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General Considerations

1 Economics as a science had some important developments in the last twenty years
thanks to the introduction of new methods from biology

2 Economics is now at a crossroads, and we need to evaluate how to proceed further

3 This understanding is essential because choices which are fundamental for the future
of societies depend on this vision
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Three new Fundamental Directions

1 Neuroeconomics

2 Genetics and economics

3 Personality Theory
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Neuroeconomics

Neuroeconomics

1 Neuroeconomics is the discipline that studies the neural basis of economic and
strategic behaviour

2 An important part of method used is the experimental study of human choices (or
animal choices) pursued by combining the observation of behavior with that of
associated neural processes (fMRI , recording from single neurons, EEG , MEG)

3 Equally important is the study of other biological components underlying the
behavior, for example the hormonal one.
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Neuroeconomics

What we understood: some examples

1 The neural basis of learning the value function (third lecture)
Formal model: Q-Learning
Neural correspondents of the components of the model

2 Neural basis of choice between options
comparison models based on diffusion processes (DDM)
richer models based on a network of groups of neurons that independently evaluate the
various options

3 Adaptation of the evaluation to the environment. (third lecture)
Accurate understanding of the quantitative impact and time duration of these effects.
Comparison with anomalies of visual perception

4 Neural basis of important emotions
Regret, Envy
Empathy
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Neuroeconomics

What we understood: Value function learning
Schultz, Dayan, Montague, 1997
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Neuroeconomics

What we understood: Neural basis of choice between option
Wong & Wang 2006, Rustichini & Padoa-Schioppa 2015, Rustichini et al., 2018
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Neuroeconomics

Adaptive Coding (Padoa-Schioppa, 2009)

might also describe the activity of neurons
encoding the chosen value, leading to the
same predicted relationship between
slope and value range.

Regression slope and inverse
value range
Each neuron in our main dataset was re-
corded in one session with one value
range. To test the predictions of the adapta-
tion model, we thus performed a popula-
tion analysis. We studied the distribution of
regression slopes as a function of the value
range (Fig. 4a– c). For each of the three
encoded variables (offer value A, offer
value B, and chosen value), we observe that
regression slopes decrease as a function of
the value range. This phenomenon is par-
ticularly clear when the mean slope is
plotted against the value range (Fig. 4d).
As predicted by the adaptation model, the
relationship between the mean slope and
the inverse value range appears approxi-
mately linear (Fig. 4e). For a statistical
test, we performed a linear fit of the mean
slope onto the inverse value range as fol-
lows: slope � a0 � a1 � 1/�V. The result
obtained for the coefficient a0 does not
differ from zero (95% confidence inter-
val). In other words, the measured rela-
tionship between the mean slope and the
inverse value range is statistically indistin-
guishable from the predicted relationship
slope 	1/�V. Interestingly, this result does
not depend on the particular units used to
express values (see below, Scale
invariance).

Figure 4, d and e, suggests that offer
value A and offer value B responses are in-
deed of the same type and that the differ-
ence in slope distribution (Fig. 2) was due
to the difference in value range. To con-
firm this point, we restricted the compar-
ison of slope distributions to responses
recorded with the same value range. In
this case, we did not find any significant difference between offer
value A and offer value B (analysis performed for �V � 3 and
�V � 4, both p � 0.5, Wilcoxon test). We thus pooled all offer
value responses in subsequent analyses.

Population firing rate
A close match between the activity of neurons in the OFC and the
predictions of the adaptation model can also be observed exam-
ining directly the firing rate of individual neurons as a function of
the encoded value. We first describe the results obtained for the
population of 937 responses encoding the offer value (Fig. 5). For
each response, we subtracted the baseline activity corresponding
to the minimum value available in that session. We then rectified
neuronal responses with negative regression slope and plotted the
resulting firing rate as a function of the encoded value (Fig. 5a).
Different colors in the figure label subpopulations of neuronal
responses recorded with different value ranges. A qualitative in-
spection suggests that the various subpopulations have similar

distribution of maximum firing rates. This point is especially
clear when we average firing rates separately for each subpopula-
tion (Fig. 5b). The emerging picture well matches that of the
adaptation model (Fig. 3a).

