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The first part of this lecture is based on my chapter with Vito Peragine, “Individual
Responsibility and Equality of Opportunity” (Ch. 25) in Adler and Fleurbaey (eds.), 2016,
Oxford Handbook of Well-Being and Public Policy. It also draws on insights and inputs
generously provided by Paolo Brunori. But neither of them is to blame for my errors!
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la. Politics and policy

“We know that equality of individual ability has never existed and
never will, but we do insist that equality of opportunity still
must be sought”
(Franklin D. Roosevelt, second inaugural address, 20 January 1937)

“The rise in inequality in the United States over the last three
decades has reached the point that inequality in incomes is
causing an unhealthy division in opportunities, and is a threat
to our economic growth”

(Alan Krueger, Center for American Progress, 12 January 2012)

If these concepts matter for policy, can they be rigorously defined
and measured?



1b. Normative arguments

Political philosophers and economists have argued that outcomes alone are
not a sufficient informational basis for the assessment of social justice

— John Rawls (1971): A Theory of Justice (Harvard University Press)

— Amartya Sen (1980): “Equality of what?” in McMurrin (ed.), The Tanner
Lectures on Human Values

— Ronald Dworkin (1981): “What is Equality? Part 1: Equality of Welfare; Part 2:
Equality of Resources”, Philos. Public Affairs, 10, pp.185-246; 283-345.

— Richard Arneson (1989): “Equality of Opportunity for Welfare”, Philosophical
Studies, 56, pp.77-93.

— Gerald Cohen (1989): “On the Currency of Egalitarian Justice”, Ethics, 99,
pp.906-944.

This approach “... performs for egalitarianism the considerable service of
incorporating within it the most powerful idea in the arsenal of the anti-egalitarian
right: the idea of choice and responsibility” (Cohen, 1989, p.993)




1c. Empirical evidence on preferences

It is now well-established that individuals value ‘fairness’, in the specific
sense that they are prepared to give up private monetary gains to achieve
what they perceive as a just allocation.

Fehr and Gachter (2000); Fehr and Fischbacher (2003); Henrich et al. (2004)

There is also evidence that most people are neither strict egalitarians or
libertarians: in forming their views of just dessert, they tend to hold
people responsible for effort, but not for purely exogenous shocks.

— E.g. Cappelen, Sorensen and Tungodden (2010) on Norwegian business
students and alumni

Preference groups Responsibility sets Frequency in sample

in sample

Strict egalitarians 0.18
el el i o —————— 0.05
Ve e ———— 0.47

in sample

Libertarians 0.30
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2. Economic models

* Direct approaches
— Sought to model opportunity sets explicitly

— Ranking / ordering opportunity sets
* Pattanaik and Xu (1990): the cardinality ordering
* Weymark (2003): the set inclusion ordering
* Barbera et al. (2004): a survey

— Ranking / ordering profiles of opportunity sets
* Kranich (1996) — cardinality difference relation
* Weymark (2003) — generalized Gini orderings
* Savaglio and Vannucci (2007)



2. Economic models

*s Inghigees appppaehaches
— BuigurdnarihaemtimAtesendsephgtorrsriradofers| ofagualitegliapgosuopyortunity.

— —Piormgiig FeRNEEUAE ResARPR 6E P et dh 8bINRSe idERs JBGWEES include:
John RosmerEE¥3r 19983, 1998)

Dirk vapide GaehEL 833 (1993)
Marc Flgurbagu(1894y229®)4, 2008)
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is distrihretrsstridenendsotbdbin@sedaidentiger ¢isenthstanasintad )wirebrite dndivicor!
oughhidt thdeftblddaspongiblenot to be held responsible:

F(x|C) = F(x)

— Thighkiofteofesprespre idarmsefivfant tereeiPissnciples:

* Princinligeiite mpensafions Ribec o atdidiere ni e puiecs fageots Havend verididwairsdividual’s
respaesibdlityi bty | festanoesty raresihfaie anthihauid bhaold hencategensated.

* Princhiliecipeved rek watco mietdiffere diés refleesi ngftife rendiffecentid ltoewainddwaindsg dosibility
and dfePOsYdRit ARA&ITAR AtEe ShBiCALYILEBEIprateraadl should be preserved.




