’ on children’s lifestyles is considered legitimate, circumstances should be cleaned

from its effect on children’s choices. To do this, each circumstance was modeled as a func-

tion of children’s lifestyles. The predicted residuals from these equations were interpreted

as circumstances cleaned from its effect on children’s efforts.

Normative interpretation of unexplained variability

As it has been discussed elsewhere (Fleurbaey and Schokkaert, 2009; Ramos and Van de

gaer, 2016), the unexplained variability in the econometric models also requires a norma-

tive interpretation.

The estimation of unexplained variability is different when modeling continuous or

categorical outcomes. This has implications in the way of decomposing total inequality.

When modeling continuous outcomes computing the residuals of the model is straight-

forward, which allows to obtain a measure of unexplained variability. By contrast, when

modeling binary outcomes the computation of residuals is challenging. Among those stud-

ies that decompose inequality of continuous outcomes, total inequality is the aggregation
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of inequality attributed to observed circumstances, unexplained variability, and in some

cases, effort (there were studies that did not include effort variables) (Asada et al., 2014,

2015, 2018; Carrieri and Jones, 2018; Carrieri et al., 2020; Davillas and Jones, 2020; Ding

et al., 2021).

Those studies that decompose inequality of categorical outcomes used two approaches.

Some studies used a linear probability model which allow them to decompose inequality

in terms of observed circumstances, observed effort and unexplained variability, as if the

outcome was continuous (Bricard et al., 2013; Jusot et al., 2014; Carranza and Hojman,

2015). In contrast, other studies used non-linear models in which case total inequality is

the collection of inequality due to observed circumstances and observed effort and it does

not include inequality due to unexplained variability (Rosa Dias, 2009; Trannoy et al.,

2010; Balia and Jones, 2011; Jusot et al., 2013; Lazar, 2013; Donni et al., 2014; Øvrum

and Rickertsen, 2015; Fajardo-Gonzalez, 2016; Deutsch et al., 2018).

Only three studies referred to the normative interpretation of the unexplained variabil-

ity. Two studies provided estimates that allow to assess how the estimates of IO change

if unexplained variability is considered a fair or an unfair source of inequality (Asada

et al., 2014, 2015, 2018). One study looks at the correlation between higher moments of

the type-specific residuals and both circumstances and effort (Carrieri and Jones, 2018).

Since low correlation was found, the authors suggest that this may entail that unexplained

variability can be “mostly regarded as random noise” (Carrieri and Jones, 2018, p. 12).

As it was mentioned in the previous section, several studies regress individuals’ choices

(such as lifestyles or other variables) on circumstances and demographic factors and then

use the residuals of those equations as a measure of effort. In all these cases the variables

used to capture individuals’ choices were categorical. Two strategies were used to re-

trieve the residuals. Four studies estimated generalized (probit) residuals (Trannoy et al.,

2010; Jusot et al., 2013; Lazar, 2013; Donni et al., 2014; Carranza and Hojman, 2015)

whereas three studies used linear probability models (Bricard et al., 2013; Rivera, 2017;
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Fajardo-Gonzalez, 2016) 19. Among these studies, only two acknowledged that the residu-

als of those estimations also contain the effect of luck as well as unobserved circumstances

(Trannoy et al., 2010; Fajardo-Gonzalez, 2016).

2.3.3. Estimators

Two categories of estimators were identified across studies. The first are estimators which

aim to measure IO. Among these studies, we propose to distinguish two sub-categories:

studies that use measures of IO that explicitly ascribe to the reward and compensation

principles, and those for which the normative implications remain implicit. The second

category are estimators that, instead of assessing IO, provide information about what

would be the counterfactual distribution of outcomes if IO is suppressed.

Assessment of IO

Explicit normative strategy We refer to this strategy as ‘explicit’ since its aim is to

compute a measure of IO which embodies specific normative principles. As it has been

described elsewhere (Ferreira and Peragine, 2016; Ramos and Van de gaer, 2016), this

strategy consists in obtaining a counterfactual distribution of outcomes Ĥ ′ where all the

inequality is due to IO. In these studies the econometric model is used to compute Ĥ ′

according to the compensation or the reward principles, in its utilitarian or liberal ver-

sions (see Ramos and Van de gaer (2016) for a survey of how to obtain Ĥ ′). Table A.3.1

in the Appendix describes the method used by each study to obtain Ĥ ′. Only two studies

(Carrieri and Jones, 2018; Carrieri et al., 2020) did not rely on this strategy. These studies

used a model specification that allows to decompose total inequality into inequality due

circumstances, effort and unexplained variability and at the same time to embody both

kinds of principles.

Once Ĥ ′ is estimated, IO is simply obtained by applying an inequality index I over

Ĥ ′. This will be denoted as an absolute measure of IO (θIOa ):

19Fajardo uses years of education and a linear model.
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θIOa = I(Ĥ ′) . (2.1)

An alternative consists of obtaining a measure of relative IO (θIOr ), which results from

dividing θIOa over total health inequality 20. There are two kinds of estimators that can be

distinguished depending on whether the denominator is the total ‘observed’ inequality or

the total explained or ‘predicted’ inequality. The first strategy estimates relative IO as:

θIOr,o =
I(Ĥ ′)
I(H)

, (2.2)

while the second strategy seeks to estimate IO as:

θIOr,p =
I(Ĥ ′)

I(Ĥ)
, (2.3)

where H corresponds to the observed outcomes and Ĥ to the predictions of health out-

comes obtained by the model. Among studies that estimated relative IO the interpretation

of the remaining fraction of inequality that is not due to IO varies between θIOr,o and θIOr,p .

In the former, total inequality includes IO (θIOa ), inequality due to effort and due to

unexplained variability (and perhaps neutral variables), whereas θIOr,p does not include

inequality due to unexplained variability.

There were six studies that only obtained absolute measures of IO (Jusot et al., 2010;

Garćıa-Gómez et al., 2013; Asada et al., 2014; Jones et al., 2014; Asada et al., 2015;

Garćıa-Gómez et al., 2015; Asada et al., 2018; Brunori et al., 2021). The measures of

inequality used by these studies were the Gini index, the variance and the dissimilarity

index.

Amid the studies that obtained relative measures of IO, one study computed a rel-

ative measure of IO over explained inequality and did not performed a decomposition

20The distinction between absolute and relative measurement of IO is different from the distinction
between an absolute and a relative concept of inequality. The latter refers to whether the index of inequality
used entails that proportional vs absolute changes in the outcome do not affect inequality.
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of inequality (Rosa Dias, 2009). This study measured inequality using the Gini index,

the variance, and the dissimilarity index. Among the rest of studies that obtained relative

measures of IO, two computed θIOr,o and performed a decomposition of total inequality into

inequality due to circumstances, effort and unexplained variability (Carrieri and Jones,

2018; Carrieri et al., 2020), whereas two compute θIOr,p and decomposed explained (by the

model) inequality into inequality due to circumstances and effort (Lazar, 2013; Donni

et al., 2014). The former two studies measure inequality using the Gini index and the

variance, and used the decomposition method developed by Jones and López Nicolás

(2006). The other two studies measure inequality using the Atkinson index and the Mean

Logarithmic Deviation (MLD) and use a path-independent multiplicative decomposition

method. Two studies computed θIOr,o and estimated the contribution of each circumstances

to total inequality Chen et al. (2020); Ding et al. (2021) and one study computed θIOr,o

and estimated the relative contribution of each circumstance to inequality explained by

circumstances Davillas and Jones (2020). In all these cases, the inequality measure used

was the MLD and inequality was decomposed using the Shapley decomposition method.

Besides Chen et al. (2020), all the studies that measure relative IO also provide estimates

of absolute IO.

Implicit normative strategy Several studies adopted an approach in line with the

tradition of inequality decomposition. These studies decompose total inequality into a

fraction due to circumstances and a fraction due to effort (and usually also a fraction

due to neutral variables), the former being interpreted as IO. In contrast to the previous

approach, in this case the aim is not to reflect the compensation or reward principles and

the normative implications of these measures remain implicit. There were 11 studies that

adopted this strategy (Bricard et al., 2013; Jusot et al., 2013, 2014; Øvrum and Rickert-

sen, 2015; Fajardo-Gonzalez, 2016; Pasqualini et al., 2017; Rivera, 2017; Deutsch et al.,

2018; Asada et al., 2014, 2015; Carranza and Hojman, 2015; Asada et al., 2018).

In this case the absolute measure of IO is simply that part of inequality explained

by circumstances. Compared to the explicit normative strategy, θIOa does not embody
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specific normative principles. Similar to the previous strategy, there are two alternatives

to estimate relative IO: as a fraction of the total observed variability (θIOr,o ) or as a fraction

of the variability explained by the model (θIOr,p ). Besides the study by Jusot et al. (2014)

where only relative measures of IO are reported, the other studies reported absolute and

relative measures.

There were three studies that computed θIOr,o and decompose total inequality into

inequality due to circumstances, effort and unexplained variability (Asada et al., 2014,

2015; Carranza and Hojman, 2015; Asada et al., 2018), one study that obtained θIOr,o and

decomposed total inequality into inequality due to each circumstance and unexplained

variability (Jusot et al., 2014), five that computed θIOr,p and decompose explained inequal-

ity into inequality due to circumstances and effort (Bricard et al., 2013; Jusot et al., 2013;

Øvrum and Rickertsen, 2015; Fajardo-Gonzalez, 2016; Rivera, 2017; Deutsch et al., 2018)

and one that obtained θIOr,p and decomposed explained inequality into inequality due to

each circumstance (Pasqualini et al., 2017).

Four studies use the variance as a measure of inequality and the Shorrocks’ decompo-

sition (Asada et al., 2014, 2015; Carranza and Hojman, 2015; Rivera, 2017; Asada et al.,

2018). Fajardo-Gonzalez (2016) decompose the dissimilarity index using the Shapley de-

composition method whereas Deutsch et al. (2018) decompose the variance using the

Shapley decomposition method. Pasqualini et al. (2017) use the R-squared as a measure

of explained inequality and the explanatory power of circumstances over total inequality

as a decomposition method. Øvrum and Rickertsen (2015) decompose inequality using

the Gini index.

Improvements due to IO reduction

This approach does not aim to obtain a measure of IO, it rather uses counterfactual

estimations to assess how the distribution of health outcomes would change if IO is elim-

inated or reduced. Studies use three estimators that we have labeled as: average absolute

improvement (AAI), counterfactual absolute inequality (CAI) and relative inequality re-
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duction (RIR). AAI estimates the expected value of a given achievement assuming that

circumstances are fixed at a reference level. CAI predicts what would be counterfactual

amount of total inequality if the individuals’ circumstances were fixed at a reference cate-

gory. RIR computes the relative reduction in health inequality if circumstances were fixed

at a reference category.

Let’s denote by Ĥ{C̄} the counterfactual predictions of the model when the values

of all the circumstance variables are fixed at a reference level (usually either the average

or the ‘best’ level); and let N be the total number of individuals i in the sample. The

estimators are then defined as follows:

AAI =
1

N

∑
i

Ĥi{C̄} (2.4)

CAI = I(Ĥ{C̄}) (2.5)

RIR = 1− CAI

I(Ĥ)
, or 1− CAI

I(H)
(2.6)

There were three studies that estimated AAI (Balia and Jones, 2011; Jones et al.,

2014; Chen, 2015). Balia and Jones (2011) used a simultaneous hazard model to assess

the influence of parental smoking habits on their offspring’s smoking behaviour and its

impact on life expectancy. The predictions of the model were then used to assess what

would be the counterfactual life expectancy if the individuals had the best level of circum-

stances (with respect to parents’ smoking habits). Jones et al. (2014) assess the different

pathways by which childhood circumstances may impact health outcomes in the context

of different educational policies in the UK. Circumstances were assumed to have a direct

effect on lifestyles and socioeconomic status in adulthood as well as a mediated effect on

both outcomes through educational attainment. In addition to circumstances, lifestyles
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and socioeconomic status were assumed to influence individuals’ health status. Three

counterfactual estimations were obtained to assess the impact of suppressing the effect

of i) circumstances on educational attainment, ii) the direct effect of circumstances on

lifestyles and socioeconomic status, and iii) the direct effect of circumstances on health,

respectively. Chen (2015) follows a similar approach to assess IO in the US.

Balia and Jones (2011), Trannoy et al. (2010) and Carranza and Hojman (2015) esti-

mated CAI by predicting what would be the total inequality in the hypothetical scenario

where individuals had the best level of circumstances. The latter two studies also estimated

RIR by predicting what would be the proportion of inequality that would be reduced if

all the individuals in the sample had the reference level of circumstances. While Trannoy

et al. (2010) uses in the denominator the inequality of the predicted probability of health

outcomes I(Ĥ), Carranza and Hojman (2015) use total health inequality I(H).

2.4. Discussion

We organise the discussion into three topics: the empirical identification of effort, the use

of neutral variables, the interpretation of IO estimators and the outcomes used in the

analysis.

2.4.1. Effort

As it was mentioned in Section 2.2.1, the definition and identification of factors that can

be conceived as being under the responsibility of individuals is a difficult normative task.

In a previous survey, Jusot and Tubeuf (2019) emphasize that in comparison to its ap-

plication to other outcomes such as income, the literature of IO applied to health has

contributed by providing measures that account for the influence of effort, since it easier

to define and observe effort in relation to health than in relation to other outcomes. We

would like to challenge this statement and argue that, even though is true that health-

related lifestyles are usually included in several population surveys, its use as a measure

of effort is challenging and perhaps dubious.
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The majority of studies included in this review followed the genuine control approach.

These studies never bring forth an operational definition of effort. By operational defi-

nition we mean a mapping from effort to observed or unobserved characteristics of the

individuals. Among studies that follow this approach, two modeling strategies were imple-

mented. In most cases, studies aimed to remove the effect of circumstances from individ-

uals’ lifestyles. This was done by first estimating an equation of lifestyles as a function of

circumstances, and then using the residuals of those estimations as a cleaned measure of

effort. However, most studies did not acknowledge that the residuals of those estimations

also contain the effect of luck as well as unobserved circumstances. Moreover, since no

operational definition of effort is provided, is not clear what dimension of the individuals

would constitute effort once the individuals’ choices (lifestyles in this case) were cleaned

from all the observed and unobserved factors that are beyond the individuals’ control.

Other studies used reduced-form specifications where health outcomes are a function of

circumstances only. In this case, the effect of circumstances aims to capture both its direct

and effort-mediated effects. However, these studies do not provide an operational defini-

tion of effort either.

Another definition of effort was the authentic preference approach, according to which

individuals’ are responsible for their endorsed preferences, but not for the impact of cir-

cumstances in the choice sets available to (or constraints imposed on) them. There was

only one study that attempted to implement that measure (Garćıa-Gómez et al., 2013,

2015). In that study there were several variables considered as legitimate drivers of in-

dividuals’ lifestyles preferences (age–gender, home ownership, marital status, children,

religion, region of residence and urbanization). Education was considered an illegitimate

explanatory variable of individuals’ lifestyles since it was used as a proxy of i) the (ille-

gitimate) economic constraints and ii) biased beliefs about the consequences of lifestyles.

What is not clear in this study is the hypothesized causal pathways by which the legiti-

mate factors (age, gender, home ownership, marital status, being married, having children,

home ownership, religion, region of residence and urbanization of the area of residence)
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are supposed to influence the individuals’ health-related behaviour. Those variables could

be correlated with individuals’ lifestyles either because they reflect differences in prefer-

ences or because they are among the factors that shape individuals’ access to choice sets.

Nevertheless, only in the former case should those factors be used as a proxy of authentic

preferences. In contrast, if characteristics such individuals’ religion or neighbourhood are

linked to access to food products, access to urban green space or discrimination in the

labour market, those variables could be better understood as proxies of the individuals’

illegitimate constraints. Moreover, education, is also (at least to some extent) a result of

individuals’ preferences, so using this characteristic as an illegitimate driver of lifestyles

is questionable.

More broadly, we would argue that obtaining a measure of effort that accounts for

the authentic preferences of individuals is a very demanding task for the econometrician.

Recall that to implement such definition of effort, the following counterfactual should be

computed: what would have been the achievements of individuals of a given type, had

they the opportunity to exert their preferences over the choice set that was available to

those who are from a different type. The problem that arises is that the revealed prefer-

ences of individuals are a function of the only choice set (constraints) that was open to

them when they made such choices, which is itself a function of circumstances. Therefore,

to identify the ‘authentic preferences’ of individuals the researcher should find variables

that are correlated with the individuals’ preferences, but which do not capture the effect

of circumstances on the individuals’ constraints. Finding such instruments seems a very

challenging task.

2.4.2. Neutral variables

We consider that it should be relevant to distinguish between two notions of neutral

variables. One alternative is to conceive neutral variables as another category distinct

from effort and circumstances. If that is the case, those normative considerations should

be made explicit, and its relationship with the principles of compensation and reward

should be stated. Moreover, if some variables are conceived as neutral, the estimation
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of IO should be independent of their distribution. Otherwise, neutral variables will have

an impact on the size of IO, which seems counter intuitive. Another alternative is to

use neutral variables to denote factors that could not be categorized as circumstances or

effort because the researcher finds the task too challenging. In that situation, it could

be a better strategy to explore how the estimation of IO varies when those variables are

categorized as either circumstances or effort, as it has been suggested by Fleurbaey and

Schokkaert (2011).

As it was described in Section 2.3.2, most studies categorised age and sex as neutral

factors. The main reason to categorise it as neutral is that even if they can be considered

beyond the individuals’ responsibility, it seems problematic to consider these factors as

circumstances since its biological or genetic influence cannot be shaped by policy. We

consider that there are three things to be distinguished. First, not all the effects of sex

and age are biological. Both sex and age can influence the individuals’ health trough

socially-mediated processes that could be intervened. Second, even if the biological effect

of age an sex on the onset of some medical condition may not be subject to intervention,

it may be possible to ameliorate the consequences of that medical condition. Third, as it

has been acknowledged by Tsuchiya and Williams (2005), from the impossibility to avoid

or interfere in the effect of a risk factor (e.g. sex) on health, it does not follow that nothing

can be done to ameliorate or compensate such disadvantage. In this regard, as it has been

emphasised by Fleurbaey and Schokkaert (2009), even if there are some consequences

that cannot be compensated in terms of health, society can compensate the individuals in

terms of another dimension relevant for the individual well-being (e.g. income). Moreover,

we would argue that in this case one should move from the assessment of IO in health

to IO in both health and the dimension which is the object of compensation. Otherwise,

focusing on IO in health does not allow to distinguish between societies that establish

compensation and those which not.

41



2. SYSTEMATIC REVIEW

2.4.3. Interpretation of the estimators

Despite the growing number of studies in the field, there has not been much discussion

regarding the normative interpretations of the estimators that have been used. We would

argue that many of the estimators that were found in this survey are not relevant to assess

EO and its interpretation could even lead to misleading conclusions.

First of all, it should be emphasized that IO is primarily understood as a measure

of fairness in the distribution of achievements among a society. In this regard, the size

of inequality due to effort is not of normative importance. Moreover, if EO is achieved

(or if there was only one type within the society), the magnitude of overall inequality

is in fact irrelevant. Consequently, the assessment of IO should prioritise absolute rather

than relative measures of IO (such as θIOa , AAI and AIR). The reason is that, while the

former aims to capture only inequality due to circumstances, relative measures of IO also

include in the denominator the fraction of inequality that is due to effort. This implies

that relative measures of IO depend on the magnitude of legitimate inequality, which

is misleading. Moreover, it seems worrisome that most of the studies surveyed rely on

relative measures of IO. Consider the following example. Imagine two societies (A and

B) of the same size and which have the same sum of achievements. Both societies have

the same absolute level of IO, but society A has a lower total inequality, since inequality

due to effort is lower. Nevertheless, according to relative measures of IO, society A has a

higher IO compared to society B, which is counter intuitive.

There may be different reasons to privilege a relative measure of IO. One could be that

relative IO is attractive because it is expressed as a proportion, which is dimensionless and

its interpretation does not require specialist knowledge about how inequality is measured.

By contrast, absolute IO may be perceived as more difficult to understand since it is ex-

pressed in terms of an absolute value of a given inequality index. However, this reasoning

misses the point since relative IO and absolute IO are not two ways of expressing the

same construct: they measure different things and the choice between them is not down

to the ease of interpretation. Another reason may be that the ranking of IO according to
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both absolute and relative IO coincide. For instance, it has been shown that there is a

positive relationship between relative IO of income and total income inequality (Brunori

et al., 2013). Then, countries with higher total inequality will also have higher absolute

IO and higher relative IO. In such a case, a ranking based on absolute and another based

on relative IO would coincide. However, this is not necessarily true for outcomes differ-

ent from income. A third reason may be that, conditional on the same absolute IO, a

distribution showing lower rather than higher inequality due to effort, is judged as more

desirable from a social welfare perspective. Moreover, that requires making explicit such

a normative approach, which probably should be derived from social welfare functions.

Moreover, even if the proportion of total inequality explained by circumstances could

be of interest, there are additional limitations to highlight. A widely used estimator in the

income-related IO literature is θIOr,o , which estimates IO as the fraction of total inequality.

As it has been shown, since circumstances are never fully-observed, such an estimator

constitutes a lower bound of the ‘true’ relative IO (Ferreira and Gignoux, 2011). The as-

sessment of IO in health has followed the same framework. Some studies used continuous

health outcomes, which allow them to compute θIOr,o in the same way that it is usually

done with income (Asada et al., 2014, 2015, 2018; Carrieri and Jones, 2018; Davillas and

Jones, 2020; Carrieri et al., 2020; Ding et al., 2021). In contrast, several studies focused

on binary outcomes and used non-linear models, in which case is not feasible to compute

the magnitude of the unexplained variability. Rather than computing IO as a fraction of

total inequality, these studies obtained θIOr,p which corresponds to inequality due to cir-

cumstances over ‘explained’ (by the model) inequality. We would argue that, in contrast

to θIOr,o , θ
IO
r,p is not a lower bound of IO neither is a meaningful estimator because it is

contingent on the size of the denominator. For instance, the inclusion of new effort vari-

ables to a given model may decrease the magnitude of θIOr,p , even if these variables are not

correlated with circumstances.

Several studies have computed relative IO estimators of binary outcomes using the

linear probability model (LPM) and the Shorrocks approach to variance decomposition

(Bricard et al., 2013; Jusot et al., 2014; Carranza and Hojman, 2015). The attractiveness
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of the LPM is that it allows to retrieve a distribution of predicted residuals which makes

feasible to compute θIOr,o . However, we would argue that this method is not adequate.

Despite the LPM providing unbiased estimates of the probability of an event conditional

on a set of covariates, the residuals are misspecified. Being Hi a binary outcome which

takes values 0 and 1, pi(H) the ‘true’ probability of experiencing the outcome by each

individual and p̂i(H) the predicted probability obtained by some statistical model, what

these studies computed as residuals corresponds to H − p̂i(H). However, this is not a

statistically sound measure of unexplained variability since, if total inequality is measured

in terms of pi(H), the residuals should equal pi(H)−p̂i(H). Moreover, this quantity cannot

be estimated because pi(H) is unknown. Therefore, the use of LPM does not solve the

problem of how to estimate θIOr,o for binary outcomes.

2.4.4. Outcomes

As it has been highlighted by Kobus et al. (2020), the framework of EO has been mainly

applied to single outcomes, such as income or health, or it has been jointly applied to

multiple outcomes, but treating them as separate identities. Fleurbaey and Schokkaert

(2011) have highlighted that focusing on single outcomes do not necessarily provide a

good proxy of IO in wellbeing. A given society may have the same levels of IO on single

dimensions such as health or income and be more or less equitable in terms of wellbeing

depending on the joint distribution of outcomes among individuals. To what extent IO in

health can be conceived as a proxy of IO in wellbeing is an important topic that was not

discussed among the studies included in this review.

2.5. Conclusion

The framework of EO has been widely used to assess unfair inequalities in health. Despite

its many applications, this literature review argues that there are several methodological

challenges that have not been properly addressed in the literature: the normative interpre-

tation of the impact of sex and age on health, how to provide an operational definition of

effort, the interpretation of relative measures of IO and the assessment of IO on multiple
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wellbeing dimensions, among others. Further research on these topics is warranted.
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Chapter 3: Trends in socioeconomic inequalities in

life expectancy and lifespan variation in Chile

Abstract

Ample evidence exists of socioeconomic inequalities in life expectancy in Chile, al-

though no studies have analysed trends in inequalities in life expectancy and lifespan

variation. This study uses information from censuses and data from death certificates to

compare the life expectancy and lifespan variation of individuals according to their rank

in the distribution of years of education within their own birth cohort. The study focuses

on three periods of time (1991, 2002 and 2017) and two educational groups (first quintile,

tenth decile). Changes in life expectancy over time are broken down according to lead-

ing causes of death. Consistent with others studies, the results show that less educated

groups have a higher lifespan variation and lower life expectancy than their better edu-

cated counterparts in society. Moreover, lifespan variation decreased (increased) over time

for individuals in the tenth decile (first quintile). Changes in life expectancy show different

patterns by sex. Among women the socioeconomic gap has reduced, while it has increased

for males. The leading causes of death that explain the increase in life expectancy are

cardiovascular, cancer, respiratory and digestive diseases. In the case of males in the first

quintile, few gains have been made in life expectancy resulting from cancer and a negative

contribution is associated with digestive conditions. The findings of this study underscore

the importance of developing methods and finding new sources of information to monitor

health inequalities.
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3.1. Introduction

Chile has experienced considerable gains in life expectancy in a short period of time

relative to the time other high income countries have taken to achieve the same results

(Arriaga and Davis, 1969; Organización Panamericana de la Salud., 2017). It is well known

that a negative correlation exists in most countries between socioeconomic position and

life expectancy (Murtin et al., 2017) 1. Chile is not exemption in this sense; there is ample

evidence of a socioeconomic gradient in life expectancy.

Fuentes-Garćıa (2014) researched socioeconomic inequalities in life expectancy among

a cohort of elderly people in Santiago. Looking at life expectancy at age 60, the study

found that, while the poorest group could expect to live a further 16 years, the corre-

sponding figure was 23 years for the richest group 2. In a comparative study published by

the OECD which analysed life expectancy at age 25 by educational status in 23 countries,

Chile ranked 19th for males and 22nd for females, with a gap of 10.9 and 7.6 years re-

spectively between those with tertiary education and those without (Murtin et al., 2017).

Using area-level information in Santiago to compare life expectancy at birth between the

first and ninth deciles of subcity units in terms of socioeconomic status, Bilal et al. (2019)

found a 8.9-year gap for men and a 17.7-year gap for women. Edwards et al. (2021) used

administrative data of pensioners and found a three-year gap in life expectancy at age 65

between high and low earners, for both men and women 3. Moreno et al. (2021) also focus

on life expectancy among the elderly. Using information from a population survey linked

to vital statistics, the study compared life expectancy at age 60 for individuals with pub-

lic and private health insurance, finding a gap of 4.9 years for men and 5.6 years for women.

In many countries, socioeconomic inequalities in life expectancy have increased over

time in absolute terms. Evidence from the USA and the UK suggests that, as well as wit-

1Japan and South Korea are two countries where higher mortality has been documented among upper
non-manual workers than among manual workers (Tanaka et al., 2019).

2Socioeconomic status was defined based on a multidimensional index that incorporates information
about income, education, and home assets and quality of living accommodation.

3Top earners are pensioners receiving a monthly pension of more than USD 400, whereas low earners
are those who receive less than USD 200
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nessing an increasing gap in life expectancy between socioeconomic groups, some groups in

society have experienced a stagnation or even reduction in life expectancy in recent years

(Bennett et al., 2015; Bor et al., 2017; Bosworth, 2018; Office for National Statistics, 2015)

4. The phenomenon observed in the US and UK of an increasing gap in life expectancy

by socioeconomic groups has also been identified in nations with much lower income in-

equality levels, such as Denmark, Finland and Sweden (Brønnum-Hansen, 2017; Hederos

et al., 2017; Kondo et al., 2014; Tarkiainen et al., 2012; Brønnum-Hansen et al., 2021).

Moreover, comparative analyses suggest that Nordic countries have similar or higher ab-

solute and relative inequalities in age-adjusted mortality and life expectancy compared

to other countries on the continent (Mackenbach et al., 2017; Mackenbach, 2017; Murtin

et al., 2017). Nevertheless, in Spain, which has one of the lowest socioeconomic gaps in

age-adjusted mortality in Europe (Mackenbach et al., 2017; Mackenbach, 2017), absolute

inequality in life expectancy between educational groups has also increased (Permanyer

et al., 2018) over the last 60 years. In summary, notwithstanding their experience of in-

creased life expectancy across the population as a whole, many high income countries

have also faced widening socioeconomic inequalities in life expectancy at the same time.

Within mortality research, two main patterns of changes in mortality over time have

been identified. A ‘shift’ to the right in the distribution of death (also referred to as

‘mortality delay’), with little change in the shape of the distribution (Kannisto, 2001;

Bongaarts, 2005; Canudas-Romo, 2008; Vaupel, 2010), and a ‘compression’ of mortal-

ity, with a higher proportion of deaths occurring in a narrower age interval (Fries, 1980;

Bergeron-Boucher et al., 2015). The compression of mortality has been studied using sev-

eral measures that account for the variability of age at death in a given population, which

are usually referred to as ‘lifespan variation’ (van Raalte et al., 2018). Furthermore, it has

been suggested that lifespan variation should be monitored over time to help to detect

patterns in mortality changes (Hiam et al., 2021; van Raalte et al., 2018). Increasing lifes-

pan variation indicates that mortality at younger ages is not decreasing as fast as at older

ages. Moreover, a growth in lifespan variation may indicate an increase in mortality at

4Studies in the US found an increasing in mortality rates among some groups which started around
the year 2000, while evidence from a decreasing life expectancy among deprived groups in the UK occurs
in the last decade.
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younger ages. Evidence shows that socioeconomically disadvantaged groups have higher

lifespan variation than economically advantaged groups (Brown et al., 2012; van Raalte

et al., 2012; Murtin et al., 2017). Moreover, lifespan variation has been shown to decrease

more among higher socioeconomic groups (Permanyer et al., 2018; van Raalte et al., 2014;

Sasson, 2016; Brønnum-Hansen et al., 2021).

This study aims to assess, for the first time, trends in socioeconomic inequalities in

life expectancy and lifespan variability in Chile, and to understand the contribution of

different diseases to changes in life expectancy in different socioeconomic groups over

time.

3.2. Methods

3.2.1. Data

The analysis focuses on educational inequalities in life expectancy at age 26 at three time

periods: 1991, 2002 and 2017. For each period, data on population at risk and death

counts by age, sex and number of years of education were obtained. This information

was collected from two different sources. Data relating to population at risk was retrieved

from census micro-data (Instituto Nacional de Estad́ısticas, 2020). Data for death counts

were obtained from the mortality database, which is administered jointly by the National

Institute of Statistics, the Ministry of Health and the Civil Registry (Departamento de

Estad́ısticas e Información en Salud, 2020).

From each death record, information about education and leading causes of death was

obtained. Information regarding the deceased person’s education is provided by the next

of kin of the deceased person, while the immediate cause of death is taken from death no-

tification documents, prepared by a medical doctor 5. Data quality and plausibility checks

for causes of death are implemented by the above-mentioned public bodies. According to

the World Health Organization, the quality of information on causes of death in Chile

5There are few deaths certificates (less than 4%) that are not prepared by a medical doctor (Núñez F
and Icaza N, 2006). This figure has decreased over time.
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is high 6 (World Health Organization, 2010). Causes of death were grouped into seven

categories, which are among the leading causes of death (Institute for Health Metrics

and Evaluation (IHME), 2021): cancer, cardiovascular, digestive, infectious, mental and

behavioural, respiratory and other causes. Details of how diseases were categorised into

these groups are reported in the Appendix.

Micro-data is available for the censuses of 1992, 2002 and 2017 7. Moreover, informa-

tion relating to years of education is missing for 1992. In order to make up for this, the

estimates for the period 1991 were obtained using data of population at risk from the

census of 1992 and information about mortality for 1991.

Information on education contained in both the censuses and the mortality databases

includes details of the highest level of education attained and number of years of educa-

tion within the highest level of education achieved. From this, an ordinal variable taking

values from 0 to 20 -‘years education’- was built. The Appendix describes the mapping

from information on years of education attained in a given educational level to the ordinal

variable years of education.

3.2.2. Definition of educational groups

As highlighted in the literature (Bound et al., 2015; Begier et al., 2013; Dowd and

Hamoudi, 2014; Goldring et al., 2016; Hendi et al., 2021), as the proportion of individuals

in each educational level (e.g. primary school, secondary school, etc.) evolves across birth

cohorts, educational categories cannot be used as a ranking measure over time. Following

Bound et al. (2015), we define the educational rank of individuals based on the distribu-

tion of years of education (from 0 to 20 years) for each birth cohort. Each individual’s

rank was computed in relation to the distribution of education among individuals aged

6Categories are as follows: limited use, low, medium-low, medium-high and high
7There was a census in 2012, but due to several problems in its implementation a new census was

carried out in 2017
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26 to 30 years old8, when that individual was 26 years old 9. For instance, the rank of

someone who was 90 years old in 2017 was defined in relation to the distribution by years

of education among individuals aged 26 to 30 years in 1953.

Distribution by years of education for each year relies on information from censuses

(1920, 1930, 1940, 1952, 1960, 1970, 1982, 1992, 2002, and 2017) and a repeated cross-

sectional survey (CASEN survey) which is representative of the Chilean population (1990,

1994, 1996, 1998, 2000, 2006, 2009, 2011 and 2015). For years for which no information

is available, distribution by years of education was computed using linear interpolation

based on the two closer adjacent known values (e.g. the distribution for 2016 was com-

puted based on information for 2015 and 2017 -see Appendix for more details).

Measurement error regarding education reported by the next of kin of the deceased

person is a possibility. Moreover, it is less likely for people to err the educational cate-

gory attained by their deceased relative (e.g. primary or secondary education) than to be

mistaken about the years of education attained within a category (e.g. five or six years

of primary education). Based on this premise, we choose to compare the life expectancy

of individuals in the first quintile against those in the tenth decile, as these educational

ranks closely match educational categories over time 10.

Given the educational levels, the distribution of years of schooling is not smooth, and

the upper limit (lower limit) of the first quintile (the tenth decile) is unlikely to coincide

with the steps in the years-of-schooling distribution. For instance, among women aged

26 to 30 years in 2017, about 15% attained 12 years of education or less, while about

50% attained 13 years of education or less. Therefore, the first quintile includes those

with 12yrs, and some, but not all, of those with 13yrs. In order to allocate those with

8Information available about the distribution of education by age varies between censuses. In most
years it was possible to compute the distribution of education among those aged 26 to 30 years. In other
cases information about individuals aged 25 to 29, or 25 to 34 was obtained. See Appendix for more
details.

9It is assumed that at the age of 26, most individuals have completed their formal education
10For instance, the difference between the first and second quintiles in 1920 was whether or not an

individual was illiterate; in 1950 it was 1 year vs 2 years of primary school; in 1980 it was completing
primary school vs continuing to secondary school; and in 2017 it was completing secondary school vs
continuing to further/higher education
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13yrs to the first and second quintiles, a composition-adjusted method was used (Bound

et al., 2015; Hendi, 2015; Meara et al., 2008; Sanzenbacher et al., 2017), where numbers of

deaths and the population at risk in the educational categories with individuals belonging

to adjacent ranks was proportionally categorised in each rank. In the example above we

assume that a random one out of seven people who attained 13 years of education belong

to the first quintile11.

3.2.3. Estimation

Age-specific mortality rates were estimated for the two educational groups by sex, for each

year. Based on this information, four separate period life tables were computed and life

expectancy at age 26 (e26) and the modal age at death (M) were estimated for each year.

We have chosen life expectancy at age 26, because it can be assumed that most individuals

would have completed the majority of their education by that age. Life expectancy was

estimated with a maximum age of 100 years, because the mortality database is truncated

at that age.

We measure lifespan variability using the life disparity estimator (e†). Life disparity

is the population-average of the remaining life expectancy at the age when death occurs

(Vaupel et al., 2011):

e† =
∫ w

x=0
exfxdx , (3.1)

where w is the maximum lifespan, and fx is the life table distribution of deaths, with∑
f(x) = 1.

As we have obtained estimates for small sub-populations, mortality rates tend to be

unstable. As well as estimates based on the observed mortality rates, we therefore pro-

duced life tables based on smoothed mortality rates. For this purpose we used a parametric

model, known as the gamma-Gompertz-Makeham model. Like Missov et al. (2016) it was

11In the example, about 35% of the population completed 13 years of education. Moreover, the propor-
tion of people who attained 13 years of education and who belong to the first quintile is 5%. Therefore,
5/35 of the individuals who completed 13 years of education should be categorized in the first quintile.
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assumed that at each age death counts follow a Poisson distribution:

D(x) ∼ Poisson
(
E(x)µ(x)

)
, (3.2)

where E(x) is the age-specific offset and µ(x) is the gamma-Gompertz-Makeham mortality

hazard at each age:

µ(x) =
aebx

1 + αγ
b (ebx − 1)

+ c . (3.3)

Equation 3.3 has four parameters. Parameter a captures the base level of mortality,

b is related to the age-specific force of mortality, c accounts for an age-independent risk

of death from all causes and γ accounts for the effect of frailty. Independent models were

fitted for each year, sex and educational group. Models were estimated using maximum

likelihood.