To further test the relationship between the neuronal firing
rate and the range of values available in any behavioral condition,
we defined for each neuronal response the activity range �� as
the product between the regression slope and the value range.
Thus, Equation 1 can be rewritten as follows:

� � �0 � �� �
V � V0

�V
, (2)

where �� � c1 � �V is the activity range, �0 � c0 � c1V0 is the
baseline activity, and V0 is the minimum value available in that
session. We then analyzed the distribution of activity ranges at the
population level (Fig. 5c). Multiple statistical analyses found that
the distributions of activity ranges obtained for different sub-

Figure 5. Population firing rate for offer value responses. a, Individual responses. The entire population of 937 neuronal
responses encoding the offer value is shown (offer value A and offer value B responses are combined). Neuronal responses were
baseline-subtracted, rectified and plotted here ( y axis) against the offer value (x axis). Different colors highlight different value
ranges. Qualitatively, we observe that for each value range neuronal activities are broadly distributed. However, the distributions
recorded for different value ranges appear rather similar. b, Average neuronal responses. Each line represents the average neuronal
response obtained for given value range (see color legend). Neuronal adaptation can be observed for any value, as average
neuronal responses recorded with different value ranges are well separated throughout the value spectrum (e.g., compare the
activity recorded at V � 2 for various ranges �V). c, Distribution of activity ranges. Each histogram illustrates the distribution of
activity ranges obtained for the subpopulation of responses recorded with the corresponding value range (color codes as in b).
Small triangles indicate the medians. Several statistical tests failed to find any significant correlation between activity range and
value range ( p � 0.13, Kruskal–Wallis test; p � 0.7, correlation analysis). Analyses in b and c were performed only for subpopu-
lations of at least 40 responses. sp, Spikes.

14008 • J. Neurosci., November 4, 2009 • 29(44):14004 –14014 Padoa-Schioppa • Neuronal Adaptation in the Orbitofrontal Cortex
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Neuroeconomics

What we understood: Adaptation of value encoding
Rustichini,Conen, Cai, Padoa-SCioppa, Nature Communications,2017
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Neuroeconomics

What we understood: Regret and Envy
Bault, N., Joffily, M., Rustichini, A., Coricelli, G. (2011). Proceedings of the national Academy of sciences

Regret is counterfactual learning, envy is the social correspondent of regret.
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Neuroeconomics

What we understood: Regret and Envy

P: private, SSC: social same choice, SDC: social different choice,
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Neuroeconomics

What we understood: Summary

1 Replacement of the as if models with mechanistic models of choice

2 Replacement of the optimality of choice with the optimality of the process producing
choice
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Genoeconomics

Genoeconomics

1 Genoeconomics is the discipline that studies the genetic basis of economic and
strategic behavior

2 The analysis was conducted until a few years ago (2000) with indirect methods (for
example studies on identical and non-identical twins, adoption studies)

3 The discipline changed radically after the completion of the Human Genome Project
(HGP, 2000)
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Genoeconomics

SNP’s
W. Sukhumsirichart, ”Polymorphisms.”
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Genoeconomics

Genotype for each subject
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Genoeconomics

GWA Studies

1 HGP allows the study of the individual variants of the nucleotide sequence of each
individual, in particular of the most common variants

2 Association of a phenotype (i.e. an individual characteristic of interest to
economists, for example intelligence) with the profile of SNP’s

3 GWAS = Genome Wide Association Study, study of association on the entire
genome

4 On the whole genome rather than on special variants taken as candidates on the
basis of some hypothesis (wide-ranging analysis)

5 Based on the coefficients estimated on a large sample (up to 3 million) and on the
individual genome, an individual index can be calculated for each individual a single
numerical score of “propensity” for that phenotype (polygenic index).
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Genoeconomics

Single Nucleotide Polymorphisms (SNP’s)
A look at dbSNP
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Genoeconomics

SNP and estimated coefficients for a phenotype
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Genoeconomics

Polygenic Score (PGS)

1 A Genome-wide association study (GWAS) produces estimated beta coefficients of
the univariate regression of a phenotype on Single Nucleotide Polymorphisms
(SNP’s) values.