2. Economic models

» Asmpk “Gamonicall” mediell
* letteanthand exeny imdividual be fully dharacterized by the
gk (k, €, @), and

C € ()
e ED

x =g(C,e)
g 2x0 >R



2. Economic models

Ledtadll leddenearissaff thhe weiiar €, as well as e, be discrete.
Leet x;; = g(Cy,e))

xij (Ci!ej) = xik(Cixek)Jej < ek)ViJj

“* Letestypscansistofrallindivdrale With identical cireumstances

* Leteatrpnshscsistdralllindiniduale with identieal sffert lsyesis

“ LeEtBRERRSMMRRS MY ) HRAEHRS
~ Thesnttieenuupiaiish@m e repiesented By the A x M matiik X Raow.

Too/ K] ]| et Hereebimeassmaniated another n x m matrix [P;], whose elements
ph géeete Hegraputtitm off the total pepulation with circumstanees G antd
FIEPEdOUS 'é’f-



2. Economic models

Table 1




2. Economic models

A tranche

Table 1

A type




2. Economic models

When effort is continuous, n=3

1 F(x|C)



2. Economic models

* Two central principles:

— Principle of compensation: outcome differences due to factors beyond an
individual’s responsibility (circumstances) are unfair, and should be
compensated

* Ex-ante (van de Gaer, 1993): Eliminate inequality across types before effort is realized,
by equating values of opportunity sets (defined in terms of the distribution of x
conditional on C).

* Ex-post (Roemer, 1993): Eliminate inequality across types after effort is realized, by
eliminating inequality among people exerting the same degree of effort. (i.e. eliminate
inequality within tranches).

— Principle of reward: outcome differences reflecting differential reward to
individual responsibility and effort are ethically legitimate, and should be
preserved.

* Liberal reward

* Utilitarian reward
* Etc.



2. Economic models

* Key results (Fleurbaey and Peragine, 2013):

1. In general, the ex-ante and ex-post compensation principles are
inconsistent

2. In general, the ex-post compensation principle is inconsistent with
reward principles

3. The ex-ante compensation principle and the reward principles are
consistent.

* Variations of this framework have been used to propose:

i. Social orderings and allocation rules

*  When feasible resource transfers are introduced in the model

ii. Measures of inequality of opportunity



2. Economic models

Allocation rules: (i) van de Gaer’s “min of means” (satisfies ex-ante compensation and reward)

F(x|C)
mn (4 o £4,)



2. Economic models

Allocation rules: (ii) Roemer’s “mean of mins” (satisfies ex-post compensation)

F(x|C)




2. Economic models

Allocation rules: (iii) Conditional equality (seeks a compromise between ex-post
compensation — satisfied only for a reference effort level - and reward.

XA

—)

F(x|C)

See Fleurbaey (2008).



2. Economic models

Allocation rules: (iv) Egalitarian equivalence (seeks a compromise between ex-post
compensation and reward — satisfied only for a reference type).

” l

F(x|C)

See Pazner and Schmeidler (1978), and Fleurbaey (2008).
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3. Measuring inequality of opportunity

hassens, tihe measurement of iimegiud ity off
apsuttumity cam be thought of as a twe-steppoeeeiluee:

11. Rirsss, tthee actual distribution ] s tieamstoreneetntoaa
cuntenfractual distribution [ fhatre8getssootyyomatiffully
ttreewniaiir imequality in [X;], whillke all| tireeftair neega&titysis
reaeouead!.

2. |inttiesecond step, a suitable mezsunedfineeyaditityss
A led to [X,/.



3. Measuring inequality of opportunity

Between types (X }): Forallj € {l,...m}and foralli €{I,....n}, T, = u,

-
[

Table 2: Between-types mequality (#=m—3})

H H M
A A A

Draws on the min of means approach. Satisfies ex-ante compensation and reward.



3. Measuring inequality of opportunity

Within tranches { Xpp ): Forallj € {1,...m} and forall i € {1....,.n}, &, = gle,.e,) /v,

Table 4: Within tranches meqnality (#=m=3)

W Vy ¥
! Va Vs
W y v,

Draws on the mean of mins approach. Satisfies ex-post compensation everywhere, but not
the reward principle.