The actuarial method proposed by Pollard (1982) was used to assess the contribution

to the changes in mortality rates by age and leading causes of deaths for each educational

group. This method enable us to examine changes in life expectancy over two periods of

time with relation to age and causes of death. With y1 and y2 two calendar years, changes

in life expectancy at age 26 between both periods (ey226 − ey126) for a given educational rank

can be decomposed as follows:

ey226 − ey126 =
1

2

k∑
i=1

100∑
x=0

(im
y1
x − im

y2
x )(xp

y2
26e

y1
x + xp

y1
26e

y2
x ) , (3.4)

where i is one out of the seven mutually exclusive causes of death, im
y
x corresponds to

the mortality rate resulting from cause i, at age x during the period y and xp
y
26 accounts

for the probability of living from age 26 to age x at the period y.
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3.3. Results

Table 3.1 shows life expectancy at age 26, life disparity and the modal age at death. For

each year, the first row shows the results based on the observed mortality rates, while the

data in parentheses represents results obtained from smoothed life tables. Estimates of life

expectancy and life disparity differ little between the life tables obtained using observed

mortality rates and those built based on smoothed life tables. As it could be expected,

modal age at death differs depending on methods as a result of random fluctuation when

using the life tables based on observed mortality.

The results for women and men show different patterns. While in 1991 a woman aged

26 in the first quintile could expect to live up to age 76.1, a woman in the tenth decile

could expect to live up to age 83.4. In 2017 women aged 26 in the first quintile could ex-

pect to live roughly the same number of years as women in the tenth decile in year 1991.

Between 1991 and 2017, the increase in life expectancy of women in the first quintile was

double that of women in the tenth decile, reducing the gap in life expectancy for both

groups (both in absolute and relative terms).

In contrast, in 2017 the life expectancy at age 26 for males in the first quintile was

still below the life expectancy observed in 1991 for individuals in the tenth decile. Unlike

what is observed among women, the gap in life expectancy between the first quintile and

the tenth decile increased over time, both in absolute and relative terms. While in 1991

the gap was 4.4 years, it was 5.6 years in 2017.

We now turn to the analysis of lifespan variability. As expected, for both men and

women lower life expectancy among individuals in the first quintile is paired with higher

life disparity relative to the tenth decile. Moreover, for both sexes, there is little difference

in the modal age-at-death between the first quintile and the tenth decile. Accordingly,

lower life expectancy and higher life disparity for those in the first quintile is arguably

mainly due to a higher proportion of deaths concentrated in younger ages in the first

quintile. This can be seen in Figure 3.1, where for both men and women the modal age
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Table 3.1: Summary of life-table statistics

Women Men
First quintile Tenth decile First quintile Tenth decile
e26 e† M e26 e† M e26 e† M e26 e† M

1991 50.1 10.9 81 57.4 10.8 80 46.0 12.9 76 51.2 11.3 78
(50.3) (11.1) (80) (57.5) (10.7) (80) (46.3) (12.8) (78) (51.3) (11.4) (78)

2002 55.9 10.8 88 60.2 10.4 88 49.9 13.7 83 55.3 11.4 81
(56.1) (10.8) (87) (60.2) (10.3) (90) (50.1) (13.7) (85) (55.4) (11.3) (83)

2017 57.3 11.6 90 61.0 8.7 92 50.4 14.3 87 56.8 9.3 88
(57.3) (11.7) (92) (60.0) (8.8) (90) (50.7) (14.2) (86) (56.8) (9.2) (86)

e26: life expectancy at age 26, e†: life disparity, M : modal age at death.

Notes: Data in parentheses represents results obtained from smoothed life tables.

at death (the highest point in the curve) at each year is similar between both educational

groups, and at each year the mass of the distribution among the first quintile is more

concentrated on the left compared to the tenth decile.

For both sexes and both educational groups, evidence exists of a shift in mortality

with the modal age at death increasing. The pattern of compression of mortality dif-

fers between the first quintile and the tenth decile. For both men and women in the

first quintile life disparity went up over time, demonstrating an increase in variability in

the distribution of deaths. Furthermore, between 2002 and 2017 a slight increase in the

mortality rates takes place for some age groups (around age 50 years) in the first quin-

tile. In contrast, in the tenth decile there is evidence of compression of mortality. These

changes are reflected in Figure 3.1, where there is an increasing proportion of deaths con-

centrated around the modal age at death in the tenth decile as oppose to the first quintile.
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Figure 3.1: Smoothed age-at-death distributions

Note: The graphs show the distribution of deaths at each age for the first quintile and tenth decile for

each sex and year. The distributions were obtained using the results from the smoothed life tables.

Figure 3.2 shows the results of the analysis of contributions to changes in mortality

rates by age and leading causes of deaths for each educational group. The graphs show the

accumulated increase in life expectancy due to the reduction of deaths at each age, by the

leading cause of death. The total increase in life expectancy due to each group of diseases

corresponds to the quantity shown at age 100. For example, the increase in life expectancy

as a consequence of a reduction of deaths due to cardiovascular diseases between age 26

and 80 for men in the first quintile was 1 year, and the total increase in life expectancy
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due to this cause is nearly 1.5 years. Across the four panels, the reductions of deaths due

to cardiovascular diseases, cancer and respiratory diseases are among the leading causes

explaining the increase in life expectancy. For both women and men, the gains in life

expectancy as a result of other causes were higher among those in the first quintile vis a

vis those in the tenth decile. Compared to men in the tenth decile, men in the first quin-

tile have experienced a lower increase in life expectancy due to cardiovascular diseases,

with roughly no increase below 70 years. Increased life expectancy due to reduction in

cancer mortality was negligible among men in the first quintile, while men in the tenth

decile have increased their life expectancy by 1.18 years due to this cause. Furthermore,

major differences exist in the contribution of mortality resulting from digestive conditions

- life expectancy for men in the first quintile reduced by 0.27 years because of this, com-

pared to an increase of 0.57 years among men in the tenth decile. As already mentioned,

women in the first quintile experienced a higher life expectancy increase than those in the

tenth decile. As it is shown in Figure 3.2 women in the first quintile experienced slightly

smaller gains in life expectancy as a result of lower number of cancer deaths and larger

gains because of reduction in cardiovascular and respiratory mortality than those in the

tenth decile. Furthermore, differences in life expectancy increases because of fewer cancer

deaths is consistent with the lower decrease in mortality before age 70 for women in the

first quintile.
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Figure 3.2: Contributions to changes in mortality rates by age and leading
causes of deaths for each educational group.

Notes: The graphs show the cumulative increase in life expectancy across age due to groups of diseases,

between 1991 and 2017 for the first quintile and tenth decile for each sex and year. The total increase in

life expectancy due to each group of diseases corresponds to the quantity shown at age 100.

3.4. Discussion

The findings of this study shows that in Chile for both sexes there is a gap in life ex-

pectancy by education at each point in time. Furthermore, we were able to conclude that

between 1991 and 2017, while absolute and relative inequality in life expectancy at age 26

by education have decreased over time among women, they have increased for males. At

each year, for both sexes the modal age at death is similar between the first quintile and
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the tenth decile, with differences in life expectancy explained mostly by higher mortality

at younger ages among the less educated. In addition, this paper has shown that, while

life disparity has decreased for the tenth decile, it has increased for the first quintile,

particularly among males. This calls for close monitoring of patterns of mortality among

disadvantaged groups.

Increases in life expectancy as a result of changes in specific causes of death can

mainly be attributed to cardiovascular diseases, cancer, respiratory and digestive disease,

the main causes of death in Chile (Institute for Health Metrics and Evaluation (IHME),

2021). There are some similarities and many differences in the pattern of changes between

men and women. In both cases there is a bigger increase in life expectancy due to ’other

diseases’ among men and women in the first quintile vis a vis those in the tenth decile.

Amongst women the gain in life years due to cardiovascular diseases has contributed to

reduce socioeconomic inequalities, whereas the opposite has been observed amongst men.

The increase in life expectancy due to cancer and digestive diseases has been relatively

similar in women from the first quintile and those in the the tenth decile. In contrast,

deaths due to cancer and digestive diseases are in part responsible of an increase in the

life expectancy inequality between men in the first quintile and those in the tenth decile.

A more detailed analysis looking into specific causes of deaths may shed light regarding

the causes behind these patterns. In particular, it would be informative to understand to

what extent the differences observed in terms of disease-specific mortality rates by sex

and between socioeconomic groups are due to inequalities in terms of disease incidence or

net survival (or cause-specific survival). It is paramount therefore to produce this kind of

evidence to inform policy oriented recommendations aimed to reduce health inequalities.

This study has several limitations. As described in the methodology, the information

about the distribution of education between the ages of 26 to 30 years was only available

for some years. For years for which no information was available distribution by years

of education was computed using linear interpolation based on the two closest adjacent

known values. Moreover, as explained in the appendix, there is a gap in the available data

for the period between 1920 and 1940. A number of assumptions were therefore made
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to identify educational distributions before 1940 based on the information available until

that year. This could introduce bias to the estimations, particularly if many changes in

the educational policy took place during that period. However, overall we consider this to

be unlikely, as the first educational policies with a significant possibility of shaping educa-

tional distributions were implemented in 1920 and 1929 12. This will begin to be reflected

in the educational distribution of 26-year-old individuals in 1933 and 1946, respectively.

Research into socioeconomic inequalities in life expectancy and mortality relies on two

kinds of sources of information, usually referred to as ‘linked’ and ‘unlinked’ data (Valko-

nen, 1993). Studies based on linked data use information on education from sources such as

population surveys, censuses and administrative records, alongside vital statistics records

at the individual level. In contrast, unlinked data studies obtain information on death

counts by education from death certificates, whereas data related to population at risk by

education is obtained from other sources, such as population surveys and censuses. Al-

though the use of unlinked data is common in the literature (see for example Olshansky

et al. 2012; Meara et al. 2008; Bound et al. 2015; Case and Deaton 2021), it is considered

more prone to bias than studies based on linked data (Murtin et al., 2017) as data from

death certificates have been shown to provide biased information on educational distri-

bution (Jasilionis and Leinsalu, 2020; Sorlie and Johnson, 1996; Kunst et al., 1998; Rey

et al., 2013; Shkolnikov et al., 2007).

The data used in this study rely on information provided by the next of kin of the

deceased person relating to the highest attained educational category and the number of

years attained within that category. As mentioned in Section 3.2, we choose to compare

two educational groups (first quintile and tenth decile) because, over time, both ranks

tend to match with educational categories. Arguably, this could reduce the impact of

bias regarding the information on years of education within a given educational category.

Moreover, is not possible to reduce the risk of bias relating to information on educational

categories.

12In 1920 it was established that all children must go to the school for four years before they are 13
years old, and in 1929 it became mandatory for children aged between 7 and 15 years old to complete six
years of education.

67



3. LIFE EXPECTANCY INEQUALITY IN CHILE

This study does not report on the precision of the life expectancy estimations. Al-

though methods to compute standard errors and confidence intervals of life expectancy

estimations are available (Hanley, 2022), most of the times these are not reported in stud-

ies assessing socioeconomic inequalities in life expectancy (See for example (Tarkiainen

et al., 2012; Sasson, 2016; Sanzenbacher et al., 2017; Permanyer et al., 2018; Olshansky

et al., 2012; Murtin et al., 2017; Hendi et al., 2021; Hederos et al., 2017; Brønnum-Hansen,

2017; Brønnum-Hansen et al., 2021; Case and Deaton, 2021)) and its computation is be-

yond the scope of this thesis. The characterization of the uncertainty of the estimations

reported in this chapter could be useful to understand how precise are these results and

whether the differences observed between groups are statistically significant.

Despite these limitations, this investigation provides the first evidence of trends in

socioeconomic inequality in life expectancy and lifespan variation in Chile. The findings

of this study underscore the importance of developing methods and finding new sources

of information to monitor health inequalities.
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Chapter 4: Effort as deservedness: A questionnaire-

experimental study

Abstract

The conceptual definition of effort is typically given in the Equality of Opportunity

literature as factors which individuals should be held accountable for. However, there

appears to be no appropriate operational definition, which can translate the conceptual

definition to more tangible specifics. One approach operationally defines effort as activities

that everybody regards as costly, and thus assumes an ordered set of inputs with respect

to a given outcome. Moreover, this definition assumes that people agree on how costly

it is to engage in any combination of inputs in terms of their own utility functions. The

reward principle that follows from this notion of effort suggests that higher effort should

be rewarded with better outcomes. This paper adapts this notion of effort to the health

context, and explores if respondents prefer less costly but supposedly unhealthy lifestyles

over costly but supposedly healthy lifestyles when they are told that neither had any real

effect on health. A representative sample of Chilean citizens are surveyed using an online

questionnaire. The results show that for a given pair of health-related lifestyles, members

of the public do not agree on which is more costly, thereby violating the main assumption

of effort as unanimously costly activities. The results point to a potential limitation of

this theory since if there is no rule governing how to establish the ordering of certain

inputs, the notion of effort as unanimously costly activities is unworkable.
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4.1. Introduction

Equality of Opportunity (EO) distinguishes between factors that could be considered le-

gitimate (referred to as effort) and illegitimate (referred to as circumstances) sources of

inequalities. The two main notions of effort in the literature can be tracked back to Fleur-

baey (1994, 1995a,b, 2008) and Roemer (1993, 1996, 1998) 1. According to Fleurbaey,

effort is a matter of individuals’ preferences. In this regard, individuals should be held

accountable for their preferences to the extent that they identify themselves with it and

that preferences have been formed in an ethically acceptable manner.

Roemer’s notion of effort corresponds to a set of ordered inputs where this order is

defined by the productivity of each combination of factors in relation to an outcome of

interest (e.g. income, health). Importantly, Roemer argues that the influence of circum-

stances on the distribution of effort is illegitimate, in which case individuals cannot be held

accountable for their effort, since the distribution of effort is shaped by circumstances. In

this regard, the model distinguishes between ‘observed’ and ‘accountable’ effort (Roemer

and Trannoy, 2015), the former being the realized effort by each individual and the latter

a measure that removes the effect of circumstances on effort and it allows to identify

individuals with different circumstances who are at the same level of responsibility.

Moreover, rather than providing an operational definition of effort in terms of what

constitutes the inputs with respect to a given outcome, Roemer’s strategy consists of iden-

tifying accountable effort relying on information about the joint distribution of outcomes

and circumstances. According to Roemer’s model, the distribution of a given outcome is

a function of effort and circumstances. Furthermore, an outcome is a strictly increasing

function of effort, so that each effort corresponds to a unique outcome 2. It is also assumed

that the cumulative distribution function (CDF) of the outcome, conditional on circum-

1Roemer coined the term ‘effort’, whereas Fleurbaey initially used the term ‘responsibility character-
istics’. The concept behind the term ‘effort’ has since developed so that it can mean things that may not
align with the lay usage of the word.

2Roemer’s model assumes that among individuals with the same circumstances, the outcome function
is invertible, from which it follows that there is a one to one correspondence between effort and outcomes,
conditional on types.
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stances, is invertible. Based on these assumptions, Roemer defines accountable effort as

the ranking of individuals in the outcome-CDF among individuals with the same circum-

stances. This strategy to identify accountable effort has been labeled as the Roemer’s

Identification Strategy (RIA) (Ramos and Van de gaer, 2016).

However, Roemer et al. (2003) recognise that if luck is considered as another input

besides circumstances and effort, such an identification strategy fails. This is because

there is no longer a one-to-one correspondence between effort and outcomes, so there

may be two individuals with the same effort who have different outcomes due to luck

(and therefore have a different ranking in the outcome CDF), in which case is no longer

feasible to identify accountable effort using the CDF of outcomes. Therefore, since effort

and luck influence the production of a given outcome, the identification of effort requires

establishing a ranking of the inputs (other than luck) without relying only on information

about the outcome distribution.

Based on this insight, Lefranc et al. (2009) and Lefranc and Trannoy (2017) proposed

a framework that aims to provide a strategy that could be used to identify effort in the

presence of luck. The notion of effort provided by Lefranc and Trannoy (2017) is similar

in spirit to Roemer’s since effort is an ordered set of inputs chosen by individuals towards

the production of a given outcome. However, in contrast to Roemer’s model, where effort

is characterized in relation to its productivity (i.e. conditional on circumstances and when

luck is absent, an individual exerts more effort than another to the extent that the former

achieves higher outcomes), Lefranc and Trannoy define effort in relation to how costly it

is for the individual in terms of their own utility function to engage in each combination

of inputs. Importantly, Lefranc and Trannoy assume that there exists a unanimous agree-

ment among people regarding this ordering.

The reward principle that follows from this definition of effort (the principle of ‘min-

imal reward’) states that conditional on the same circumstances, individuals who exert

higher effort should achieve better outcomes (Lefranc and Trannoy, 2017) 3. Although the

3This principle is considered minimal since it only requires that the distribution of outcomes is an
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model of EO proposed by Roemer does not define effort as costly activities that should

be rewarded, in a later work Roemer has proposed that “I believe that the equal oppor-

tunity ethic is predicated upon the view that those who expend (costly) effort deserve to

be rewarded; more precisely, they deserve to be rewarded for the effort they voluntarily

choose which is not determined by their circumstances” (Roemer, 2012, p. 178), which is

very similar to the notion of effort proposed by Lefranc and Trannoy.

In this paper, we aim to understand how the notion of effort as unanimously costly

activities could be applied to the relationship between health-related lifestyles and health

outcomes and to test whether the assumption behind this definition of effort finds support

among members of the public.

4.2. Methods

4.2.1. The model

We start by describing the outline of a structural model used to formalise the definition

of effort as costly activities. This is a discrete-time model of decision making where time t

equals the age of individuals i. At each point in time, the individual makes choices about

allocating their time across different activities including consuming different goods and

services. The set of activities achieved by the individual in each period is denoted by ai,t.

Each individual has a set of endowments or characteristics that are denoted by Xi,t. These

endowments describe the characteristics of the individual and what they have, such as ge-

netic make-up, innate ability, skills, health status, information, durable goods and income.

In this model, there is a dynamic relation between ai,t and Xi,t. The set of activ-

ities that are available to the individuals at each period of time is a function of their

endowments, ai,t ∈ A(Xi,t). The activities achieved by the individuals at a given point in

time will shape their endowments in the next period, given the function x and random

variability ζi,t, which we equate to luck: Xi,t+1 = x(ai,t, Xi,t, ζi,t). Given this functional re-

increasing function of effort, without further specification.
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lationship we can define p(Xi,t+1;Xi,t, ai,t) which corresponds to the subjective probability

of achieving a given set of characteristics in the next period of time. The consumption of

individuals during a given period of time Ci,t corresponds to the sum of the consumption

associated with each activity c(ai,t). The total time Di,t that is available during a given

period of time is the sum of the duration of each activity d(ai,t). Hence, c(ai,t) and d(ai,t)

represent the opportunity costs of the activities.

A life project l ∈ L consists of a sequence of activities from time period t+1 up to T ,

T being the individuals’ age at death. Since the individual is uncertain about her future

characteristics and given that the set of activities that individuals can achieve in each

period of time depends on their characteristics, individuals are uncertain about whether

they can achieve a given life project. This uncertainty can be characterized as a subjective

probability of achieving a given life project conditional on the individuals’ characteristics

and activities at time t: ϕi,t
(
l;Xi,t, ai,t

)
. The vector that describes the subjective proba-

bilities of achieving each life project corresponds to ϕi,t

(
l;Xi,t, ai,t

)
.

The decision making process of individuals consists of choosing which activities to en-

gage in at the current period of time, from the set of activities available to them according

to A(Xi,t), taking into account that the activities they choose will shape the probability

of achieving a given set of characteristics in the next period of time, which in turn will

shape the probability of achieving different life projects. Therefore, activities have two

aspects: as investment (towards a life project) and as consumption (to be enjoyed in the

current period of time). Hence, we will assume that individuals have ordinal preferences

R over:

(l(a), a) =
(
ϕi,t(l;Xi,t, ai,t), ai,t

)
We write (l(a), a)Ri(l(a

′), a′) if i weakly prefers (l(a), a) to (l(a′), a′). Let (l(a), a)Pi(l(a
′), a′)

denote strict preference and let (l(a), a)Ii(l(a
′), a′) denote indifference.

In this model, health status corresponds to one of the individuals’ characteristics Xi,t.
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A given health-related lifestyle corresponds to ahi,t, with ai,t = {ahi,t, aoi,t} and aoi,t being

other activities or ‘complementary activities’. Suppose that there are two health-related

lifestyles ah,phi,t and ah,pui,t , which will be referred to as ‘perceived healthy’ and ‘perceived

unhealthy’ lifestyles, respectively. Let two different sets of activities be aαi,t = {ah,phi,t , aoi,t}

and aβi,t = {ah,pui,t , aoi,t}. It will be assumed that for those individuals who adopt lifestyle

ah,phi,t , (l(aα), aα)Pi(l(a
β), aα) holds, while for those individuals who adopt lifestyle ah,pui,t ,

(l(aα), aβ)Pi(l(a
β), aβ) holds.

We are interested in understanding if individuals consider that is more costly, in terms

of their own utility functions, to engage in perceived healthy lifestyles vis a vis perceived

unhealthy lifestyles. We consider that individuals obtain more utility from a lifestyle

perceived healthy than a lifestyle perceived unhealthy if, conditional on both lifestyles in-

volving the same time and the financial cost being the same, they prefer the former to the

latter. We did not directly asked the respondents which lifestyle is more costly to them.

Instead, the strategy that we use to test this assumption consists of assessing whether

individuals who currently adopt lifestyles perceived healthy would switch to lifestyles

perceived unhealthy if they were informed that the actual impact on health is the same

across the two kinds of lifestyles, conditional on the new complementary activities being

no worse than the original ones.

Assume that there exists a set of complementary activities aoi,t
′ which may or may not

be equal to aoi,t, with c(a
o
i,t

′) ≥ c(aoi,t), meaning that the set of complementary activities

aoi,t
′ allows to achieve equal or higher consumption than aoi,t. Consider now a set of activ-

ities aγi,t = {ah,phi,t , aoi,t
′} and a set of activities aδi,t = {ah,pui,t , aoi,t

′}.

Let us define the current situation among individuals who adopt lifestyles perceived

healthy as (l(aα), aα). In our empirical application, we will assess if individuals who cur-

rently adopt lifestyles perceived healthy prefer (l(aγ), aδ) over their current life situa-

tion (l(aα), aα), conditional on d(ah,phi,t ) ≥ d(ah,pui,t ), meaning that the time allocated to

lifestyles perceived unhealthy is equal to or less than the time allocated to lifestyles per-

ceived healthy.
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We assume that for individuals who currently engage in lifestyles perceived healthy

it is the case that (l(aγ), aα)Ri(l(a
α), aα), because the set aγi,t contains the same health-

related lifestyles as aαi,t and it allows to achieve the same or higher consumption. Now, if

it is costly for individuals to engage in lifestyles perceived healthy, among the individuals

who adopt lifestyles perceived healthy it should be the case that (l(aα), aδ)Pi(l(a
α), aα),

conditional on d(ah,phi,t ) ≥ d(ah,pui,t ). This is so because aδi,t allows to achieve the same

or a better set of complementary activities (i.e. the time and consumption available to

complementary activities is higher in aδi,t than in aαi,t). Moreover, if it is the case that

(l(aγ), aα)Ri(l(a
α), aα) and (l(aα), aδ)Pi(l(a

α), aα), it follows that (l(aγ), aδ)Pi(l(a
α), aα).

In contrast, if there are individuals who keep their perceived healthy lifestyles, even

when they are informed that their lifestyles have no health advantages, so that their pref-

erences correspond to (l(aα), aα)Pi(l(a
γ), aδ), we will infer that these individuals obtain

more utility from lifestyles perceived healthy vis a vis lifestyles perceived unhealthy. If

this is the case for a significant proportion of individuals, then there is no unanimous

agreement about which kind of lifestyle is more costly, which would mean that health-

related lifestyles cannot be understood as effort (as specified by Lefranc and Trannoy)

with respect to health outcomes.

4.2.2. Empirical design

To test this hypothesis in the field, the following approach was taken. Respondents were

asked to complete a questionnaire with three questions, each of which has two items: a

screening item and the main choice task. Each question is related to a different lifestyle:

diet, smoking and physical activity. We choose these lifestyles because these are among

the risk factors that contribute the most to the burden of disease in Chile (Institute for

Health Metrics and Evaluation (IHME), 2021) and members of the general public are

familiar with them as risk factors for health. The screening item consists of asking the

respondents to self-assess how adequate their lifestyles are with respect to the protection of

their health (see Table 4.1). Only those respondents who report having at least ‘adequate’
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lifestyles [alternatives (b) and (c) in the screening item] were faced with the main choice

task.

In the main choice task respondents who declare having healthy lifestyles were asked to

imagine a hypothetical or counterfactual scenario where the impact on health of adopting

‘less healthy’ lifestyles was the same as the impact of engaging in their current (healthy)

lifestyles. This hypothetical situation corresponds to a scenario were (l(aγ), aδ) is feasi-

ble. Given this counterfactual scenario, respondents were asked if they would adopt less

healthy lifestyles. The null hypothesis is that the proportion of those who prefer not to

change their current lifestyles [alternative (i) in the main choice task] is not statistically

different from zero.

For each lifestyle, the scenario described a situation where d(ah,phi,t ) ≥ d(ah,pui,t ) and

c(aoi,t
′) ≥ c(aoi,t), meaning that perceived unhealthy lifestyles involve no more time or fi-

nancial costs compared to perceived healthy lifestyles. The reason why the questions are

set up this way is because if the opportunity cost (time-wise or financially) of perceived

unhealthy lifestyles were higher, some responses may become un-interpretable. Some re-

spondents may choose to keep their current lifestyles, perceived to be healthy, even when

they are informed there is no particular health benefit to it. If the opportunity cost of

perceived unhealthy lifestyles were higher, then their choice to keep their current lifestyle

may be because they enjoy their current lifestyle more, or because they are indifferent

between the lifestyles but enjoy the higher other consumption associated with the healthy

lifestyle. By specifying that the opportunity cost of perceived unhealthy lifestyles is not

higher vis a vis perceived healthy lifestyles, responses to keep the current lifestyles can be

interpreted to mean that the respondent prefers the current lifestyle, irrespective of their

health effects. Note that the opposite is not true. If in the main choice task, a respondent

is willing to adopt the less healthy lifestyle, we cannot distinguish if she enjoys the less

healthy lifestyle more or if she equally enjoys both lifestyles but prefers the less healthy

lifestyle because it is less time-consuming or its financial cost is lower vis a vis their cur-

rent lifestyle.
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Table 4.1: Questions included in the screening item and main choice task

Screening item
Main choice task [Shown to
those who answer alternatives
(b) or (c) in the first item]

First question

Which alternative best describes
what you think about your diet?
a) I think I have an unhealthy
diet; b) I think I have a fair
diet, but it could be healthier;
c) I think I have a healthy diet.

First, think about the kind of
food you think is unhealthy.
Now imagine that it became
possible to eat unhealthy food
without having any negative
impact on your health. Would
you choose to eat more
unhealthy food? i) No, because
I enjoy my diet; ii)Yes, but I
would still eat healthy food
since I like it; iii) Yes, I would
eat more unhealthy food.

Second question
Do you smoke? a) Yes, very
often, b) Occasionally, c) No

Imagine that you could smoke
for free (smoke more without
paying more) and without
having any negative impact on
your health. Would you start
smoking (smoke more)? i) No,
because I do not enjoy smoking;
ii)Yes, I would start smoking
(smoke more often).

Third question

Which alternative best describes
what you think about your
physical activity? a) I’m not
physically active; b) I take some
exercise, but I should exercise
more; c) I take regular exercise;
d) I take too much exercise.

Imagine that it became possible
to keep healthy without
exercising. Would you keep
exercising? i) Yes, because I
enjoy exercising; ii) Yes, but I
would exercise less than now;
iii) No, I would stop exercising.

Note: Translated from the original in Spanish.
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In the scenario on smoking, respondents were told that they could smoke for free (if

they were non-smokers) or smoke more without paying more (if they were smokers), in

which case c(aoi,t
′) ≥ c(aoi,t). We assume that among non-smokers (occasional smokers),

smoking (smoking more) will not involve allocating a significant amount of time to this

task. In the scenario on physical activity we assume that engaging in less physical activ-

ity will free-up time that could be allocated to other activities. If these activities were

non productive activities, c(aoi,t
′) = c(aoi,t). In contrast, the extra time could be used in

productive activities, in which case c(aoi,t
′) > c(aoi,t). In addition, engaging in less physi-

cal activity may free-up resources if individuals pay for access to sports facilities, which

also entails that c(aoi,t
′) > c(aoi,t). In the scenario on diet we adopt a different strategy.

We asked the respondents whether they consider that adopting a less healthy diet will

involve about the same, less or higher food expenditure. We then focus our attention to

those respondents who consider that a less healthy diet will be as expensive as, or cheaper

than, their current diet, in which case c(aoi,t
′) = c(aoi,t) and c(a

o
i,t

′) > c(aoi,t), respectively.

As with smoking, we assume that those who have at least an adequate diet do not require

additional time to adopt a less healthy diet.

Respondents were also asked three questions aimed to understand if their use of the

word ‘effort’ (esfuerzo in Spanish) concurs with the notion of healthy lifestyles as costly

activities (see Table 4.2). We consider that for health-related lifestyles to coincide with

this notion of effort, respondents should agree that i) an activity involves more effort if is

more unpleasant than another and ii) engaging in healthy lifestyles involves more effort

than adopting unhealthy lifestyles. Questions E1 and E2 aim to confirm that respon-

dents interpret effort as a matter of how unpleasant or how costly it is for individuals

to engage in a given activity (lifestyle). In question E1, we expect respondents to answer

that individual 2 exerts higher effort since is more costly for her to engage in healthy

lifestyles compared to individual 1. In question E2 we expect respondents to agree with

the statement because if someone enjoys a given lifestyle, adopting that lifestyle is not

costly. Question E3 assess whether respondents consider that engaging in healthy lifestyles

involves higher effort compared to adopting unhealthy lifestyles. We expect respondents

to agree to this statement.
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Table 4.2: Questions about the notion of ‘effort’

Question Wording Alternative answers

E1

Imagine that there are two

individuals (namely individuals 1

and 2) who have healthy lifestyles,

but who would prefer to engage in

unhealthy lifestyles. The reason

they not do so is because they

want to protect their health.

Individual 1 does not have a hard

time engaging in healthy lifestyles,

whereas individual 2 does. Who is

exerting more effort?

Individual 1/ Individual 2/ Both

exert the same effort/I don’t know

how to answer.

E2

To what extent do you agree with

the following statement: “People

who enjoy engaging in healthy

lifestyles are not necessarily

exerting effort”.

Strongly agree/ Agree/ Disagree/

Strongly disagree.

E3

To what extent do you agree with

the following statement: “People

who engage in healthy lifestyles

exert more effort than people who

engage in unhealthy lifestyles”

Strongly agree/ Agree/ Disagree/

Strongly disagree.

Note: Translated from the original in Spanish.

4.2.3. Study design

The survey collected primary data through an online questionnaire conducted with a

representative sample of the Chilean members of the public. The survey was part of a

study that aims to test the acceptance of EO principles among members of the public.

All the respondents faced the questionnaire reported in this Chapter and then they face

the questionnaire reported in Chapter 6. The study had two phases, a pilot and the main

study. In the pilot phase, 12 respondents were interviewed online by one of the authors

(NS) to check the interpretation of the questions. Participants in the pilot were older than
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30 years and their highest educational attainment was secondary education or less. In the

main study, the questionnaire was presented using Qualtrics, and it was self-administered

without an interviewer. The sample was recruited from an existing panel at the Centre for

Experimental Social Sciences (CESS) at the University of Santiago. Quotas were defined

to match the demographics of the Chilean population in terms of sex, age groups (20 to

49 years, and older than 50 years), and educational attainment (secondary education or

less, and beyond secondary education). The target sample size was 600.

Based on the results of the pilot, there were two aspects that were emphasised in

the survey’s instructions. First, respondents were told that we were interested in their

own assessment of how ‘healthy’ were their lifestyles. This is important because what is

relevant for our study are the subjective beliefs that the respondents have when making

their lifestyles choices, rather than what the evidence suggests regarding the impact of

a given lifestyle on health. Second, respondents were told that they will be asked about

hypothetical situations that were not feasible in real life and we encourage them to engage

in the exercises. Although simple, during the pilot we found that most respondents were

not keen to engage in the exercises when they were not warned about this.

All the respondents face the questions in the same order. They were first asked about

their diet, then about smoking and physical activity. All the questions of the screening

and main task were compulsory, whereas the questions about the notion of effort were

not compulsory.

4.3. Results

The invitation to participate in the survey was answered by 5,387 people, from which 593

were selected based on the quotas-criteria and 568 completed the survey. Compared to the

quotas defined in the study design (see Table 4.3), the age structure of respondents was

similar (58.1% of respondents were younger than 50 years vs 56.0% in the population) and

the gender composition as well (54.2% of women in the sample vs 52.3% in the popula-
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tion), whereas the proportion of participants who achieve more than secondary school was

slightly higher (39.8%) than in the population (32.5%). On average it took respondents 16

minutes to complete the survey. There were around 5% of respondents who complete the

survey in less than five minutes and 5% that expended more than 40 minutes in the task 4.

Table 4.3: Sample’s demographic characteristics

Category Target quota Sample
% %

Men, 20-50 years, low education 15.7 13.0
Men, 50 years or older, low education 16.4 13.1
Men, 20-50 years, high education 11.9 14.6
Men, 50 years or older, high education 3.7 5.1
Women, 20-50 years, low education 15.5 15.1
Women, 50 years or older, low education 20.1 19.0
Women, 20-50 years, high education 12.9 15.6
Women, 50 years or older, high education 3.7 4.4
Total 100 100

Table 4.4 shows the results of the screening item for each lifestyle. There were 488

(85.9%) respondents who declare having a fair or healthy diet, 473 (83.3%) who were

non-smokers or smoke occasionally and 346 (60.9%) practice at least some exercise. The

number of participants who declare having at least adequate lifestyles in one, two and

three lifestyles was 64 (11.3%), 215 (37.8%) and 271 (47.7%), respectively.

The results of the main choice task are shown in Table 4.5. There are different pat-

terns by the kind of lifestyle. Among individuals who report having either a healthy or

fair diet or who get at least some exercise, around 11% report that they will not change

their behaviour if they could engage in less healthy lifestyles without any negative impact

on their health. The corresponding figure is roughly 85% (57%) among those who do not

smoke (smoke occasionally). From the 488 respondents who declare having at least a fair

diet, a relatively low proportion (17.6%) believe that an unhealthy diet is more expensive

than a healthy diet (data not shown). In this regard, we cannot rule out that among

4As it was mentioned, this survey was part of a bigger study. The figures reported here correspond to
the time it took to the respondents to go through the full questionnaire of the study. In the pilot, we found
that it took an average of 20 minutes to complete the full questionnaire. The questions that correspond
to this paper were placed at the beginning of the questionnaire.

88



4. EFFORT AS DESERVEDNESS

Table 4.4: Distribution of answers to the screening item

Diet Smoking Exercise
Answer n % Answer n % Answer n %

Unhealthy 80 14.1% Very often 95 16.7%
Not phys.
active

222 39.1%

Fair 407 71.6% Occasionally 79 13.9%
Some
exercise

269 47.3%

Healthy 81 14.3% No 394 69.4%
Regular
exercise

72 12.7%

Too much 5 0.9%
Total 568 100% Total 568 100% Total 568 100%

Note: The table shows the distribution of answers to the questions shown in the second column of Table

4.1 (‘Screening item’).

those who think that eating healthier is cheaper, some of them equally enjoy adopting an

unhealthy diet but will not change their lifestyle in the hypothetical scenario because a

healthier diet will allow them to achieve lower consumption. Among the 406 respondents

who think that an unhealthier menu is equally or less expensive, 11.1% would not change

their diet in the hypothetical scenario.

Given the theoretical model described in section 4.2.2, we infer that the respondents

who are not willing to change their lifestyles in the counterfactual scenario obtain more

utility from their current lifestyles than from less healthy behaviours. Since in the main

choice task there is a significant proportion of respondents who are not willing to change

their lifestyles we reject the null hypothesis that there is a unanimous agreement among

individuals about how to rank lifestyles in terms of how costly they are. Therefore, none

of these three lifestyles can be conceived as effort as specified by Lefranc and Trannoy.

So far, we have focused on one lifestyle at a time, but if we are to look at combinations

of lifestyles as effort, then we need individuals to agree on how costly it is to engage in

each combination of lifestyles. Therefore, if individuals unanimously agree on how to rank

lifestyles regarding the combination of diet, exercise and smoking, those respondents who

report having two or three healthy lifestyles should be willing to change these behaviours

given a counterfactual scenario where they could engage in perceived unhealthy lifestyles
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Table 4.5: Distribution of answers to the main choice task -single lifestyles.

Diet Smoking Exercise
Non smokers Occasional smokers

Answer n % Answer n % Answer n % Answer n %

No
more

55 11.3%
I will
not
smoke

335 85.0%

I will
not
smoke
more

45 57.0%

I will
exer-
cise
the
same

37 10.7%

Some
more
un-
healthy
food

338 69.2%
I will
smoke

59 15.0%
I will
smoke
more

34 43.0%

I will
exer-
cise
less

114 32.9%

Much
more
un-
healthy
food

95 19.5%

I will
stop
exer-
cis-
ing

195 56.4%

Total 488 100% Total 394 100% Total 79 100% Total 346 100%

Notes: The table shows the distribution of answers to the questions shown in the third column of Table

4.1 (‘Main choice task’). The labels of the answers in Table 4.5 correspond to a shortened version of the

answers used in the questionnaire (see Table 4.1).

without negative health consequences.