2 Foe exampleÃ§
phenotype = educational attainment (EA)

3 A Polygenic score (PGS)is a numerical value, computed for each individual,
summarizing the probability (“risk”) of a phenotype on the basis of the individual’s
genotype and the GWAS-estimated betas.
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Genoeconomics

Genotype for each subject
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Genoeconomics

GWAS-betas from the training sample

4.5 millions later ...
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Genoeconomics

How a Polygenic Score (PGS) is computed

1 The PGS is computed as a weighted sum of the values of the individual’s variants,
using as weights the GWAS-estimated coefficients from a training sample, including
variants that do not achieve significance at conventional threshold, appropriately
corrected for Linkage Disequilibrium (LDPred).

2 For a given genotype g , the PGS is:

PGS(g) =
K∑

k=1

β(k)g(k)
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Genoeconomics

PGS and Social Mobility
Rustichini et al, Journal of Political Economy, 2023

1 Formulate predictions of a model integrating a genetic law of motion of skill

2 in a unique set of data with complete genetic information on parents and children, in
addition to information on education, personality traits, intelligence, family
environment and income

3 Estimate effect size for gene × environment correlation and of the degree of
assortative matching.

4 Explore pathways from genotypes to educational and economic success, and how
they are mediated by Intelligence and non-cognitive skills.
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Genoeconomics

Standard parental investment, with twins

The i th household solves:

max
(E i ,I i1,I

i
2)
E(θi1,θ

i
2)

(
(1− δ) lnE i + δ

∑
j=1,2

y i
j

)
, (1)

subject to:

E i +
∑
j=1,2

I ij = Y i (2)

hi
j = αI ln I

i
j + αθθ

i
j + ϵh,ij , j = 1, 2 (3)

y i
j = αhh

i
j + ϵy,ij , j = 1, 2 (4)

Optimal Investment:

Î i =
δαIh

1− δ + 2δαIh
exp(y i ) ≡ ψ exp(y i ).
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Genoeconomics

Skill Transmission

How does θt+1 depend on θt?

We replace the standard AR(1) Model

θt+1 = ηθt + ϵθt+1

with a genetic model.
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Genoeconomics

Skill Transmission

1 Genotype: K bi-allelic loci, {A, a} say;

2 We shorten aa = 1, aA = 0.5,AA = 0

3 Genotype set: GK ≡ {0, 0.5, 1}K ; K is large (order: tens of thousand)

4 The genetic component of skill transmission from parents to children follows:

H : (gm, gf ) 7→ H(gm, gf ) ∈ ∆(GK ). (5)

5 H follows well known rules of Mendelian inheritance; for instance if K = 1 so
GK = {0, 0.5, 1}, then H(0.5, 0.5) is (0.25, 0.5, 0.25), and H(0, 1) is (0, 1, 0).
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Genoeconomics

Matching Process

1 Parents are matched on ordered characteristics (skill, income) and idiosyncratic
characteristics (physical appearance)

2 The utility from the matching with a partner of a skill and income type determines
the value of the matching

3 Stable matching as equilibrium concept
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Genoeconomics

Stochastic Process on ∆(G × Y )

1 The process of matching of parents, generation of children, parental investment and
accumulation of human capital determines a stochastic process on the product of
genotypes, income, characteristics;

2 The process is non-linear, so proving existence of the invariant measure is harder

3 The convergence to the invariant measure can be studied, and simulated;

4 The convergence is fast.
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Genoeconomics

Allele with strong affect on educational attainment has steeper frequency
gradient with respect to income
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Genoeconomics

Income at the age 29, on family income, PGS , and Personality.