3. Measuring inequality of opportunity

Direct unfairness (ﬁwj: take € as the reference effort. Then %, = glg,.. o) Vi = {1, ..., n} and
Vr {1, ..., mL

Table 3: Direct unfairness {with £=1 and »=m=3)

Draws on the conditional equality compromise. Satisfies ex-ante compensation and
reward; and ex-post compensation only for Tranch 1.



3. Measuring inequality of opportunity

Fainess gap {i;;}: take € as the reference circumsiance. Then lot %, =glg.e) g(€.e),

V:efl...ntaed Vi =fl....mk

Table 5: Fairness gap {with =1 and #=m=3)

Draws on the egalitarian equivalence compromise. Satisfies ex-post compensation
everywhere, but liberal reward only for Type 1.



3. Measuring inequality of opportunity

A summary of the four indirect approaches to measuring |. Op.

Table 6: Welfare criteria, allocation rules and inequality measures

Approaches

Ex ante
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3. Measuring inequality of opportunity

~ Mantiall orderings can be sought instead of conpitatecrdderiags.
0. (Lefrane, Pistollesi, Treanmgy RRW22088)

* Rajititinn seciety into types § (3 Bdjnpdiide RO p dtuntienawbarerbase is
nﬁéﬁc@%@@t@nm@mcdﬁﬁ@tmwmdMﬁﬁW@@between

F(x|s) and F(x

|83
* Test for this using

Vs,s' €S.
avidson and Duclos (2000) tests for statistically

. sigpifieanhiSUing Dingdieh cainbiksos (2000) tests for statistically

significant SSD, in nine rich countries.

Italy: Disposable Income

0 0.5 1 1.5 2

—Edl —Ed2 —Ed3

Sweden: Disposable Income

e

Ve

Ed7 [/

.5 1 1.5 2 2.5 3

—Edl —Ed2 —Ed3




3. Measuring inequality of opportunity

~ Mrantiall orderings can be sought instead of conydatecrtdenags.

ii.  Tnremk ‘social states’ by 1.0p. (Peragine, Usdil, 20)

Rreseses b Ways in Whieh ineeme distributions candee((wetbaes ksanked
e ding e inequality of eppertunity:

L. “Thgrsappiedeh” : Define a types-mean distithuiionas

X = {p1 Ii1 y inyuf(’ ;p‘r{ﬂ?}’f}

R IR R faii%w.wa% X, Y, 3Rd for i W iin 2 dlasafwetipee

et satsiving MON, 8epBT, SymWYT, AT Ans BT (&n Somify
ifand onlyif X, Z¢1 Y-
“Tranches approach Let each tranche of [X;] be denoted , j=1,.... m.

en oy e MO BTN A0S
1,...,m. Then for all W satisfying MON, AddBTr, SymWTr, IAWTr, W (X) >
W) ifandonlyif x¥ >4, x],Vj € {1,..,m}.




3. Measuring inequality of opportunity

~ Mantiall orderings can be sought instead of comyetecrddenags.

ii. Tanenk ‘social states’ by 1.0p. (Andrresllieta|, AESTa!,20083)
* lLeekier deminance net of FitntsOf Bediffereaicte idiecgatheusye:
. I@H‘fﬁgﬁgﬁ i B0 kharkia T—Fﬁ)_rla(m)references in the Yaari

«  (8Kigtaserkie era demiaha mily abpedferencasmcedienhe Yaari

. WRBA kR sleps et S ptsete BB WhsEtessively
Ilrgﬂ:ér-%rﬂé’r)hﬁﬁ\g:wcgrﬁggbm?t% g@)’fgn rankings for

. PROgresHivAdY N PYIEbstbeas 19D &4, oo N darigspHyssilely
priglerenedsr dominance relations, to obtain rankings for

. WiRsReSTMR MR FFRMEETHRERS By RE LN gRRre BT keIl possible
[?gﬁtﬁr?@ES%binations of types (!) —anonymously or non-

« aNbawteudare more than two types, require this for all possible
pairwise combinations of types (!) —anonymously or non-
anonymously




3. Measuring inequality of opportunity

* Partial orderings can be sought instead of complete orderings.

i. To rank ‘social states’ by I.Op. (Andreoli et al., REStat, 2018)

* Nice application to evaluation of impact of a child care reform in Norway, using
QTEs.