Table 4.6 shows the proportion of individuals who are engaged in two or three healthy

lifestyles and who will not change at least one of these behaviours given the counterfactual

scenario. Asked if they would change at least one of their lifestyles if they could engage

in perceived unhealthy lifestyles without any consequences for their health, 23% of those

who declare having a healthy diet and being physically active agree. Amongst the other

combinations of healthy lifestyles, the corresponding figure ranges from 83% to 90%. In

this regard, compared to the case of single lifestyles, there is stronger evidence to reject

the hypothesis that there is a unanimous agreement about how to rank a combination of

lifestyles in relation to how costly they are.

Table 4.7 shows the results of the questions about how respondents interpret the word

‘effort’ in relation to health-related lifestyles. In question E1, around 65% of respondents
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Table 4.6: Distribution of answers to the main choice task -combination of
lifestyles

Number of respondents Number of respondents
who engage in two or three who are not willing to %

healthy lifestyles change at least one lifestyle

Diet and exercise 318 73 23.0
Smoke and diet 414 343 82.9
Smoke and exercise 296 260 87.8
Smoke, exercise
and diet

271 243 89.7

Note: For each combination of lifestyles the table shows the proportion of respondents who will not

change at least one of these lifestyles given the counterfactual scenario of the main choice task.

agree that individual 2 is exerting more effort. Nearly 66% agree that enjoying engaging

in healthy lifestyles does not involve exerting effort (question E2), whereas 78% of respon-

dents agree that engaging in healthy lifestyles involves exerting more effort than adopting

unhealthy behaviours (question E3). Among the 520 respondents who answer the three

questions, 85 (16.3%) answer the three questions in a way consistent with the notion of

healthy lifestyles as effort (their answers were “individual 2” in E1, “agree or strongly

agree” on E2 and “agree or strongly agree” in E3). If one is willing to make inferences

from these results, it could be argued that a minority of respondents jointly agree that i)

effort is a matter of how costly is for each individual to engage in a given lifestyle, and ii)

healthy lifestyles involve more effort.
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Table 4.7: Distribution of answers to questions about the use of the word
effort

n % Cum %

E1 (Who is exerting more effort?)
Individual 1 74 14.2 14.2
Individual 2 338 65.0 79.2
Both equal effort 105 20.2 99.4
Indecisive 3 0.6 100
Total 520 100

E2 (Those who enjoy engaging in healthy lifestyles not
necessarily exert effort)
Strongly agree 126 24.2 24.2
Agree 218 41.8 66.0
Disagree 129 24.8 90.8
Strongly disagree 43 8.2 99.0
Indecisive 5 1.0 100
Total 521 100

E3 (Those who engage in healthy lifestyles exert more
effort)
Strongly agree 193 34.0 34.0
Agree 250 44.1 78.1
Disagree 106 18.7 96.8
Strongly disagree 18 3.2 100
Indecisive 0 0 100
Total 567 100

Cum %: cumulative percentage.

4.4. Discussion

There are two notions of effort in the EO literature. Fleurbaey defines effort as a matter

of individuals’ preferences, whereas in the framework proposed by Roemer effort is un-

derstood as a desert base with respect to a given outcome, but no operational definition

of effort is provided 5. Inspired in Roemer’s framework, the work by Lefranc and Trannoy

(2017) can be seen as an attempt to provide such a definition. The proposal of Lefranc

and Trannoy (2017) involves a normative principle and an empirical assumption. The nor-

mative principle (i.e. the principle of minimal reward) is that individuals exerting higher

effort deserve better outcomes, while the empirical assumption is that for any combination

5Feinberg (1970) defines a desert base as a characteristic or prior activity in virtue of which a person
deserves something.
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of inputs there is unanimous agreement over the ranking of the sets of inputs in terms of

how costly they are.

In this paper this definition of effort was adapted to the health context and interpreted

as follows: everything else being equal, for any given pair of health-related lifestyles,

respondents unanimously agree which lifestyle is more costly than the other. This as-

sumption was rejected for the three kinds of lifestyles and for the combinations of these

lifestyles. Based on this evidence, we should expect the proportion of individuals who

agree regarding how to rank different combinations of lifestyles to decrease as the number

of lifestyles increases. We interpret these results as evidence that the assumption of a

unanimous notion of lifestyle-related effort among the population can be rejected.

However, we did not test whether members of the public support the minimal reward

principle. Nevertheless, it can be inferred from the results that even if members of the

public agree on this principle, they will not agree on what constitutes EO since they do

not agree on which activities are more costly.

The study has several limitations. The sample was recruited through a non-probability

sampling method. Also, we acknowledge that the study may suffer from bias introduced

by the framing and presentation of the questionnaire. In addition, the survey asked the

respondents to think about scenarios such as smoking, exercising and diet having no im-

pact on health, which are highly hypothetical. As it was mentioned in Section 4.2.3, the

survey includes a statement before the questions to inform the respondents that they will

be faced with imaginary scenarios that are not plausible and to explain the purpose of the

task. Nevertheless, we cannot rule out that some respondents may have failed to engage

with these questions because of this reason.

In spite of these limitations, the study shows that if there is no agreement over how

to rank the inputs associated with a particular outcome in terms of exertion required, the

notion of effort as unanimously costly activities is an imperfect approximation. The notion

of effort proposed by Lefranc and Trannoy can be conceived as a way of overcoming one
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of the limitations of Roemer’s framework, namely the absence of an operational definition

of effort. However, if the assumption behind the notion of effort as unanimously costly

activities does not hold, the challenge of providing an operational definition of effort re-

mains unsolved.
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Chapter 5: Compensation and the indirect effect

of circumstances

Abstract

The Equality of Opportunity framework assumes that a given distribution of outcomes

is a function of factors for which the individuals should be held accountable (referred to

as effort) and factors that are beyond the individuals’ responsibility (referred to as cir-

cumstances). Circumstances can influence the distribution of outcomes by shaping: i) the

return to effort (direct effect) or ii) the distribution of effort (indirect effect). The theoret-

ical literature has mainly focused on the former. This study explores how the normative

principles that embody the idea of Equality of Opportunity should be interpreted depend-

ing on whether the indirect effect of circumstances is considered legitimate or not. The

paper explores some limitations of the compensation principles aimed to reduce inequal-

ities due to the indirect effect of circumstances. An alternative compensation principle

is proposed and a questionnaire-experimental study that adapts these concepts to the

inter-generational transmission of smoking habits explores to what extent this principle

is favoured by members of the public.
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5.1. Introduction

The theory of Equality of Opportunitty (EO) or Inequality of Opportunitty (IO) has

flourished in recent years both in terms of its theoretical foundations and in terms of

empirical applications. The basic assumption of this theory is that individuals’ outcomes

can be conceived as a function of legitimate factors that are in the realm of individu-

als’ responsibility (referred to as effort) and illegitimate factors for which the individuals

should not be held accountable (referred to as circumstances) (for a general introduction

to EO, see Roemer and Trannoy (2016)). According to this theory, EO will be achieved

to the extent that inequalities arise strictly due to the effect of effort, with no influence

of circumstances. The theoretical literature has formalised this idea in terms of two kinds

of principles: compensation and reward. In broad terms, compensation principles concern

how to reduce inequalities among individuals with different circumstances, whereas reward

principles inform how to account for inequalities due to effort among individuals with the

same circumstances. There are different versions of compensation and reward, many of

which have been shown to be incompatible among them (for a survey of the EO axioms

and its incompatibilities see Ramos and Van de gaer (2016); Bosmans and Öztürk (2021)).

Furthermore, there are two ways in which circumstances can influence the distribution

of outcomes, which are sometimes referred to as a direct and indirect (or mediated) effects

of circumstances (Bourguignon et al., 2007; Jones, 2019). The first can be understood as a

difference in the return to effort across individuals with different circumstances, whereas

the second corresponds to the effect of circumstances on the distribution of effort. The

direct effect of circumstances constitutes the core of the EO theory in the sense that

individuals who have the same effort should not get different outcomes due to their cir-

cumstances. In contrast, as will be discussed later, there are different normative positions

regarding the indirect influence of circumstances on the distribution of effort. Although

the principles (and their incompatibilities) that embody the idea of EO have been ex-

plored in depth in the theoretical literature, we argue that there are gaps in how these

axioms should be interpreted in relation to different normative positions with respect to

the indirect effect of circumstances.
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In this regard, one of the objectives of this paper is to contrast how the definitions

and principles of EO depend on whether the unequal distribution of effort across types is

considered legitimate or not. We will argue that the theoretical literature on EO does not

always distinguish between these two positions due to the assumptions made regarding

the structure of the data. For instance, when defining the EO principles, the review of

the theoretical literature by Bosmans and Öztürk (2021) assumes that each combination

of circumstances and effort occurs once, which is equivalent to assuming that effort is

equally distributed among individuals with different circumstances. In contrast, the re-

view by Ramos and Van de gaer (2016) assumes that each combination of circumstances

and effort occurs ‘at most’ once. This allows to cover situations where the support of

the effort distribution differs conditional on circumstances (i.e. among individuals with

a given combination of circumstances some effort categories may not occur), but it does

not allow to cover situations where there is a different proportion of individuals in each

effort category across groups with different circumstances.

Moreover, if one looks at the foundations of EO in economics (to distinguish it from the

philosophical tradition on which economic-EO is inspired), the main theories of EO hold

different conceptions about the interplay between circumstances and effort. The model

proposed by Fleurbaey (Fleurbaey, 1994, 1995a,b, 2008) does not explicitly incorporate

the possibility of an unequal distribution of effort across types. This is coherent with the

notion of responsibility adopted by Fleurbaey (the so-called ‘preference approach’), which

has its roots in the works of Rawls (1971) and Dworkin (1981a,b), and which conceives

of effort as a matter of preferences. According to the normative perspective adopted by

Fleurbaey, individuals should be held accountable for their preferences, to the extent

that they identify themselves with them and that preferences have been formed in an

acceptable manner. Therefore, if there is an unequal distribution of preferences across

individuals with different circumstances, this is not necessarily unfair.

In contrast, the model proposed by Roemer explicitly incorporates the possibility of an

unequal distribution of effort across types (Roemer, 1993, 1996, 1998). Roemer’s norma-
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tive perspective has been categorized as part of the ‘control approach’. This perspective,

which has its roots in the works of Cohen (1989) and Arneson (1989), suggests that prefer-

ences are shaped by many external factors that are beyond the individuals’ responsibility

and that individuals should be held accountable for what lies within their control. In line

with this view, Roemer’s model considers the influence of circumstances on effort to be

illegitimate, and distinguishes between ‘raw effort’, which is the realized level of effort

for each individual, and ‘accountable effort’, which is a measure that allows inter-type

comparisons of responsibility by removing the effect of circumstances on the distribu-

tion of effort (Roemer and Trannoy, 2015). Although it is tempting to conclude that

Roemer’s model assumes an unequal distribution of preferences across individuals with

different circumstances is illegitimate, this is not necessarily the case. Roemer’s model

does not provide an operational definition of effort, so establishing a comparison between

Fleurbaey’s and Roemer’s models is challenging (for a comparison of both theories see

Fleurbaey and Schokkaert (2011); Roemer (2012); Fleurbaey (2012); Roemer and Tran-

noy (2016); Trannoy (2016)).

In this regard, apart from the open question of what effort is in Roemer’s theory,

according to this framework, the unequal distribution of effort by types is illegitimate.

However, as it will be discussed in Section 5.3, the compensation principles in that frame-

work are based on a restrictive assumption about the nature of effort. Once that as-

sumption is relaxed, there is an incompatibility between compensation strategies among

individuals with the same accountable effort and basic notions of neutrality. Moreover,

even if the unequal distribution of effort is judged illegitimate, it may be desirable to

reduce IO across types while holding individuals accountable for their raw effort rather

than their accountable effort. Nonetheless, this cannot be achieved with the compensation

principles that have been suggested in the literature so far. In this respect, we aim to ex-

plore an alternative compensation strategy that could overcome some of these limitations.

In addition to discussing how the normative principles of EO can be applied to the

scenario of an unequal distribution of effort across types, we aim to explore to what extent

members of the public support some of these principles. There are several questionnaire-
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experimental studies that have analysed the acceptability of the EO principles (see for

example Schokkaert and Devooght (1998, 2003); Le Clainche and Wittwer (2015)). How-

ever, to the best of our knowledge, no studies have yet explored the attitudes of members

of the public about inequalities that arise due to the inter-generational transmission of

preferences (which we interpret as effort). We focus on the transmission of smoking habits

from parents to children. There is ample evidence that suggests that smoking by house-

hold members, and parents in particular, have a significant impact on children’s smoking

uptake (Leonardi-Bee et al., 2011; Wellman et al., 2016). In this regard, we are interested

in exploring the attitudes of members of the public towards the reduction of health in-

equalities due to an unequal distribution of preferences among children of parents with

different smoking habits.

The paper is structured as follows. The next section introduces the (main) EO prin-

ciples. Section 5.3 discusses how these principles should be interpreted depending on the

normative position adopted regarding the indirect effect of circumstances. Section 5.4

presents the empirical study. Section 5.5 concludes.

5.2. Description of EO principles

5.2.1. The model

An economy is composed of a finite number of i(i = 1, ..., N) individuals. Individuals’

outcomes ui are continuous variables and are the result of an outcome function U(e, c, t),

where e is a vector of individuals’ efforts, c is a vector of individuals’ circumstances and

t is a vector that captures transfers. The outcomes can be decomposed into ui = vi + ti,

with vi = V (e, c) being the Pre-transfer outcome. The economy can be partitioned into

different types. Individuals belong to the same ‘type’ τ if they share the same set of cir-

cumstances. The circumstances of individuals of a given type are denoted by cτ .

Effort is determined by a function E(ε, c), where ε is referred to as ‘accountable effort’

and is equally distributed across types. In this regard, accountable effort can be thought of
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as a latent effort or as an underlying disposition to effort that is expressed differently de-

pending on the constraints imposed by different circumstances. The counterfactual effort

ē corresponds to the effort that an individual would have had she belong to a reference

type τ̄ . We use the term ‘responsibility’ r to refer to factors for which the individuals

should be held accountable. As it will be explained later, depending on the normative

approach, r could either correspond to e, ē, or ε.

A group gτ,r will be defined as the individuals with the same circumstances and the

same responsibility. The number of individuals who are from the same type is denoted by

nτ , nr denotes the number of individuals who share the same responsibility, and nτ,r the

number of individuals in the same group. The proportion of individuals of a given type τ

is denoted by p(cτ ) and the distribution of effort by type is denoted by p(e; cτ ). At this

point is useful to distinguish between two different mechanisms by which circumstances

can lead to an unequal distribution of outcomes across types. One is a direct effect of

circumstances, which corresponds to the result of the action of circumstances through the

function V , conditional on effort: V (c; e). The other is an indirect effect which corresponds

to the impact of circumstances in the distribution of effort: p(e; c).

We consider only transfers that respect the principle of Equal Treatment of Equals

(ETE), which states that individuals with the same characteristics (c, e) should receive

the same resource transfer. This principle translates a basic notion of neutrality. Since

individuals who belong to the same type are subject to the same constraints, the effort

chosen by them is entirely under their responsibility. Therefore, among individuals of the

same type, effort is a legitimate source of inequality and it would be unfair to establish

different transfers among those who choose the same effort. The function t = T (c, e) will

be called transfer policy.

An outcome distribution Y is represented by a three dimensional matrix Y = [Yi,τ,e] ∈

D of dimensions mτ ×me ×N , with D ≡ {−} ∪ Rmτ×me×N
++ . Entry Yi,τ,e is the outcome

ui obtained for individual i of type τ and effort e. In contrast, Yi,τ,e equals {−} if such

a combination of circumstances and effort does not occur for individual i. For every dis-
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tribution in a domain D, a social ordering function defines an ordering over all possible

distributions, with Y 2 ⪰ Y 1 meaning that Y 2 is at least as good as Y 1, Y 2 ≻ Y 1 meaning

that Y 2 is better than Y 1 and ∼ denoting the corresponding symmetric relation. For a

distribution Y 1 we will denote by Y 1(τ) to the distribution of outcomes among a given

type and u1i = v1i + t1i to the outcomes of a given individual i.

5.2.2. EO Principles

We will review some key definitions and principles of EO and discuss how the normative

perspective on the influence of circumstances in the distribution of effort shapes these.

This section cover three concepts: definitions of EO, reward principles, and compensation

principles. The definitions of EO describe the conditions under which a given distribution

of outcomes achieves EO. The compensation principles describe transfer policies to reduce

IO. The reward principles are about how to account for inequalities among individuals of

the same type.

We start by focusing on the two main approaches to describe what constitutes a dis-

tribution that achieves EO: the ex-ante and the ex-post approaches. The ex-ante view

can be traced back to the frameworks proposed by Van de gaer (1993) and Kranich

(1996). Such an approach focuses on comparing the opportunities or ‘opportunity sets’

O(τ) faced by individuals with different circumstances. In the next section, we discuss

how opportunity sets can be specified depending on the normative perspective about the

interplay of circumstances and effort. Either way, Ex-ante Equality of Opportunity (EOA)

is achieved if the opportunity sets are equivalent, regardless of circumstances. In order

to compare opportunity sets it is necessary to define how to aggregate the information

contained in O(τ), according to a function ϕ, which will be addressed in Section 5.3 below.

Ex-ante Equality of Opportunity is satisfied iff for all (τ, τ ′) ∈ {1, ...,mτ}, ϕ(O(τ)) =

ϕ(O(τ ′)).

The ex-post view was proposed by Roemer (1993, 1996, 1998) and Fleurbaey (1994,
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1995a,b, 2008). According to this approach, Ex-post Equality of Opportunity (EOP) is

achieved if individuals with the same responsibility obtain the same outcome, irrespective

of their circumstances.

Ex-post Equality of Opportunity is satisfied iff for all r ∈ {1, ...,mr} and for all i and

j ∈ {1, ..., nr}, ui = uj .

The reward principles are about how to account for differences in outcomes within

a type. There are two main versions of reward: liberal and utilitarian reward. Liberal

reward is inspired by a notion of neutrality with respect to the influence of legitimate

factors on the distribution of outcomes (Fleurbaey, 2008). This principle suggests that

transfer policies should not modify the inequality (in absolute terms) among individuals

of the same type. We follow the definition provided by Fleurbaey and Peragine (2013)

which states that a reduction in the inequality of transfers among individuals of the same

type improves the situation.

Liberal reward : For all distributions Y 1 and Y 2 ∈ D, Y 2 ≻ Y 1 if there exists τ ∈

{1, ...,mτ}, and r and r′ ∈ {1, ...,mr} such that,

T 1(cτ , r) > T 2(cτ , r) > T 2(cτ , r
′) > T 1(cτ , r

′) ,

and t1 = t2 for all other combinations of type and responsibility.

According to utilitarian reward, there should be no inequality aversion for individuals

with the same circumstances. One way to capture this axiom is to state that the social

ordering function should be neutral with respect to transfers within a type (Peragine,

2004b).

Utilitarian reward : For all distributions Y 1 and Y 2 ∈ D, Y 2 ∼ Y 1 if there exists τ ∈

{1, ...,mτ}, and r and r′ ∈ {1, ...,mr} such that, for all i ∈ {1, ..., nτ,r} and all j ∈

{1, ..., nτ,r′}
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u2i = u1i + t1i and u2j = u1j − t1j ,

nτ,r∑
i=1

t1i =
nτ,r′∑
j=1

t1j ,

and Y 1 and Y 2 coinciding everywhere else.

The summation across individuals in the same group entails that the total amount of

transfers received by individuals in group gτ,r is equal to the amount of transfers taken

from individuals in group gτ,r
′
. Since the number of individuals in each group may differ,

the size of t1i is not necessarily equal to t1j .

In contrast, to reward principles, which deal with inequalities among individuals with

the same circumstances, compensation axioms are focused on inequalities between types.

There are two main compensation approaches that have been proposed in the literature.

Ex-ante Compensation (EAC) seeks to reduce differences in opportunities across types.

This is embodied in the following axiom which says that, when there is one type τ that

has better opportunities than another type τ ′, improving the situation of a group of in-

dividuals in type τ worsens the situation. 1

Ex-ante compensation: For all distributions Y 1 and Y 2 ∈ D, Y 1 ≻ Y 2 if there exists τ

and τ ′ ∈ {1, ...,mτ}, such that for any r and r′ ∈ {1, ...,mr}, with r = r′ or r ̸= r′, and

for all i ∈ {1, ..., nτ,r} and all j ∈ {1, ..., nτ ′,r′}, such that ϕ(O(Y 1(τ))) > ϕ(O(Y 1(τ ′))),

u2i = u1i + t1i and u2j = u1j − t1j ,

nτ,r∑
i=1

t1i =
nτ ′,r′∑
j=1

t1j ,

and Y 1 and Y 2 coinciding everywhere else.

1There are different versions of EAC. The versions vary depending on how opportunity sets are defined
and regarding the shape of the function ϕ used to evaluate the opportunity sets (see for example Peragine
(2004a); Fleurbaey and Peragine (2013)). We provide a more general definition that can be interpreted
differently depending on the definitions of opportunity sets and the function ϕ.
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In contrast, Ex-post Compensation (EPC) occurs when there is a reduction of in-

equalities among individuals with the same level of responsibility (Ooghe et al., 2007).

The characterizations of EOP and the EPC that we provide differ from other definitions

available in the literature. Usually, EOP and EPC are expressed in relation to inequali-

ties among individuals with the same effort and different circumstances. In contrast, we

have defined the ex-post approach in terms of inequalities among individuals with the

same responsibility, with no reference to circumstances. This definition is more general,

and will be helpful later, when we discuss the normative implications of the interplay of

circumstances and effort on the ex-post approach.

Ex-post Compensation: For all distributions Y 1 and Y 2 ∈ D, Y 2 ≻ Y 1 if there is r ∈

{1, ...,mr} and {1, ..., nr} = {{1, ..., qr}, {qr + 1, ..., kr}, {kr + 1, ..., nr}} such that for all

i ∈ {1, ..., qr} and all j ∈ {qr + 1, ..., kr}, with u1i > u1j ,

u1i − ti = u2i > u2j = u1j + tj ,

qr∑
i=1

t1i =
kr∑

qr+1

t1j ,

and Y 1 and Y 2 coinciding everywhere else.

5.3. EO principles and the indirect effect of circumstances

This section discusses how the normative principles described in the previous section

should be interpreted depending on whether the indirect effect of circumstances is con-

sidered legitimate or not. We first cover the ex-ante approach and then reward principles

and the ex-post approach.

We would argue that the way in which opportunity sets are defined should differ

depending on the normative position regarding the unequal distribution of effort across

types. There are two ways in which the distribution of effort may vary across types. There
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could be i) an equal support in the distribution of effort across types and an unequal rel-

ative frequency in each effort category, ii) an unequal support of the effort distribution

across types and an equal or unequal distribution of effort in the effort categories that

overlap across all types.

Table 5.1 is an example of the first case. There are two types (τ and τ ′) and three

effort categories (e = 1, e = 2, e = 3). Each cell shows the relative frequency of effort by

type and the outcome achieved for each effort category, conditional on type. If the indirect

effect of circumstances is considered legitimate, the definition of opportunity sets should

not incorporate information about the relative frequency of effort in each type. In fact, in

this case, we should conclude that there exists EO since, conditional on the same effort,

there is no inequality in outcomes across types. Consequently, opportunities should be

defined in terms of the shape of the outcome function without incorporating information

about the relative frequency of effort in each type 2.

Table 5.1: An example of an unequal distribution of effort across types, with
an equal support of the effort distribution

Effort categories

Type e = 1 e = 2 e = 3

τ
p(e = 1; τ) = 0.25 p(e = 2; τ) = 0.50 p(e = 3; τ) = 0.25

u = 2 u = 4 u = 6

τ ′
p(e = 1; τ ′) = 0.50 p(e = 2; τ ′) = 0.25 p(e = 3; τ ′) = 0.25

u = 2 u = 4 u = 6

Table 5.2 is an example of the second case. The support of the effort distribution dif-

fers by type. The effort category e = 1 is not realised among individuals of type τ whereas

the effort category e = 3 is not realised among individuals of type τ ′. In this case, is not

possible to affirm that there is no inequality in achievements conditional on effort, since

there is no information about what would have been the achievements of individuals of

type τ (τ ′) had they exert effort e = 1 (e = 3). One could think on two possibilities to

compare opportunity sets across types in a case like this. If there is no reason to think that

2Bosmans and Öztürk (2022) offer an alternative definition of EAC when the relative frequency of
effort differs across types. Their approach consists in proposing a weaker version of EAC which applies
only to scenarios where effort is equally distributed across types.
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the achievements of individuals on those effort categories that are not observed will differ

across types and the unequal distribution of effort across types is considered legitimate,

one should conclude that there exists EO in the distribution shown in Table 5.2. Conse-

quently, opportunities should be defined in terms of the shape of the outcome function for

those effort categories that overlap across types. In this case, opportunity sets should rely

only on information about the outcomes for individuals who exert effort e = 2. If it is not

possible to affirm that the achievements of individuals for those effort categories that are

not observed will (eventually) be equal across all types, then the opportunity sets across

types for which the support of the effort distribution differs cannot be compared.

Table 5.2: An example of an equal support of the effort distribution across
types

Effort categories

Type e = 1 e = 2 e = 3

τ
p(e = 1; τ) = 0.25 p(e = 2; τ) = 0.75 p(e = 3; τ) = 0

u = 2 u = 4

τ ′
p(e = 1; τ ′) = 0 p(e = 2; τ ′) = 0.25 p(e = 3; τ ′) = 0.75

u = 4 u = 6

Let us define {1, ...,mΣ} to the collection of effort categories that overlap across all

types, to distinguish it from {1, ...,me}, which is the set of all the effort categories. In both

cases (equal support or unequal support of the distribution of effort) if the indirect effect

of circumstances is judged legitimate, the opportunity sets should rely on information

about the shape of the outcome function for those effort categories that overlap across all

types, and it can be defined as follows (note that if the support of the effort distribution

is equal across types, me = mΣ):

O(τ) = {U(e, cτ , t) : e ∈ {1, ...,mΣ}} . (5.1)

In order to evaluate the opportunity sets across types it is necessary to define how to

aggregate the information contained in O(τ). The most common approach is to define the

value of the opportunity set of a type by its average outcome (or the sum of outcomes)

(Van de gaer, 1993). In this case the value of the opportunity set corresponds to:
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ϕ(O(τ)) =
1

mΣ

mΣ∑
1

U(e, cτ , t) . (5.2)

In contrast, if the influence of circumstances on effort is considered illegitimate, oppor-

tunities should include information about both the shape of the outcome function and the

distribution of effort. In this case, there is IO from an ex-ante standpoint if the support

of the effort distribution differs by type or if the relative frequency of individuals in each

of the effort categories differs across types. Therefore, there is IO in the examples shown

in Tables 5.1 and 5.2. In this case the opportunity set is defined by:

O(τ) = {((p(e; τ), U(e, cτ , t)) : e ∈ {1, ...,me}} . (5.3)

And the value of the opportunity set corresponds to:

ϕ(O(τ)) =
1

nτ

ne,cτ∑
1

U(e, cτ , t)n
e,cτ , (5.4)

which equals the weighted average of outcomes for each type.

In consequence, the interpretation of the EOA and EAC will change in line with how

opportunity sets are defined. When the unequal distribution of effort is considered legiti-

mate, EOA and EAC evaluate opportunities according to ϕ(O(τ)) as defined in Equation

5.2. In contrast, when the unequal distribution of effort across types is considered illegiti-

mate, EOA and EAC evaluate opportunities according to ϕ(O(τ)) as defined in Equation

5.4. To distinguish between both kinds of principles we will refer to EOA and EAC in

the former case and to Alternative-EOA (A-EOA) and Alternative-EAC (A-EAC) when

opportunities are evaluated according to ϕ(O(τ)) as defined in Equation 5.4.

Most often, the assumptions of the theoretical models in the literature are not suited

to analyse the case of an unequal distribution of effort by types. For instance, the model

by Fleurbaey and Peragine (2013) assumes that the support of the effort distribution is

the same across types and it defines opportunity sets in terms of the shape of function

U(e, c, t) as in Equation 5.1. Therefore, such a framework do not allow to assess a sce-
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nario where there is an unequal distribution of effort across types. The model by Ramos

and Van de gaer (2016) also defines opportunity sets in terms of the shape of function

U(e, c, t), but it incorporates information about the support of the distribution of effort.

Hence, according to such characterization there exists EOA provided that the support of

the effort distribution is the same across types and that the function U is independent of

circumstances. However, it does not allow to assess a scenario where the relative frequency

of effort differs across types.

Liberal and Utilitarian Reward are about how to deal with differences in outcomes

among individuals with the same circumstances. As it was discussed earlier, individuals

of the same type are subject to the same constraints, therefore effort constitutes a legit-

imate source of inequality among them. In this regard, the interpretation of the reward

principles should not be modified with respect to whether the unequal distribution of

effort across types is deemed fair or unfair.

The interpretations of EOP and EPC depend on how to define responsibility. If the

influence of circumstances on the distribution of effort is considered legitimate, effort

constitutes an adequate measure of inter-type responsibility. Therefore EOP is realized

when individuals who share the same effort obtain the same outcomes, and EPC is about

reducing inequalities among individuals with the same effort and different circumstances.

In contrast, when the unequal distribution of effort by types is judged illegitimate, the

ex-post approach cannot use effort as a measure of responsibility across types since effort

is a function of circumstances. Instead, a measure of responsibility that removes the effect

of circumstances on effort should be used. One alternative would be to compute a measure

of responsible effort ē, which corresponds to the effort that a person of a given type would

have achieved had she been subject to the constraints faced by individuals of a reference

type. Alternatively, we can rely on information about the individuals’ accountable effort

ε, since accountable effort is equally-distributed across types. In this case EOP is realized

when individuals with the same responsible effort (or the same accountable effort) receive

the same outcome, and EPC seeks to reduce inequalities among individuals with the same
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responsible (or accountable) effort. We will refer to EOP and EPC when effort is used as

a measure of inter-type responsibility and to A-EOP and A-EPC when either responsible

or accountable effort are used instead.

The unequal distribution of effort across types has important implications for the

ex-post approach to compensation. A-EPC may involve heterogeneous transfers among

individuals with the same effort and circumstances. This occurs because, within a type,

individuals with the same effort may have different levels of responsible effort. Assume

that among individuals of type τ and effort e, there are individuals with responsible effort

ē and ē′. Now, assume that we want to hold individuals accountable for their responsible

effort and that there is inequality among individuals with responsible effort ē which will

be reduced through an A-EPC strategy. Moreover, this would entail unequal transfers

among individuals with characteristics (cτ , e), because among them there are individuals

with different levels of responsible effort. More formally, if in each type there is not a one

to one correspondence between effort and responsible effort, a reduction of inequalities

among individuals with the same responsible effort will violate ETE. This is summarized

by the following proposition.

Proposition 1 If the unequal distribution of effort by types is considered illegitimate

and E : (e; cτ ) → (ē; cτ̄ ) is not biyective, then A-EPC and ETE are incompatible.

As it was mentioned in the introduction, in Roemer’s framework the influence of cir-

cumstances on the distribution of effort is considered illegitimate. In our view, in that

framework, there is no incompatibility between A-EPC and ETE due to the assump-

tions made about the nature of effort. In the canonical model proposed by Roemer it is

assumed that: i) outcomes are a strictly increasing function of effort, ii) outcomes are

continuous variables and iii) the cumulative distribution function (CDF) of outcomes for

each type is a strictly monotonic function. According to this model, individuals should

be responsible for their rank in the CDF of outcomes among individuals of their type.

From these assumptions, it follows that there is a one-to-one mapping between effort and

responsible effort across types. For clarity of exposition, let us introduce some additional
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notation. The following functions are defined: V −1
τ : v → e is the inverse function of V

for a given type, Fτ : R → [0, 1] is the type-specififc CDF of the outcome v, and F−1
τ the

quantile function. Been πi,τ the ranking of an individual i of type τ according to Fτ , the

counterfactual level of effort of individual i had she belong to type τ̄ corresponds to:

V −1
τ̄ (F−1

τ̄ (πi,τ )) .

In this case, Fτ is invertible because it is assumed that is a strictly monotonic function,

and that function V is invertible because it is a bijective function given the assumption

that outcomes are a strictly increasing function of effort.

However, if the CDF of outcomes is not strictly monotonic (as it is the case with

discrete probability distributions) there will not be a one-to-one correspondence between

effort and responsible effort across types, even if the function V is invertible. Consider

for instance the distribution shown in Table 5.3. There are two types (τ, τ ′) and three

effort categories e = {1, 2, 3}. There is no direct effect of circumstances, with v = 2e. The

distribution of effort among individuals of type τ is p(e; τ) = (0.20, 0.40, 0.40) and among

individuals of type τ ′ is p(e; τ ′) = (0.40, 0.40, 0.20). In this case, since the distribution of

outcomes is discrete, the quantile function will assign a given outcome value to a given

percentage interval. For instance, among individuals in type τ the quantile function will

assign the quantile value v = 1 to any percentage point in [0,0.2), whereas among individ-

uals in type τ ′, the quantile function will assign the quantile value v = 1 to any percentage

point in [0,0.4). Each cell in the table shows the effort and outcome that corresponds to

a given interval in the cumulative distribution of outcomes for each type. It is clear from

the table that there is not a one to one mapping between effort and responsible effort in

each type. For example, among individuals with characteristics (cτ ′ , e = 1), those in the

interval [0, 0.20) would have exerted effort e = 1 had they faced the same constraints that

individuals in type τ whereas those in the interval [0.20, 0.40) would have exerted effort

e = 2. Now, consider an A-EPC strategy which consists of equalizing outcomes among

individuals in the interval [0.20, 0.40). Such a compensation strategy will violate ETE

since among individuals with characteristics (cτ ′ , e = 1) some will receive transfers while
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others not, whereas among individuals (cτ , e = 2) some will face negative transfers while

others do not.

Table 5.3: An example of a distribution of achievements and effort when the
CDF of outcomes is not invertible

CDF of v

Type [0.00,0.20) [0.20,0.40) [0.40,0.60) [0.60,0.80) [0.80,1.00]

τ
e = 1 e = 2 e = 2 e = 3 e = 3
v = 2 v = 4 v = 4 v = 6 v = 6

τ ′
e = 1 e = 1 e = 2 e = 2 e = 3
v = 2 v = 2 v = 4 v = 4 v = 6

Moreover, it could be argued that even if the unequal distribution of effort across types

is judged illegitimate, using responsible or accountable effort as a measure of responsibil-

ity may be inadequate since this entails holding individuals responsible for actions they

have not taken. Responsible effort corresponds to the effort that an individual would have

exerted had she faced different circumstances, whereas accountable effort corresponds to

a latent effort or a predisposition to exert different effort depending on the constraints

faced. In this regard, even if the individuals would have exerted different effort under

different circumstances, it can be argued that they should be held accountable for their

realized level of effort e. Hence, it may be desirable to compatibilise achieving a reduction

of inequalities in opportunity sets while reducing (or not increasing) inequalities among

individuals with the same effort. Moreover, this cannot be achieved through A-EAC be-

cause such a compensation strategy and EPC are incompatible (Proof provided in the

appendix).

Proposition 2 A-EAC and EPC are incompatible.

In this respect, we would like to propose a different ex-ante compensation strategy

that may help to reduce inequalities in opportunity sets (according to ϕ(O(τ)) as defined

in Equation 5.4) while reducing or not increasing inequalities among individuals with

the same effort. This principle is attractive only when there are types that have better

opportunities than others due to an unequal distribution of effort. In such a case, a type
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that is better off than another one according to the ex-ante evaluation of opportunity

sets is that which has a higher proportion of individuals in effort categories with a higher

return to effort. Then, a transfer policy from individuals with higher effort to individuals

with lower effort would reduce the inequality of opportunity sets between types. Moreover,

such a transfer policy will not increase inequalities among individuals with the same effort.

Alternative compensation: For all distribution of outcomes Y 1 and Y 2 ∈ D, Y 2 ≻ Y 1

if there exists e and e′ ∈ {1, ...,me} and τ and τ ′ ∈ {1, ...,mτ} such that for all i ∈

{1, ..., nτ,e}, all j ∈ {1, ..., nτ,e′}, all l ∈ {1, ..., nτ ′,e}, and all g ∈ {1, ..., nτ ′,e′} with

V (·, e) > V (·, e′), p(e; cτ ) > p(e; cτ ′) and ϕ(O(Y 1(τ))) > ϕ(O(Y 1(τ ′))),

u1i − t = u2i > u2j = u1j + t ,

u1l − t = u2l > u2g = u1g + t

and Y 1 and Y 2 coinciding everywhere else.

Consider the examples shown in tables 5.4 and 5.5. The former shows a distribution

Y 1 and the latter the distribution Y 2, where Y 2 results from applying the alternative

compensation principle to the distribution Y 1. Each table shows two effort categories

(e, e′) and two types (τ, τ ′). The cells show the number of individuals in each combination

of effort and type, and the outcome obtained by individuals in each cell. The opportunity

set for type τ is better than for τ ′ because in the former the proportion of individuals

at effort category e = 2 is bigger. The compensation strategy reduces the inequality due

to effort by introducing a transfer t = 1 from individuals with effort e = 2 to those with

effort e = 1. This will reduce the inequality in the value of the opportunity sets between

types, while respecting ETE, and it will not increase inequalities among individuals with

the same effort.