(1) (2) (3)
b/se b/se b/se

Family Income 0.134*** 0.128*** 0.078**
(0.027) (0.027) (0.032)

Male 0.277*** 0.276*** 0.313***
(0.025) (0.025) (0.029)

Male × Family Income –0.060** –0.060** –0.050*
(0.025) (0.025) (0.030)

PGS 0.078*** 0.021
(0.025) (0.028)

Education Years 0.256***
(0.035)

IQ 0.008
(0.029)

MPQ PA 0.061**
(0.026)

MPQ NA –0.024
(0.027)

MPQ CN 0.034
(0.032)

Externalizing –0.072*
(0.037)

Academic effort 0.057
(0.038)

Academic problems –0.017
(0.034)
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Genoeconomics

SEM of Pathways from PGS to Education Years.
PGS of children

Equation Variable b z p value CI
Ed Yrs C 0.285 4.87 <0.001 [0.171, 0.401]

(0.058)
NC 0.856 3.11 0.002 [0.315 , 1.4397]

(0.276)
PGS 0.014 0.35 0.725 [-0.066 , 0.94]

(0.041)
PGS mother 0.033 0.71 0.282 [-0.027 , 0.093]

(0.030)
PGS father 0.019 0.66 0.512 [-0.039 , 0.078]

(0.030)
Educ Parents 0.136 4.58 <0.001 [ 0.078 , 0.194]

(0.29)
Family Income 0.075 2.38 0.017 [ 0.013 , 0.137]

(0.031)
Male -0.151 -2.77 0.007 [-0.260 , -0.041]

(0.055)
Constant 0.376 9.85 <0.001 [ 0.301 , 0.450]

(0.027)
C PGS 0.287 9.21 <0.001 [ 0.226,0.349]

(0.031)
NC PGS 0.040 1.95 0.051 [-0.0002, 0.081]

(0.025)
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Genoeconomics

SEM of Pathways from PGS to Education Years.
PGS of children and parents

Equation Variable b/se z p value CI
Educ Parents PGS mother 0.182 5.62 <0.001 [ 0.118 0.245]

(0.032)
PGS father 0.301 8.96 <0.001 [ 0.235, 0.367]

(0.033)
Constant 0.066 2.00 0.045 [0.001, 0.132]

(0.033)
Family Income PGS mother 0.091 3.12 <0.001 [ 0.034, 0.149]

(0.029)
PGS father 0.154 5.05 <0.001 [ 0.094, 0.213]

(0.030)
Constant 0.131 4.28 <0.001 [ 0.070, 0.198]

(0.030)
Ed Years Educ Parents 0.183 8.76 <0.001 [ 0.142, 0.224]

(0.021)
Family Income 0.112 4.84 <0.001 [ 0.066, 0.157]

(0.023)
PGS 0.103 4.84 0.002 [ 0.038, 0.167]

(0.032)
PGS mother 0.052 2.26 0.094 [-0.006, 0.084]

(0.023)
PGS father -0.003 -0.13 0.899 [-0.051, 0.044]

(0.024)
Male -0.139 -2.85 0.004 [-0.235, -0.043]

(0.048)
Constant 0.345 13.43 <0.001 [ 0.284, 0.395]

(0.025)
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Genoeconomics

Personality Theory

1 Individual economic and political behavior is dictated by broader characteristics than
those traditionally examined by economics

Economics: attitude to risk, subjective discount factor
Intelligence
Conscientiousness

2 Understanding of the hereditary and environmental components of these
characteristics

Understanding of reasons for the existence of inequality and social mobility
Possible endogenous nature of institutions (the distribution of the genotype in a
society influences the possible institutions)

3 Preliminary elements for understanding biological causal pathways
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Personality

Personality and Economic Analysis
Examples of implications

1 Social mobility and inequality: not just economic preferences, not just intelligence

2 Strategic behavior:

3 Personality and Institutions: the PGS for EA
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Personality

Genes and Voter participation
Dawes, Okbay, Oskarsson, Rustichini, PNAS 2021

Increase in R2 of voter participation induced by relevant variables including PGS of EA.
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General Implications

Some General Implications

U

p to this point there is universal consensus. In the next part we derive some general
implications of this analysis.

Warning

What follows is my opinion, perhaps a minority opinion (minority of one).
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General Implications

Two Views

A widespread view of this extension of economic analysis is this:

1 Neuroeconomics and Genoeconomics are the foundation of economics on different
(more specifically “non-neoclassical”) bases.