B - Giap curves

_________________

(e) Lower va upper class (f) Middle vs upper class

* Results become inconclusive with many types. Revert to scalar indices.
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4. Empirical applications

| lemnradtaamanee @it amy enmipiticall applications of the direct approadh..

HrpoHieed i lcaios exist of all four indirect approaches revirwed aboie
(@g@-Aﬁmseectaa!d@llﬂ-: Ehesehi and Peragine; 2010; Peveeght, 24)

/
: c. i 8@.(1”?85%%?’%5” 1Ypee apAreach - had pB2A ApHRed
LRHC' % O REA onalcomparlson

{3'as permi

There are two versions of this index, absolute and relative:
There are two versions of this index, absolute and relative:

oL 6, =%y, )

IOL:
(=

IOR: 6. =XBT)

IOR: (x)

Non-parametric estimation of these indices, using the (path-independent)
Niecapesatiie Mitihatex, of 8k eie nediced, hys Pigedah | path Redegerd06)0).
decomposable MLD index, was pioneered by Checchi and Peragine (2010).



4. Empirical applications

) observed c ()

— @niittedatituumistanesscan @iyl et to a filver gttt o ng off the rows iim X7,
wihithceansatrertlicee, Bty ingeerwe mesawe.

— Iinmdleeatoon(()): M Biask & diasad/dedynwards
— | npdicadioon((i)) :coaussd latttibauttoontion sypesai focweanisat kess iis wimmeamaamtiasd] .

CZ CZ
Mg My, M3 <&
l‘|'112
C H21 uzz Hza C

IJ'31 l"1'32 p’33

— See discussion in Ferreira and Gignoux (2011).
— See discussion in Ferreira and Gignoux (2011).



4. Empirical applications

* Statistical challenges: A tale of two biases

2. Anupward bias arises from the sampling variance within types

— Sampling variation in the estimation of type means inflates measures of
inequality across them.

— Analogous to the Chakravarty and Eichhorn (1994) result for inequality
measurement when income is measured with error.

— The issue was a key reason why Bourguignon et al. (2007) and Ferreira and
Gignoux (2011) first proposed a parametric approach:

“As the number of types increases, the frequency of sample observations per type tends to
diminish quite rapidly [...] causing the precision of the estimates of the mean advantage per
type to become unacceptably low. As is often the case when sample sizes are insufficient for
fully flexible, non-parametric estimation, a parametric alternative is available that permits
efficient estimation, at the cost of some functional form assumptions” (FG 2011, p. 633)

— But the upward bias implications was first recognized by Brunori, Peragine and
Serlenga (2018).



4. Empirical applications

When the information on circumstances is rich enough for a given sample size, the
number of types may become too great to estimate either IOL or IOR non-parametrically.

Bourguignon et al. (2007) and Ferreira and Gignoux (2011) propose a simple model:

ng(c,e,u)

e= f{€,v)

For the purpose of simply measuring inequality of opportunity, it suffices to estimate the
reduced form:

=)

Say, by OLS:
x=Cy+¢

Can then compute “parametrically smoothed distribution”:

Rall
<

Leading to the parametric estimate: IOL@]I(Y.)



4. Empirical applications

TABLE 1
HOUSEHOLD SURVEY NAMES, DATES. AND SAMPLE SIZES

Brazil Colombia Ecuador Guatemala Panama Peru
Survey PNAD ECV ECV ENCOVI ENV ENAHO
1996 2003 2006 2000 2003 2001
Sample of 30 to 49 85,692 22,517 12,650 6,956 6.339 17,030
year-olds
Sample of heads and 73.847 18.069 10,719 6,067 5.105 13,947
spouses. aged 30 to
49 years
Of those, 70,521 17,979 10,719 5,988 4,556 13,621
observations with
income/consumption
and circumstances
(share of original 0.823 0.798 0.847 0.861 0.719 0.800
sample)

Source: Ferreira and Gignoux, 2011



Empirical applications

TABLE 3
DerFraTion oF CIRCUMSTANCE VARIWBLES, BY COUNTRY
Brazil Coombia Ecuador Guatenal a Panama Peru
Ethnicity
Category 1 Sdf reported white Othe Self.reportal ethnicity:  European maternal Other European matermal
ethnicity white, mixed Hoaod kanguage language
(“mestizo™) or other
Category 2 Sdf reported hlad Self-reported minority  Self-reported ethnicity:  Indigeous maternal Speaks indigenows Ind genous maternal
(*negro™) and mmed ethnicity; “indigena, indigenous, Hack Innguage lan gu nge lan guage
blood ("parlo™) gitano, achipélago (“negro” or
ethnicity o palenquero” “mulato”)
Fathe's oecupation
Category | Agricultural worker Missing Agricdtural worker o Agricaultural worker Agricultural worker Missing