Since this compensation strategy involves reducing inequalities within types it will
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Table 5.4: An example of the alternative compensation principle: distribution
Y 1

Effort categories

Type e′ e

τ
n = 1 n = 9
u = 5 u = 10

τ
n = 4 n = 6
u = 5 u = 10

Table 5.5: An example of the alternative compensation principle: distribution
Y 2

Effort categories

Type e′ e

τ
n = 1 n = 9
u = 8 u = 9

τ
n = 4 n = 6
u = 8 u = 9

clash with liberal reward. Hence we have the following proposition.

Proposition 3 : Liberal reward and alternative compensation are incompatible.

5.4. Empirical study

We are interested in assessing whether members of the public are willing to reduce in-

equalities that arise strictly due to the unequal distribution of effort across types and

how such inequality reduction should be achieved. In particular, we would like to know

whether members of the public prefer an A-EAC strategy or the alternative compensation

principle suggested in the previous section.

To this purpose, we conducted a questionnaire-experimental study where the attitudes

of members of the public regarding inequalities due to the inter-generational transmission

of smoking preferences were explored. Adapting this situation to the framework of EO,

parents’ smoking habits are considered circumstances, children’s preferences correspond

to effort and children’s lifespan is the outcome. In a scenario like this, a preventive policy

would focus on reducing the exposure of children to smoking role models. Such a strategy
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entails correcting the distribution of effort at its origin. Moreover, we are interested on

a different problem which is how to reduce inequalities once effort (smoking habits) has

been adopted. Furthermore, we assume that there is not a direct effect of circumstances,

so the differences in the distribution of health outcomes across types is entirely explained

due to a higher proportion of smokers among the children of smoking parents.

5.4.1. Sampling strategy

A short online survey was conducted among Chilean members of the public using Qualtrics

software. The study had two phases, a pilot and the main study. In the pilot phase, 15

members of the public were interviewed online for about one hour to refine the wording

of the questions and the overall structure of the survey. The participants of the pilot were

older than 30 years, their highest educational attainment was secondary education or less,

and were recruited through social media. In the main study the sample was recruited from

an existing panel at the Centre for Experimental Studies (CESS) at the Universidad de

Santiago. A non-probabilistic quota sampling strategy was used. Quotas were defined to

match the characteristics of the Chilean population in terms of age, sex and education.

5.4.2. Survey design

The questionnaire faced respondents with a base-case scenario where there are different

groups of individuals whose average or mean age at death (MAD) differs. After being

introduced to the scenario, participants were asked to give a recommendation between

alternative Programmes that could increase the lifespan of different individuals. The base-

case scenario describes four groups of young adults who are equal with respect to all their

characteristics (education, occupation, region of living, etc), besides their own smoking

habits and their parents’ smoking habits. There are 150 individuals whose parents were

smokers and 150 individuals whose parents were non-smokers. Among the children of

smoking parents, there are 100 smokers and 50 non-smokers. Among the children of non-

smoking parents, there are 50 smokers and 100 non-smokers. Irrespective of the parents’

characteristics, smokers live 10 years less than non-smokers.
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Table 5.6 shows the distribution of effort and responsible effort across types. In this

case, responsible effort corresponds to the counterfactual distribution of preferences had

all the individuals had non-smoking parents. In such a counterfactual scenario half of the

smokers among the children of smoking parents would have been non-smokers. In the

table, x corresponds to the lifespan among non-smokers. The respondents were asked to

choose between four alternative Programmes (A,B,C,D) that can increase the lifespan

of different groups of individuals. The total benefit in terms of added life years was the

same across the different Programmes (the figures used in the survey are available in the

Appendix).

Programme A increases the lifespan of smokers by two years. This programme is com-

patible with the alternative compensation principle suggested in the previous section. It

reduces inequality in the MAD between types and it does not increase inequality among

individuals with the same effort. Moreover, such an allocation goes against the liberal

reward principle since it reduces inequalities among individuals of the same type. Pro-

gramme B increases the lifespan of the children of smoking parents by two years. This

programme is compatible with A-EAC and Liberal Reward since it entails a reduction of

ex-ante IO between types, while allocating equal transfers within types. This Programme

increases inequality among individuals with the same effort. In terms of the reduction

of IO from an ex-ante standpoint, Programme B is more effective than Programme A

since it reduces the inequality in MAD between the children of smoking vs non-smoking

parents in two years, whereas Programme A reduces it by approximately 0.7 years 3.

Programme C can be thought as a counter-compensation strategy since it increases the

lifespan among non-smokers and increases the inequality in the MAD between types. Pro-

gramme D increases the lifespan of all groups by one year. This programme is consistent

with a normative position that considers that the intergenerational transmission of pref-

erences should not be compensated.

3Programme A increases in two years the lifespan among smokers. There are 100 smokers among the
children of smoker parents, which means that the average increase in lifespan among those whose parents
smoke was 100∗2

150
, whereas, among the children of non-smoking parents, it is 50∗2

150
.
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Table 5.6: Allocation strategies used in the survey

Parents e ē Base A B C D E

Smokers

S, n=50 S, n=50 x− 10 x− 8 x− 8 x− 10 x− 9 x− 10

S, n=50 NS, n=50 x− 10 x− 8 x− 8 x− 10 x− 9 x− 4

NS, n=50 NS, n=50 x x x+ 2 x+ 2 x+ 1 x

Non-smokers

S, n=50 S, n=50 x− 10 x− 8 x− 10 x− 10 x− 9 x− 10

NS, n=50 NS, n=50 x x x x+ 2 x+ 1 x

NS, n=50 NS, n=50 x x x x+ 2 x+ 1 x

S: smoker, NS: non-smoker, x: average age at death among non-smokers, e: realised effort, : responsible

effort.

Notes: The table translates the allocation strategies shown to the respondents. Column two describes

the observed distribution of smokers and non-smokers whereas column three shows the counterfactual

distribution. Column four describes the average age at death among smokers and non-smokers. Columns

five to nine show the average age at death for each group after the implementation of Programmes

A,B,C, D and E.

Programme E was not included in the questionnaire since it violates ETE. Neverthe-

less we find useful to discuss this alternative Programme since it is an allocation strategy

compatible with A-EPC. As shown in the table, this allocation strategy will allocate all

the benefits to half of smokers among the children of smoking parents, since it is assumed

that they would not have been smokers had they had non-smokers parents. This Pro-

gramme violates ETE since allocates different benefits among individuals with the same

effort and circumstances (smokers who are children of smoking parents receive different

benefits).

Most respondents found it challenging to understand simple concepts regarding prob-

abilities. Given this limitation, the original questionnaire was simplified and tested on a

new sample of respondents until an acceptable level of understanding was reached by the

participants in the pilot. Also, the survey included several slides with training material

aimed to improve the respondents’ understanding of the task.

We are interested in exploring what is the most preferred Programme for each re-

spondent. The simplest strategy to obtain such information would be to face respondents

with the four Programmes simultaneously. We explore the feasibility of this kind of design

during the pilot phase of the study. The results of the pilot showed that most respondents
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feel overwhelmed and are not able to compare the four Programmes at the same time.

Due to this constraint, the following strategy was adopted. Each respondent was shown

a sequence of scenarios comparing two Programmes at a time. Besides opting for one of

the Programmes, a third alternative was included that aims to capture indifference and

incomplete preferences (“Both Programmes are equally good, or I do not know how to

answer this question and I would prefer not to choose any.”).

We interpret that the most preferred Programme of each participant is the one which is

preferred to each of the three alternative Programmes. The main assumption behind this

design is that respondents’ choices satisfy the principle of Expansion Consistency (Sen,

1971), which states that if an alternative is chosen in several small contests it should

also be chosen in a larger contest that includes all the alternatives involved in the small

contests. This entails that if a respondent chooses Programme A against Programmes B,

C and D, she should also choose Programme A when faced with the four Programmes

at the same time. The sequence of scenarios was a function of the answers to each ques-

tion and it was designed to minimize the number of scenarios shown to each respondent.

The sequence was the same for all respondents, conditional on the answers to each ques-

tion. The questionnaire ended when there was one Programme that beats the others or

when a single most preferred alternative could not be retrieved either because respon-

dents’ choices: i) were not acyclic or ii) show indifference or incompleteness between two

mutually exclusive pair of alternatives (e.g. a respondent is indifferent or cannot choose

between Programme A and B and between C and D).

5.4.3. Results

The survey was completed by 257 participants. During the pilot we estimated that it

should take about 15 minutes to go through the survey. The average time of response

among the participants in the main study were 22 minutes and the percentiles 5 and 95

were 1 and 55 minutes, respectively. In the analysis, we included only the responses of

participants to whom it took between 5 and 50 minutes to complete the questionnaire.

We consider that is not plausible to complete the questionnaire in less than five minutes
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and that taking more than 50 minutes could either point to a lack of understanding in

the exercise or a poor engagement with the task.

From the 228 valid responses, in nearly 27% of cases, it was not possible to identify

the most preferred alternative of the respondents. In almost all cases (95%) this was be-

cause the choices made by the participants violate acyclicity. In the rest of cases, this was

because participants declare to be indifferent or not being able to choose between two

mutually exclusive pair of alternatives.

Table 5.7 shows the results corresponding to those participants for whom their most

preferred alternative was identified. The majority of respondents chose Programme D,

which is the alternative that offers equal benefits to each group. This alternative does not

reduce inequalities between types. Among the two Programmes that reduce inequalities

between types, the number of respondents who choose Programme A was around three

times higher than those who choose Programme B. If one is willing to make inferences

from these results, it could be argued that respondents privilege a reduction of inequal-

ities between types that do not increase inequalities among individuals with the same

effort, even if this entails going against Liberal Reward. It is interesting that around 21%

of the respondents chose Programme C, which corresponds to the counter-compensation

strategy, which increases inequalities between smokers and non-smokers and between the

children of smoking and non-smoking parents.

Table 5.7: Distribution of the most preferred alternative among participants

Programme n %

Programme A 39 23.5

Programme B 14 8.4

Programme C 35 21.1

Programme D 78 46.7

Total 166 100
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5.5. Discussion

Although in most empirical applications it is assumed that the direct and indirect effect

of circumstances are illegitimate, the theoretical literature has focused on the former, and

little has been said about how the EO axioms should be interpreted depending on whether

the unequal distribution of effort across types is considered legitimate or not. This paper

shows that when there is an indirect effect of circumstances which is considerate unfair,

the ex-post approach to compensation may violate a basic impartiality requirement, which

is that individuals with the same effort and circumstances should be subject to the same

transfers.

This has important implications for the canonical model of EO developed by Roemer,

which favours a compensation strategy among individuals with the same accountable ef-

fort. As we have shown, the assumptions in Roemer’s model guarantee that there will

be no clash between such a compensation strategy and ETE. However, if the CDF of a

given outcome is not a strictly increasing function, it is not possible to guarantee that

there will be no incompatibility. Moreover, the empirical CDF of any continuous variable,

such as income, will never be a continuous but a step function, in which case it cannot

be guaranteed that there is no incompatibility between A-EPC and ETE 4.

We have argued that, even if the unequal distribution of effort is judged as illegiti-

mate, it may be desirable to use effort, rather than responsible effort, as a measure of

inter-type responsibility. Consider for instance the scenario used in the empirical study. In

that scenario, responsible effort corresponds to the counterfactual smoking behaviour of

individuals had they face different role models in their childhood. There are two consid-

erations regarding using responsible effort as a measure of inter-type responsibility. First,

responsible effort is not observable, so in practice, it will not be feasible to rely on such a

4In this regard, it could be argued that econometric tools could be used to smooth such an empirical
distribution while considering that in the universe of population, the distribution is continuous. This will
allow obtaining measures of inequality of opportunity based on the smoothed distribution. However, from
a policy perspective the problem cannot be solved in this way because a compensation policy should
allocate transfers according to the observed level of effort and not according to the level of effort predicted
based on some statistical estimation technique.
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measure. Second, even if it were observable, it is hard to hold individuals responsible for

choices they have not to make. In particular, it will be hard for smokers to accept that only

those who would have been non-smokers under different childhood circumstances should

receive the benefits of a given programme. In this regard, the alternative compensation

principle proposed in this Chapter is attractive since it reduces inequalities between types

and at the same time, it avoids holding individuals responsible for their counterfactual

level of effort.

Based on the results of the survey, it seems that the alternative compensation prin-

ciple that was suggested in this paper finds support among members of the public and

that is preferred to an A-EAC strategy. This is consistent with respondents being keen

on reducing inequalities in opportunity sets without increasing inequalities due to effort.

The questionnaire-experimental study also showed that most respondents chose an al-

ternative that does not reduce inequalities across types (Programme D). Moreover, this

does not necessarily means that respondents would not want to reduce inequalities due to

an unequal distribution of preferences. Perhaps, respondents would have preferred Pro-

gramme E or a preventive strategy, neither of which were included among the alternatives.

There are several caveats in relation to this experiment. The sample was recruited

through a non-probability sampling method and the sample size is small. The order of

the alternatives shown to the respondents was not randomized. In this regard, we cannot

discard the presence of order bias in our design. In addition, we rely on the principle

of Expansion Consistency to identify the most preferred alternative of each participant.

However, we have not provided evidence about to what extent this principle holds among

respondents.

As it was explained in section 5.4.2, during the pilot we found that most respondents

could not understand basic notions of probabilities and most of them found the tasks of

the questionnaire challenging. In this regard, the high proportion of acyclic preferences

calls into question the validity of the results. This is consistent with the low levels of

proficiency in literacy, numeracy and problem-solving observed in the country (OECD,
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2016). As it is usually done in questionnaire-experimental studies we could have targeted

university students instead of targeting members of the public, since (probably) students

have a higher level of understanding. However, although students may be better equipped

to answer this kind of questionnaire, we are trying to obtain a valid measure of what

are the preferences of Chilean members of the public. In this regard, the low levels of

functional literacy of the population pose a major challenge for this kind of study since

we are in a situation where we can either i) obtain a valid measure of preferences for a

non-representative sample of members of the public (e.g. university students), or ii) ob-

tain a biased measure of preferences for a representative sample of members of the public.

Unfortunately, neither of these alternatives serves our purpose well.

Despite these limitations, the study found that a compensation strategy that involves

reducing inequalities within types may be a strategy that may find some support among

members of the public.
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Chapter 6: Liberal reward and healthy lifestyles:

A questionnaire-experimental study

Abstract

The literature on equality of opportunity distinguishes between two sets of factors:

effort (factors which individuals should be held accountable for) and circumstances (fac-

tors which are beyond the individuals’ responsibility). Equality of opportunity involves

the attainment of two kinds of principles. Compensation principles are about reducing

inequality among individuals with different circumstances, whereas reward principles in-

form how to deal with inequalities due to effort, among individuals with the same cir-

cumstances. The liberal reward principle suggests that a redistributive policy should be

neutral with respect to the inequality that arises due to legitimate factors, which implies

that individuals who have the same circumstances should receive the same redistribution.

This study seeks to apply these concepts to the interplay between lifestyles and health.

Furthermore, the paper aims to challenge the above notion of neutrality and propose an

allocation that prioritizes individuals who choose ’unhealthy’ lifestyles even if lifestyle

heterogeneity results from individuals exerting their preferences over the same choice set.

A questionnaire-experimental design is used to understand to what extent these concepts

find support among a representative sample of Chilean adults.
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6.1. Introduction

Inspired by luck-egalitarianism (or responsibility-sensitive egalitarianism), Equality of Op-

portunity (EO) has become a widely used theory to evaluate fairness in the distribution of

achievements within society (see Roemer and Trannoy (2015) for a review). According to

EO, a given distribution of achievements is a function of a set of factors that are beyond

an individual’s responsibility (referred to as circumstances) and a set of factors for which

the individual should be held accountable (referred to as effort). For a given partition of

circumstances and effort, EO will be attained if two principles hold: compensation and

reward (for a review of principles see Ramos and Van de gaer (2016); Bosmans and Öztürk

(2021)).

A compensation principle is about reducing inequalities among individuals with dif-

ferent circumstances, whereas a reward principle is about dealing with inequalities in

achievements entirely due to differences in effort among individuals with the same cir-

cumstances. Frameworks of EO differ by the version of the reward and compensation

principles they favour and how effort and circumstances are defined (Fleurbaey, 2009;

Fleurbaey and Schokkaert, 2011).

In the EO framework developed by Fleurbaey (2008), effort is understood as a matter

of individuals’ preferences, which should be respected 1. Preferences in this framework

cannot be equated to choices or revealed preferences since choices are also a function of

the menu of alternatives faced by the individuals, which may be unfairly constrained due

to circumstances. However, among individuals with the same circumstances (i.e. who face

the same menu of alternatives), inequalities with respect to a given achievement can be

considered legitimate since they are a function of the individuals’ preferences. The reward

principle that follows from this definition of effort is called ‘liberal reward’. The liberal

reward principle is based on a notion of neutrality in the sense that a redistributive pol-

icy should be independent of (or not react to) changes originating in legitimate factors.

1Two special cases when there may be a duty to override an individual’s preference is when the
individual does not endorse their preferences (e.g. addictions and cravings) and when the individual has
immature or impaired cognitive skills (e.g. children, adults with dementia).
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This entails that individuals who have the same circumstances should receive the same

redistribution so as not to change the inequality (in absolute terms) among them.

Applied to the measurement of Inequality of Opportunity (IO), the liberal reward

principle informs a condition called ’no influence of legitimate factors’, according to which

”a measure of unfair inequality should not reflect legitimate variation in outcomes, i.e.

inequalities which are caused by differences in the responsibility variables” (Fleurbaey,

2009, p.75).

This paper has three aims. First, to understand how this definition of effort could be

applied to the relationship between health-related lifestyles and health outcomes. Second,

to offer an alternative approach to reward that, instead of being neutral, can be used to

justify prioritizing the worst-off (in terms of health outcomes) among individuals with the

same circumstances. Third, to assess to what extent these principles find support among

members of the public.

6.2. The liberal reward principle and health inequalities due to chosen

lifestyles

According to the liberal reward principle, any distribution that results from individuals

choosing from the same menu of choice-outcome pairs (and who therefore have the same

circumstances) is legitimate. In the context of health-related lifestyles and health out-

comes, the liberal reward principle will be understood as follows.

Let Xi denote a vector of aspects of life that may matter to an individual i. This

vector includes the individuals’ health status Hi, their lifestyles Li, and a vector Zi of

other life dimensions. We focus on a scenario where a group of individuals share the

same set of characteristics Z and they need to choose from a set Ω which is composed of

a set of lifestyles and health status pairs (L,H) : Ω = {(L1, H1), (L2, H2), . . . , (LM , HM )}.

Let L ∈ L be a vector of dimension M that describes the set of feasible lifestyles that

131



6. LIBERAL REWARD AND HEALTHY LIFESTYLES

individuals can choose, and H ∈ R+ a cardinal measure of health. For two given pairs of

lifestyles and health status (L,H) and (L′, H ′), we say that a lifestyle L is healthier than

a lifestyle L′, if H > H ′.

Against this background, now imagine that a decision-maker needs to decide how to

further improve the health status of these individuals at a given cost. According to the

liberal reward principle, if the decision-maker uses an absolute measure of inequality, the

only way to do this in a neutral manner is by improving the health of all individuals by

the same degree, since only such an allocation will maintain the original inequality of

health.

6.3. The argument against the liberal reward principle

We would like to focus on one possible argument against the liberal reward principle that

may favour a more egalitarian distribution of health. According to Fleurbaey (2008), there

may be a justification for reducing inequalities when a given menu of alternatives is less

favourable for individuals with certain kinds of preferences.

From the individuals’ perspective, the shape of the choice set ω is beyond their control,

so the individuals’ cannot influence the (health) return to each lifestyle. Moreover, the

individuals may have different preferences for health and lifestyles. In this regard, even if

individuals are to be responsible for their preferences they should not be held accountable

for how favourable the shape of the choice set is with respect to their preferences. In the

following section, we address how to assess how favourable the shape of a given choice set

is to different kinds of individuals’ preferences.

6.3.1. Evaluating individuals’ life situations according to their preferences

We assume that each individual i has a preference ordering Ri regarding the combination

of life situations in terms of both L and H. If i weakly prefers (L,H) to (L′, H ′) it is
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denoted by (Li, Hi)Ri(L
′
i, H

′
i). Furthermore, let (Li, Hi)Ii(L

′
i, H

′
i) denote indifference and

(Li, Hi)Pi(L
′
i, H

′
i) denote strict preference.

It will be assumed that, for any individual i and conditional on any lifestyle L, the

ranking of any pair of health statuses H and H ′ is the same, and that such a ranking is

the same across individuals. For a given individual i, conditional on any health status H,

the ranking of any pair of lifestyles L and L′ is the same. Moreover, for at least one health

status H, and for at least one pair of lifestyles L and L′, there is no unanimous agreement

about how to rank (H,L) and (H,L′). This entails that i) individuals coincide about their

most preferred health status, ii) individuals differ regarding their most preferred lifestyles

and iii) the utility from lifestyles does not depend on the utility from health status. The

most preferred lifestyle for each individual will be denoted by L1
i .

We discuss two criteria that could be used to make interpersonal comparisons in terms

of (L,H,R), namely the weak dominance principle and equivalent health.

Adapted to this scenario, according to the weak dominance principle Decancq et al.

(2015) an individual is better off than another if she has better health when both indi-

viduals have their most preferred lifestyles. More formally it can be defined as follows:

Weak dominance principle . (L1
i , Hi, Ri) is equally well off as (L1

j , Hj , Rj) if Hi =

Hj , and strictly better if Hi > Hj .

Decancq et al. (2015) argue that a basic requirement to assess individual life situations

respecting the individuals’ preferences is the personal preference principle. Adapted to this

scenario, this principle asserts that from the perspective of a single individual (L,H,R)

is as good as (L′, H ′, R) if (L,H)R(L′, H ′) and strictly better if (L,H)P (L′, H ′).

Equivalent income is a metric that allow to compare the life situations of individu-

als with respect to non-income attributes (Fleurbaey, 2016). Given a set of life dimen-

sions, equivalent income equals the amount of money that makes an individual indifferent
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between her current situation and a counterfactual scenario where the non-income life

dimensions are fixed at a reference category. We apply the same concept here, using a

cardinal measure of health, instead income. Therefore, it is possible to characterize the

life situations of individuals in terms of equivalent health H̄i, which corresponds to the

counterfactual level of health that, when combined with a reference level of lifestyles L∗,

is as preferable to the individual as her current situation.

The equivalent level of health is therefore defined as the solution H̄i to the following

equation:

(Li, Hi)Ii(L
∗, H̄i)

As it happens with equivalent income, the choice of the reference category (lifestyles

in this case) is not normatively neutral since this metric implicitly prioritizes those indi-

viduals who have a stronger (as opposed to weaker) preference for the reference category.

As shown by Decancq et al. (2015), when the personal preference principle and the weak

dominance principle are combined, this is equivalent to adopt the equivalent approach

using as the reference the most preferred category of each individual, which in this case it

corresponds to the most preferred lifestyle for each individual L1
i . Choosing the most pre-

ferred lifestyle as the reference is attractive since, for those individuals who choose their

most preferred lifestyle, weak dominance holds, so their life situations can be compared

strictly in terms of their health status.

6.3.2. Assessing how favourable a choice set is for different kinds of preferences

We will use equivalent health to measure how favourable a given menu of alternatives is

for individuals with different kinds of preferences. Consider a choice set like the following,

where individuals need to choose between two lifestyle-health pairs:

Ω = {(H,Lh), (H − θ, Luh)} ,

with H > θ > 0. We will refer to Lh and Luh as healthy and unhealthy lifestyles, respec-

tively.
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We will focus on four kinds of preferences and discuss the choice behaviour an equiv-

alent health associated with those preferences. The first column in Table 7.2.1 shows four

kinds of preferences, the second column shows the most preferred lifestyle associated with

each preference and the third column shows the choice behaviour that follows from ap-

plying each preference to the choice set Ω, while the fourth column shows the equivalent

health with L∗ = L1
i for each kind of preference.

These preferences can be summarised as follows. Individuals with preferences of the

kind R1 prefer to adopt Luh even if this involves poor health. Individuals with preferences

R2 adopt Lh because they want to achieve a better health status, but they dislike engag-

ing in healthy lifestyles. Individuals with preferences R3 only cares about health while

individuals with preferences of the kind R4 enjoy adopting healthy lifestyles.

We now provide a more detail explanation of each kind of preference. Individuals with

preferences R1 have a strong preference for the unhealthy lifestyle and their most preferred

lifestyle is the unhealthy lifestyle. They will choose the unhealthy lifestyle even if there is

a health disadvantage as large as γ attached to such behaviour (with γ >> θ). Therefore,

when faced with the choice set Ω, they choose (H−θ, Luh). Their equivalent health (using

L1
i as the reference) equals their current health status since they have adopted their most

preferred lifestyle.

Individuals with preferences R2 have a strong preference for the unhealthy lifestyle,

but the strength of their preference is weaker compared to individuals with preferences of

the kind R1. Their most preferred lifestyles is the unhealthy lifestyle. They will choose the

unhealthy lifestyle, provided that the resulting health loss is smaller than θ. Therefore,

when faced with the choice set Ω, they choose (H,Lh). Their equivalent health equals

H − θ + δ, where δ is a fixed positive quantity close to zero (θ >> δ > 0). Accordingly,

they are indifferent between their current situation (H,Lh) and a situation that offers a

health status slightly better than H − θ in combination with the unhealthy lifestyle.
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Those with preferences R3 have a weak preference for the unhealthy lifestyle and their

most preferred lifestyle is the unhealthy lifestyle. They will choose the unhealthy lifestyle

only if the resulting health loss is very small. Given this, faced with the choice set Ω, they

choose to adopt the healthy lifestyle. Their health equivalent equals H − δ, since they

are indifferent between their current situation an a situation that combines the unhealthy

lifestyle with a health status slightly worse than H.

Individuals with preferences R4 have a strong preference for the healthy lifestyle and

their most preferred lifestyle is the healthy lifestyle. Therefore, when faced with the choice

set Ω, they choose (H,Lh). Their equivalent health equals their current health status since

they have adopted their most preferred lifestyle.

Table 6.1: Four kinds of preferences

Preferences L1
i Choice behaviour Equivalent health

L∗ = L1
i

R1
i = (H − γ, Luh)Pi(H,L

h),
with γ >> θ

(Luh) (H − θ, Luh) H − θ

R2
i = (H,Lh)Pi(H − θ, Luh),

(H,Lh)Ii(H − θ + δ, Luh), with
θ >> δ > 0

(Luh) (H,Lh) H − θ + δ

R3
i = (H,Lh)Pi(H − θ, Luh),

(H,Lh)Ii(H − δ, Luh), with
θ >> δ > 0

(Luh) (H,Lh) H − δ

R4
i = (H − θ, Lh)Pi(H,L

uh) (Lh) (H,Lh) H

Luh: unhealthy lifestyle, Lh: healthy lifestyle, L∗: reference level of lifestyle for the equivalent health

measure.

Notes: The first column of the table represents four kinds of preferences (R1, R2, R3, R4). The second

column shows the most preferred lifestyle (L1
i ) for each kind of preference. The third column describes

the choice behaviour given each kind of preference and the choice set Ω. The fourth column represents

the equivalent level of health for each kind of preference, using the most preferred lifestyle (L1
i ) as the

reference.

Table 7.2.1 also illustrates, in terms of equivalent health, how favourable the choice

set Ω is for each kind of preference. Given a criterion to assess how favourable a choice

set is with respect to the individuals’ preferences, and considering that individuals should
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not be held accountable for the shape of the choice set, the following principle can be

proposed: an allocation which prioritizes those individuals for whom the choice set is less

favourable without changing the ranking of individuals in terms of H produces a distri-

bution which is at least as good as the original distribution.

6.4. The empirical study

6.4.1. Research objectives

First, we would like to explore the views of members of the public towards health in-

equality attributed to chosen lifestyles and to examine if the liberal reward principle finds

support among them. Second, we would like to assess if members of the public support

an allocation that prioritizes the worst-off defined by the health equivalent approach. To

explore these research questions we conducted a questionnaire-experimental study. In this

section, we cover the basics of the methodological strategy, whereas the empirical design

is covered in the next section.

The ‘base scenario’ used in the questionnaires is the following. We focus on a hypothet-

ical situation where there are two groups of individuals who have the same characteristics

and they need to choose from a set Ω which is composed of a set of pairs of lifestyles and

health status:

Ω = {(H,Lh), (H − θ, Luh)} ,

with H > θ > 0.

There are public resources to improve the health of each person by quantity ρ, with

ρ < θ, and the following three alternative allocation strategies can be achieved at the

same cost:

ΩA = {(H,Lh), (H − θ + ρ, Luh)}
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ΩB = {(H + ρ, Lh), (H − θ, Luh)}

ΩC = {(H + 0.5ρ, Lh), (H − θ + 0.5ρ, Luh)}

Note that the allocation strategy ΩC is compatible with the liberal reward principle

(assuming the inequality measure is based on absolute difference) because it improves the

health status of each group by the same amount.

The first objective is to assess if the liberal reward principle finds support among mem-

bers of the public. We ask respondents to imagine a scenario represented by the above

and assess the extent to which respondents choose a strategy other than ΩC . Moreover,

to establish that the respondents’ choice pertains to inequalities that are attributable

to freely chosen lifestyles, we include a control scenario where respondents are asked to

choose among the same three allocation strategies, but with the health inequality being

caused by several factors besides lifestyles (see next section).

Our second objective is to assess if members of the public are willing to prioritize the

worst-off in terms of equivalent health, with L∗ = L1
i . In addition, we want to explore if

the responses of members of the public vary in relation to the magnitude of the inequality

in terms of equivalent health and the kind of preference that individuals have. Consider

the inequalities in terms of equivalent health that are shown in Table 6.2. We denote by

H̄(R) the equivalent health among individuals with preferences R. In the first case, when

comparing the life situations of individuals with preferences R2 and R1, the inequality in

terms of equivalent health is close to zero, since both individuals have strong preferences

for unhealthy lifestyles. In contrast, the inequality between individuals with preferences

R3 and R1 is close to θ, because individuals with preferences R3 are only willing to en-

gage in their most preferred lifestyle (i.e. the unhealthy lifestyle) provided that they can

achieve a health status slightly worse thanH−θ. Similarly, the inequality between individ-

uals with preferences R4 against individuals with preferences R1 equals the difference in

the health status of these individuals, since individuals with preferences R4 and R1 adopt
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their most preferred lifestyle and their equivalent health equals their current health status.

Table 6.2: Inequality in terms of equivalent health for three preferences pairs

Contrasts for three Inequality in equivalent
pairs of preferences health, with L∗ = L1

i

H̄(R2)− H̄(R1) ∼= 0

H̄(R3)− H̄(R1) ∼= θ

H̄(R4)− H̄(R1) θ

Notes: The table describes the inequality in terms of equivalent health for three pairs of preferences. For

example, H̄(R2) corresponds to the equivalent level of health given preference R2 using the most

preferred lifestyle as the reference. The equivalent level of health for each kind of preference is shown in

Table 7.2.1.

We would like to explore if the choices of allocation strategies by members of the

public vary with respect to the preferences of the individuals of the hypothetical scenario.

In order to do this we use scenarios that replicate the comparisons shown in Table 6.2.

It is plausible that members of the public will be less willing to prioritize the worst-off

when the individuals who adopt healthy lifestyles have strong preferences for unhealthy

lifestyles (R2 vs R1) which implies that the inequality in terms of equivalent health is

minimal, and more willing to prioritize the worst-off when weak dominance holds (R4 vs

R1) or when the individuals who adopt the healthy lifestyle have a weak preference for

the unhealthy lifestyle (R3 vs R1), which in both cases involve an inequality in equivalent

health with the same (or almost same) magnitude (θ).

Moreover, members of the public may have pre-established beliefs regarding the pref-

erences of individuals with healthy and unhealthy lifestyles, and may not necessarily take

into account the information about preferences provided in the questionnaire. We try

to capture the beliefs of respondents by asking them whether they think engaging in

healthy lifestyles involves more effort vis a vis adopting unhealthy lifestyles. Arguably,

the common use of the term ‘effort’ refers to actions that are costly for the individual,

so individuals exerting effort to engage in healthy lifestyles means that they experience a
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disutility by engaging in such behaviours. In this regard, individuals with preferences of

the kind R3 and R4 do not ‘exert effort’ to engage in healthy lifestyles; the former chooses

the healthy lifestyle because they only care about health and the latter do so because

they enjoy the healthy lifestyle. In contrast, individuals with preferences R2 exert effort

since they experience disutility from engaging in healthy behaviours and to some extent

will be willing to achieve a worse health status in order to avoid healthy lifestyles.

6.4.2. The empirical design

To assess the attitudes of members of the public towards health inequality due to chosen

lifestyles the following design was implemented. Respondents were randomly allocated to

four sub-samples. Each sub-sample was faced with exercises with a hypothetical scenario

that described two groups of young adults who live up to different ages (Table 6.3). The

exercises differ regarding the information provided to the respondents about the cause

behind this health inequality. In exercise 1 the respondents were told that the two groups

differ concerning several factors that explain this difference: ”Their occupation, education,

income, health-related lifestyles, etc.”. The order in which these factors were presented

to the respondents was randomized. The idea was to remind the respondents of the same

set of different possible causes but without giving any specifics. Exercises 2 and 3 were

about two groups of young adults who have different health-related lifestyles. Exercise 2

compared a group of those who smoke and a group of those who do not, while Exercise

3 compared a group of those who have a healthy diet, get exercise and have a normal

weight and a group of those who have an unhealthy diet, do not get exercise and are

overweight 2. In both exercises, respondents were told that apart from these lifestyles,

both groups i) share the same characteristics in terms of income, educational status, oc-

cupation, and so on; ii) are of equal size, and iii) have the same number of men and women.

Exercise 1 is used as a ‘control’ scenario. This scenario allows contrasting the attitudes

of respondents regarding health inequalities when health inequality is ‘due to several rea-

2The reason to group these three risk factors in exercise 3 is that evidence shows that the joint impact
of these lifestyles in adult life expectancy is similar to the impact of smoking.
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Table 6.3: Empirical design: information about preferences shown to each
sub-sample across the three exercises

Sub-samples
1 2 3 4

Exercise 1: inequality due to
multifactorial cause

No informa-
tion about
preferences

No informa-
tion about
preferences

No informa-
tion about
preferences

No informa-
tion about
preferences

Exercise 2: inequality due to
smoking

No informa-
tion about
preferences

R1 vs R2 R1 vs R3 R1 vs R4

Exercise 3: inequality due to
diet, exercise and obesity

No informa-
tion about
preferences

R1 vs R2 R1 vs R3 R1 vs R4

sons’ and when this inequality is strictly due to chosen lifestyles. Respondents were asked

to imagine that the government needs to choose between three alternative programmes

(programmes A, B and C, corresponding to ΩA, ΩB, and ΩC above) which cost the same

and that will improve the population’s health by extending people’s life. Participants were

asked to provide a recommendation about which programme to implement. Programme A

extended the life of those in the first group only by two years; Programme B extended the

life of those in the second group only by two years; whereas Programme C extended the

life of those in both groups by one year each. Respondents could indicate the programme

that they would recommend, or indicate indifference (“All the programmes are equally

good”). Furthermore, to allow for incomplete preferences, respondents could indicate be-

ing indecisive (“I do not know how to answer, or I would prefer not to make this kind of

choice.”).

To assess if respondents support an allocation that prioritizes the worst-off according

to the health equivalent approach and the weak dominance principle, sub-samples 2, 3

and 4 receive information about the preferences of the individuals in the hypothetical

scenarios of exercises 2 and 3. Across the three sub-samples, respondents were told that

those with ‘unhealthy’ lifestyles have preferences of the kind R1, whereas participants in

sub-sample 2, 3 and 4 were told that those who engage in healthy lifestyles have prefer-

141



6. LIBERAL REWARD AND HEALTHY LIFESTYLES

ences of the kind R2, R3 and R4, respectively. Tables A.6.1 and A.6.2 in the Appendix

show the way these preferences were described to the respondents.

To understand what may be the beliefs of respondents regarding the kind of prefer-

ences of individuals who adopt healthy lifestyles, participants were asked to what extent

they agree with the following statement: “People who engage in healthy lifestyles exert

more effort than those who adopt unhealthy lifestyles”. Answer categories were: strongly

agree, agree, disagree, strongly disagree, I do not know how to answer.

6.4.3. Test of hypothesis

A multinomial probit model was used to test if the attitudes of the respondents towards

health inequality differ when this is caused by chosen lifestyles or due to multiple fac-

tors. Only respondents allocated to sub-sample 1 were included in this analysis since this

sub-sample was the only one that did not receive information about preferences. Given

that we are contrasting the answers of the same respondents across three different exer-

cises, cluster standard errors were used. For each answer category, the difference in the

relative frequency of answers between the exercises was estimated by computing the av-

erage marginal effect (AME). For each respondent, the AME computes the difference in

the predicted probability of each answer category when facing a given pair of exercises

and then it computes the average difference across observations. A similar strategy was

used to test if the distribution of answers in exercises 2 and 3 varies depending on the

information about preferences faced by respondents in sub-samples 2, 3 and 4.

We test if the attitudes of the respondents vary depending on their beliefs about

whether individuals who engage in healthy behaviours exert effort. The answers were di-

chotomised into strongly agree-agree, and disagree-strongly disagree. A probit model was

used and the difference in the relative frequency of answers was estimated by comput-

ing the AME. We excluded from all the analyses the answers that indicate incomplete

preferences (“I do not know how to answer, or I would prefer not to make this kind of

choice.”).
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6.4.4. Study design

This study collected primary data through an online survey conducted with a representa-

tive sample of the Chilean members of the public. As it was mentioned in Section 4.2.3,

respondents were first asked to answer the set of questions reported in Chapter 4 (‘ef-

fort survey’) and then the questions reported in this chapter (‘liberal reward survey’).