2 Behavioral Economics is the most coherent plan to implement this program
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General Implications

Two Views

My thesis:

1 Neuroeconomics, Genoeconomics and Personality Theory are part of a new
foundation of economics on a biological basis

2 Classical Economics has a unique understanding of human society, which is the
outcome of the modern revolution in social sciences beginning with the modern view
of political philosophy (Machiavelli and then Hobbes).

3 There are two fundamental concepts have to be preserved, which are the core of the
revolutionary understanding provided by economics. Not by chance, they are under
relentless critique
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General Implications

Two fundamental concepts of economics
1: Individualism

Economic and social behavior, in all historical periods, is the result of a combination of
individual behavior

1 This behavior is well explained by a personal and rational interest

2 Consequently, incentives matter

3 Ignoring this fact will not make it go away
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General Implications

Two fundamental ideas of economy
2: Equilibrium

The process producing social and economic behavior starting from the behavior of
individuals is provided by a concept of equilibrium,

1 A specific equilibrium is valid in historically determined institutional arrangements

2 General Economic Equilibrium, Nash Equilibrium.
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General Implications

The third component
3: Biological Materialism

1 Individual behavior has been in past economic analysis modeled temporarily, and for
lack of alternatives, with models “as if” (“Individuals behave as if they are
maximizing a utility function”)

2 Individual behavior has biological underpinnings that we can now begin to
understand

3 The premise that it is possible to study the biological foundation of human nature is
based on the assumption (which can be demonstrated, if is successful) that this
foundation exists

4 Understanding the genetic basis of these

5 This view produces mechanistic models

6 It is the completion of a program that began at the dawn of our civilization
(Democritus, Plato, Lucretius, Hobbes).
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General Implications

Socrates’ Noble Lie

While all of you in the city are brothers, we will say in our tale, yet God in fash-
ioning those of you who are fitted to hold rule mingled gold in their generation,
for which reason they are the most precious but in the helpers silver, and iron
and brass in the farmers and other craftsmen. And as you are all akin, though
for the most part you will breed after your kinds.

Plato Republic, Book III, 414 b.
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General Implications

The Truth of the Lie

Obviously, then, we must arrange marriages, sacramental so far as may be. And
the most sacred marriages would be those that were most beneficial how imper-
ative, then, is our need of the highest skill in our rulers, if the principle holds also
for mankind.

Plato Republic, Book V, 458 d.
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General Implications

Opposite idea: Idealistic view of society

Opposite to materialistic view¿

1 Human nature does not exist but it is exclusively the result of a historical-social
process

2 Corollary 1: Men are potentially all equal, all differences among men are constructed
by society

3 Corollary 2: every difference between groups is due to discrimination
4 Corollary 3: Human Nature infinitely malleable and subject to the transforming

action of reason.

Reason has to be organized in the state
The state can make use of the enlightened advice of intellectuals
Citizens will follow the suggestions-indications-mandates of the prince-state
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General Implications

Variants of idealism

1 Historical materialism is a variant of the Hegelian left
2 The new man

He is a hunter, a fisherman, a herdsman, or a critical critic, and must remain so if he
does not want to lose his means of livelihood; while in communist society, where nobody
has one exclusive sphere of activity but each can become accomplished in any branch he
wishes, society regulates the general production and thus makes it possible for me to do
one thing today and another tomorrow, to hunt in the morning, fish in the afternoon,
rear cattle in the evening, criticize after dinner, just as I have a mind, without ever
becoming hunter, fisherman, herdsman or critic.

K. Marx–F. Engels, 1846, The German ideology

In a higher phase of communist society, after the enslaving subordination of the individual
to the division of labor, and therewith also the antithesis between mental and physical
labor, has vanished; after labor has become not only a means of life but life’s prime
want; after the productive forces have also increased with the all-around development
of the individual, and all the springs of co-operative wealth flow more abundantly –only
then can the narrow horizon of bourgeois right be crossed in its entirety and society
inscribe on its banners: From each according to his ability, to each according to his
needs!

K. Marx–F. Engels, 1875, Critique of the Gotha Program
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