Category 2

Mather's and father's education

Category |
Category 2
Category 3

Birth region
Category 1

Category 2

Category 3

Other

Nore or unknown

Completed grade | to 4

Completad grade § or
more

Sao Paulo and Federal
district

South East,
Center West, and
Sauth

North-East, North or

None or unknown

Primary incompl e

Primury com plete or
more

Departments at the
periphery

Centmal departmentsa)

Bogota, San Andres,
and Providenda
islands and foreign
country

damestic worker
Other

None or urknown
Primary
Secondary or more

Sierra and Amazoria
provinces

Costa and Insular
provinoes

Fichircha province
(with Quito) and

Amuy provine

Other

None or unknown

Primar y incomplete

Primary complete or
mone

Guaternala City,
Northeast
departments and El
Petén

North and Northwest

departm ents

Southeast, Southwest,
and Center
depurgments

(xher

Nore or unknown
Primary
Scondary ormore

Cities and intermedi ate
urban centers

Other urtan centers

Rural areas

None or unknown

Primary incomplete

Primary complew or
more

Inland non-sowthen
departments

Southern and other
costal depariments

Arequipa, Callag,
and Lima

Now: Central departments are Boyaca, Caldas, Caqueta, Cundinamarca, Huila, Meta, Norte de Santander, Quindio, Risarakda, Santander, Tolima, and Valle del Cauca.

Source: Ferreira and Gignoux, 2011



4. Empirical applications

TABLE 6
SCALAR INDICES OF INEQUALITY OF OPPORTUNITY

Brazil Colombia Ecuador Guatemala Panama Peru

Panel A: Household income (per capita)

Total inequality (Ep) 0.692 0.572 0.580 0.593 0.630 0.557
(0.013) (0.033) (0.028) (0.036) (0.029) (0.022)
Non-parametric estimates
IOL 0.227 0.144 0.164 0.213 0.213 0.163
(0.008) (0.023) (0.022) (0.031) (0.024) (0.015)
IOR 0.329 0.252 0.283 0.359 0.338 0.293
(0.008) (0.026) (0.023) (0.030) (0.026) (0.018)
Parametric estimates
IOL 0.223 0.133 0.150 0.199 0.190 0.156
(0.008) (0.019) (0.02M (0.028) (0.023) (0.014)
IOR 0.322 0.232 0.259 0.335 0.301 0.279
(0.008) (0.023) (0.023) (0.030) (0.028) (0.018)
Panel B: Household consumption expenditures (per capita)
Total inequality (Ep) 0.462 0.359 0.415 0.381 0.351
(0.018) (0.015) (0.025) (0.018) (0.013)
Non-parametric estimates
IOL 0.123 0.124 0.221 0.156 0.123
(0.015) (0.013) (0.024) (0.016) (0.010)
IOR 0.265 0.346 0.532 0.409 0.351
(0.021) (0.021) (0.023) (0.025) (0.018)
Parametric estimates
IOL 0.114 0.117 0.213 0.144 0.119
(0014) (001 (0020 (0015 (0.009)
IOR 0.247 0.326 0.514 0.377 0.339
(0.021) (0.022) (0.022) (0.026) (0.017)

Notes: Sample: household heads and spouses, aged 30-49, with positive income and information
on a set of circumstances; bootstrap standard errors (taking into account stratification and clustering)
in parentheses: father’s occupation missing for Colombia and Peru.



1.

4. Empirical applications

In Latin America, inequality of economic opportunity:

0,500
0,450
0,400
0,350
0,300
0,250
0,200
0,150
0,100
0,050
0,000

ranges from 23% to 35% for income per capita.
ranges from 24% to 50% for consumption per capita.