Although the answers to the liberal reward survey could have been influenced by the

exposure to the effort survey, there should be no heterogeneity in such an influence since

all the participants were exposed to the effort survey and the order of the questions in

that questionnaire was the same for all the participants.

The questionnaire was presented using Qualtrics, and it was self-administered without

an interviewer. The sample is recruited from an existing panel at the Centre for Exper-

imental Social Sciences (CESS) at the University of Santiago. Quotas were defined to

match the demographics of the Chilean population in terms of sex, age groups (20 to

49 years, and older than 50 years), and educational attainment (secondary education or

less, and higher than secondary education). The target sample size was 720 (180 per sub-

sample).

The study included a pilot phase where 12 respondents were interviewed online to

check the interpretation of the questions. One of the main challenges for the pilot was to

translate each kind of preference into clear descriptions. After trialing several versions,

the versions shown in Tables A.6.1 and A.6.2 in the Appendix were selected for achiev-

ing a reasonable balance between simplicity and accuracy in representing the theoretical

definition of each kind of preference.

6.5. Results

There were 5,388 people who expressed their intention to participate. From these, 760

people were selected to match the demographic characteristics defined in the quotas and

675 completed the questionnaire: 157 in sub-sample 1, 188 in sub-sample 2, 180 in sub-
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sample 3 and 150 in sub-sample 4. On average, it took respondents 36 minutes to complete

the questionnaire. There were 58 (7.6%) respondents who complete the questionnaire in

less than five minutes and 38 (5%) who complete the task in more than one hour. Overall,

the majority of respondents across the three sub-samples and the three exercises chose

one of the allocation strategies (or declared to be indifferent between them) whereas the

proportion of respondents that declare to be indecisive (“I do not know how to answer,

or I would prefer not to make this kind of choice.”) was not higher than 1.5% in any of

the exercises (data not shown).

Table 6.4 shows the results across the three exercises among sub-sample 1. The al-

location compatible with the liberal reward principle (Programme C) was supported by

34.6% of the respondents when inequality is due to smoking and 42.4% when is due to

diet, exercise and obesity. In both scenarios, roughly 33% of respondents choose to reduce

health inequality due to chosen lifestyles, whereas around 30% and 23% chose to increase

it when inequality is due to smoking and due to diet, exercise and obesity, respectively.

The fourth (sixth) column of Table 6.4 reports the estimated difference in the rela-

tive frequency of each answer between exercise 1 and exercise 2 (3). The results show

that the attitudes of respondents differ depending on the cause of inequality. Compared

to the scenario where health inequality is due to multifactorial causes, when faced with

the scenarios where the health inequality is due to chosen lifestyles, a lower proportion

of respondents choose to reduce health inequalities or choose a neutral allocation and a

higher proportion of respondents choose to increase the health inequality.

Tables 6.5 and 6.6 show the answers to exercises 2 and 3 across the sub-samples 2,

3 and 4. The AME is used to estimate the difference in the relative frequency of each

answer between sub-sample 2 and sub-samples 3 and 4. As it was expected, compared

to respondents in sub-sample 2 (who face a scenario where the individuals who choose

healthy lifestyles have strong preferences for unhealthy lifestyles), a higher proportion

of respondents in sub-sample 3 and 4 chose the allocation that increases the health in-

equality while a lower proportion chose an allocation that preserves or reduces the health
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Table 6.4: Attitudes towards health inequality given different causes: sub-
sample 1

Exercise
1: mul-
tifacto-
rial

cause

Exercise
2:

smok-
ing

Exercise
1 vs

exercise
2

Exercise
3: diet,
exercise

and
obesity

Exercise
1 vs

exercise
3

AME
(p-

value)

AME
(p-

value)
Choice alternatives % % %

Programme A (ineq. red.) 40.1 33.3 -6.8 33.5 -6.6
(0.15) (0.17)

Programme B (ineq. incr.) 7.6 29.6 21.9 22.8 15.1
(0.00) (0.00)

Programme C (neutral) 47.8 34.6 -13.1 42.4 -5.4
(0.00) (0.28)

Indifferent 4.5 2.5 -1.9 1.3 -3.1
(0.30) (0.06)

Total 100.0 100.0 100.0

N 157 159 158

Notes: The fourth and sixth columns of the table show the computed difference between the proportion

of respondents choosing each alternative in exercise 1 vs exercise 2 and exercise 1 vs exercise 3,

respectively. The differences and their statistical significance were obtained by computing the Average

Marginal Effect (AME) after running a multinomial probit model using the choice alternatives as the

dependent variable and the exercise as the independent variable. Since the choice alternative is a

categorical variable, the AME represents the average predicted difference in the probability of choosing a

given choice alternative between two kinds of exercises.

inequality. However, almost none of these differences were statistically significant.

As was discussed in Section 6.4.2, respondents may have their own beliefs regarding

the kind of preferences among individuals with healthy lifestyles. If participants answer

the survey based on their own beliefs rather than on the information provided in the

survey, the results on Tables 6.5 and 6.6 will be biased. To understand the beliefs of re-

spondents we asked them to declare to what extent they consider that adopting healthy

behaviours involve more effort than adopting unhealthy lifestyles.

Around 77% of respondents either agree or strongly agree with this statement, whereas

23% disagree or strongly disagree. Table 6.7 compares the answers to exercises 2 and 3
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Table 6.5: Attitudes towards inequality conditional on beliefs about lifestyles’
preferences, exercise 2

Exercise 2: smoking
Sub-

sample
2

Sub-
sample

3

Sub-
samples
2vs3

Sub-
sample

4

Sub-
samples
2vs4

R1vsR2 R1vsR3
AME
(p-

value)
R1vsR4

AME
(p-

value)
Choice alternatives % % %

Programme A (ineq. red.) 32.7 39.8 -7.1 42.4 -9.7
(0.18) (0.07)

Programme B (ineq. incr.) 19.7 13.4 6.3 16.4 3.3
(0.13) (0.44)

Programme C (neutral) 45.6 42.5 3.1 36.7 8.9
(0.57) (0.11)

Indifferent 2.0 4.3 -2.3 4.5 -2.5
(0.23) (0.20)

Total 100.0 100.0 100.0

N 147 186 177

Notes: The fourth column of the table shows the computed difference in the proportion of respondents

choosing each choice alternative in sub-sample 2 vs sub-sample 3. The sixth column shows the difference

between sub-sample 2 and sub-sample 4. The differences and their statistical significance were obtained

by computing the Average Marginal Effect (AME) after running a multinomial probit model using the

choice alternatives as the dependent variable and the sub-sample as the independent variable. Since the

choice alternative is a categorical variable, the AME represents the average predicted difference in the

probability of choosing a given choice alternative between two sub-samples.

across these two groups. Among those who agree or strongly agree, nearly 21% of respon-

dents chose Programme B, whereas this figure is close to 10% among those who disagree

or strongly disagree. These differences are statistically significant for exercises 2 and 3.

On the other hand, among those who disagree or strongly disagree, the proportion of

respondents who choose Programme C is higher than among those who agree or strongly

agree, although is statistically significant only for the smoking exercise. In addition, the

proportion of respondents who choose to reduce health inequality (Programme A) was

higher among those who disagree or strongly disagree and statistically significant only for

exercise 3.
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Table 6.6: Attitudes towards inequality conditional on beliefs about lifestyles’
preferences, exercise 3

Exercise 3: diet, exercise and obesity
Sub-

sample
2

Sub-
sample

3

Sub-
samples
2vs3

Sub-
sample

4

Sub-
samples
2vs4

R1vsR2 R1vsR3
AME
(p-

value)
R1vsR4

AME
(p-

value)
Choice alternatives % % %

Programme A (ineq. red.) 33.1 38.4 -5.2 41.0 -7.9
(0.32) (0.14)

Programme B (ineq. incr.) 20.0 16.8 3.2 14.5 5.5
(0.45) (0.19)

Programme C (neutral) 43.4 41.1 2.3 41.6 1.8
(0.67) (0.74)

Indifferent 3.4 3.8 -0.4 2.9 0.5
(0.87) (0.78)

Total 100.0 100.0 100.0

N 145 185 173

Notes: The fourth column of the table shows the computed difference in the proportion of respondents

choosing each choice alternative in sub-sample 2 vs sub-sample 3. The sixth column shows the difference

between sub-sample 2 and sub-sample 4. The differences and their statistical significance were obtained

by computing the Average Marginal Effect (AME) after running a multinomial probit model using the

choice alternatives as the dependent variable and the sub-sample as the independent variable. Since the

choice alternative is a categorical variable, the AME represents the average predicted difference in the

probability of choosing a given choice alternative between two sub-samples.
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Table 6.7: Attitudes towards inequality conditional on beliefs about lifestyles’
preferences

Exercise 2: smoking Exercise 3: diet,
exercise and obesity

Agree
or

strongly
dis-
agree

Disagree
or

strongly
dis-
agree

AME
(p-

value)

Agree
or

strongly
dis-
agree

Disagree
or

strongly
dis-
agree

AME
(p-

value)

Choice alternatives % % % %

Programme A (ineq. red.) 36.7 39.9 -4.2 34.8 45.7 -11.1
(0.37) (0.01)

Programme B (ineq. incr.) 21.3 9.1 13.9 20.6 10.0 11.7
(0.00) (0.00)

Programme C (neutral) 38.3 48.9 -11.2 41.4 42.1 -1.7
(0.01) (0.73)

Indifferent 3.6 2.1 1.5 3.2 2.1 1.0
(0.41) (0.55)

Total 100.0 100.0 100.0 100.0

N 441 143 437 140

Notes: The fourth column of the table refers to exercise 2 and it shows the computed difference in the

proportion of respondents choosing each choice alternative between respondents who agree vs those who

disagree with the notion of healthy lifestyles as effort. The seventh column of the table reports the

computed difference for exercise 3. The differences and their statistical significance were obtained by

computing the Average Marginal Effect (AME) after running a multinomial probit model using the

choice alternatives as the dependent variable and the respondents’ beliefs as the independent variable.

Since the choice alternative is a categorical variable, the AME represents the average predicted

difference in the probability of choosing a given choice alternative between respondents who agree or

strongly agree vs those who disagree or strongly disagree with the notion of healthy lifestyles as effort.
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If one is willing to draw some conclusions based on these results, it could be said

that a significant proportion of respondents are more (less) willing to reduce or maintain

(increase) a health inequality when the inequality in terms of equivalent health is large

enough and/or when the weak dominance principle holds. We are not suggesting that

members of the public think in line with the theory behind these approaches. Moreover,

these concepts can be explained using a less demanding rationale, which is that respon-

dents think that individuals do not necessarily deserve (or do not need to be rewarded

for) better health when they either enjoy or do not care about adopting healthy lifestyles.
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6.6. Discussion

Despite EO becoming a widely used framework to assess the distribution of achievements

in society, several aspects regarding the definition of effort and the reward principles that

follow from it remain under-researched.

According to the liberal reward principle, if an inequality reflects choices made from

the same choice set by individuals with different preferences, such an inequality is legiti-

mate. There are several reasons to challenge this principle, for instance when the choice

set has been defined in an objectionable manner or when preferences have been formed

in an objectionable manner (Olson, 2012). Although these are important aspects, we con-

sider that these reasons do not undermine the strength of the liberal reward principle.

In this study we have argued that even when health inequalities are the result of freely

chosen lifestyles and the choice set has not been formed in an objectionable manner, an

allocation of health gains that prioritize the individuals with worst health can be justified

on the basis that a given choice set may be more favourable to some kinds of preferences.

The results allow us to conclude that the liberal reward principle is supported by a

high proportion of respondents. However, a significant fraction of respondents chose to

either reduce or increase health inequalities due to lifestyles. Moreover, the study provides

evidence that the beliefs of respondents about the preferences of individuals who engage

in different lifestyles influence their opinion about how to deal with inequalities.

The proportion of respondents who choose to reduce the health inequality in exercises

2 and 3 is similar among sub-samples 3 and 4 (about 40%). Recall that in the scenario

shown to sub-sample 4 the individuals who choose lifestyles that happen to be healthy

are better off according to the weak-dominance principle. In other words, more than 50%

of the respondents choose an allocation that is not compatible with such a principle. This

is unexpected considering that the weak dominance principle is a very appealing concept.

The choice of reference categories is a crucial aspect of the equivalent approach since

150



6. LIBERAL REWARD AND HEALTHY LIFESTYLES

it involves a normative decision that implicitly gives priority to some preferences over

others. Choosing the most preferred lifestyle for each individual as the reference can be

defended based on the weak dominance principle adapted to health - one is better off

than another if one is healthier than the other when both have chosen their most pre-

ferred lifestyle. On the other hand, it is difficult to find reasons to choose a given, any

other, ‘kind of lifestyle’ as the reference.

Depending on the scenario, between 15 and 30% of respondents chose an allocation

strategy that increases the health inequality due to chosen lifestyles 3. This is compat-

ible with the health equivalent approach with L∗ = Lh (i.e. healthy lifestyles). We do

not expect respondents to reason according to the health equivalent approach. Moreover,

using Lh as the reference can be translated to simpler reasoning: priority should be given

to those who have strong preferences for healthy lifestyles or who have weak preferences

for unhealthy lifestyles. One possible explanation to defend this position is from a virtue

ethics perspective, according to which individuals should pursue healthy lifestyles and

society should not prioritize those who lack the will to avoid engaging in morally objec-

tionable behaviours (Hursthouse and Pettigrove, 2018). Unfortunately, we do not have

information in the questionnaire that could help us to understand if respondents who

choose the allocation strategy ΩB support such a normative position. Furthermore, there

may be other reasons to explain favouring individuals who choose healthy lifestyles. For

instance, it could be that respondents consider that individuals with unhealthy lifestyles

should be responsible for the negative externalities of their behaviour.

An interesting exercise would be to contrast the attitudes of members of the public to-

wards health inequalities, controlling for their beliefs about the preferences of individuals

who adopt healthy and unhealthy lifestyles, and their implicit reference categories. One

possible way of translating the implicit reference categories could be the following. Using

the most preferred lifestyle as the reference is compatible with the idea that there are no

right or wrong lifestyles and that a better society is one in which individuals achieve their

3A similar result was found in the study by Schokkaert and Devooght (2003). In that study, they char-
acterize an allocation strategy that rewards high effort and punishes low effort as ‘countercompensation’.
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Table 6.8: Combinations of beliefs about preferences and reference categories
that could be explored in the field

References
Beliefs

Individuals who engage in
unhealthy lifestyles are not
willing to change their
behaviours unless they
receive a big
compensation.

Most individuals who
engage in healthy
behaviours enjoy their
lifestyles.

People should adopt
healthy lifestyles, because
is the right thing to do
and those who adopt
healthy lifestyles should be
rewarded for it.

I II

There are no right or
wrong lifestyles. A better
world is one in which
people can adopt the
lifestyles that makes them
happy without suffering
severe health
consequences.

III IV

Notes: The first column of the table shows how to translate different reference categories to simple

words. Using healthy lifestyles as the reference category in the health equivalent approach is compatible

with the idea that people ‘should’ adopt healthy lifestyles whereas using the most preferred lifestyle as

the reference relates to the idea that there are no right or wrong lifestyles. The first row describes how to

translate two kinds of beliefs about preferences into simple words. The second column describes the

belief that people who engage in unhealthy lifestyles have strong preferences for unhealthy lifestyles

whereas the third column describes the belief that individuals who engage in healthy lifestyles do not

exert effort.

most preferred lifestyles without suffering severe health consequences. On the contrary,

using healthy lifestyles as the reference embodies the idea that adopting healthy lifestyles

is ‘the right thing to do’ and that those who adopt healthy lifestyles should be rewarded

for it. Consider for instance the combinations of beliefs about preferences and reference

categories shown in Table 6.8. We should expect respondents whose ideas correspond

to cell I to favour an allocation strategy that prioritises individuals who adopt healthy

lifestyles and respondents whose ideas correspond to cell IV to prioritise individuals who

adopt unhealthy lifestyles. Respondents whose ideas are compatible with cells II and III

should be more likely to adopt a neutral allocation strategy.
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There are several reasons to be cautious about the results of this study. The sample

was recruited through a non-probability sampling method and the sample size is small.

We also acknowledge that the study is subject to other biases introduced by the fram-

ing and presentation of the questionnaire. Sub-samples 2, 3 and 4 were asked to think

about specific preferences on lifestyles. However, it seems that some respondents may not

have engaged and answered based on their prior beliefs about why people choose certain

lifestyles or why health inequalities should or should not be reduced. As it happens with

any stated preference study, the preferences elicited may not reflect what the individuals

would reveal in real-life situations. These limitations notwithstanding, the study found

that the liberal reward principle finds limited support among members of the public and

that there is room for an alternative notion of reward that could favour the reduction of

inequalities that originate in differences in health-related lifestyles.
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Chapter 7: Inequality of opportunity: disentangling

preferences from unfair constraints

Abstract

Inequality of Opportunity has become a widely used framework for the measurement

of unfair inequalities. While the theoretical literature takes as given the existence of fac-

tors for which individuals are not responsible or ‘circumstances’ and factors for which the

individuals should be held accountable or ‘effort’, we argue that the empirical literature

usually either fails to provide i) an operational definition of what circumstances and effort

are, or ii) an effective empirical strategy to disentangle both kinds of factors. The paper

follows the so-called ‘preference approach’ and offer an operational definition of legitimate

and illegitimate sources of inequalities, where the former are the individuals’ preferences

after a given age threshold (the ‘canonical moment’) and the latter are parents’ choices

that lead to illegitimate constraints. In this regard, the paper shows why the canonical

moment has a crucial role to unpack the effect of preferences from illegitimate constraints.

We provide an empirical application of this normative position where we look at the influ-

ence of the access to home educational resources on 15-years-old children’s beliefs about

their future.

156



7. PREFERENCES VS UNFAIR CONSTRAINTS

7.1. Introduction

Inspired by luck-egalitarianism, the theory of Equality of Opportunity (EO) or Inequality

of Opportunity (IO) postulates that the distribution of achievements across society can

be understood as the result of a process where two kinds of factors interact: circumstances

and effort (Roemer, 1996). While the former are factors that are beyond the individuals’

responsibility and therefore are considered as illegitimate sources of inequality, the latter

are factors for which the individuals should be held accountable, and therefore are con-

sidered as legitimate sources of inequality.

It could be said that IO is now a well-established framework to assess unfair inequal-

ities. The empirical literature on IO has grown rapidly, and has been applied in many

countries and to several domains such as income, education and health, among others (see

Brunori et al., 2013; Jusot and Tubeuf, 2019; Palmisano et al., 2021).

This paper has three aims. First, we discuss how the applied IO literature has defined

the partition into legitimate and illegitimate sources of inequality. We argue that, despite

IO becoming a prevalent framework for the assessment of unfair inequalities, most of the

empirical studies fail to provide an operational definition of effort and circumstances.

Second, based on what has been called ‘the preference approach’, we aim to offer an oper-

ational definition of effort and circumstances, in which effort corresponds to individuals’

preferences and circumstances to the influence of parents’ choices that lead to illegitimate

constraints. Third, we show why the canonical age has a crucial role to assess IO according

to the preferences approach and to unpack the legitimate influence of preferences from

the illegitimate influence of constraints and provide an empirical application to assess IO

according to such a normative position.

7.2. The partition between circumstances and effort

Different areas of knowledge have contributed to the development of IO measurement. The

axiomatic analysis defines normative principles which should be reflected in the measures
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of IO. These measures are adapted for the empirical analysis, and appropriate methods

of estimation are implemented. Based on some normative views about where to locate

the so-called ‘responsibility cut’ (Schokkaert and Devooght, 2003) (i.e. how to define the

partition between effort and circumstances), an operational definition of circumstances

and effort should be provided, and adapted to the set of data available to the researcher.

As will be covered in the next section, we consider that most of the empirical studies

do not appropriately accomplish this last component. This argument is not new and, as

will be discussed later, has already been made, perhaps in a different way, by Fleurbaey

(2008) and Fleurbaey and Schokkaert (2009).

The main assumption of the EO theory is that individuals i(1, ..., n) can be charac-

terised by three attributes: an outcome Vi, a set of circumstances τi (the literature uses the

term ‘type’ to denote individuals who share the same circumstances) and a set of efforts

Ei, whereas some authors also include a set of factors that capture luck Li (Lefranc et al.,

2009; Lefranc and Trannoy, 2017). The ‘canonical’ model of EO (Ferreira and Peragine,

2016) assumes that there is a function that assigns an outcome to each combination of

circumstances and effort (to which luck could be added). Define:

V =


V1
...

Vn

 , τ =


τ ′
1

...

τ ′
n

 ,E =


E′

1

...

E′
n

 ,L =


L′

1

...

L′
n

 ,

V ′
i , τ

′
i , E

′
i and L′

i being the transpose of Vi, τi, Ei and Li, respectively.

The theoretical literature assumes that the definitions of V , τ , E and L are given. In

other words, the theoretical literature defines principles which definitions are valid to the

extent that they are applied to a dataset DIO, which is a quadruplet (V, τ ,E,L).

Based on this assumption, the axiomatic analysis has produced two kinds of normative

principles to characterise EO: compensation and reward. The basic idea of compensation

is that inequalities due to circumstances should be eliminated, whereas reward principles
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suggest how to deal with the differences that arise due to effort. There are different ver-

sions of these principles that capture different normative views about what is needed to

achieve EO (Fleurbaey and Schokkaert, 2011a; Bosmans and Öztürk, 2021). Moreover, it

is well known that several of these principles are incompatible with each other.

Several measures of IO have been proposed which aim to reflect some version of com-

pensation and reward (Ramos and Van de gaer, 2016). In this regard, IO measures assume

that circumstances and effort exist. In this regard, the IO parameters are attributes of a

population that result from applying these IO measures to the ‘true’ matrix DIO. How-

ever, in the applied analysis, the researcher does not have access to DIO. Therefore, one

of the challenges of the empirical analysis consists of developing estimators and measure-

ment approaches to compute IO in the presence of this data constraint.

Fleurbaey (2008) and Fleurbaey and Schokkaert (2009) have argued that, to em-

pirically implement a given normative view about how to partition a set of observable

variables into legitimate and illegitimate sources of inequalities, a structural model needs

to be specified that can disentangle the different channels that relate these variables to

the outcomes being assessed. We echo this position and argue that, despite the enormous

progress that the axiomatic and the empirical analyses have made, the literature has failed

to provide an adequate operational definition of circumstances, effort and luck.

By ‘operational definition’ we mean that circumstances, effort and luck should be

linked to a structural model and a set of potentially observable data, D. Potentially ob-

servable data includes both observed data and data that may not be observable (or that

may be observable with error) for practical reasons. Hence, to provide a coherent measure

of IO, researchers should start by defining a partition into circumstances, effort and luck

based on what they consider to be the set of potentially observable data. In other words,

researchers should be capable of offering a mapping from the set of potentially observable

data D to the matrix DIO (D → DIO). In our view, structural models should reflect how

we understand phenomena that generate the set of outcomes. This kind of model can be

understood as a function v that links the vector of circumstances, effort and luck to a
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vector of outcomes Vi = v(τi,Ei,Li).

We fully acknowledge that the researcher will only have access to a set of observed

data Do which is a subset of D, and that in general those variables of D that can be

observed will be measured with error. We would argue that the set of observable data

Do (such as data from population surveys) can be thought of as the result of a func-

tion g whose inputs are the ‘true’ vector of outcomes, circumstances, effort and luck

Do = g(Vi, τi,Ei,Li). Therefore, D
o can contain information about circumstances, effort

and luck, or may contain information about variables which are functions of these factors.

Accordingly, empirical applications aim to obtain IO estimators based on the information

available in Do.

7.2.1. Normative theories and empirical applications about where to locate the ‘re-

sponsibility cut’

The control approach

There are two main philosophical traditions about where to locate the so-called respon-

sibility cut. The control approach, which has its roots in the works of Cohen (1989) and

Arneson (1989), suggests that individuals should be held accountable for those factors

which are under their control and that influence the outcomes of interest. At first sight,

one may consider that individuals’ choices are good candidates to be defined as factors

that are under the control of individuals. Nonetheless, choices are also influenced by ex-

ternal factors, among others: decision-making abilities, choice architecture patterns, the

influence of the environment (e.g. marketing and social media), and family and social

background. According to the control approach, individuals should not be held account-

able for their choices unless one can ‘correct’ for the effect of factors which are not under

their direction (Fleurbaey and Schokkaert, 2011a). However, as has been suggested in the

literature (Fleurbaey and Schokkaert, 2009, 2011a; Fleurbaey, 2008), once we start listing

all the factors that may contribute to explain our choices, we may end up considering a

deterministic model where there is not much room for control.
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The control approach is the dominant perspective in empirical applications. The main

framework that adopts this normative position was developed by Roemer (1996; 1998).

According to the framework, each society should be able to decide which factors are be-

yond the individuals’ control (i.e. circumstances). Factors that are typically considered as

circumstances in this literature are innate ability or genetic characteristics and childhood

socioeconomic characteristics. Furthermore, Roemer considers that the unequal distribu-

tion of effort across types is unfair, and that we should focus on a measure of ‘accountable’

effort that remove this effect (Roemer and Trannoy, 2015).

The framework describes few aspects of what can be understood as effort: i) it is an

input of the objective of which distribution is being assessed (such as the number of hours

of work if the objective is labour income or the number of smoked cigarettes if the outcome

is the probability of experiencing lung cancer, etc.); ii) it can be multidimensional, but

needs to be collapsed into a single index since it should be possible to rank individuals

according to the effort they exert.

Besides these two properties, there is not an operational definition of effort and ac-

countable effort. Instead, the framework assumes that effort exists, and provides a method

to identify accountable effort based on information about circumstances and outcomes 1.

According to this method, accountable effort corresponds to the ranking of individuals

in their type-specific effort distribution. Key to this method is what has been labeled

by Ramos and Van de gaer (2016) as the Roemer Identification Assumption (RIA). Ac-

cording to Fleurbaey and Schokkaert (2011a), RIA consists of the following: i) the effort

exerted by each individual is a function of their circumstances and a latent variable E∗

(accountable effort), which distribution is independent of circumstances, such that all the

individuals have equal access to it irrespective of their type, ii) E∗ is a one-dimensional

parameter, and iii) the outcomes over which EO will be assessed are a strictly monotonic

increasing function of E∗. If these three assumptions hold, the unobservable rank on the

1With complete information (i.e. assuming circumstances and outcomes are fully observable) Roemer’s
method allow to identify accountable effort. If some circumstances are unobservable, results based on this
methods provide a ‘lower bound’ of the ‘true’ IO.
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type-specific effort distribution coincides with the observable rank in the type-specific

outcome distribution. As a consequence, accountable effort is identified without the need

of providing an operational definition of it.

However, Roemer et al. (2003) and Lefranc et al. (2009) have argued that, besides cir-

cumstances and effort, the distribution of outcomes can also be shaped by luck and that,

in such a case, RIA fails to identify accountable effort. This is because RIA assumes that

effort is a residual factor when the distribution of outcomes is explained only by circum-

stances and effort. Therefore, once it is acknowledged that the distribution of outcomes

is also shaped by luck, Roemer’s proposal fails to provide a workable operationalisation

of accountable effort in terms of how to rank different combinations of inputs that indi-

viduals choose to achieve certain outcomes.

Other empirical strategy to measure accountable effort under the control approach

consists of ‘removing’ the effect of circumstances on individuals’ choices using regression

techniques. This strategy, suggested first by Schokkaert et al. (2004) and Bourguignon

et al. (2007) has been implemented extensively in studies that assess IO in health (see

Jusot and Tubeuf (2019) for a review of studies assessing IO in health). The basic idea

is to regress the variables that capture individuals’ choices (e.g. health-related lifestyles

decisions) on a vector of circumstances. If circumstances and outcomes were fully ob-

servable, the predicted residuals of those equations could be used as a ‘cleaned’ (from

circumstances) measure of effort (i.e. accountable effort) 2. Implicit in this method is the

assumption that choices are a function of circumstances and other unobserved factors,

and that individuals should be held accountable only for the latter. However, these un-

observed factors are never described according to a structural model, so again a workable

operationalisation of effort is missing. Furthermore, as it has been discussed by Fleurbaey

(2008), if we were to remove all the exogenous factors that influence individuals’ choices

we would en up with a purely random component, which, according to the control ap-

proach, it should not be categorized within the realm of individuals’ control.

2Since not all the circumstances are observable, the predicted residuals are thought of as a combination
of effort and unobserved circumstances. Therefore, the residuals are an upper bound of true effort.
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An alternative that has been used to account for the fact there will always be unob-

served circumstances is to provide upper bounds of IO (Hufe et al., 2022). The strategy

introduced by Hufe et al. (2022) to compute the upper bound of IO assumes that all the

individuals’ time-invariant factors (both observed and unobserved) are circumstances.

However, as these authors admit, this strategy assumes that time-varying circumstances

do not exist and that the effect of all time-varying factors (which includes random factors)

can be considered to be effort. Arguably, a better strategy to compute upper bounds of

IO would be to regress a given outcome on a set of effort factors and assume that all the

inequality that is not explained by these factors is illegitimate. However, this has not yet

been done, probably because effort has never been operationally defined.

Rather than trying to identify effort, the dominant strategy in the income-related IO

literature is to adopt an ‘ex-ante’ assessment according to which “opportunities are eval-

uated by the circumstances and the outcome possibilities for various levels of effort that

individuals can exert” Fleurbaey and Peragine (2013, p. 2). The opportunities among

individuals of the same type are usually summarised as the expected value of a given

outcome, conditional on circumstances. Most of the time this is done by implementing

reduced-form equations were outcomes are modeled only as a function of circumstances

(Ramos and Van de gaer, 2016; Roemer and Trannoy, 2015). This strategy assumes that

circumstances have a direct effect on individuals’ outcomes and an indirect effect through

the distribution of effort across types. By computing reduced-form equations these studies

assume that both effects are illegitimate. Moreover, the studies that adopt this empirical

strategy never provide an operational definition of effort. In this regard, it is not possible

to know if inequalities across types are due to unobserved circumstances or effort, since

effort may not exist because is not defined.

The preference approach

According to the preference approach individuals should be held accountable for their

preferences, as long as they identify themselves with it. This is present in the work of
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Rawls (1971) and Dworkin (1981a,b) who argue that individuals should be responsible

for their preferences and their views about what constitutes a good life. In accordance

with this notion of responsibility, in the IO framework proposed by Fleurbaey (2008;

2009) effort is equated to the individuals’ preferences regarding the achievements that are

relevant for their wellbeing 3. According to EO framework developed by Fleurbaey, indi-

viduals’ preferences should be respected. This does not mean that individuals should be

held accountable for their choices, since when the individuals’ menus of alternatives differ

due to circumstances, their choices are unfairly constrained. In other words, preferences

are a legitimate source of inequalities whereas the impact of individuals circumstances’ in

the constraints they face are not.

A similar notion of responsibility was proposed by Le Grand, although he uses the

term ‘equity’ rather than EO: “Define the factors beyond individual control as constraints.

These constraints limit the range of possibilities over which individuals can make their

choices. Define the set of possibilities bounded by the constraints as the choice set. Then,

a distribution is equitable if it is the outcome of informed individuals choosing over equal

choice sets.” (Le Grand, 1991, p. 87)

Although in principle the preference approach provides a clearer definition of the fac-

tors under the individuals’ responsibility, its empirical application is not trivial. We are

aware of two empirical studies which have applied this approach. Burchardt and Le Grand

(2002) aim to understand the extent to which the the menu of occupations is the result

of constraints beyond the individuals’ control or a consequence of their preferences. The

study propose to distinguish between different ‘layers’ or set of constraints: from con-

straints for which the individuals have no control to those that can be readily changed by

the individuals. Among the constraints that are considered to be beyond the individuals’

control are sex, ethnicity, other genetic inheritance, age, and parental social class. Fur-

thermore, the study assumes that preferences are randomly distributed among individuals

3The original framework developed by Fleurbaey distinguishes between factors for which the individuals
are responsible and those for which they are not but does not use the term ‘effort’ (Fleurbaey, 1995, 2008).
In latter works the term effort has been used instead of responsibility factors (see for example Fleurbaey
and Schokkaert (2011a); Fleurbaey and Peragine (2013))
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who face the same constraints.

Garćıa-Gómez et al. (2015) measure IO in mortality. The study uses a recursive sys-

tem of equations that models the interdependency between lifestyles, hospitalisations and

mortality. The study compares several normative positions about how to partition the

explanatory variables into legitimate and illegitimate sources of inequality. To implement

the preference approach (‘authentic preference’ approach in the paper) the study assumes

that lifestyles’ choices are the result of individuals’ preferences, cognitive abilities and bud-

get constraints; and that only the first of these is a legitimate source of inequality. Since

preferences are not directly observed, the study uses a set of variables that are consid-

ered legitimate factors that influence preferences, among them, age, sex, home ownership,

marital status, religion, region and urbanisation of the area of residence. The highest level

of education achieved is used as a proxy for economic constraints and cognitive abilities.

We would like to highlight one important challenge of these empirical applications,

which is how to disentangle the effects of explanatory variables that may simultaneously

influence the constraints that individuals face and shape their preferences. More generally,

it is hard to think of variables that can be considered to be strictly related to individuals’

choice constraints while not related to individuals’ preferences and vice versa.

Take for instance the categorization of sex according to both studies. Burchardt and

Le Grand (2002) argue that the influence of sex is a constraint beyond the individu-

als’ control with respect to the probability of being employed. By contrast, according to

Garćıa-Gómez et al. (2015) sex is a legitimate factor with respect to health-related lifestyle

heterogeneity. As Garćıa-Gómez et al. (2015) highlight, sex may have a dual feature: it

is a fixed characteristic and it may shape the individuals’ preferences. In this respect, if

the menu of alternatives available to individuals depend on sex (for instance, if there is

discrimination in the labour market), such effect can be considered illegitimate. On the

other hand, sex may shape preferences, and therefore be considered a legitimate driver of

inequality. Furthermore, Burchardt and Le Grand (2002, p. 6) argue that beliefs which are

“subject to strong cultural norms (like those relating to family responsibilities)” are less
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under the individuals’ control compared to other factors. In our view, from this normative

position it follows that if the preferences of individuals’ with respect to family responsi-

bilities differ by gender, such differences are illegitimate, since these can be either shaped

by genetic inheritance of by cultural transmission, and in both cases these causes are

beyond the individuals’ control. Moreover, looking into legitimate and illegitimate drivers

of preference formation corresponds to the control rather than the preference approach.

Similarly, in the study by Garćıa-Gómez et al. (2015), it is assumed that education

captures economic constraints which are considered an unfair source of lifestyle inequali-

ties. However, education may also shape the individuals’ preferences, particularly if it is

correlated with characteristics of the parents which may both influence the individuals’

education opportunities and their preferences. Moreover, education itself is also the result

of individuals’ preferences. Similarly, religion and characteristics of the region of living are

supposed only to influence the individuals’ preferences, but these factors may also shape

the individuals’ choice constraints. For instance, the cost of adopting different lifestyles

may vary across regions.

To summarise, we would argue that the empirical applications which are inspired by

the control approach do not provide an operational definition of what constitutes effort.

Moreover, the empirical studies that build on the preference approach provide an op-

erational definition of effort but fail to specify statistical models that could distinguish

between preferences and constraints beyond the individuals’ responsibility.

7.3. An operational definition of effort and circumstances

Our aim is to provide an empirical application to assess IO according to the preference ap-

proach. We start by providing a sketch of a structural model based on the set of potentially

observable data from which illegitimate and legitimate variables could be distinguished

from each other. Given that we adopt the preference approach, our main challenge is how

to specify a statistical model that could correctly distinguish between preferences and
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illegitimate constraints. In this section we describe the theoretical model and discuss how

to operationalise the partition into legitimate and illegitimate factors. In the next section

we attempt to relate this structural model to a set of observable data from which IO can

be assessed.

7.3.1. A structural model based on potentially observable data

In this model, the life of individuals is a sequence of time periods in which they need to

make decisions regarding their future. Individuals are indexed by i and the time periods

correspond to the age of individuals and are indexed by t. At each time period individuals

have a set of endowments Xi,t. These endowments describe the characteristics of the in-

dividuals and what they have, such as genetic make-up, innate ability, social connections,

skills, health status, their stock of information, durable goods and income, among other

characteristics. Individuals are born with a set of endowments (Xi,0) some of which are

time-invariant, such as innate ability or genetics, whereas others are not. Moreover, it is

assumed that these characteristics can change between periods, but cannot change within

a given period of time.

At each period of time, the individuals make choices about allocating their time to

different tasks and about what to consume. The combination of tasks and consumption

within a period of time will be called activities. The combination of activities that each

individual experiences at each period is denoted by ai,t. Besides activities, the character-

istics of individuals are a function of their characteristics in the previous period of time,

and random variability ζi,t, which we equate to luck.

Xi,t = x(ai,t−1, Xi,t−1, ζi,t) . (7.1)

Individuals can only choose their activities from a restricted choice set A, which shape

is determined by the individuals’ characteristics: ai,t ∈ A(Xi,t). Consider for instance that

a person chooses to climb a mountain in a given period of time. Such an activity can only

be performed by individuals with a certain health status and certain skills. Importantly,
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the activities performed at each time period will shape the characteristics of the individ-

uals in the next time period. In the previous example, climbing a mountain may have an

effect on the individual’s health and put him at a higher risk of an accident compared to

alternative activities.

