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THE NEUROECONOMICS OF DEPTH
OF STRATEGIC REASONING*

G10RGIO CORICELLI
Institut des Sciences Cognitives, Cognitive Neuroscience Centre, CNRS, Bron (Lyon)
University of Trento, Center for Mind/Brain Sciences, cIimec

and
RosSEMARIE NAGEL

Universitat Pompeu Fabra of Barcelona, ICREA, Department of Economics

Bounded rational behaviour is commonly observed in experimental games and in re-
al life situations. Neuroeconomics can help to understand the mental processing un-
derlying bounded rationality and out-of-equilibrium behaviour. Here we report re-
sults from a recent study on the neural basis of limited steps of reasoning in a
competitive setting — the beauty contest game. We describe how a cognitive hierar-
chy model fits both behavioural and brain data.

1. INTRODUCTION

conowmists only recently departed from the rational man and the
E notion of common knowledge of rationality when theorizing on
economic problems. Common knowledge of rationality means that a
decision maker knows that he is rational, that he knows that the other
decision makers are rational and that he knows that others also know
that everybody is rational, and so on. A rational agent maximizes his ex-
pected utility, which means that a utility of different results are weight-
ed by their objective or subjective probabilities and maximized. Exper-
imental economists have provided in the last two decades experimental
results showing how far humans comply with or deviate from these as-
sumptions, thus corroborating theories of bounded rationality.

Here we use a neuroeconomics approach, combining economics and
neuroscience, to study bounded rational behaviour determined by lim-
ited depth of reasoning on players’ beliefs about one another in a com-
petitive interactive setting — the beauty contest game. The game was in-
spired by a quote from the General Theory:

Professional investment may be likened to those newspaper competitions [the beau-
ty contest] in which the competitors have to pick out the six prettiest faces from a

* Address for correspondence: G. Coricelli, Institut des Sciences Cognitives - CNRs, 67 Boule-
vard Pinel, ¥ 69675, Bron (Lyon, France). E-mail: coricelli@isc.cnrs.fr
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hundred photographs, the prize being awarded to the competitor whose choice most
nearly corresponds to the average preferences of the competitors as a whole; so that
each competitor has to pick, not those faces which he himself finds prettiest, but
those which he thinks likeliest to catch the fancy of the other competitors, all of
whom are looking at the problem from the same point of view. It is not a case of
choosing those which, to the best of one’s judgment, are really the prettiest, nor even
those which average opinion genuinely thinks the prettiest. We have reached the
third degree where we devote our intelligences to anticipating what average opinion
expects the average opinion to be. And there are some, I believe, who practice the
fourth, fifth and higher degrees.
(Keynes 1936)

Keynes describes different ways of thinking about others in a competi-
tive environment. This can range from low levels reasoning, character-
ized by self referential thinking (choosing what you like without con-
sidering others’ behaviour), to higher levels of reasoning, taking into
account the thinking of others about others («third degree»), and so on.

Many features of social and competitive interaction require this kind
of reasoning; for example, deciding when to queue for precious theatre
tickets or when to sell or buy in the stock market, before too many
others do it.

Why do people use different and limited numbers of steps of rea-
soning? As the number of steps of thinking increases, the decision rule
requires more computation; and higher level of reasoning indicates
more strategic behaviour paired with the belief that the other players
are also more strategic (Camerer et alii 2004). One reason for the limit-
ed steps of reasoning is that players might be incapable in using high
level of reasoning due to cognitive limitations; or another reason is that
a player might believe (overconfidently (Camerer and Lovallo 1999) that
others will not use as many steps of thinking as he does.

Identifying the neural correlates of different levels of reasoning, and
more specifically, being able to distinguish between low — versus high —
level reasoning people according to their brain activity will help to ex-
plain the heterogeneity observed in human strategic behaviour.

2. THE EXPERIMENTAL BEAUTY CONTEST GAME

Nagel (1995) studies an experimental competitive game, analogous to
the Keynes’s Beauty Contest, to characterise different levels of strategic
reasoning. In the experimental game, participants choose a number be-
tween o and 100. The winner is the person whose number is closest to
2/3 times the average of all chosen numbers. This game is suitable for
investigating whether and how a player’s mental process incorporates
the behaviour of the other players in his strategic reasoning. Game the-
ory suggests a process of iterated elimination of weakly dominated
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strategies which in infinite steps reaches the unique Nash-equilibrium
in which everybody chooses o.