Per capita household consumption
Total inequality and levels of inequality of opportunity

o Tolal mequality

— mInequality of opportunity

{diference behween non-

[ paramednc and paramednic
= l=e] eslimales)

pinequality of opportunity

— (parametric esimale)

COL ECU GUA PAN PER

Source: Ferreira and Gignoux, 2011




4. Empirical applications

Total inequality GE(0) and IOp (absolute)
ordered according to IOL

IOR ranges between 0.05 in
Slovakia and 0.40 in Malawi.

St
>, 2

)

Qo
SCS NS Sy e
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|
0.00 0.20 0.40 0.60 0.80

Note: Estimates come from different studies and are not strictly comparable.
Source: Brunori et al. (2015)



Inequality of opportunity

(absolute)

0.16

0.15

0.14

0.13

0.12

0.11

0.1

2001

4. Empirical applications

2002 2003 2004 2005 2006 2007 2008 2009 2010

=#= United States




Inequality of opportunity (relative)
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4. Empirical applications

Inequalities of outcome and opportunity: strong correlation
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4. Empirical applications

o - The Great Gatsby Curve
=
= ® Peru
w
o
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Source: Corak (2012)

Inequality (Gini Coefficient)
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4. Empirical applications

Those first-generation studies typically used parsimonious parametric
models (with purely linear specifications, omitting higher-order
polynomial terms or interactions) or non-parametric estimation (with
relatively coarse partitions).

The resulting estimates were — perhaps strictly incorrectly — interpreted as
lower-bound estimates.

1.  Though it is likely that in most of those studies the downward bias outweighed the
upward bias.

Some of the IOR estimates, particularly for richer countries, were judged
to be uninformatively low, and the usefulness of the lower-bound results
was criticized (e.g. Kanbur and Wagstaff, 2016)

So people started looking for finer partitions, or enriching their parametric
specifications.



4. Empirical applications

1. ‘Sowrdigenaration’ hetwesmtypes approach: looking for upper-bound
asgimadess((Weathuessamd] Paiath), SO 2014)

* Twodageesimaiosrusing panel| data:

- dsthile Inwie = Bl ot e

iii. Bdkimarassssestioon, esgtinadee Inw;; = @¢; + v;

GRSt a"? = exp(pc; + a*/2)

— Application to Germany (SOEP) and the US (PSID), for both current and

— Anplicabionttia&armany (SOEP) and the US (PSID), for both current and
permanent incomes



4. Empirical applications

1. ‘Second-generation’ between-types approach: looking for upper-bound
estimates (Niehues and Peichl, SCW 2014)

Figure 2: 10p shares in cutcome inequality

Germany, annual LSA annual
H_
H_
& :I:
7 I I 1
£ W I
: 1
i =19
o
a2 Ermany, permansnt USA, permaneant
5 8
Q 5]
Lie)
(]
=
=
Al Males  Females Al Males  Femaes
||—|G|1:=5553rr'195 ‘ule:eamngal

Source: Own ealculations bazed on SOEP and PSID. The two graphs on the top
ustrate [Op shares in annual incomes {2009 for Germany, 2007 for the US); the grapl

at the bottom 1Op shares in permanent incomes.



4. Empirical applications

‘Second-generation’ between-types approach: enlarging the

circumstance set through admitting an “age of consent” (Hufe, Peichl,
Roemer and Ungerer; 2017)

Use National Longitudinal Survey of Youth (NLSY -79) for the US and British Cohort Study
(BCS — 70) for the UK

Scenario Circumstance Set Circumstance Var.
Base Sex, Country of Birth, Ethnic Affiliation, Cohort, Age,
o Academic Achievement Mother, Occupation Code
o i
E Mother, Rural/Urban, Height (16), Family Income
- Lo
= < Ability PIAT Math, PIAT Reading
- [
£
=3
2
= Behavioral Problems Behavioral Problems Index (BPI)

Sixth

Child-Parent Relationship Play/Schoolwork w/ Parents, Perceived Quantity of

Time w/ Parents, Parents Split, Parental Income

Health-Related Behavior Smoking Habits Mother, Drinking Habits Mother,

Health Restrictions Child

Survey Specifics Specific to NLSY7g9 and BCSyo. See text for more

information.

Table 1: Overview of Circumstance Scenarios



4. Empirical applications

1. Hufe, Peichl, Roemer and Ungerer (2017) find that the lower-bound IOR
can be as high as 45% in the US and 31% in the UK when using this
extended circumstance set.