We will define a future life project l ∈ L as a combination of activities from time

period t + 1 up to T , with T the lifespan of individuals: l = (ai,T , ai,T−1..., ai,t+1). We

assume that individuals choose which activities to perform in the current period of time

t with certainty. Furthermore, the activities performed in the current period of time will

shape the probability of being alive in the next period of time and the probability of

having different characteristics in the next period of time. Since the activities that indi-

viduals can choose from at each period of time are restricted by the choice set A(Xi,t),

a given life project l can be thought as an element of a lifetime choice set AL which

shape depends on the combination of individuals’ characteristics in each period of time:

l ∈ AL(Xi,T , Xi,T−1, ..., Xi,t).

The subjective probability of achieving a given life project will be denoted by ϕi,t(l),

whereas the vector of probabilities of achieving each life project in L is denoted by ϕi,t(l).

The probability of achieving a given life project is equal to the probability of experienc-

ing a given combination of characteristics π(Xi,T , π(Xi,T−1), ..., π(Xi,t+1), conditional on

engaging in the set of activities l = (ai,T , ai,T−1..., ai,t+1) :

ϕi,t(l) = πi(Xi,T ; ai,T−1, Xi,T−1)π(Xi,T−1; ai,T−2, Xi,T−2)...π(Xi,t+1; ai,t, Xi,t) . (7.2)

We assume that the probabilities shown in Equation 7.2 are subjective and reflect

the individuals’ knowledge regarding the consequences of adopting certain activities. This

knowledge will be understood as a function of the information available to the individu-

als regarding the consequences of adopting different activities, their cognitive ability to

process that information and how much they trust each source of information or their

own personal epistemological beliefs Bi,t. We will assume that information and cognitive
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ability belong to the set of individuals’ characteristics. Hence we have that the subjective

probability of achieving a given life project is a function of the individuals’ characteristics

and their beliefs:

ϕi,t(l) = Φ(Xi,t, Bi,t) . (7.3)

When individuals choose which activities they will perform in the current period of

time, they need to take into account both the utility they get from those activities and

how such activities will shape their characteristics in the next period of time, which in

turn it will restrict the set of activities they can perform in the future. In consequence,

when choosing activities at each period of time the individuals need to consider how those

activities will shape their probabilities of achieving different life projects. In this regard,

we assume that individuals have ordinal preferences Ri,t over different combinations of

the activities they can perform and the probabilities of achieving each future life project:(
ϕi,t(l), ai,t

)
.

The decision-making process can be equated to a state dependent utility model (Karni,

2009), where individuals choose certain actions (activities in this case) which have a direct

impact on the decision-maker’s wellbeing, and which shape the probability of occurrence

of future states of the world (characteristics). Furthermore, the choice of which activities

to perform in the current period of time can be conceived as a bet on the future state

of the world. For instance, conditional on being healthy one can choose to pursue a risky

and highly pleasurable sport activity in the present and ‘bet’ that one will be healthy

enough in the next period of time to pursue a set of activities that require being healthy.

Given the individuals’ preferences Ri,t, individuals can define what will be their future

actions at some point in the future t′, conditional on a given set of characteristics Xi,t′ .

Accordingly, given the individuals’ preferences and their beliefs regarding the probability

of achieving future life projects, individuals can make predictions about the probability of

achieving a given life project Πi,t(l), whereas the set of probabilities for each life project

in L corresponds to Πi,t(l). Each of these predictions is a function Γ of ϕi,t(l) and Ri,t:
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Π(l)i,t = Γ(ϕi,t(l), Ri,t) . (7.4)

Note that ϕi,t(l) is the subjective probability of achieving a given life project if an

individual is willing to engage in the set of actions that constitutes l, whereas Πi,t(l)

corresponds to the subjective probability of achieving a life project l conditional on the

future actions that the individual thinks she will engage with in the future, taking into

account their preferences. For instance, an individual may believe that she has a very high

probability of becoming a blue collar worker in the future if she pursues the activities that

are required to achieve such an occupation. However, she may think that she has a low

probability of actually becoming a blue collar worker because she will not engage in the

activities that are required to achieve such an occupation.

We consider relevant to distinguish between those activities that are chosen by the

individuals themselves and those chosen by someone else on their behalf. During the

first periods in the life of individuals their characteristics only depends on their parents’

choices CP
i,t, their innate characteristics and luck. Over the next periods of time the

characteristics of children depend on their characteristics at t− 1, their parents’ choices,

the children’s choices Ci,t and luck. Moreover, the choices made by the parents on behalf

of their children are a function cp of the parents epistemological beliefs BP
i,t−1, their

preferences RP
i,t−1, the parents’ characteristics XP

i,t−1, their child’s preferences Ri,t−1 and

their child’s characteristics Xi,t−1. Similarly, the children’s choices are a function c of their

epistemological beliefs Bi,t−1, their preferences Ri,t−1 and their characteristics Xi,t−1.

Therefore, the children’s characteristics at a given time period t can be represented as a

function x which depends on their previous characteristics, their parents’ choices, their

own choices and random variation ζi,t:

Xi,t = x(cp(XP
i,t−1, B

P
i,t−1, R

P
i,t−1, Xi,t−1, Ri,t−1), c(Xi,t−1, Bi,t−1, Ri,t−1), Xi,t−1, ζi,t) .

(7.5)

It will be assumed that the epistemological beliefs are the result of a formation process

170



7. PREFERENCES VS UNFAIR CONSTRAINTS

(Equation 7.6) where individuals are born with certain epistemological beliefs Bi,0 which

are shaped at each time period by the interaction of individuals with other models of

beliefs formation, such as the parent’s beliefs (BP ). Epistemological beliefs are also influ-

enced by the interaction with friends, the school and mass media, among others. These

interactions are captured by parents and children’s choices, since these choices foster the

encounter of children with these sources of epistemology formation. Besides these factors,

epistemological beliefs depend on a time-varying random component ψi,t:

Bi,t = b(cp(XP
i,t−1, B

P
i,t−1, Xi,t−1, Bi,t−1), c(Xi,t−1, Bi,t−1), B

P
i,t−1, Bi,t−1, ψi,t) . (7.6)

We now turn to the process of children’s preferences formation (Equation 7.7). We

assume that individuals are born with certain preferences Ri,0 which are shaped by the

interaction of individuals with external stimuli at each time period. Such stimuli could

be the preferences of other individuals, such as parents, teachers and friends, or the inter-

action with other sources of preferences-transmission such as social media or advertising.

Therefore, the formation of preferences is conceived as a dynamic process that depends

on several factors: a time-varying random component ξi,t, the direct influence of parents’

preferences and the indirect influence of parents’ choices and children’s choices. These two

last factors have an indirect effect since they foster different children’s experiences (such

as socialization with different groups of people who have different preferences) that in

turn could shape their preferences. We chose to specify a model of preference formation

that does not allow for the genetic transmission of preferences. In contrast, in this model

preferences’ heterogeneity between individuals of different cultural background or gender

is acquired during the process of preference formation (e.g. parents will transmit to their

children different views about what ought to be the preferences according to their gender).

Moreover, whether genetic transmission of preferences exists or not, it will not change the

conclusions of our analysis.

Ri,t = r(cp(XP
i,t−1, R

P
i,t−1, Xi,t−1, Ri,t−1), c(Xi,t−1, Ri,t−1), R

P
i,t−1, Ri,t−1, ξi,t) (7.7)
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7.3.2. The responsibility cut and the role of the canonical moment

In this section we will use the model described in the previous section as a vehicle to

define which factors are legitimate or illegitimate drivers of inequality (or where to locate

the ‘responsibility cut’). We then explain what is the normative position adopted in this

paper and discuss why some of the factors categorized either as circumstances or effort in

other studies does not align with our normative views.

Consider first whether individuals should be responsible for their preferences. As it

was mentioned in Section 7.2.1, according to the control approach, individuals should

not be responsible for factors which are beyond their control. In this regard, preference

formation is a complex process, which is usually overlooked by standard economic mod-

els, which treat preferences as exogenous Hausman (2011, 2020). Arguably, as shown in

Equation 7.7 many of the factors that shape individuals’ preferences are beyond the in-

dividuals’ control. Moreover, as it has been discussed in the literature, if we take into

account all the exogenous factors that shape our preferences, we may end up conclud-

ing that individuals are not responsible for their preferences (Fleurbaey, 2008; Fleurbaey

and Schokkaert, 2011a). An alternative perspective has been provided, among others, by

Dworkin (1981a; 1981b) according to whom individuals should be responsible for their

preferences, as long as they identify themselves with them, because these constitute a

fundamental part of their identity. In this respect, an important aspect is ‘when’ individ-

uals become responsible for their preferences. It could be argued that before certain age,

children should not be held accountable for their own decisions. This is similar to the idea

by Arneson (1990) that there exists a ‘canonical moment’ after which individuals become

responsible for their choices. In this regard, the normative position adopted in this paper

is that individuals’ preferences should be respected from the canonical moment onward.

We consider that the canonical age (denoted by ta) could be set around age 15. It

could be argued that in western societies, children around age 15 are hold accountable

for several important choices. For instance, at this age, in many countries students are

required to choose a specialization area, which will most likely shape their educational
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prospects (Câmara Leme et al., 2020). Similarly, many countries have lowered the voting

age to 16 (Eichhorn and Bergh, 2021). As well, in several jurisdictions the age of criminal

responsibility is defined around age 15 (Dunkel, 2014). Arguably, there could be different

canonical ages depending on the kind of choice involved. Moreover, in this study we will

assume that there exists a unique canonical age after which individuals are held account-

able for their preferences.

Another important aspect concern the individuals’ epistemological beliefs. Conditional

on the same information and the same capacity to process that information, two individu-

als may weight the evidence in different ways, and therefore arrive to different conclusions

regarding the consequences of their actions. According to the preference approach, it is

legitimate that individuals of different types have different preferences. But, what about

individuals’ beliefs? I would argue that an individual’s endorsed epistemological beliefs

after the canonical moment defines an individual’s identity as much as their preferences.

We now turn to define which factors could be considered to be beyond the individuals’

responsibility. One normative position would be to argue that individuals should not be

held accountable of time-invariant characteristics (Xi,0), such as genetic make-up or in-

nate ability. Another normative position would be to consider that parents’ characteristics

(XP
i,t) are beyond the children’s responsibility. Moreover, the parents of a child may share

the same characteristics with parents of another child and yet have different preferences

and therefore choose differently. In this regard, rather than focus on parents’ characteris-

tics one could consider that any influence of parents’ choices on children’s characteristics

is beyond the children’s responsibility.

The above mentioned normative positions are not mutually exclusive. Then it is possi-

ble to construct a normative position in which the children should not held accountable for

their time-invariant characteristics, their parents’ choices and their own choices (perhaps,

up to the canonical moment). According to Equation 7.5, this is equivalent to say that

children should not be responsible for their characteristics (Xi,t) up to a certain age. Such

a normative position could be equated with the position adopted by Hufe et al. (2017,
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p. 501) according to whom “all measurable achievements and behaviors of children, be-

fore an age of consent is attained” could be considered circumstances. However, as it has

been argued by Brighouse and Swift (2014), a society that aims to equalise the children’s

characteristics should teach and raise children in the same way. However, in such a case

the role of the family would be undermined. In this regard, equality of opportunity should

be sacrificed to some extent in order “to allow parents and children to enjoy the goods of

family life” (Brighouse and Swift, 2014, p. 36).

In this paper we echo the position by Brighouse and Swift (2014) that in order to

promote the realization of family goods, to some extent it should be legitimate that par-

ents from different families choose differently. Moreover, rather than defining a list of the

parents’ choices that could be regarded as legitimate sources of inequality, we will focus on

some parents choices that, everything else equal, could be regarded as illegitimate drivers

of inequality. The parents’ choices that constitute illegitimate sources of inequalities will

be denoted by CP∗
i,t , with C

P
i,t = {CP∗

i,t , C
P∗∗
i }, and CP∗∗

i,t being the parental choices other

than CP∗
i . We will define as illegitimate parent’s choices, those that are related with chil-

dren’s access to home educational resources. In this regard, irrespective of other parents’

choices, we will consider that is unfair if children face different life prospects due to an

unequal access to educational resources at home.

Before proceeding to the empirical application, we would like to discuss why the cate-

gorization into legitimate and illegitimate factors used by previous studies does not align

with our normative approach. We focus on four factors: choices made in adulthood, par-

ents’ characteristics, individuals’ characteristics in adulthood and sex.

As it has been described by Ramos and Van de gaer (2016), individuals’ choices in

adulthood, such as health related-lifestyles or the number of hours of work per week

are sometimes used as proxies of effort in studies on health and income, respectively.

Moreover, individuals’ choices cannot be considered legitimate factors according to our

normative approach since besides being a function of the individuals’ preferences, choices

also depend on the individuals’ characteristics, which may have been illegitimately shaped
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by legitimate parents’ choices during childhood.

Parents’ characteristics, such as education or occupation are frequently categorized as

circumstances in the literature (see for example Brunori et al. (2013)). Arguably, parents’

characteristics can shape children’s life through different channels. For instance, individ-

uals with different occupations may have different preferences or different epistemologies

and transmit these to their children. Alternatively, individuals with different occupations

may face different economic constraints which in turn could shape the children’s access to

several resources during childhood. Holding individuals responsible for their preferences

and their epistemological beliefs after the canonical moment entails that only the effect of

parents’ occupation through their economic constraints should be regarded as illegitimate.

Some studies have included education among circumstances. The reasons for catego-

rizing education as circumstances differ between studies. Carrieri and Jones (2018) include

the level of secondary schooling achieved by age 18 among circumstances because it is

considered that such achievement is beyond the individuals’ responsibility. There are two

aspects that we would like to discuss regarding this statement. First, in several educational

systems students are entitled to make choices regarding alternative kinds of secondary ed-

ucation at younger ages. In this regard, it is debatable whether the canonical age regarding

such decisions can be set ate age 18 or whether it should be set at an early age, in which

case adolescents should be (at least partially) responsible for their secondary-education

achievements. Second, if children should not be responsible for their school achievements,

it is worth asking whether they should be responsible for any of their characteristics by

age 18 (e.g. their health status, their skills, their lifestyles, etc). Such a normative position

would be equal to the position by Hufe et al. (2017) that we already discussed earlier in

this section. As it was mentioned in Section 7.2.1, Garćıa-Gómez et al. (2015) use the

highest level of education achieved as a proxy of illegitimate economic constraints regard-

ing the choice of health-related lifestyles. Given the normative position adopted in this

paper, neither education nor any characteristic at adulthood can be regarded as purely

illegitimate since such characteristics are both a function of the individuals’ preferences.
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Sex and ethnicity, among other time-invariant characteristics have also been catego-

rized as circumstances in the literature since these are exogenous factors which cannot

be considered to be under the individuals’ responsibility (Niehues and Peichl, 2014). Ac-

cording to the normative position that we adopt, the overall effect of sex and ethnicity

on inequalities cannot be illegitimate since the process of preferences and epistemological

beliefs is (arguably) shaped by both factors (either through genetic or cultural transmis-

sion). This does not mean that sex and ethnicity cannot be understood as illegitimate

factors of inequality. Moreover, to unpack the legitimate from the illegitimate effect of

sex and ethnicity it is necessary to disentangle its effect on individuals’ constraints (e.g.

discrimination in the labour market) from its effect on individuals’ preferences and belief

formation.

7.4. Empirical application

7.4.1. An alternative way of assessing IO

The normative position adopted in this study claims that individuals should be held

accountable for their preferences and their epistemological beliefs after the canonical mo-

ment (ta) and that the influence of parents’ choices regarding the access to home educa-

tional resources is illegitimate. To assess if there exists IO according to this normative

position we should compare the individuals’ outcomes in adulthood with their counter-

factual outcomes had they faced different circumstances before the canonical moment,

conditional on children’s preferences and epistemological beliefs. However, obtaining such

a counterfactual is not feasible. Given this limitation, this study implements an alternative

strategy. We would argue that, if circumstances have an impact on children’s subjective

probabilities of achieving different life projects at the canonical moment, it could be in-

ferred that circumstances will shape outcomes in adulthood, since the choices made by

children at the canonical moment depend on those probabilities, and those choices will

shape their future characteristics. In this regard, to assess if there exists IO we will test

if parents’ choices regarding the access to home educational resources influence children

subjective probabilities about their future. In other words, we will consider that there
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exists IO if there is a significant effect of CP∗ over ϕi,ta(l).

Rather than directly measuring ϕi,ta(l), we focus on children’s expectations or predic-

tions at the canonical moment regarding their occupation at a given point in the future

Ei,ta [o]. We now turn to explain why focusing on children’s predictions at the canonical

moment may be used as a vehicle to assess the impact of CP∗ over ϕi,ta(l). Since working

in a particular occupation at a given point in time allows to define mutually exclusive

sets of life projects, the individuals’ expectation regarding their future occupation can

be understood as a function j of their subjective probabilities regarding which set of life

projects they expect to achieve, Πi,ta(l), which as it is shown in Equation 7.4 depend on

ϕi,ta(l) and Ri,ta . At the same time, ϕi,ta(l) is a function of the individuals’ characteristics

and their epistemological beliefs:

E[o]i,ta = g(ϕi,t(l), Ri,ta) = g(Φ(Xi,ta , Bi,ta), Ri,ta) , (7.8)

where Φ corresponds to a set of functions Φ.

This equation can be reduced, so that E[o]i,ta can be understood as a function e of

the children’s characteristics at the canonical moment, their epistemological beliefs and

their preferences:

E[o]i,ta = e(Xi,ta , Bi,ta , Ri,ta) . (7.9)

According to the theoretical model developed in Section 7.3.1, parents’ choices have an

impact on the three inputs of function e. Moreover, our normative position involves hold-

ing children accountable for their epistemological beliefs and preferences at the canonical

moment. In this regard, to infer that parents’ choices regarding home educational re-

sources influence ϕi,ta(l), it will be necessary to show that these choices have an impact

on E[o]i,ta through the children’s characteristics at the canonical moment Xi,ta . In the

empirical analysis, this will require to control for the effect of children’s epistemological

beliefs and preferences at the canonical moment.
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As it was discussed in Section 7.3.2, we distinguish between parents’ choices regarding

home educational resources CP∗ (which we interpret as circumstances) and other parents’

choices CP∗∗. Combining Equations 7.5 and 7.9 we get:

E[o]i,ta = e(x(cp∗(XP
i,ta−1, B

P
i,ta−1, R

P
i,ta−1, Xi,ta−1, Ri,ta−1),

cp∗∗(XP
i,ta−1, B

P
i,ta−1, R

P
i,ta−1, Xi,ta−1, Ri,ta−1),

c(Xi,ta−1, Bi,ta−1, Ri,ta−1), Xi,ta−1, ζi,ta),

Bi,ta , Ri,ta) .

(7.10)

This is the theoretical function that will be replicated in the empirical analysis in

the next section. By looking at the influence of parents’ choices on children’s character-

istics at the canonical moment, we make sure that those characteristics have not been

legitimately shaped by the children’s preferences or by their epistemological beliefs, since

they are responsible for these factors from the canonical moment onward. According to

model 7.5, children’s preferences may shape their parents’ choices. For instance, possibly

the parents’ choices regarding home educational resources are influenced by their chil-

dren’s preferences. However, from the fact that children’s preferences influence parents’

choices does not follow that parents’ choices are legitimate, since children are not to be

hold accountable for their preferences before the canonical moment. In summary, focusing

on the children’s predictions about their future at the canonical moment offers a unique

chance to assess the normative position endorsed in this paper, because i) the impact of

parents’ choices on children’s predictions about their future can be used as a proxy of

the influence of parents’ choices on children’s long-term outcomes, and ii) the influence of

parents’ choices on the individuals’ characteristics is not contaminated by the influence

of individuals’ preferences or by their epistemological beliefs.

7.4.2. From the structural model to a model based on observed data

As it will be described in detail in the next section, the available information that we

use in the empirical analysis consists of a set of variables which describe the home edu-
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cational resources available to children CP∗
ta−1, a set of proxies for parents’ choices (other

than choices regarding home educational resources) CP∗∗
ta−1, a set of proxies for parents’

epistemological beliefs BP
ta−1, a set of proxies for parents’ preferences RP

ta−1, a set of

proxies for parents’ characteristics Sta−1, a proxy for children’s epistemological beliefs

Bta and a set of proxies for children’s preferences Rta at the canonical moment.

As described in Section 7.1, the specification of the statistical model that will be used

to assess IO should operationalise how each of the observed variables can be linked to a

structural model, which in this case corresponds to the model shown in Equation 7.10.

In this regard, each of the factors in this equation can be understood as a function of the

set of proxies described above.

Children’s characteristics are a function of parents’ choices, children’s choices and

unobserved factors εx, where εx accounts for the effects of Xi,ta−1 and ζi,ta in Equation

7.10:

Xi,ta = x(CP∗
i,ta−1, C

P∗∗
i,ta−1, Ci,ta−1, ε

x
i ). (7.11)

The parents’ choices regarding home educational resources can be represented as a

function of the set of proxies for parents’ beliefs and preferences, the set of proxies for par-

ents’ characteristics, the set of proxies for children’s preferences and εc∗, which captures

all other unobserved factors which determine parents’ choices regarding home educational

resources:

CP∗
i,ta−1 = fCP (BP

i,ta−1,R
P
i,ta−1,Si,ta−1,Ri,ta , ε

c∗
i ). (7.12)

In Equation 7.10, CP∗∗
i,ta−1 captures all the parents choices other than CP∗

i,ta−1. In this

case, CP∗∗
i,ta−1 can be represented as a function of the set of proxies for parents’ beliefs and

preferences, the set of proxies for parents’ characteristics, the set of proxies for children’s

preferences, the set of proxies for parents’ choices and other unobserved factors εc∗∗:

CP∗∗
i,ta−1 = fCP (BP

i,ta−1,R
P
i,ta−1,Si,ta−1,C

P∗∗
i,ta−1,Ri,ta , ε

c∗∗
i ). (7.13)
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Similarly, children’s choices can be understood as a function of the set of proxies

for parents’ preferences and epistemological beliefs, the set of proxies for parents’ char-

acteristics, parents’ choices, the set of proxies for children’s epistemological beliefs and

preferences and εc, which captures all other unobserved factors which determine children’s

choices:

Ci,ta−1 = fC(BP
i,ta−1,R

P
i,ta−1,Si,ta−1,C

P∗∗
i,ta−1,C

P∗
i,ta−1, Bi,ta ,Ri,ta , ε

c
i ). (7.14)

Children’s preferences can be represented as function of the proxies for parents and

children’s preferences and parents’ characteristics and choices:

Ri,ta = f r(BP
i,ta−1,R

P
i,ta−1,Si,ta−1,C

P∗∗
i,ta−1,C

P∗
i,ta−1,Ri,ta , ε

r
i ), (7.15)

with εr capturing all other unobserved variables which determine children’s preferences.

Children’s epistemological beliefs are represented as a function of the proxies for par-

ents and children’s epistemological beliefs, parents and children’s preferences and parents’

characteristics and choices:

Bi,ta = f b(BP
i,ta−1,R

P
i,ta−1,Si,ta−1,C

P∗∗
i,ta−1,C

P∗
i,ta−1, Bi,ta ,Ri,ta , ε

b
i ) , (7.16)

with εb capturing all other unobserved variables which determine children’s beliefs.

Parents’ epistemological beliefs and preferences are represented as a function of the

proxies for parents and children’s epistemological beliefs and preferences, respectively:

BP
i,ta−1 = f b(BP

i,ta−1, ε
bP

i ) . (7.17)

RP
i,ta−1 = f r(RP

i,ta−1, ε
rP

i ) . (7.18)
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Given these functions, Equation 7.10 for the children’s expectations regarding their

future life projects can be written as:

E[o]i,ta = e′
(
fCP∗(BP

i,ta−1,R
P
i,ta−1,Si,ta−1, Bi,ta ,Ri,ta , ε

c∗
i ),

BP
i,ta−1,R

P
i,ta−1,Si,ta−1,C

P∗∗
i,ta−1, Bi,ta ,Ri,ta ,

εc∗∗i , εci , ε
bP

i , εr
P

i , εxi , ε
b
i , ε

r
i

)
.

(7.19)

7.4.3. Data

We use data from the 2015 version of the Programme for International Students Assess-

ment (PISA) study. PISA is a triennial worldwide survey of 15-year-old students lead by

the Organisation for Economic Co-operation and Development (OECD) (OECD, 2022).

The 2015 PISA study includes data from 72 countries. The aim of this Programme is

to evaluate educational systems by measuring the students’ performance in several ar-

eas of knowledge. The survey also includes information about students and their family

background, aspects of students’ lives, aspects of schools, and aspects of learning and the

context of instruction. The parents’ questionnaire focuses on the parents’ background,

their perceptions of and involvement in their child’s school, their support for learning

at home, aspects about school choice and their beliefs about their child’s occupation at

adulthood. In our empirical application we use data from Chile, where a representative

sample of 7,053 students and parents was obtained.

As it was covered in the previous section, we aim to obtain data about the children’s

expectations regarding their future occupation, the children’s home educational resources,

proxies for parents’ and children’s preferences and epistemological beliefs, proxies for par-

ents’ characteristics and proxies for parents’ choices. The children’s expectation regarding

their future is captured by their answer to the following question: What kind of job do you

expect to have when you are about 30 years old?. The PISA study classifies the answers

to this question according to the International Standard Classification of Occupations

(ISCO) and the International Socio-Economic Index of Occupational Status (ISEI). ISCO
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organizes occupations according to the tasks and duties involved in each job. The ISEI

provides an ordinal scale of occupations based on “the attributes of occupations that

converts a persons’ education into income” (Ganzeboom and Treiman, 2003, p. 171). The

index ranges from 16 to 90. Most of the ISEI categories in the sample have a relative

frequency lower than 0.03 whereas the highest relative frequency for a single category

was 0.13. To have a sufficient sample size in each category we merge adjacent categories

until we obtain eight categories (where 1 is the group of occupations with lower income-

generating capacity) with a relative frequency close to 0.125. This new ‘job ordinal scale’

of expected occupation (E[o]i,ta) was used in the ‘main’ model.

As it will be described later in this section, most of the exogenous regressors are re-

lated to science proxying beliefs and preferences related to science rather than beliefs and

preferences more broadly. Therefore, we also implemented an ‘alternative’ model spec-

ification where the expected occupation was operationalised differently. In this case we

created a categorical variable to capture (E[o]i,ta): non-science career, low-paid science

career and high-paid science career. Based on the ISCO codes, occupations were classified

as science or non-science related careers according to the categories used in the 2015 PISA

report (OECD, 2016). Science-related careers with a job ordinal scale equal or less than

four were categorized as low-paid science-related jobs, whereas high-paid science-related

occupations are those with a job ordinal scale higher than four. Approximately 50% de-

clare that their expected future occupation is a non-science related job, whereas 11% and

39% consider that they expect to work in a low-paid and a high-paid science-related job,

respectively.

The parents’ choices regarding their child’s home educational resources are captured

by a set of assets that the children declare to have or not in their home: a desk to study, a

room of their own, a quiet place to study, a computer to use for school work, educational

software, a link to the internet, classic literature, book of poetry, books on art, music or

design, technical books, books to help with their school work, works of art, and a dic-

tionary. Based on this set of questions we built a continuous index (CP∗
ta−1) equal to the

weighted sum of the three first components of a principal component analysis that in-
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cludes all these assets as covariates. Weights correspond to the explanatory power of each

component. Overall the three first components accounts for 42% of the variability. The

index was standardized between 0 and 1 (low and high investment in home educational

resources, respectively). The distribution of this index shows a negative skewness, with

an average of 0.80 and a median of 0.84 4.

The parents’ epistemological beliefs BP
ta−1 are captured by one index which captures

parents’ views about the importance of science to society (Parents’ views science)5 and

a variable that captures their beliefs regarding their child’s occupation. The beliefs of

parents about their child’s future career is captured by a binary variable that assesses

whether they expect their child to go into a science-related career (Exp. child science

career). Approximately 50% of parents believe their child will do so. Children’s epistemo-

logical beliefs Bta−1 are captured by an index aimed to capture children’s epistemological

beliefs (Childrens’ epist. beliefs) 6. The preferences of children Rta−1 are captured by

two indexes which aim to measure the children’s enjoyment of science (Children’s science

enj.) and their interest in broad science topics (Children’s science int.) 7. Unfortunately,

the study did not include questions about other areas of knowledge. All these indexes

(Parents’ views science, Childrens’ epist. beliefs, Children’s science enj. and Children’s

science int.) are continuous variables and were estimated by the PISA study group using

item-response theory (OECD, 2017).

4We chose to use principal component analysis since this is a standard method for constructing com-
posite indicators. Nevertheless, we acknowledge the fact that there may be other methods, such as latent
variable framework that may be suitable for this task.

5The questions used to build the index of parents’ epistemological beliefs were the following: Science
is important to help us to understand the natural world; Science is valuable to society; Science is very
relevant to me, I find that science helps me to understand the things around me, advances in science usually
bring social benefits. Parents were asked to declare to what extent they agree with these statements using
a four-point Likert scale.

6The questions used to build the index of children’s epistemological beliefs were the following: A good
way to know if something is true is to do an experiment; Ideas in science sometimes change; Good answers
are based on evidence from many different experiments; It is good to try experiments more than once to
make sure of your findings; Sometimes scientists change their minds about what is true in science; The
ideas in science books sometimes change. Children were asked to declare to what extent they agree with
these statements using a four-point Likert scale.

7The questions used to build the index of science enjoyment were the following: I generally have fun
when I am learning science topics; I like reading about science; I am happy working on science topics; I
enjoy acquiring new knowledge in science and I am interested in learning about science. Students were
asked to respond to what extent they agree with these statements using a four-point Likert scale. To build
the index of science interest, students were asked to rate how interested they are in the following topics
using a five-point Likert scale: biosphere, motion and forces, energy and its transformation, the universe
and its history and how science can help us prevent disease.
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The parents’ preferences RP
ta−1 are captured by: i) parents’ views about environmen-

tal issues, and ii) a set of questions regarding the importance they attach to different

reasons for choosing a school for their child. Parents’ views on environmental topics were

measured using a composed index (Parents’ environmental concern). This index was built

by the PISA study group using item-response theory (OECD, 2017) 8. The set of aspects

that parents were asked to rate in term of its importance when choosing a school for

their child were the following (see Table 7.1): school adherence to a particular religious

philosophy (Imp. school religion), school reputation (Imp. school reputation), low school

expenses (Imp. low school expenses), the school pedagogic approach (Imp. school peda-

gogy), the academic achievements of the school’s students (Imp. school achievement) and

the distance from home (Imp. school distance). Parents were asked to rate these reasons

in a 4-point scale of importance. For each aspect, if an answer category obtained a relative

frequency lower than five percent, we reduced the 4-point scale into a 3-point scale by

merging the two adjacent answer-categories with the lowest relative frequency. The vast

majority of respondents considers important or very important the school achievement

and school reputation, whereas religion is considered not important by most respondents.

Parents’ views regarding school distance, low expenses and school pedagogy were evenly

split across categories.

Parents’ human capital was used as a proxy for parents’ characteristics. Parents’ hu-

man capital was based on information about the mother’s education and the father’s

occupation (as reported by the children)9. Five categories were defined based on the

highest educational achievement of the mother according to the ISCED 2011 clasification

(UNESCO Institute for Statistics., 2012): primary (ISCED level 0 or 1), low secondary

education (ISCED level 2), high secondary (ISCED level 3), post-secondary non-tertiary

(ISCED level 5B) and tertiary (ISCED level 5A and 6). Five categories were defined for

8Parents’ concern about environmental topics was assessed by asking parents to rate the extent to which
they see the following issues as a serious concern for society using a four-point Likert scale: extinction of
plants and animals, clearing of forests for other land use, water shortages nuclear waste, extreme weather
conditions and human contact with animal diseases.

9Information about the mother’s education was obtained by asking the children to choose among differ-
ent categories, whereas information about the father’s occupation was obtained using free-text responses
which were subsequently categorised by the PISA study group.
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the father’s occupation based on the ISCO-08 classification (International Labour Office,

2012) (up to the first digit): low-skilled blue collar workers (ISCO categories 8 and 9),

high-skilled blue collar workers (ISCO categories 6 and 7), low-skilled white collar workers

(ISCO categories 4, 5 and 6) and high-skilled white collar workers (ISCO categories 1, 2

and 3).

Table 7.1: Descriptive statistics: parents’ preferences

School Not important, or Somewhat Important Very
dimensions Not/somewhat important important

School religion 0.43 0.19 0.21 0.17
School reputation 0.09 - 0.34 0.58
School low expenses 0.24 0.24 0.28 0.24
School pedagogy 0.29 0.26 0.30 0.15
School achievement 0.14 - 0.39 0.48
School distance 0.24 0.23 0.29 0.24

Notes: Parents were asked to rate how important was each of these school dimensions when choosing

a school for their child. The categories not important and somewhat important were merged for

school reputation and school achievement.

Based on these categories, four groups S were defined (see Table 7.2): high (mother’s

education: tertiary; and father’s occupation: high-skilled white collar), medium-high (mother’s

education: high secondary or post-secondary non-tertiary; and father’s occupation: white

collar; or mother’s education: tertiary and father’s occupation: low-skilled white collar),

medium-low (mother’s education: primary or low secondary; and father’s occupation:

white collar worker; or mother’s education: high secondary; and father’s occupation: high-

skilled blue collar; or mother’s education: post-secondary non tertiary; and father’s occu-

pation: blue collar), and low (mother’s education: primary or low secondary; and father’s

occupation: blue collar; or mother’s education: high secondary and father’s occupation:

low-skilled blue collar).

The proxies for parents’ choices CP∗∗
ta−1 were captured by i) information about the

school attended by the children and ii) information about parents’ monitoring and in-

volvement on their child’s school achievements. Regarding the school characteristics, the

following information was included (see Table 7.2): the proportion of teachers who hold

a Ph.D (Proportion teacher Ph.D.), the proportion of science teachers over the total
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number of teachers (Proportion of science teacher), the number of students per teacher

(Student-teacher ratio) and the type of school (School type -Private independent, Private

Government-dependent, and Public). Most children attend Private-Government depen-

dent schools, while the proportion of children who attend Private and Public schools was

similar among them. Most schools (75%) did not have any teacher with a Ph.D. degree.

The average student-ratio was nearly 20 (5th/95th percentile: 10/32) and the average

proportion of science teachers was 9% (5th/95th percentile: 3%/26%).

Table 7.2: Descriptive statistics: parents’ characteristics and parents’ choices.

Parents’ Proportion Parents’ Proportion/
characteristics choices Mean (SD)

Parents’ human capital School type
High 0.27 Private indep. 0.29
Medium-high 0.30 Private-Government dep. 0.43
Medium-low 0.21 Public 0.28
Low 0.23 Students-teacher ratio 19.68 (6.71)

Prop. of teachers with Ph.D. 0.001
Prop. of science teachers 0.09

Notes: Parents’ human capital is a variable build based on the father’s occupation and the mother’s

education. The three school types categories are: Private independent (schools that do not receive

public funds), Private Government-dependent (mix of public and private funding), and publicly

funded schools. Proportions (Prop.) are shown for categorical variables and mean and standard

deviation (SD) are shown for continuous variables.

Four variables aim to capture information regarding parents’ monitoring and involve-

ment on their child’s school achievements (see Table 7.3). In this case parents are asked

regarding how often they discuss about the children’s school performance, their future

career or help them with their homework. Most parents (85%) discuss often with their

child about their school achievements, about half of the parents discuss more than once

a week with their child about their performance in science, whereas about a third help

their child with their science homework or discuss with their child about science-related

career options more than once a week.
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Table 7.3: Descriptive statistics: parents’ involvement in their child school
achievements

Parents’ Never up to Once or twice Once a week
choices twice a year per month up to everyday

Discuss school performance 0.04 0.11 0.85
Help in science homework 0.40 0.23 0.37
Discuss science performance 0.23 0.27 0.50
Discuss science career 0.54 0.22 0.24

Note: Parents were asked how often they engage in each of these activities with their child.

7.4.4. Models’ specification and estimation

Our aim is to estimate a model which could capture the relationship between children’s

predictions about their future life projects and proxies for parents’ and children’s pref-

erences and epistemological beliefs, parents’ characteristics, parents’ choices and home

educational resources. Based on the theoretical model shown in Equation 7.19, the fol-

lowing models were specified:

E[o]′ta = CP∗
ta−1γ +BP

ta−1µ+RP
ta−1

′α+ S′
ta−1β +CP∗∗

ta−1
′φ+Btaω +R′

taθ + ϵta (7.20)

CP∗
ta−1 = BP

ta−1σ +RP
ta−1

′δ + S′
ta−1λ+R′

taκ+ ηta−1 (7.21)

These equations constitute a recursive system of equations. In the main model the

dependent variable corresponds to the job ordinal scale whereas in the alternative model

the expected occupation is captured by a categorical variable (non-science related job,

low-paid science-related job and high-paid science-related job). Accordingly, in the main

model Equation 7.20 was estimated using an ordered probit model, whereas in the alter-

native model specification equation 7.20 was estimated using a multinomial probit model.

In Equation 7.21, CP∗
ta−1 corresponds to the home educational resources index. This equa-

tion was estimated using a linear model.
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Recall from Section 7.3.1 that the structural model assumes that the effect of parents’

choices regarding home educational resources influence children’s beliefs regarding their

future occupation by shaping the children’s characteristics which in turn influence their

subjective probabilities of achieving different life projects. Therefore, given the specifica-

tion of Equations 7.20 and 7.21 we would interpret that there exists IO if the estimator

for γ is different from zero and statistically significant.