However, «the natural way of looking at game situations is not based
on circular concepts [as for the Nash equilibrium] but rather on a step
by step reasoning procedure» (Selten 1998, 421) which typically results
in out-of-equilibrium behaviour.

2.1. The cognitive hierarchy model

This step reasoning can be some finite steps of the iterated elimination
process or of the so-called iterated best reply, a Cognitive Hierarchy of
thinking, that better describes behaviour in the beauty contest game
(Nagel 1995, Stahl and Wilson 1995, Camerer et alii 2004). For instance,
a naive player (level o) chooses randomly. A level 1 player thinks of oth-
ers as level o reasoning and chooses 33 (= 2/3*50), where 50 is the aver-
age of randomly chosen numbers from o to 100. A more sophisticated
player (level 2) supposes that everybody thinks like a level 1 player and
therefore he chooses 22 (= (2/3)* *50). And, as Keynes mentioned there
might eventually be people reaching the (Nash) equilibrium of the
game, and thereby choosing o. According to the Cognitive Hierarchy
model a subject is strategic of degree k if he chooses the number 50 M¥,
called iteration step k. Choices in many beauty contest experimental
games (Nagel 1995, Ho et alii 1998, Bosch-Domenech et alii 2002, Costa-
Gomes and Crawford 2006) show limited steps of reasoning, a bound-
ed rational behaviour, confirming the relevance of the iterated best-re-
ply model. Behavioural experiments of this game have been widely
studied (see, e.g. for lab experiments Nagel 1995; Ho, Camerer, Weigelt
1998; Costa-Gomes, Crawford 2006 or as newspaper competitions an-
nouncing the rules of the game and inviting readers of Financial Times,
Die Zeit, and others to participate, see Bosch et alii 2002). These studies
successfully identify high vs. low level of reasoning according to the
chosen numbers spikes at or near 33 (level 1), 22 (level 2), and o (infinite
level = equilibrium), the theoretical numbers according to the above
discussed process.

3. AN FMRI STUDY ON DEPTH OF REASONING

In Coricelli and Nagel (Coricelli and Nagel 2009) we used functional
magnetic resonance imaging (fMR1) to measure brain activity when sub-
jects participated in the beauty contest game. We introduced two main
conditions in an event-related fashion. In the human condition, each par-
ticipant of a group of 10 was asked to choose an integer between o and
100. The winner is the person whose number is closest to the target
number (a parameter multiplier (e.g., 2/3) times the average of 10 num-
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bers). In the computer condition one participant chose one number and a
computer algorithm chose randomly (and independently of the multi-
plier parameter) nine numbers. The prize for the winner was 10 euros
in each trial of both conditions, or a split of the prize in case of ties. The
computer condition should invoke low levels of reasoning (at or near
level 1) according to the iterative reply model. In contrast, in the human
condition a higher variety of levels of reasoning should be observed
since players might have different ideas what other players choose. To
be able to identify brain activity related to mental calculation most like-
ly involved when deciding in the game, we introduced calculation tasks
in which subjects were asked to multiply a given parameter (called C1
condition) or the square of a parameter (called C2 condition) with a
given integer.

3.1. Bounded rational behaviour:
participants played according to the cognitive hierarchy model

As found in previous experimental economics studies of the game
(Nagel 1995, Stahl and Wilson 1995, Bosch-Domenech et alii 2002;
Camerer et alii 2004), in Coricelli and Nagel (Coricelli and Nagel 2009)
the behavioural results confirmed the presence of play according to the
iterated best reply model. The starting point for the reasoning process
was 50 and not 100, and the process was driven by iterative best replies
and not by elimination of dominated strategies. We measured the lev-
el of reasoning of a subject as the smallest quadratic distance between
actual play and the different theoretical values based on the Cognitive
Hierarchy model. We categorized each player according to three cate-
gories: random behaviour, low level (level 1), and high level of strategic
reasoning (level 2 or higher). The high-level reasoning subjects clearly
differentiated their behaviour in the human compared to the computer
condition. They behaved as level 1 in the computer condition but were
classified as higher level of reasoning (level 2 or more) when interacting
with human counterparts. The subjects classified as low level behaved
similarly against the computer or the humans: at or close to level 1 in
both conditions. Few subjects behaved in a quite random fashion.