Figure 2: 10p with varying circumstance sets (NLSY79), comparable sample, average income
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Mote: The overall bar yields the extent of cutcome ineguality 10. The black colored share of each
bar yields ineguality attributed to circumstances, i.e. the lower bound absclute measure of in-
equality of opportunity 1Op. The residual gray colored share of each bar can be interpreted as an
upper bound measure of inequality attributed to differential efforts. The white |labels at the
bottom of each bar indicate the share of IOp in 10, i.e. the relative measure of inequality of

opportunity r.



4. Empirical applications

But, in general, refining type partitions - e.g. by adding interaction terms
to parametric models, or refining categories for each circumstance
variable - alleviates the downward bias (from partial observability) at the
expense of increasing the upward bias (from within-type sampling
variance).

Given a certain set of observed circumstance variables, and a sample of
observations, choices of model specification between the simplest linear
specification (where the impact of circumstances is restricted to be linear
and additive), and a fully interacted model (which is equivalent to the
non-parametric estimate) have so far been made arbitrarily.

Is there a meaningful criterion that can help practitioners choose an
“optimal” specification, given the trade-off between the two biases?



4. Empirical applications

1. Bwunoii, Peragine and Serlenga (2018) propose cihessingtteesiradfiteatom
ha noivairmidesrihecseangoareplarear atousfaitsaofalarnpieictions:
predictions:

MSE_—Z i — 8(Ch)

2.  Which is decomposable as follows:
2. Whichis decomposable as follows:

E (yo — gﬂ(C[}))2 = Var(g(Cp)) + [Bias (§(CO))]2 + Var(u)

/ \

Captures the upward bias from sampling Captures the downward bias from mis-
variation specification



4. Empirical applications

3. The procedure uses k-fold cross-validation. The average MSE for the k
test samples is computed for each model specification, and the
specification with the lowest MSE is chosen.

0.04 -

0.03 -

: 11u1uMllﬂlﬂm“ﬂ““m

0.00 -

IOp (MLD)

L L AL A S Y S S S TR TR S T T N R SO SO S N I I Y N S TN T S A
IS NODK NL FI DE SK LT CZ S8l SE EE CH MT HR FR AT CY UK IT LV BE HU PL IE EL ES RO PT BG LU

Fig.1 10pin 31 European countries under different model specifications. The Figure shows each country’s
[Op measure obtained with the three alternative methods: (i) the linear, most parsimonious case (linear),
(i1) the fully interacted model ( full); (iii) the best model selected (best ). Countries are ordered according to
the 1Op level based on the best model specification with 95% confidence intervals. Table 2 in the Appendix
contains [Op estimates and relative bootstrapped standard errors based on 500 replications for the three
alternative model specifications . Source: EU-SILC, 2011



4. Empirical applications

Amaliermatike approach to “let the data choose the modiell spedifiication”
it pnapesed by Brunori, Hufe and Mahler (2018)), wsiing cond it
infeEnenae trees and forests.

= Aconditionll infience tiee consists of a set of terminal nodes (leaves) obtained by
restinsiwes o ey spliting, as flollows.,

= Givemaseit of dhacumstianee veriiglles and categories, the algorithm splits the samplle in
alllpassil e pantitiors [C]), and cormputes the p-value for the null hypotihesis that the
stedtssiccaffintanesit (@ g. the meam) im the two sub-samples is identical.

= [Wrisdiosemas [Gyherd fok atigtimepyfs 3 Bbefertheiatjusatient (i Busitipreni
hypesbesis testing)itiple hypothesis testing).

— Maitited sgnifirance lkvell gambeehdrsresc thitaif i,pri%E)di thealgexithims, agerithms,
athe omise 638 iCthesenasapditipgttatiakieiable.

— Regraftthealgaitthm flor eaeh mede (sub-sample), until ene has exited everywhere.

—= Acendiipml infeience forest is basicallly a set of trees estimated en randem subsamplles
offthe eiginadIdries, i eaeh cse using a different subset of cireumstanee variables: The
sireeQffthe ilisrts off dnaimsiances is dhosen by minimizing the “eut-ef-the-bag” MSE.



4. Empirical applications

Although forests outperform trees in terms of out-of-sample prediction,
trees can be visually informative of the ‘structure’ of inequality of
opportunity in different countries.