Importantly, according to this model specification the error terms of Equations 7.20

and 7.21 are uncorrelated. This is based on the assumption that there are no unobserved

factors that may have a common influence on E[o] and CP∗. Figure 7.1 shows a Di-

rected Acyclic Graph (DAG) of the relationships of the variables included in the model.

In Equation 7.20 we control for a set of proxies for children’s and parents’ preferences and

epistemological beliefs, parents’ characteristics and parents’ choices other than choices

about home educational resources. This set of factors plays a dual role. First, they seek to

exclude the possibility that other factors distinct from home educational resources may

be responsible of the association between CP∗ and E[o]. Second, by including proxies of

children’s preferences and children’s epistemological beliefs at the canonical moment, we

try to control for the ‘mediated’ effect of parents’ choices regarding home educational

resources that are mediated through children’s preferences and children’s epistemological

beliefs, since these are legitimate sources of inequalities according to the normative posi-

tion adopted in this paper.

In Figure 7.1 children’s characteristics (X) are shown inside a square. The square

represents variables that are excluded from the model. Given the theoretical model imple-

mented in this Chapter and assuming that we adequately control for children’s preferences

and children’s epistemological beliefs, we interpret that the effect of CP∗ on E[o] is me-

diated by children’s characteristics. Figure 7.2 shows the different sources of endogeneity

of the model. If we do not observe (or we inadequately control for) children’s preferences

and beliefs, we cannot assume that the effect of CP∗ on E[o] is mediated by children’s

characteristics. Furthermore, if unobserved characteristics (U) correlated with CP∗ and

E[o] exist, the observed effect of CP∗ on E[o] could be biased.
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Figure 7.1: Directed Acyclic Graph of the econometric model

E[o]: expected occupation, R: child’s preferences, B: child’s beliefs, S: parents’ characteristics, CP∗:
home educational resources, RP : parents’ preferences, BP : parents’ beliefs, CP∗∗: parents’ choices other

than choices regarding home educational resources, X: child’s characteristics.
Note: The square represents variables that are not included in the econometric model.

Figure 7.2: Directed Acyclic Graph: potential sources of endogeneity

E[o]: expected occupation, R: child’s preferences, B: child’s beliefs, S: parents’ characteristics, CP∗:
home educational resources, RP : parents’ preferences, BP : parents’ beliefs, CP∗∗: parents’ choices other
than choices regarding home educational resources, X: child’s characteristics, U : unobserved variables.

Note: The square represents variables that are not included in the econometric model.
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7.4.5. A note regarding the model specification

Note that the specification of the econometric model used is relatively simple, and is not of

a complex structural model, as recommended by Fleurbaey and Schokkaert (2009, 2011b).

Their recommendation involves three steps: i) to build a structural model to estimate the

role of different causes of health inequality, ii) to categorize factors into legitimate and

illegitimate sources of inequality, and iii) to measure unfair inequality.

In our view, the specification of the econometric model should respond to the re-

search problem at hand. In this regard, contrary to what is suggested by Fleurbaey and

Schokkaert, a coherent measure of unfair inequality may be obtained without the need of

estimating a structural model. We agree with Fleurbaey and Schokkaert that researchers

should start by making explicit how they understand the underlying process that gener-

ates the observed data. This requires building a theoretical model to understand the map

of relationships between different factors. However, we consider that the implementation

of a structural econometric model that fully reproduces the theoretical model is not always

needed. In this regard, the theoretical model together with the normative criteria should

inform how the econometric model should be specified. In some cases, it may be that the

theoretical model and the normative position(s) adopted require the implementation of

a structural model, but at other times it could be the case that a simpler model is well

suited for the task.

It should also be noted that the focus of Fleurbaey and Schokkaert is to propose a

strategy that could be used to assess unfair inequality according to different normative

positions. We agree that in such a case a structural model would be the best strategy.

However, the purpose of this research is to assess unfair inequality according to a very

specific normative definition and not to implement different measures of unfair inequality.

In this regard, given the theoretical model that we built and the DAG shown in Figure 7.1,

the model specification shown in equation 7.20 should be adequate to assess inequality of

opportunity according to the ethical position that we take.
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7.4.6. Results

Main model

Table 7.5 shows the results of the recursive system of equations. From now on we refer only

to those variables that have a statistically significant effect with a p-value < 5%. Since the

effect of the variables of the ordinal probit model needs to be interpreted with respect to

each occupational category, we computed average marginal effects (see Appendix) for each

variable with respect to the probability of children choosing E[o] = 1 (the group of oc-

cupations with least income-generating capacity) and E[o] = 8 (the group of occupations

with the highest capacity). Having parents who have higher human capital is traduced

in a positive average marginal effect with respect to the probability of children choosing

E[o] = 8, a negative average marginal effect with respect to the probability of choosing

E[o] = 1 and a positive effect on the investment in home educational resources. This goes

in the expected direction since one can argue that, other things being equal, parents who

are better educated could be more inclined to invest in their children’s skills acquisition

and therefore invest more in home educational resources. Moreover, higher investment in

children’s skill acquisition may positively influence the probability of achieving better-

paid jobs and influence their expectations accordingly. Furthermore, parents may directly

influence their children’s preferences for better-paid jobs. In addition, conditional on par-

ents’ preferences, parents with higher social capital may have higher income, and therefore

better capacity to invest in their children.
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Table 7.4: Regression results of the main model

E[o] SE CP∗ SE

Children’s epistemological beliefs 0.053** (0.021)
Children’s science enjoyment 0.117*** (0.023) 0.010*** (0.002)
Children’s science interest 0.023 (0.026) 0.010*** (0.003)
Parents’ science view 0.012 (0.022) 0.010*** (0.002)
Parents’ environmental concern 0.001 (0.027) 0.001 (0.003)
Exp. child science career: Yes 0.470*** (0.047) -0.021*** (0.005)
Imp. school religion, Baseline: NI
Somewhat important -0.106* (0.060) - 0.002 (0.007)
Important -0.053 (0.059) 0.018*** (0.006)
Very important -0.051 (0.063) 0.014** (0.007)
Imp. school reputation, Baseline: NI/SI
Important 0.155* (0.090) 0.022** (0.010)
Very important 0.103 (0.090) 0.028*** (0.010)
Imp. school low expenses, Baseline: NI
Somewhat important -0.109* (0.062) -0.006 (0.007)
Important -0.026 (0.062) -0.027*** (0.007)
Very important -0.037 (0.069) -0.045*** (0.008)
Imp. school pedagogy, Baseline: NI/SI
Somewhat important 0.000 (0.058) -0.000 (0.006)
Important -0.140** (0.057) -0.006 (0.006)
Very important -0.040 (0.072) -0.008 (0.008)
Imp. school achievement, Baseline: NI/SI
Important 0.063 (0.069) -0.004 (0.007)
Very important 0.160** (0.073) -0.002 (0.008)
Imp. school distance, Baseline: NI
Somewhat important -0.056 (0.062) -0.004 (0.007)

Continued on next page
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Table 7.4 – continued from previous page

E[o] SE CP∗ SE

Important -0.102* (0.059) 0.008 (0.007)
Very important -0.132** (0.063) -0.009 (0.007)
Parents’ human capital, Baseline: High
Medium high -0.130** (0.063) -0.044*** (0.006)
Medium low -0.114 (0.074) -0.090*** (0.007)
Low -0.371*** (0.077) -0.126*** (0.007)
Type of school, Baseline: Private
Private Government-dependent -0.170** (0.066)
Public -0.288*** (0.070)
Student-teacher ratio -0.004 (0.004)
Proportion teacher Ph.D. 10.07** (4.730)
Proportion of science teacher 1.496*** (0.548)
Discuss school perf., Baseline: Never/2 pa
One or two per month -0.136 (0.126)
Once a week to everyday -0.097 (0.112)
Help homework, Baseline: Never/2 pa
One or two per month -0.020 (0.057)
Once a week to everyday -0.071 (0.056)
Discuss science perf., Baseline: Never/2 pa
One or two per month 0.022 (0.066)
Once a week to everyday 0.054 (0.067)
Discuss science career, Baseline: Never/2 pa
One or two per month 0.097 (0.055)
Once a week to everyday 0.070 (0.060)
Constant 0.871*** (0.012)
CP∗ 0.475*** (0.149)

Continued on next page
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Table 7.4 – continued from previous page

E[o] SE CP∗ SE

Observations 2431 3744

Standard errors in parentheses, NI: Not important, SI: Somewhat important, pa: per year.
∗p < 0.10, ∗∗p < 0.05, ∗∗∗p < 0.01
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Parents who attach more importance to school reputation, and school religion and less

importance to school distance tend to invest more in home educational resources. The in-

verse relationship between the importance attached to school distance and investment in

home educational resources can be understood as a willingness to prioritize other school

characteristics instead of proximity to home. The positive correlation between the impor-

tance attached to school reputation and investment in educational resources is consistent

with parents being more interested in their children’s academic achievements. In the same

vein, there is evidence that suggests that religious schools may outperform secular ones

in Chile (McEwan and Carnoy, 2000; Mizala and Torche, 2012), which is consistent with

the positive correlation between parents who attach greater importance to school religion

and the investment in home educational resources.

Other variables that have a statistically significant positive effect on the home educa-

tional resource index are the children’s science enjoyment, the children’s scientific interest,

and the parents’ views on science. The fact that parents who attach more importance to

science or who attach more importance to school reputation may invest more in home

educational resources seems logical. Similarly, it seems plausible that children who like

science are influenced by having richer home educational resources.

There are several additional variables that have a statistically significant effect on

the children’s expected occupation. The results suggest that conditional on the other

covariates, the children of parents who expect their child to pursue a science-related ca-

reer, children who enjoy science, and children with science-oriented epistemological beliefs

have a higher (negative) probability of declaring they expect to achieve occupations with

higher (lower) income generating capacity. Moreover, the higher the importance that par-

ents attach to school achievement the higher (lower) the marginal effect with respect to

the probability of achieving better (worse) paid jobs. By contrast, the importance that

parents attach to pedagogy has a statistically significant negative (positive) effect on the

probability of children declaring they expect to achieve better (worse) paid occupations.

We can think of two hypotheses to explain this result. Parents who prioritise pedagogy

may do so because they: i) believe their children face learning difficulties or ii) consider
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themselves unable to support their children with their school work at home. Also, the

children of parents who attach more importance to the school’s distance from home have

a lower (higher) probability of expecting a future occupation with a high (low) income-

generating capacity. This may be related to the fact that parents who prioritise the school’s

distance from home over its quality invest less in their children’s skill acquisition.

Among the factors linked to school characteristics, attending private-government de-

pendent school or public school have a lower (higher) effect on the probability of chil-

dren declaring they expect to achieve better (worse) paid occupations, compared to chil-

dren who attend private schools. This is consistent with the empirical evidence which

suggests that private schools in Chile perform better with respect to skill acquisition

(Alarcón López and Falabella, 2021). The proportion of teachers who hold a Ph.D. and

the proportion of science teachers in the school both have a positive (negative) effect

on the probability of expecting a future occupation with high (low) income-generating

capacity.

We now turn to the overall effect of the home educational resource index on the chil-

dren’s expected future occupation. This effect can be break-up into two parts: the effect

of the covariates in the distribution of CP∗ and the effect of CP∗ on the children’s beliefs

about their future occupation, conditional on covariates.

For ease of exposition, we focus on two sub-groups. Sub-group A corresponds to chil-

dren whose parents have factors that relate to low investment in children’s skill acquisition:

have low human capital, do not expect them to go into a science-related career, consider

school distance as very important, school religion as not important, school reputation

as not important, school achievements as not important, school pedagogy as very im-

portant, school expenses as very important; while keeping the continuous indexes at the

mean. Sub-group B corresponds to children whose parents have factors that relate to high

investment in children’s skill acquisition: have a high human capital, expect them to go

into a science-related career, consider school distance as not important, school religion

as very important, school reputation as very important, school achievements as very im-
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portant, school pedagogy as not important, low school expenses as not important; while

keeping the continuous indexes at the mean.

We computed the expected level of CP∗ among children in sub-group A and subgroup

B and used bootstrap with 10,000 replications to obtain an empirical distribution of these

predictions. The 2.5% and 97.5% percentiles of this distribution are used to characterize

the uncertainty around the estimations. The results go in the expected direction. The

average level of predicted CP∗ was 0.69 (0.67-0.72) among individuals in sub-group A and

0.91 (0.89-0.93) among individuals in sub-group B.

The results show that CP∗ has a statistically significant effect on the children’s beliefs

about their future occupation, controlling for the set of proxies for parents’ beliefs and

preferences, children’s beliefs and preferences, parents’ choices and parents’ characteris-

tics. According to the normative position that we adopted, this is evidence of IO. Figures

7.3 and 7.4 show the effect of the home educational resource index on the probability of

children declaring their future expected occupation being E[o] = 1, E[o] = 4 and E[o] = 8

for sub-groups A and B. Besides the above-mentioned covariates, in sub-group A we fixed

the student-teacher ratio, the proportion of teachers who hold a Ph.D. and the proportion

of science teachers at the mean, the type of school at public school and all the variables

regarding parents’ monitoring and involvement on their child’s school achievements at

’once a week up to every day’. In sub-group B we fixed the student-teacher ratio, the pro-

portion of teachers who hold a Ph.D. and the proportion of science teachers at the mean,

the type of school at private school, and all the variables regarding parents’ monitoring

and involvement in their child’s school achievements at ’never up to twice a year’.
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Figure 7.3: Predicted expected future occupation for each level of CP∗, Sub-
group A (low investment in children’s skill acquisition)
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Notes: Predicted probabilities of expecting low (E[o] = 1), intermediate (E[o] = 4) or high paid jobs
(E[o] = 8) for children whose parents have low human capital, do not expect them to go into a

science-related career, consider school distance as very important, school religion as not important,
school reputation as not important, school achievements as not important, school pedagogy as very

important, school expenses as very important, the type of school at public school and all the variables
regarding parents’ monitoring and involvement on their child’s school achievements at ’once a week up
to every day’; while keeping the continuous indexes at the mean. The shaded areas correspond to the

95% confidence intervals of the predictions.

The shaded area in the figures corresponds to the 95% confidence interval. As it is

shown in the figures, conditional on CP∗, children in subgroup A have a lower proba-

bility of expecting to work in occupations that are better paid (E[o] = 8) and a higher

probability of expecting to work in occupations which are worse paid (E[o] = 1). The

opposite effect is found among children in sub-group B. Furthermore, the access to home

educational resources seems to have a strong effect in increasing (decreasing) the propor-

tion of children who believe they will work in better-paid (worse-paid) occupations among

children in sub-group A (sub-group B), but little effect on their beliefs about working in

high-paid (low-paid) occupations.
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Figure 7.4: Predicted expected future occupation for each level of CP∗, Sub-
group B (high investment in children’s skill acquisition)
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Notes: Predicted probabilities of expecting low (E[o] = 4), intermediate (E[o] = 1) or high paid jobs
(E[o] = 8) for children whose parents have a high human capital, expect them to go into a

science-related career, consider school distance as not important, school religion as very important,
school reputation as very important, school achievements as very important, school pedagogy as not
important, low school expenses as not important, the type of school at private school, and all the

variables regarding parents’ monitoring and involvement in their child’s school achievements at ’never up
to twice a year’; while keeping the continuous indexes at the mean. The shaded areas correspond to the

95% confidence intervals of the predictions.

Alternative model

Table 7.5 shows the results of the alternative model. Since the sign of the regression coeffi-

cients does not give the sign of the marginal effect, for ease of interpretation we report the

Average Marginal Effects (AME) of each exogenous variable. The results suggest that the

probability of expecting to work in a science-related occupation is positively correlated

with children’s and parents’ science-oriented beliefs and preferences. The children whose

epistemological beliefs are more science-oriented have a higher probability of expecting

to work in a high-paid science-related job and a lower probability of expecting a low-

paid science-related job. Also, children who enjoy science and who are more interested in

science have a lower probability of declaring that they expect to work on a non-science

related job and a higher probability of expecting a high-paid science job. Similarly, the

children of parents who believe that their child will work in a science-related occupation
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have a lower probability of expecting to work on a non-science-related job and a higher

probability of working on a science-related job. Furthermore, the AME suggests that the

magnitude of the effect of parents’ beliefs regarding their child’s occupation is stronger

for high-paid science-related jobs than for low-paid science-related jobs. In the same vein,

the results show that the children of parents who do not discuss regularly with them

regarding their science-related career options are more likely to expect to work on a non-

science-related career.

The results also show that the children of parents who attach more importance to the

distance of the school from home are more likely to expect to have a non-science-related

job. Although the results are less stronger for school expenses, the results suggest that

the children of parents who attach more importance to school expenses tend to have a

higher probability of expecting a low-paid science-related job and a lower probability of

expecting a high-paid science-related job. As was discussed in the results of the main

model, this may suggest that parents who attach more importance to characteristics that

are not related to the school’s educational performance are less likely to invest in their

children’s academic skills.

It was also found that the children of parents who attach more importance to school

pedagogy tend to have a higher probability of expecting to work in a non-science-related

job and a lower probability of expecting to work in a science-related job. As was discussed

in the results of the main model, this may be because parents attach more importance to

school pedagogy when they perceive that their child has poor skills.

The results of the alternative model show that there is a statistically significant effect

of the index of home educational resources on the probability of expecting a science-related

job. According to the alternative model, the probability of expecting a low-paid science-

related job is 10% lower and the probability of expecting a high-paid science-related job

is 13% higher among children who have access to the highest vis a vis those with the

lowest level of home educational resources. This is consistent with the results of the main

model and provides complementary evidence to support the hypothesis that there exists
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inequality of opportunity in Chile.
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Table 7.5: Regression results of the alternative model: average marginal effects

Non sci. Low-paid High-paid
job sci. job sci. job

Children’s epistemological beliefs -0.012 -0.011* 0.023**
(-0.030;0.006) (-0.023;0.001) (0.005;0.041)

Children’s science enjoyment -0.045*** 0.013* 0.032***
(-0.065;-0.026) (-0.000;0.027) (0.012;0.052)

Children’s science interest -0.027** -0.009 0.036***
(-0.048;-0.005) (-0.024;0.006) (0.013;0.058)

Parents’ science view -0.003 0.006 -0.003
(-0.022;0.015) (-0.007;0.020) (-0.022;0.016)

Parents’ environmental concern 0.011 -0.003 -0.008
(-0.012;0.033) (-0.019;0.013) (-0.031;0.015)

Exp. child science career: Yes -0.288*** 0.063*** 0.226***
(-0.330;-0.247) (0.035;0.090) (0.184;0.267)

Imp. school religion, Baseline: NI
Somewhat important 0.020 0.019 -0.039

(-0.31;0.070) (-0.017:0.055) (-0.090;0.012)
Important -0.001 -0.006 0.007

(-0.051;0.049) (-0.039;0.028) (-0.044;0.058)
Very important -0.003 0.013 -0.010

(-0.057;0.050) (-0.024;0.051) (-0.064;0.044)
Imp. school reputation, Baseline: NI/SI
Important -0.030 -0.030 0.060

(-0.104;0.043) (-0.083;0.024) (-0.014;0.134)
Very important -0.024 -0.022 0.046

(-0.098;0.049) (-0.076;0.032) (-0.027;0.120)
Imp. school low expenses, Baseline: NI

Continued on next page
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Table 7.5 – continued from previous page

Non sci. Low-paid High-paid
job sci. job sci. job

Somewhat important 0.003 0.049*** -0.052*
(-0.049;0.056) (0.013;0.084) (-0.105;0.000)

Important 0.004 0.024 -0.029
(-0.049;0.058) (-0.010;0.059) (-0.082;0.025)

Very important -0.037 0.024 0.013
(-0.096;0.020) (-0.013;0.061) (-0.046;0.073)

Imp. school pedagogy, Baseline: NI/SI
Somewhat important 0.053** -0.029* -0.024

(0.004;0.102) (-0.061;0.003) (-0.074;0.026)
Important 0.058** 0.016 -0.074***

(0.009;0.107) (-0.019;0.051) (-0.123;-0.024)
Very important 0.048 -0.010 -0.038

(-0.013;0.110) (-0.051;0.031) (-0.100;0.024)
Imp. school achievement, Baseline: NI/SI
Important -0.026 -0.002 0.028

(-0.085;0.034) (-0.044;0.040) (-0.032;0.088)
Very important -0.044 -0.011 0.055*

(-0.106;0.019) (-0.054;0.033) (-0.008;0.118)
Imp. school distance, Baseline: NI
Somewhat important 0.058** -0.025 -0.033

(0.005;0.110) (-0.062;0.012) (-0.086;0.021)
Important 0.074*** -0.032* -0.042

(0.023;0.124) (-0.068;0.003) (-0.093;0.010)
Very important 0.087*** -0.026 -0.061**

(0.033;0.140) (-0.063;0.012) (-0.115;-0.007)
Parents’ human capital, Baseline: High

Continued on next page
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Table 7.5 – continued from previous page

Non sci. Low-paid High-paid
job sci. job sci. job

Medium high 0.025 0.009 -0.035
(-0.029;0.079) (-0.026;0.045) (-0.089;0.020)

Medium low 0.001 0.017 -0.018
(-0.062;0.064) (-0.025;0.058) (-0.082; 0.047)

Low 0.083** 0.050** -0.134***
(0.017;0.149) (0.004;0.097) (-0.200:-0.068)

Type of school, Baseline: Private
Private Government-dependent 0.041 -0.019 -0.022

(-0.015;0.098) (-0.057;0.020) (-0.079;0.034)
Public 0.042 0.008 -0.050

(-0.018;0.103) (-0.035;0.051) (-0.111;0.011)
Student-teacher ratio 0.001 0.000 -0.002

(-0.002;0.004) (-0.002;0.003) (-0.005;0.002)
Proportion teacher Ph.D. -2.617 -0.049 2.667

(-6.678;1.443) (-2.761;2.663) (-1.368;6.702)
Proportion of science teacher -0.328 0.053 0.275

(-0.796;0.140) (-0.258;0.364) (-0.196;0.746)
Discuss school perf., Baseline: Never/2 pa
One or two per month 0.062 -0.003 -0.060

(-0.041;0.166) (-0.077;0.072) (-0.169;0.050)
Once a week to everyday 0.084* -0.008 -0.077

(-0.007;0.176) (-0.074;0.058) (-0.174;0.020)
Help homework, Baseline: Never/2 pa
One or two per month 0.012 0.006 -0.018

(-0.036;0.061) ( -0.028;0.040) (-0.067;0.030)
Once a week to everyday 0.007 -0.009 0.002

Continued on next page
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Table 7.5 – continued from previous page

Non sci. Low-paid High-paid
job sci. job sci. job

(-0.041;0.055) (-0.041;0.023) (-0.047;0.050)
Discuss science perf., Baseline: Never/2 pa
One or two per month 0.002 -0.005 0.003

(-0.054;0.058) (-0.045;0.035) (-0.054;0.060)
Once a week to everyday -0.023 -0.007 0.030

(-0.081;0.034) (-0.047;0.033) (-0.028;0.088)
Discuss science career, Baseline: Never/2 pa
One or two per month -0.041* 0.009 0.031

(-0.089;0.007) (-0.022;0.041) (-0.017;0.079)
Once a week to everyday -0.077*** 0.047** 0.030

(-0.130;-0.025) (0.010;0.084) (-0.022;0.082)
CP∗ -0.033 -0.099** 0.132**

(-0.159;0.093) (-0.182;-0.016) (0.002;0.262)

Observations 2431 2431 2431

95% confidence intervals in parentheses, NI: Not important, SI: Somewhat important, pa: per year
∗p < 0.10, ∗∗p < 0.05, ∗∗∗p < 0.01
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7.5. Discussion

In this paper, we have discussed the challenge of bringing together the axiomatic and

empirical analysis in the measurement of IO. The axiomatic analysis supports different

theories of compensation and reward and the parameters that aim to reflect these prin-

ciples. Importantly, the axiomatic analysis takes as given the existence of three factors:

effort, circumstances, and luck. The main challenge faced by the applied literature is how

to operationalise these factors with respect to a set of potentially observed data (what

circumstances, effort, and luck ‘are’) and with respect to the set of observed data used in

the empirical analysis (how the ‘true’ circumstances, effort and luck relate to observable

variables).

We reviewed two normative approaches about how to locate the responsibility cut:

control and preferences. In our view, despite being the most popular approach in the

applied literature, the control approach has failed to provide an operational definition of

effort. By contrast, the preference approach operationalises effort, but the empirical ap-

plications that follow this approach have not been able to specify statistical models that

could distinguish between preferences and constraints beyond the individuals’ responsi-

bility.

The control approach seems to suggest that accountable effort corresponds to some

function of individuals’ choices, after ‘removing’ the effect of circumstances. Moreover, we

would argue that such a notion of effort is not compatible with the notion of circumstances

as factors beyond the individuals’ control. According to the model developed in Section

7.3.1, adults’ choices are a function of their characteristics, their preferences, and their

epistemological beliefs. At the same time, preferences and epistemological beliefs are the

results of a formation process. Individuals are born with certain preferences and beliefs

that are shaped during their life as a consequence of their interactions with people or with

other sources of information such as mass media and schools. Those interactions are the

result of parents’ choices and children’s own choices. Children’s own choices are the result

of their preferences and their characteristics, whereas their characteristics are a function
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of their previous characteristics, parents’ choices, their own choices and luck. Given this

model structure, adult choices are a function of a process where the initial conditions

are the preferences, beliefs, and endowments we are born with, parents’ preferences and

beliefs, parents’ characteristics, and luck, none of which is a factor under the individuals’

control. Therefore, if one is willing to derive normative implications from this model, one

should conclude that a notion of effort as a function of individuals’ choices and a notion

of circumstances as factors beyond the individuals’ control are not compatible with each

other.

Arguably, assessing IO according to the preference approach would require testing if

individuals would have achieved different outcomes in adulthood had they faced different

circumstances in childhood while holding them responsible for their preferences and epis-

temological beliefs after the canonical moment. However, is not possible to compute such

a counterfactual. We suggest that looking at children’s predictions about their future at

the canonical moment constitutes a proxy of such counterfactual. This is based on the

assumption that children’s choices at the canonical moment depend on their subjective

probabilities of achieving different life projects and that adults’ outcomes are the result

of a dynamic process that depends on previous choices. Therefore, an impact on these

subjective probabilities at the canonical moment will affect the individuals’ characteristics

at any future period of time.

In addition, by focusing the analysis around an age where children just start to be

held accountable for their preferences, we avoid the limitation faced by other studies that

have adopted the preference approach; namely, that factors considered illegitimate con-

straints are at the same time a function of the individual’s preferences. In our empirical

application, the availability of home educational resources is considered an illegitimate

constraint with respect to children’s expectations regarding future occupations. Moreover,

since children are not to be held accountable for their preferences before the canonical

moment, even if the children’s preferences were to shape their access to home educational

resources, such an influence would not be considered legitimate.
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The results show that access to home educational resources has a statistically sig-

nificant effect on the children’s expectations regarding their future occupation. If one is

willing to draw some conclusions based on these results, it could be inferred that richer

access to home educational resources increases the children’s subjective probability of

achieving better-paid occupations, which we interpret as evidence of inequality of oppor-

tunity.

The model proposed in this study may contribute to discussing a potential limitation

of the preference approach, related to the fairness of inequalities that arise due to het-

erogeneous beliefs regarding the consequences of individuals’ actions. According to this

model, individuals’ decision making process involves taking into account the utility they

derive from being involved in certain actions at the current period of time as well as the

consequences of those actions on their characteristics in the next period of time, and the

capacity to engage in a given set of activities in the next period of time, conditional on

their characteristics at the time. The subjective probabilities of achieving different future

characteristics, conditional on current actions, depend on current characteristics and on

the individuals’ beliefs. This notion of the decision making process is similar to the one

provided by Hausman (2011), where preferences over properties and consequences of al-

ternative actions is distinguished from beliefs over them.

In this regard, if individuals have different epistemological beliefs regarding how their

activities in a given period of time will shape their characteristics in subsequent periods,

their menus of alternatives will differ even if they share the same characteristics. We are

referring here to individuals who have different epistemological beliefs regarding the con-

sequences of their actions, conditional on the same information and the same capacity

to process that information. According to the framework proposed by Fleurbaey (2008),

it is legitimate that individuals of different types have different preferences. But, what

about individuals’ beliefs? I would argue that an individual-endorsed epistemology af-

ter the canonical moment defines an individual’s identity as much as their preferences.

Then, for instance, if parents transmit different epistemological beliefs to their children,

this should not be considered an illegitimate source of inequalities. Moreover, this entails
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that it would be legitimate if individuals face different menus of alternatives due to their

personal beliefs. Hence, individuals who have the same effort (same preferences) and the

same characteristics may obtain different achievements and this would still be a legiti-

mate inequality. However, this contradicts the main idea of this framework which is that it

is illegitimate if individuals who share the same preferences obtain different achievements.

This study has several limitations. The definition of the canonical moment (which in

this study is around 15 years) plays a crucial role in the analysis since it allows us to dis-

entangle the effect of illegitimate constraints, namely the effect of parents’ choices about

home educational resources on children’s characteristics, from the effect of children’s pref-

erences. If the canonical moment takes place before the age of 15, and parents’ investment

in education is made after that age, the influence of children’s preferences on the distri-

bution of home educational resources would be considered legitimate, and it would not be

possible to distinguish the effect of preferences from the effect of illegitimate constraints.

On the contrary, if the canonical moment takes place at an older age, 15-year-old children

could not be held accountable for their preferences regarding future occupations, making

our analysis irrelevant.

Another limitation relates to the effect of unobserved factors. These may impact the

results in two ways. First, Equation 7.20 includes a set of proxies for children’s preferences

and epistemological beliefs. Arguably, the quality of these proxies may be poor. If this is

the case, we cannot rule out that home educational resources impact children’s expecta-

tions about their future occupation through their preferences and epistemological beliefs.

This is problematic since according to our normative position children should be respon-

sible for their preferences and epistemological beliefs at the canonical moment. Second,

assuming that we adequately control for these factors, there may exist other unobserved

factors correlated with home educational resources and with children’s expectations re-

garding their future occupation. Although several covariates have been included in the

model, we cannot exclude the possibility that the effect of unobserved factors can bias

the estimations of the effect of CP∗ on E[o].
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In our view, the first problem is more important than the second one. If home ed-

ucational resources impact children’s expectations mainly through their preferences and

epistemological beliefs, a failure to control for these factors will render our IO assessment

strategy invalid. In contrast, provided that we adequately control for children’s preferences

and epistemological beliefs, a failure to control for unobserved factors may be less prob-

lematic. Rather than in providing counterfactual predictions, we are mostly interested in

testing whether or not there is a significant effect of CP∗ on E[o]. In this regard, to the

extent that the bias of γ is relatively small, it should not change the main conclusions of

this study.

Notwithstanding these limitations, this study overcame some of the limitations found

in the literature and provide a novel strategy to assess IO according to the preference

approach.
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Bosmans, K. and Öztürk, Z. E. (2021). Measurement of inequality of opportunity: A

normative approach. Journal of Economic Inequality, 19(2):213–237.

Bourguignon, F., Ferreira, F. H. G., and Menéndez, M. (2007). Inequality of opportunity

in Brazil. Review of Income and Wealth, 53(4):585–618.

Brighouse, H. and Swift, A. (2014). Family Values. Princeton University Press.

Brunori, P., Ferreira, F. H. G., and Peragine, V. (2013). Inequality of Opportunity,

Income Inequality, and Economic Mobility: Some International Comparisons. In Paus,

E., editor, Getting Development Right, pages 85–115. Palgrave Macmillan US, New

York.

Burchardt, T. and Le Grand, J. (2002). Constraint and Opportunity: Identifying Volun-

tary Non-Employment.
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Chapter 8: Conclusion

This chapter discusses the thesis as a whole. It features four sections. The first section

focuses on the main findings and conclusions regarding the control approach. The second

section covers the results related to the preference approach. The third and last section

comes back to the idea that inspired this thesis, and examines whether the EO framework

could be considered a better strategy to assess health inequalities vis a vis the framework

of socioeconomic health inequalities. The fourth concludes offering a general reflection

on the thesis. This chapter includes some future research ideas, besides those that have

already been discussed in each chapter. The main limitations of the empirical studies have

already been discussed and are not tackled in detail in this chapter.

8.1. The control approach

8.1.1. Lack of an operational definition of circumstances and effort

One of the central ideas of this thesis is that if circumstances and effort are not opera-

tionally defined, the normative exercise of measuring unfair inequalities is not intelligible.

Fleurbaey and Schokkaert (2009) suggest that some variables may influence outcomes

trough several channels, and that there may be different normative positions regarding

the fairness of each pathway. Thus, they conclude that researchers measuring unfair in-

equalities should build structural models in order to make explicit the mechanisms by

which different factors impact outcomes. Similarly, regarding the influence of parents on

their children’s income, Roemer (2004) argues that one may have different normative po-

sitions for each of the following pathways: i) provision of social connections, ii) formation

of beliefs and skills, iii) genetic transmission of ability and iv) formation of preferences and
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aspirations. Following Fleurbaey and Schokkaert, it could be argued that is not feasible

to disentangle these mechanisms and thus their normative implications unless structural

models are specified to make these pathways explicit.

However, by far the most common approach in empirical applications is to find some

variables that are considered to be beyond the individuals’ control because they were

not chosen by the individuals (e.g. parents’ occupation, sex, region of birth) and use

reduced-form equations where a given outcome, such as income, is regressed against these

circumstances. Since there will always be unobserved circumstances, the studies relying

on this empirical strategy claim that they provide a lower bound of IO. There are two

shortcomings regarding this empirical strategy. First, it implicitly assumes that all the

causal pathways that link these variables with a given outcome are illegitimate. Second,

even if one is willing to argue that all the mechanisms that link a variable such as parents’

occupation with children’s income are unfair, one still needs to define which factors (even

if these cannot be observed) are within the individuals’ control. Otherwise, how we can

be sure that we do not live in a deterministic world and that all the inequalities are linked

in one way or another to factors that were not chosen by the individuals? In other words,

how we can be sure that fair inequalities exist? As it was discussed in Section 7.2.1, since

there will always be unobserved circumstances there have been studies aiming to provide

upper bounds of IO (Hufe et al., 2022), but the assumptions made by them are not with-

out problems. In this regard, a better method to compute upper bounds of IO could be to

build a model where an outcome is regressed against one or more effort factors and assume

that all the unexplained variability is due to circumstances. However, this has not been

implemented in the literature, perhaps because effort has never been operationally defined.

This is closely linked with the aim of Chapter 4, which is to explore an operational

definition of accountable effort that fits with Roemer’s framework. Roemer’s idea about

accountable effort corresponds to a set of ordered inputs, conditional on individuals’ cir-

cumstances, where this order is defined by the productivity of each combination of factors

with respect to a given outcome. In this regard, if the achievement of a given outcome is

a function of circumstances and effort, and Roemer’s identification assumption holds (see
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Chapter 4), it is possible to identify accountable effort without the need of providing an

operational definition of effort. However, as Roemer admits (Roemer et al., 2003), once

the effect of luck is take into account, this strategy fails to identify accountable effort.

Consider the following example. Assume that the productivity of individuals with respect

to a given outcome is a function of innate ability and the numbers of hours at work.

In this case, conditional on the same innate ability, working more hours involves more

effort. However, if there are two workers who share the same innate ability and work the

same number of hours, but one of them is more productive due to luck, we can no longer

identify effort just by comparing how productive they are. Alternatively, we could still

identify effort by defining an order of inputs that is not linked to productivity, but to how

‘costly’ it is for the individuals to engage in the activities that are required for achieving

a given outcome. Therefore, if we agree that working more hours is more costly, given the

same innate ability, two individuals who work the same number of hours exert the same

effort, irrespective of their final productivity. This seems to be the underlying idea behind

Roemer’s notion of effort when he declares that EO involves that “those who expend

(costly) effort deserve to be rewarded” (Roemer, 2012, p. 178). In addition, this appears

to be the concept behind the operational definition of effort proposed by Lefranc and

Trannoy (2017). This notion of effort as costly activities requires that individuals agree

with respect to which combination of activities are more or less costly. Chapter 4 shows

that this assumption does not hold empirically with respect to health-related lifestyles,

so that is not possible to affirm that healthy lifestyles are more costly than unhealthy

lifestyles.

Now, even if it were possible to provide a basis to define an order of activities that

could be used to defend this conceptualisation of effort, how could such a notion be made

compatible with the control approach? In Chapter 7 it was argued that, according to the

theoretical model provided in that chapter, individuals’ choices can be understood as the

result of a dynamic process which is entirely explained by factors beyond the control of the

individual. If one is willing to derive normative implications from this model, one should

conclude that a notion of effort as an ordered set of choices and a notion of circumstances

as factors beyond the individuals’ control are not compatible with each other.
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8.1.2. Compensating for the indirect effect of circumstances

Most empirical applications assume that both the direct and indirect effects of circum-

stances on effort are illegitimate sources of inequality. Despite being the most popular

normative perspective in the literature, the issue of how to compensate for the indirect

effect of circumstances has not receive much attention. Chapter 5 shows that when there

is an unequal distribution of effort across types, an ex-post approach to compensation

aiming to correct for the indirect effect of circumstances will violate the principle of equal

treatment of equals (ETE). A violation of ETE entails that there will be an unequal

treatment (in terms of transfers) among individuals who belong to the same type and

exert the same effort. It was shown that this incompatibility does not occur in Roemer’s

model due to the assumptions made about the distribution of effort.

Assuming that effort corresponds to individuals’ preferences, since the ‘responsible ef-

fort’ (i.e. the counterfactual effort that individuals would have exerted had they belonged

to a different type) of individuals is not observable, in practice the violation of ETE entails

a discriminatory practice. Consider for instance the example used in the empirical study

of Chapter 5. A compensation strategy aimed to correct for the indirect effect of parents’

smoking habits should allocate transfers based on the responsible effort of individuals.