3.2. Neural correlates of depth of reasoning

In Coricelli and Nagel (2009) we found enhanced brain activity in the
medial prefrontal cortex (mpEc), ventral anterior cingulate (acc), supe-
rior temporal sulcus (sTs) and bilateral temporo-parietal junction (tpy)
when subjects made choices facing human opponents rather than a
computer. The foci of activity in the mprc (peak MNI coordinates, x =
0,y = 48, z = 24) is consistent with results of many studies on theory of
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mind or mentalizing (Fletcher et alii 1995, Gallagher et alii 2000, McCabe
et alii 2001, Bird et alii 2004, Amodio and Frith 2006). Psychologists and
philosophers define theory of mind or mentalizing, as the ability to
think about others’ thoughts and mental states in order to predict their
intentions and actions.

When we analyzed separately high- and the low-level reasoning sub-
jects, we found the activity in the medial prefrontal cortex to be
stronger in subjects classified as high level. In the high reasoners, guess-
ing a number in the human condition activated two main regions of the
medial prefrontal cortex, a more dorsal and a more ventral portion of
the anterior mprEc.

High levels of reasoning in the guessing game implies thinking about
how other players think about the others’ (including yourself) thinking
or behaviour, and so on. In other words, high reasoners might assume
that the same reasoning they are performing, — namely best replying to
random players — is likely performed by others, thus inducing a process
of iterative thinking.

The prefrontal activity of the low-level reasoning subjects was found
in the ventral anterior cingulate cortex, an area often attributed to self
referential thinking in social cognitive tasks (Moran et alii 2006). Think-
ing about the others as random players, thus considering them as “zero-
intelligent” agents, requires only a first person perspective of the inter-
active context.

fmr1 results show additional brain activities related to high- versus
low-level reasoning in the right and left lateral orbitofrontal cortex and
left and right dorsolateral prefrontal cortex, areas likely related to per-
formance monitoring and cognitive control (Koechlin and Summerfield
2007). This suggests that a complex cognitive process subserves the
higher level of reasoning about others.

The guessing game also requires solving a complex calculation task.
Thus, in order to follow a first or higher level of reasoning, the subjects
need to think what might be the average of the numbers guessed by the
others, including into this average their own number, and then multi-
plying the result by the announced factor, one or more times. Bilateral
activity in the parietal cortex, encompassing the angular gyrus, the in-
ferior parietal lobule, and the supramarginal gyrus, was found both in
the human and computer conditions. Results from our calculation task
show enhanced activity in the angular gyrus and in the inferior parietal
lobule when the subjects were requested to mentally multiply a factor
times a number (C1 condition), and greater activity in the same areas
when they were asked to multiply twice the same factor times a num-
ber (C2 condition). Suggesting that part of the calculation activity re-
lated to the beauty contest game might be performed by these portions
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of the parietal cortex. Additional activity related to calculation (both C1
and C2 conditions) was found in the lateral prefrontal cortex. Notably,
no activity of the medial prefrontal cortex was related with any kind of
calculation.

In Coricelli and Nagel (2009) we found a cross-subject correlation be-
tween a measure of strategic 1Q in the beauty contest (computed as the
distance of own choice to the target number, M*average of all chosen
numbers, across all trials) and brain activity in the mprc. Strategic 1Q is
reflected by the ability of subjects to match the right guess using high-
er levels of reasoning, that is, the ability to think deeply about others.
Strategic 1Q was not correlated with accuracy (number of exact re-
sponses) in the calculation task, thus it is independent of cognitive or
calculation skills. Notably, no other brain region of interest was corre-
lated with strategic 1Q. This suggests that the mprrc, involved in higher
reasoning about others, leads to successful outcomes in our interactive
setting.