Figure 3: Opportunity Tree: Sweden
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Nota: Opportunity tree for Sweden. White rectangular booes indi-
cate terminal nodes. The first number inside the rectangular boooes
indicates the share of the population belonging to this group, while
the second number indicates the predicted income.



4. Empirical applications

3. Although forests outperform trees in terms of out-of-sample prediction,
trees can be visually informative of the ‘structure’ of inequality of
opportunity in different countries.

Figure 4: Opportunity Tree: Genmany

F e 0o
pa0 001

{Service, Clerdaal chrn‘dm}ohuom Marager} ot working, Elementary. P opersor. Crall/ Tresd e Ag iau burs]

" Fatwe 0oy M:nvoau
Pt o«ucm

PMedum Hgnl  {Unknown, Nons, Low) Low Medium, Mgh) {Unkrow ny Norej

Mother Supery ‘Mu.n Hmuaun
pe0001 p0 001 <0004
Not working  (No, e {Unimown, Nome, Low, Medium)
House own
__ pD ncﬂom
Owred  Not owred
Wk Nof\inﬂld-l!
p<OCIJ.'
=3 =3 {Owned) ot Owned)
cl" Famar ad
Eurcpe) ~———
Sﬁ; "3"":‘ Plore Low. {Unknowr} =3 =3
Medum}
Wiorking sduits
_ p0004
e T
»1

3 & & 10} 15 i 2 5 fel
% A% 18.4% 56% AT% 04% 226% 67% o ™ 216% o™ 4% e
y = 29674| |y=28380| |y =25718| |y= m‘a y = 21360] |y= 28744 |y = 20041| [y=25088| |y = 22618| |y=17379| |y = 18501| |y=21860] |y = 171| |y= 19784 |y = 17442

Note: Opportunity tree for Germany. White rectangular boxes indicate terminal nodes. The firt pumber inside the rectangular boxes indicates the
sham of the population belonging to this group, while the second number indicates the predicted incame. Occupation refers to ISCO-08 ae digit codes.
All varinbles describing household characteristios refer to the period in which the respondent was about 14 yenrs dd. See Table 1 for details.
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4. Empirical applications
Awssiad W aesd | g, diideatiic st off il usinationrs of some of these

aaEntess, o thhe case wihen tihe onlly circummstances are parental
estiucattonand] ecruypation. Courtesy of Paolo Brunori.

yi = f(ED;,0Cj, e;)

Figure 1:the "space” of cirou mstances 1n a simplified model a ko Roemer
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4. Empirical applications

1. Avisually appealing, didactic set of illustrations of some of these
approaches, for the case when the only circumstances are parental
education and occupation. Courtesy of Paolo Brunori.
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Figure 2: non-parametric estimation:
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Figure 3: parametric estimation:
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4. Empirical applications

1. A visually appealing, didactic set of illustrations of some of these
approaches, for the case when the only circumstances are parental
education and occupation. Courtesy of Paolo Brunori.
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Figure 4: data-driven non-parametric
e.g. conditional inference tree: OCCUPATION

Figure 5: data-driven parametric, ‘
e.g. minimizing MSE:

EDUCATION EDUCATION

OCCUPATION - } OCCUPATION




1.

2.

5.

Outline

Equality of opportunity: Motivation and background
Economic models of equality of opportunity
Measuring inequality of opportunity

Empirical applications
‘First generation’ between-types approach

‘Second-generation’ between-types approach

Concluding remarks



5. Concluding remarks

* Inequality of opportunity remains an active area of research in economics —
likely because it matters...

— Intrinsically (both normatively and psychologically)

— Instrumentally

* But the field still struggles with challenges...

— Conceptually, because there are multiple ways of operationalizing the principles of
compensation and reward, and these sometimes clash

* And because of the materialist ‘causal thesis’ and ‘incompatibilist” views.
— Empirically, because of data limitations
* Partial observability of circumstances (downward bias)

* Sample size limits and sampling variation (upward bias)

* Nonetheless recent efforts to use richer data and new econometric methods,
including from machine learning, hold promise.

* Need a discussion of what society chooses to classify as circumstances,
particularly as data on (epi)genetics become more widely available.

— Recall that value judgments are inherent to inequality analysis, even when one is just
looking at incomes (Atkinson, 1970).
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