However, among individuals who belong to the same type (children of smoking parents)

and exert the same effort (smokers) it is not feasible to distinguish who would have been

non-smoker had their parents been non-smokers. Therefore, in practice a strategy that

allocates different transfers (or offer different health benefits) among the smokers who are

children of smoking parents will be a discriminatory policy.

An alternative (ex-ante) compensation strategy involves allocating higher transfers to

individuals who belong to the type with worse opportunities (in this case, the children

of smoking parents). Nonetheless, as it was discussed in Chapter 5, such an allocation

strategy may create an inequality conditional on smoking: the smokers (non-smokers) who

are children of non-smoking parents will receive higher transfers than the smokers (non-
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smokers) of smoking parents. From a policy perspective, this would require a differential

treatment among individuals who have the same lifestyle, based on information about their

childhood, which may be hard to implement. In this respect, the alternative compensation

principle proposed in Chapter 5 may be an attractive policy since it allows to reduce ex-

ante inequalities due to the indirect effect of circumstances and i) does not violate ETE

and ii) does not require treating differently individuals who exert the same effort.

8.2. The preference approach

In Chapter 6, it is argued that, in contrast to the control approach, the preference approach

may be more suitable to provide an operational definition of effort and circumstances.

Under this approach, one may have a deterministic view about how preferences are formed

and still hold individuals responsible for their preferences (after a certain age) because

preferences define our identity and it will be disrespectful to interfere in it. In this section

I will discuss the main topics that were found in this thesis related to the preference

approach.

8.2.1. Liberal reward and the use of equivalent health to decompose inequalities

Chapter 6 discusses the use of equivalent health to assess how favourable a given menu

of alternatives is with respect to different kinds of preferences. This approach provides

a normative argument to reduce inequalities among individuals with the same circum-

stances, as opposed to liberal reward, which suggests a neutral allocation that does not

interfere with inequalities among individuals of the same type. The assessment of individ-

uals’ life situations according to the health equivalent approach (as well as the equivalent

income approach) depends on two factors: the kinds of preferences involve and the cat-

egory used as the reference. The empirical study presented in Chapter 6 examined the

extent to which members of the public support an allocation of resources compatible with

a scenario where the reference category corresponds to the most preferred health-related

lifestyle, conditional on a given set of preferences. As it was discussed, the results suggest

that respondents do not necessarily take into account the information about preferences

that was provided in the survey and that their attitudes towards inequalities are explained
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by their prior beliefs regarding the kinds of preferences of individuals who adopt healthy

and unhealthy lifestyles. In addition, the survey did not explore the implicit reference

categories used by the respondents. As discussed in Chapter 6, it would be interesting to

contrast the attitudes of members of the public towards health inequalities, controlling

for their beliefs about the preferences of individuals who adopt healthy and unhealthy

lifestyles, and their implicit reference categories.

Another possible extension of this study is the use of the equivalent income approach

to assess the attitudes of members of the public towards inequalities of different kinds. To

explain this, I will introduce the following notation. The life situations of individuals i will

be characterized by their income Yi and a set of other factors Zi. Additionally, a menu of

alternatives θ corresponds to the combination of income and other life dimensions avail-

able to each individual and Ri to the preferences of each individual with respect to (Y,Z).

Therefore, the current life situation of individuals, conditional on the menu of alterna-

tives available to them can be characterized by (Yi,Zi; θ). The wellbeing of individuals,

given their life situations will be denoted by W (Yi,Zi; θ). Let Y
∗
i denote the equivalent

income of each individual, or the equivalent amount of income that combined with their

most preferred factors Zi will make them as happy as they are now. Then, we have that

W (Yi,Zi; θ) =W (Y ∗
i ,Zi; θ).

Hence, the inequality in terms of wellbeing between two individuals i and j who face

different choice sets can be decomposed as follows:

W (Yi,Zi; θ)−W (Yj ,Zj ; θ
′) =

(
W (Yj ,Z

∗
j ; θ)−W (Yj ,Z

∗
j ; θ

′)
)︸ ︷︷ ︸

△1

+
(
W (Yi,Z

∗
i ; θ)−W (Yj ,Z

∗
j ; θ)

)︸ ︷︷ ︸
△2

=
(
(Y ∗

j ,Zj ; θ)− (Y ∗
j ,Zj ; θ

′)
)︸ ︷︷ ︸

△1

+
(
(Y ∗

i ,Zi; θ)− (Y ∗
j ,Zj ; θ)

)︸ ︷︷ ︸
△2

(8.1)
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The first term in brackets on the right-hand side of Equation 8.1, △1, corresponds to

the difference between the equivalent income of individual j had she been faced with the

menu of alternatives available to individual i and the equivalent income of individual j

given her current menu of alternatives. Assuming that individuals i and j face different

menus of alternatives due to circumstances beyond their control, this inequality can be

conceived as IO. The second term, △2, equals the difference in equivalent income between

i and j had both of them faced the menu of alternatives θ. This corresponds to the in-

equality in terms of equivalent income that is strictly due to preferences heterogeneity,

which was the focus of Chapter 6.

Additionally, △1 can be decomposed into △1a and △1b as it is shown in Equation 8.2.

In this case, △1a corresponds to the inequality in wellbeing for individual j under two

life situations: i) a life situation where individual j has an income equal to her equivalent

income when she faces the menu of alternatives available to individual i, combined with

Zj and ii) a life situation that combines the income of individual j given the menu of

alternatives θ′ and Zj . Alternatively, △1b corresponds to the difference in wellbeing of

individual j under the following life situations: i) a life situation where the income of indi-

vidual j corresponds to the income she obtains given the menu of alternatives θ′ combined

with Zj , and ii) the life situation that individual j obtains given the menu of alternatives

θ′: Zj
1. The inequality captured by △1a can be interpreted as an inequality in wellbeing

that is strictly due to income, conditional on Zj , whereas △1b could be interpreted as

an inequality strictly due to non-income dimensions, conditional on Yj ; θ. Based on this

decomposition, it would be interesting to assess the attitudes of members of the public

towards inequalities due to: i) IO, expressed in terms of income, conditional on the best

non-income profile, ii) IO, expressed in terms of inequality in the non-income dimensions,

conditional on the same income, and iii) income inequality due to preference heterogeneity.

1Note that △1b is equivalent to
(
W (Yj ; θ

′,Zj)−W (Y ∗
j ,Zj ; θ

′)
)
.
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W (Yi,Zi; θ)−W (Yj ,Zj ; θ
′) =

(
W (Y ∗

j ,Zj ; θ)−W (Yj ; θ
′,Zj)

)︸ ︷︷ ︸
△1a

+
(
W (Yj ; θ

′,Zj)−W (Yj ,Zj ; θ
′)
)︸ ︷︷ ︸

△1b

+
(
W (Y ∗

i ,Zi; θ)−W (Y ∗
j ,Zj ; θ)

)︸ ︷︷ ︸
△2

(8.2)

8.2.2. The assessment of IO according to the preference approach

Chapter 7 argues that an empirical assessment of IO in adulthood according to the prefer-

ence approach requires an estimation of what would have been the counterfactual achieve-

ments of individuals had they faced different circumstances, while holding them respon-

sible for their preferences and epistemological beliefs from the canonical moment onward.

However, obtaining such a counterfactual is not feasible. Alternatively, the empirical ap-

plication provided in Chapter 7 aimed to assess IO by testing if circumstances (i.e. parents’

choices regarding home educational resources) have a statistically significant effect on the

subjective probability of achieving different life projects, conditional on preferences and

epistemological beliefs at the canonical moment. It is reasonable to assume that the sub-

jective probabilities of achieving different life projects will influence the children’s choices

after the canonical moment, which in turn will shape their characteristics in the future.

Therefore, the evidence of circumstances shaping the subjective probabilities of achieving

different life projects can be used to infer that circumstances will have an impact on chil-

dren’s outcomes in adulthood. In this regard, I would argue that the assessment of the

influence of circumstances on children’s beliefs at the canonical moment may offer a good

strategy for further explorations of IO according to the preference approach.

8.3. EO and Socioeconomic inequalities

Chapter 3 aimed to provide, for the first time, evidence on the temporal trends of socioe-

conomic inequalities in life expectancy in Chile. As it was acknowledged in the discussion
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section of Chapter 3, the main limitation of this study is that it uses different sources

of information regarding the education of the population at risk (census) and the mor-

tality records (information provided by the next of kin of the deceased person), which

may introduce bias in an unknown direction. Currently, there exist alternative databases

to obtain data of better quality in Chile. Since the mortality database has information

on the personal identification number of each deceased person, it should be possible to

link this database with reliable information about income at the individual and household

level, available in the databases administered by the Ministry of Welfare (Ministerio de

Desarrollo Social y Familia) and the Ministry of Finance (Ministerio de Hacienda). During

this thesis, I applied twice to a research call from the Ministry of Welfare, with the aim of

obtaining better quality of data for this empirical application. Unfortunately, both appli-

cations were unsuccessful. This study can serve as a vehicle to highlight the importance

of monitoring the changes in health inequalities through time and to find better sources

of information.

As it was mentioned in Chapter 1, it may be argued that the EO framework provides

several advantages compared to the assessment of socioeconomic health inequalities. One

of such advantages is that, while the framework of socioeconomic inequalities adopts a

relational egalitarian perspective, EO is rooted in luck egalitarianism. This means that,

while the framework of socioeconomic health inequalities considers that inequalities that

cannot be avoided or that are not anybody’s fault should not be regarded as illegitimate,

EO suggests that the fact that some inequalities cannot be avoided or do not originate

in human actions, does not lead to the conclusion that these inequalities are fair. How-

ever, in the literature review it was found that the studies assessing IO in health do not

provide much clarity on this matter. For instance, age and sex are two factors that the

framework of socioeconomic health inequalities categorise as fair sources of inequalities

because their genetic or biological effects on health cannot be modified. Instead, in the

literature review covered in Chapter 2, it was found that most studies categorised sex

and age as ‘neutral’ variables, which are not effort neither circumstances. Section 2.4.2 in

that chapter discusses in more detail why categorising sex and age as normatively neutral

seems inappropriate.
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Similarly, according to the framework of socioeconomic health inequalities, health dif-

ferences that are not systematically related to socioeconomic position, such as random

factors or ‘luck’ should not be judged as unfair causes of inequalities. In contrast, one of

the most powerful ideas of luck-egalitarianism is that ‘brute luck’, or events which prob-

ability of occurrence cannot be influenced by the individuals, are unfair. Although ways

to articulate the concept of luck with the reward and compensation principles have been

explored (Lefranc et al., 2009; Lefranc and Trannoy, 2017), an operational definition of

luck has not yet been provided in the literature and no empirical applications to measure

it has been attempted. In this regard, compared to the socioeconomic health inequalities

approach, the framework of EO has not given much clarity about how to account for

inequalities that arise in factors which effects cannot be modified or which occurrence is

not systematically related to individuals’ characteristics.

Another potential advantage of the theory of EO is that it aims to provide a more clear

direction about when individuals’ choices can be considered fair drivers of inequalities.

Whitehead (1992), in her seminal paper about health inequities, seems to suggest that

the extent to which choices can be considered legitimate sources of inequality depends on

the degree of control that individuals have over those choices, a notion closely related to

the normative position adopted by the control approach. However, Whitehead does not

define under what conditions it could be said that individuals exert control over their

choices. In this regard, the theory of EO seems better equipped to define when individ-

uals’ choices could be considered beyond the individuals’ control. Conversely, as it has

been argued in this thesis, the control approach lacks an operational definition of effort

and circumstances that could shed light on this matter.

Compared to the study of income inequality, where there has been a shift from assess-

ing total inequality to the assessment of unfair inequalities, the study of health inequal-

ities has always focused on assessing unfair inequalities, without providing a definition

of what constitutes ‘total health inequalities’ for binary outcomes, such as mortality and

other health measures. The literature review presented in Chapter 2 showed that stud-
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ies assessing IO in health also fail to provide such a definition. Many studies assessing

income-related EO compute relative measures of IO where IO is computed as a fraction

of total inequality. In contrast, most studies that assessed health-related EO were not

able to obtain these kinds of estimators since it is not feasible to compute total health

inequality for binary outcomes because when using nonlinear models the variance of the

error term cannot be identified.

The use of categorical variables in health is widespread. Consider for instance: mortal-

ity, the occurrence of some disease and the presence or absence of some disability. I would

argue that the concept of total inequality for categorical variables differs depending on

the alleged data generating process of these outcomes. This can be linked to an old de-

bate about the nature of categorical outcomes, or what has been called the Pearson-Yule

debate (Hagenaars, 2015). While Yule argued that categorical variables are inherently

discrete in nature, Pearson sustained that categorical variables correspond to the realiza-

tions of underlying normally-distributed continuous variables. Consider for instance the

analysis of total inequality with respect to the occurrence of some disease. A measure of

total inequality that accounts for the inherently discrete nature of this variable could be

the probability ‘at the individual level’ of experiencing a given disease in a given period

of time. Imagine that for each individual the probability of experiencing a given disease

is a function of a set of observable factors, such as socioeconomic position, health-related

lifestyles, among other observed factors, and a set of unobserved factors. Hence, a measure

of total inequality in the probability of experiencing the disease will result from applying

some inequality function to the ‘true’ probability of experiencing the disease at the indi-

vidual level 2 However, even the most comprehensive dataset will only include a subset

of the true explanatory factors, so it is only feasible to compute a lower bound of the

true total inequality in terms of the probability of experiencing a disease. In contrast, the

occurrence of some disease can be represented by a latent-variable model, where there

exists a continuous latent variable which is a function of a set of explanatory factors and

some random component. Given this data generating process, total inequality corresponds

2A similar notion of health inequalities at the individual level has been proposed by Gakidou et al.
(2000). So far, this kind of measure has not yet been implemented.
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to inequality in terms of the latent variable. Moreover, in this case it is not feasible to

compute total inequality either, because the distribution of the latent variable cannot be

observed. In this regard, it is hard to imagine that the estimation of total health inequal-

ities (and in consequence, of relative measures of IO) for categorical outcomes is possible.

These are a few challenges in relation to the assessment of IO in health. In summary,

I would argue that despite being an attractive alternative to assess unfair health inequal-

ities, the framework of EO does not provide good answers on how to deal with some of

the limitations found in the framework of socioeconomic health inequalities.

8.4. Reflections on this thesis as a whole

This thesis aims to reflect on how unfair inequalities in health can be measured. It focuses

on two different frameworks to assess unfair inequalities, the framework of socioeconomic

health inequalities and the framework of EO. The thesis argues that the framework of

socioeconomic health inequalities has several limitations and that the EO framework has

not provided much clarity on how to deal with these limitations.

Probably, the most significant contribution of this thesis is to highlight that there

are many challenges in the way EO has been implemented and to suggests alternative

proposals to move the debate forward. I would argue that the progress made by the theo-

retical and the empirical literature on the control approach to EO will reach a dead end,

unless a clear description of what circumstances, effort and luck ‘are’ in the real world.

In this regard, the preference approach and the notion of equivalent income seems to be

better suited to assess unfair inequalities. Hopefully, some of the ideas contained in this

thesis could have some impact on the research community interested on assessing unfair

inequalities.
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Methods used to obtain     

 

Ex-ante type-based counterfactual 

    corresponds to the average of predicted health status among people with the same level of 

circumstance regressors. Given an inequality measure  ,   
   can be computed according to: 

  
     

 

  
        

  , 

where    corresponds to the number of individuals in each type, and types are mutually 
exclusive combinations of circumstances. 
 

When path-independent multiplicative inequality index are used, explained inequality can be 

decomposed into inequality due to circumstances   
   and inequality due to effort   

 . 

Inequality due to effort is obtained by scaling the predicted health status of each individual by 

the ratio of the average health status in the sample and   
  . 

  
       

 

 
     

  
    . 

 

Ex-post type-based counterfactual 

Inequality due to effort corresponds to the average of predicted health status among people 

with the same level of effort, according to:  

  
    

 

  
        

  , 

where    corresponds to the number of individuals in each `tranche’, and tranches are to 
mutually exclusive combinations of efforts. 
 

When path-independent multiplicative inequality index are used, explained inequality can be 

decomposed into inequality due to circumstances   
   and inequality due to effort   

 . 

IO is obtained by scaling the predicted health status of each individual by the ratio of the 

average health status in the sample and   
 . 

  
        

 

 
     

  
    . 

Direct unfairness 

    corresponds to the predictions of a model that includes circumstance and effort regressors 
with effort variables fixed at a reference value:  

         .  



Fairness gap 

    corresponds to the predicted health for each individual minus the predictions of a model 
that includes circumstance and effort regressors with circumstances variables fixed at a 

reference value:         } -         }. 
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Information available about education attainment 

The type of information and level of disaggregation by years of education and age varies 

between sources of information. The distribution by years of education for each year relies on 

information from censuses and a repeated cross-sectional survey (CASEN) which is 

representative of the Chilean population.  Microdata was available for census and population 

surveys from 1990 onwards, whereas before the year 1990, census information was only 

available as aggregated data (.pdf files). The census of 1920, 1930, 1940 and 1952 contain 

abridged data by educational categories. The distribution by years of education for these years 

was extrapolated relying on information from the closest adjacent year for which 

disaggregated information was available. Table A.2.1 shows the information available by year 

and source of information, and the extrapolation method used (if applicable). The last column 

shows the age group for which the distribution by years of education was computed. 

 

Table A.2.1. Information about education contained in census and population surveys 

Year 
Source of 
information 

Age group 
Educational categories 
available in each census 

Extrapolation method Age group 

1920 Census 25 to 29 years 
Number of individuals 
by literacy. 

The proportion of 
individuals by 
educational category for 
categories different from 
no education was 
assumed to be equal to 
the distribution observed 
in 1940. 
The proportion of 
individuals by years of 
education within each 
educational category was 
assumed to be equal to 
the distribution observed 
in 1960. 

25 to 29 years 

1930 Census 20 to 29 years 
Number of individuals 
by literacy. 

The proportion of 
individuals by 
educational category for 
categories different from 
no education was 
assumed to be equal to 
the distribution observed 
in 1940. 
The proportion of 
individuals by years of 
education within each 
educational category was 
assumed to be equal to 
the distribution observed 
in 1960. 

20 to 29 years 



1940 Census Disaggregated 

Number of individuals 
by years of education 
for primary education. 
Number of individuals 
by educational category 
for other categories. 

The proportion of 
individuals by years of 
education within each 
educational category for 
categories different from 
primary school was 
assumed to be equal to 
the distribution observed 
in 1960. 

25 to 30 years 

1952 Census 25 to 29 years 
Number of individuals 
by educational category. 

The proportion of 
individuals by years of 
education within each 
educational category was 
assumed to be equal to 
the distribution observed 
in 1960. 

25 to 29 years 

1960 Census 
20 to 24 years 

and 25 or 
more 

Number of individuals 
by years of education in 
the highest attained 
educational category for 
school education. 
Number of individuals 
by educational category 
for other categories. 

A weighted average of 
the number of individuals 
by level of education in 
the two age groups 
available (20 to 24 years 
and 25 or more) was 
computed. 
 
The total number of 
individuals in each 
educational categories 
was equally distributed 
within categories (e.g. 
the number of individuals 
with 7 years of graduate 
education equals the 
number of individuals 
with graduate education 
divided by 6). 

Weighted 
average of age 
groups: 20 to 
24 years and 
25 or more 

1970 Census 25 to 34 years 

Number of individuals 
by abridged years of 
education in the highest 
attained educational 
category (e.g. 7 or 8 
years of Graduate 
education). 

The total number of 
individuals in each 
educational categories 
was equally distributed 
within categories (e.g. 
the number of individuals 
with 7 years of graduate 
education equals the 
number of individuals 
with 7-8 years of 
graduate education 
divided by 2). 

25 to 34 years 

1982 Census 25 to 29 years 

Number of individuals 
by abridged years of 
education (e.g: 7 or 8 
years of education). 

The total number of 
individuals in each 
educational category was 
equally distributed within 

25 to 29 years 



categories (e.g. the 
number of individuals 
with 7 years of education 
equals the number of 
individuals with 7-8 years 
of education divided by 
2). 

1990 
CASEN 
survey 

Disaggregated 

Number of individuals 
by years of education in 
the highest attained 
educational category. 

NA 26 to 30 years 

1992 Census Disaggregated 

Number of individuals 
by years of education in 
the highest attained 
educational category. 

NA 26 to 30 years 

1994 
CASEN 
survey 

Disaggregated 

Number of individuals 
by years of education in 
the highest attained 
educational category. 

NA 26 to 30 years 

1996 
CASEN 
survey 

Disaggregated 

Number of individuals 
by years of education in 
the highest attained 
educational category. 

NA 26 to 30 years 

1998 
CASEN 
survey 

Disaggregated 

Number of individuals 
by years of education in 
the highest attained 
educational category. 

NA 26 to 30 years 

2000 
CASEN 
survey 

Disaggregated 

Number of individuals 
by years of education in 
the highest attained 
educational category. 

NA 26 to 30 years 

2002 Census Disaggregated 

Number of individuals 
by years of education in 
the highest attained 
educational category. 

NA 26 to 30 years 

2006 
CASEN 
survey 

Disaggregated 

Number of individuals 
by years of education in 
the highest attained 
educational category. 

NA 26 to 30 years 

2009 
CASEN 
survey 

Disaggregated 

Number of individuals 
by years of education in 
the highest attained 
educational category. 

NA 26 to 30 years 

2011 
CASEN 
survey 

Disaggregated 

Number of individuals 
by years of education in 
the highest attained 
educational category. 

NA 26 to 30 years 

2015 
CASEN 
survey 

Disaggregated 

Number of individuals 
by years of education in 
the highest attained 
educational category. 

NA 26 to 30 years 



2017 Census Disaggregated 

Number of individuals 
by years of education in 
the highest attained 
educational category. 

NA 26 to 30 years 

 

  



Definition of years of education 

The censuses, population surveys and deaths records  contain infromation about the last 

attained educational category and the lasta ttained years of education within each category. 

Table A.2.2 shows the mapping from this information to the variable 'years of education'.  The 

table incorporates also the corresponding ISCED-2011 (International Standard Classification of 

Education) codes for each educational category. 

 

Table A.2.2 Mapping of educational categories to years of education 

Category (in Spanish) Name in English 
ISCED 2011 

code 
Years of 

education 

No formal education 
or illiteracy 

  0 

Educación parvularia Pre-primary Education 010, 020 0 

Preparatoria (1st to 
6th years) 
Enseñanza Básica (1st 
to 6th years) 

Primary education 100 1 to 6 

Humanidades (1st to 
2nd years) 

Lower secondary 
education 

244 7 to 8 

Humanidades (3rd to 
6th years) 

a) Genereal upper 
secondary education. 

344 9 to 12 

Educación básica (7th 
and 8th years) 

Lower secondary 
education 

244 7 to 8 

Educación media: a) 
humanista-científico, 
b) técnico profesional 
o c) artística 

a) General upper 
secondary education, 
b) Technical upper 
secondary education, 
and c) Artistic upper 
secondary education. 

344 and 354 9 to 12 

Comercial, Industrial, 
Agricola, Técnico 
femenina, Normalista 

Technical upper 
secondary education 

354 9 to 12 

Educación técnica de 
nivel superior 

Higher technical 
education 

554 13 to 15 

Bachillerato, 
Licenciatura y Carrera 
profesional 

Bachelors and 
Professional title 

645, 646, 
647, 657, 
747, 748, 
757, 844 

13 to 19 

Magíster o Doctorado Master or Doctorate  747, 748, 844 18 to 20 

 

 

  



Groups of diseases used in the analysis 

Death records from 1991 categorises the main causes of death using ICD-9 (International 

classification of diseases) codes, whereas databases of 2002 and 2017 codifies causes of death 

according to ICD-10 codes. Table A.2.3 shows the codes used to categorise the groups of 

diseases used in the analysis. 

 

Table A.2.3. Definition of groups of diseases 

Group of diseases ICD-9 ICD-10 

Cancer 140-239,273.1,289.8 C00-D48 

Cardiovascular 
390-459 (except 

427.5, 435, 446, 459) 
I00-I99 

Digestive 520-579 K00-K93 

Infectious diseases 001-139,279.5,795.8 A00-B99,R75 

Mental and 
behavioural 

290-329 F00-F99 

Respiratory 460-519, 786.0 J00-J99 

Other All but the above All but the above 

 

 

 

  



Definition of educational categories 

Tables A.2.4 and A.2.5 show the distribution by years of education for different years. Cells in 

light yellow (green) indetify the years of education that fit into the first quintile (tenth decile). 

Cells in dark yellow (green) show the years of education that fit into two adjacent ranks. 

Table A.2.4. Distribution of education among men age 26-30 years old, by year 

 
1920 1930 1940 1950 1960 1970 1980 1990 2000 2010 2017 

0 0.29 0.19 0.25 0.16 0.14 0.06 0.02 0.02 0.02 0.02 0.00 

1 0.31 0.21 0.28 0.18 0.16 0.09 0.03 0.02 0.03 0.02 0.00 

2 0.37 0.28 0.38 0.26 0.22 0.17 0.06 0.03 0.03 0.02 0.00 

3 0.47 0.39 0.52 0.38 0.34 0.25 0.09 0.06 0.04 0.03 0.01 

4 0.58 0.51 0.64 0.50 0.45 0.33 0.15 0.08 0.05 0.03 0.01 

5 0.64 0.59 0.70 0.58 0.52 0.46 0.22 0.11 0.07 0.04 0.02 

6 0.81 0.78 0.79 0.76 0.70 0.60 0.28 0.17 0.11 0.05 0.03 

7 0.84 0.81 0.82 0.80 0.75 0.63 0.36 0.21 0.13 0.06 0.03 

8 0.87 0.84 0.86 0.84 0.80 0.67 0.45 0.34 0.24 0.13 0.09 

9 0.89 0.88 0.89 0.87 0.84 0.72 0.54 0.40 0.31 0.15 0.11 

10 0.92 0.91 0.91 0.90 0.89 0.76 0.64 0.48 0.37 0.20 0.16 

11 0.94 0.93 0.93 0.93 0.92 0.86 0.75 0.54 0.41 0.23 0.18 

12 0.97 0.97 0.97 0.97 0.97 0.93 0.87 0.81 0.69 0.61 0.55 

13 0.98 0.97 0.97 0.97 0.97 0.94 0.89 0.83 0.77 0.64 0.58 

14 0.98 0.98 0.98 0.98 0.98 0.95 0.91 0.87 0.81 0.70 0.65 

15 0.99 0.98 0.98 0.98 0.98 0.96 0.93 0.91 0.89 0.78 0.72 

16 0.99 0.99 0.99 0.99 0.99 0.97 0.96 0.93 0.92 0.84 0.80 

17 1.00 0.99 0.99 0.99 0.99 0.98 0.97 0.97 0.97 0.95 0.92 

18 1.00 1.00 1.00 1.00 1.00 0.99 0.98 0.99 0.99 0.98 0.96 

19 1.00 1.00 1.00 1.00 1.00 1.00 0.99 1.00 1.00 0.98 1.00 

20 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

 



Table A.2.5. Distribution of education among women age 26-30 years old, by year 

 
1920 1930 1940 1950 1960 1970 1980 1990 2000 2010 2017 

0  0.34   0.22   0.29   0.17   0.19   0.02   0.03   0.01   0.01   0.01   0.00  

1  0.36   0.24   0.31   0.19   0.21   0.03   0.04   0.02   0.02   0.01   0.00  

2  0.41   0.30   0.41   0.26   0.28   0.06   0.08   0.03   0.03   0.02   0.00  

3  0.51   0.42   0.54   0.38   0.39   0.09   0.12   0.04   0.03   0.02   0.00  

4  0.61   0.54   0.66   0.50   0.51   0.15   0.19   0.08   0.04   0.02   0.01  

5  0.67   0.61   0.72   0.57   0.57   0.22   0.27   0.12   0.06   0.03   0.01  

6  0.82   0.79   0.81   0.77   0.75   0.28   0.35   0.19   0.10   0.04   0.02  

7  0.85   0.83   0.84   0.80   0.78   0.36   0.42   0.24   0.13   0.06   0.03  

8  0.88   0.86   0.87   0.84   0.82   0.45   0.49   0.37   0.22   0.12   0.06  

9  0.91   0.89   0.90   0.88   0.87   0.54   0.57   0.43   0.29   0.14   0.08  

10  0.93   0.92   0.93   0.91   0.92   0.64   0.64   0.52   0.37   0.19   0.12  

11  0.95   0.94   0.95   0.94   0.94   0.75   0.77   0.58   0.41   0.21   0.14  

12  0.98   0.98   0.98   0.98   0.98   0.87   0.89   0.85   0.68   0.61   0.49  

13  0.99   0.98   0.99   0.99   0.99   0.89   0.91   0.87   0.77   0.63   0.51  

14  0.99   0.99   0.99   0.99   0.99   0.91   0.93   0.90   0.82   0.69   0.59  

15  0.99   0.99   0.99   0.99   0.99   0.93   0.95   0.94   0.90   0.77   0.68  

16  0.99   0.99   0.99   0.99   1.00   0.96   0.97   0.96   0.92   0.82   0.76  

17  1.00   1.00   1.00   1.00   1.00   0.97   0.98   0.99   0.98   0.95   0.93  

18  1.00   1.00   1.00   1.00   1.00   0.98   0.99   0.99   0.99   0.97   0.96  

19  1.00   1.00   1.00   1.00   1.00   0.99   0.99   1.00   1.00   0.98   1.00  

20  1.00   1.00   1.00   1.00   1.00   1.00   1.00   1.00   1.00   1.00   1.00  
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Proof of proposition 2

Let a distribution Y 1 be composed of two types and two effort τ, τ ′, e, e′, such that,

U1(e′, cτ ) = U1(e, cτ ) + 10 , U1(e, cτ ′) = U1(e, cτ ) + 2 , U1(e′, cτ ′) = U1(e, cτ ′) + 10 ,

ne
′,cτ = 2 , ne,cτ = 1 , ne

′,cτ ′ = 1 , ne,cτ ′ = 2 .

In the distribution Y 1, the opportunities are better for individuals of type τ than those of type

τ ′ according to according to ϕ(O(τ)) as defined in Equation 5.4.

Consider a transfer policy such that T (e′, cτ ) = +1 , T (e, cτ ) = +1, T (e′, cτ ′) = −1, T (e, cτ ′) =

−1, which originates the following distribution Y 2:

U2(e′, cτ ) = U2(e, cτ ) + 10 , U2(e′, cτ ) = U2(e′, cτ ′) , U
2(e, cτ ) = U2(e, cτ ′) .

According to A-EAC, Y 1 ≻ Y 2 and according to EPC Y 2 ≻ Y 1. We have a contradiction.



Figures used to describe the Programmes in the survey (in Spanish) 

 

 

 

  

100 fumadores que 

son hijos de padres 
fumadores

100 no fumadores que 

son hijos de padres no 
fumadores

50 fumadores que son 

hijos de padres no 
fumadores

50 no fumadores 

que son hijos de 
padres fumadores

2 años más de vida

2 años más de vida

PROGRAMA A

100 fumadores que 

son hijos de padres 
fumadores

100 no fumadores que 

son hijos de padres no 
fumadores

50 fumadores que son 

hijos de padres no 
fumadores

50 no fumadores 

que son hijos de 
padres fumadores

2 años más de vida 2 años más de vida

PROGRAMA B



 

 

 

 

100 fumadores que 

son hijos de padres 
fumadores

100 no fumadores que 

son hijos de padres no 
fumadores

50 fumadores que son 

hijos de padres no 
fumadores

50 no fumadores 

que son hijos de 
padres fumadores

1 año más de vida

1 año más de vida

1 año más de vida

1 año más de vida

PROGRAMA D

100 fumadores que 

son hijos de padres 
fumadores

100 no fumadores que 

son hijos de padres no 
fumadores

50 fumadores que son 

hijos de padres no 
fumadores

50 no fumadores 

que son hijos de 
padres fumadores

2 años más de vida

2 años más de vida

PROGRAMA C
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Table A.6.1. The four kinds of preferences in the hypothetical scenarios in Exercise 2 (original 

text in Spanish) 

Preferences The description shown in the questionnaire to the respondents 

   

Those who smoke know about the negative health consequences of smoking, and they are not 
happy about it. They have a hard time without smoking. The best scenario for them would be 
to smoke without this having adverse consequences on their health. 

   

Those who do not smoke enjoy smoking. They have a hard time without smoking. They do not 
smoke because they want to have a long life and are not willing to die prematurely because of 
smoking. All of them will smoke if smoking had no adverse effects on health. 

   

Those who do not smoke have tried cigarettes in the past or have smoked for short periods. 
They do not enjoy smoking too much, and they do not have a hard time without smoking. They 
want to have a long life and are not willing to die prematurely because of smoking. Some of 
them will smoke if smoking had no adverse effects on health. 

   

Those who do not smoke have tried cigarettes in the past, but they never enjoyed it. They do 
not smoke because they do not like smoking and not because they would like to avoid the 
negative health consequences of smoking. Moreover, even if smoking had no adverse effects 
on health, they would not smoke. 

 

  



Table A.6.2. The four kinds of preferences in the hypothetical scenarios in Exercise 3 (original 

text in Spanish) 

Preferences The description shown in the questionnaire to the respondents 

   

Those who engage in unhealthy lifestyles know about the negative health consequences of 
these habits and they are not happy about it. They have a hard time trying to engage in 
healthy lifestyles. The best scenario for them would be to keep with their current lifestyles 
without this having adverse consequences on their health. 

   

Those who adopt healthy behaviours have a hard time engaging in these lifestyles. They 
chose these lifestyles because they want to have a long life and are not willing to die 
prematurely due to unhealthy lifestyles. All of them will exercise less and eat more unhealthy 
food if this has no negative impact on their health. 

   

Those who engage in healthy lifestyles do not have a hard time exercising and eating a 
healthy diet. They chose these lifestyles because they want to have a long life and are not 
willing to die prematurely due to unhealthy lifestyles. Some of them will exercise less and eat 
more unhealthy food provided that this has no negative impact on their health. 

   

Those who engage in healthy lifestyles enjoy exercising and eating a healthy diet. They chose 
these lifestyles because they enjoy it and not because they would like to improve their 
health. Moreover, even if they could stay healthy and engage in unhealthy lifestyles they will 
not do so. 

 

 

 



Appendix for Chapter 7: Preferences vs unfair constraints

262



Average Marginal Effects of the main model

E[o]=1 E[o]=4 E[o]=8

Children’s epistemological beliefs -0.009*** -0.004*** 0.011**
(-0.027;-0.012) (-0.005;-0.002) (0.002;0.021)

Children’s science enjoyment -0.019*** 0.025*** (0.032)***
(-0.065;-0.026) (-0.005;-0.002) (0.015;0.035)

Exp. child science career: Yes -0.077*** -0.016*** 0.101***
(-0.093;-0.061) (-0.021;-0.012) (0.081;0.122)

Imp. school pedagogy, Baseline: NI/SI
Somewhat important -0.000 -0.000 0.000

(-0.018;0.018) (-0.004;0.004) (-0.026;0.026)
Important 0.024** 0.004** -0.030**

(0.005;0.043) (0.001;0.008) (-0.054;-0.006)
Very important 0.006 0.001 -0.009

(-0.016;0.029) (-0.003;0.006) (-0.040;0.022)
Imp. school achievement, Baseline: NI/SI
Important -0.011 -0.002 0.013

(-0.036;0.014) (-0.005;0.002) (-0.015;0.040)
Very important -0.027** -0.005** 0.034**

(-0.052;-0.001) (-0.009;-0.001) (0.004;0.063)
Imp. school distance, Baseline: NI
Somewhat important 0.001 0.002 -0.013

(-0.010;0.028) (-0.002;0.006) (-0.040;0.015)
Important 0.016* -0.003* -0.023*

(-0.002;0.035) (-0.000;0.007) (-0.048;0.003))
Very important 0.022** 0.004** -0.029**

(0.001;0.042) (0.000;0.008) (-0.056;-0.002)
Parents’ human capital, Baseline: High
Medium high 0.019** 0.005** -0.030**

(0.001;0.037) (0.000;0.010) (-0.060;-0.001)
Medium low 0.017 0.005 -0.027

(-0.004;0.038) (-0.025;0.058) (-0.061; 0.007)
Low 0.064*** 0.011*** -0.078***

(0.037;0.090) (0.006;0.016) (-0.110:-0.046)
Continued on next page



Continued from previous page

E[o]=1 E[o]=4 E[o]=8

Type of school, Baseline: Private
Private Government-dependent 0.026*** 0.006** -0.038**

(0.006;0.045) (0.001;0.012) (-0.068;-0.008)
Public 0.047*** 0.009*** -0.063***

(0.024;0.071) (0.004;0.014) (-0.092;-0.032)
Proportion teacher Ph.D. -1.669** -0.32** 2.192**

(-3.213;-0.126) (-0.621;-0.022) (0.171;4.213)
Proportion of science teacher -0.248*** -0.048*** 0.326***

(-0.427;-0.069) (-0.082;-0.013) (0.091;0.560)
CP∗ -0.073*** -0.0914*** 0.096***

(-0.122;-0.025) (-0.024;-0.004) (0.033;0.032)

Observations 2431 2431 2431

Only statistically significant effects are reported.

E[o]: expected occupation (job ordinal scale).

95% confidence interval in parenthesis, NI: Not important, SI: Somewhat important
∗p < 0.10, ∗∗p < 0.05, ∗∗∗p < 0.01
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