4. HoOWw NEUROSCIENCE CAN INFORM ECONOMICS:
SPECIFICATIONS OF THE UNDERLYING PROCESSING
OF HUMAN’S OUT-OF-EQUILIBRIUM BEHAVIOUR

The guessing game is suitable for investigating whether and how a play-
er’s mental process incorporates the thinking process of the other play-
ers in strategic reasoning. We provide a computational account of the
cognitive processing underlying actual choices in the experimental
game, in order to identify the neural substrates of different levels of
strategic thinking. The main finding of the study by Coricelli and Nagel
(2009) is that the mpErc clearly distinguishes high- vs low-level of strate-
gic reasoning, thus encoding the complexity underlying human inter-
active situations.

The pattern of brain activity in the right and left lateral orbitofrontal
cortex and in the dorsolateral prefrontal cortex suggests a substantial
jump in complexity when going from first to second level of reasoning.
This might be responsible for the observed limited step-level reasoning,
either because subjects are not able to make this jump or because they
believe that not everybody else is able to make this jump. This result
provides a new interpretation that should be implemented in game the-
oretical modelling. This important difference has never been discussed
in the experimental economics literature on strategic reasoning. In-
stead, the main difference has been thought to be between random be-
haviour and higher level; mainly because level 1 contains already best re-
ply structure, a fundamental concept in economic theory. However
data from Coricelli and Nagel (2009) show that the main discontinuity
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is in the belief about other’s behaviour as naive or random behaviour
(the underlying belief of level 1 players) vs. belief of best reply behav-
iour (level 2 or higher).

Notably, the focus of activity in the mprc (peak MNI coordinates, x =
0,y = 48, z = 24; related to higher level of reasoning in our game) coin-
cides with the focus of activity related to degree of thinking about how
own behaviour can influence others” behaviour, as reported in a recent
study (Hampton et alii 2008). In the study by Hampton et alii the activi-
ty in the mpec is found when contrasting two dynamic models of choice
in a repeated competitive game. One based on updating own strategy
based on other’s past choices, giving best response to the frequency play
of actual behaviour, is essentially our level 1 thinking. A second, more
sophisticated type, assumes that subjects considered the effect of their
own past choices on other’s behaviour (influence). The contrast there-
fore is analogous to the difference in the beauty contest game between
level 2 (or higher) and level 1 of strategic reasoning. Thus, the mpEc en-
coding the effect of our choices on others’ thought and behaviour is the
neural signature of high level of strategic reasoning (level 2 or more).
The main difference between these two studies are that in Hampton et
al. subjects observed others’ behaviour over time and need to respond
to it, while in our study the subjects need to model also the choices of
the others. The brain does not seem to distinguish between these two
data sources. Taken together, the results of these two studies represent
the first close link between adaptive learning and levels of reasoning.

Rational game theory only predicts equilibrium play, supposing com-
mon knowledge of rationality — everybody is rational and thinks that
everybody else is rational, and so on. However actual behaviour devi-
ates from equilibrium. In fact, humans use bounded rational strategies
or cognitive hierarchies to mimic optimal behaviour. Thus, people be-
have differently based on different beliefs about others” behaviour. The
results of our study demonstrate that much of the variation in strate-
gic behaviour lies in individuals’ different attitudes towards others. Cru-
cially, behaviour that was based on more self-referential thinking re-
sulted in a larger deviation from rationality. Thus, people who are
socially and strategically more intelligent are likely to reason in a less
self-referential way.

This paper should be seen as a contribution to McCabe’s statement:

Herbert Simon’s research on bounded rationality (Simon 1957) implies that strategies
are likely to be encoded in the brain as a mapping from partitions of circumstances
into partitions of actions together with inferential (Holland et alii 1986) and reason-
ing mechanisms (Gigerenzer and Selten 2001) that modify and scale these partitions.
To understand how such encodings and mechanisms are formed requires both a top
down approach using experimental methods [experimental beauty contest] and
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strategic models from economics [cognitive hierarchy model] and a bottom up
approach using experimental methods [fMRrI beauty contest] and computational
models from cognitive neuroscience.

With many experiments on the beauty contest game mathematical
models of cognitive hierarchy have been developed with which we iden-
tify behaviourally different types of level of reasoning. In Coricelli and
Nagel (2009) given our design and the simplicity of the structure of the
game we identify behaviourally Level 1 and Level 2 and higher Level
types and find also differences in brain activity in several areas corre-
sponding to the different behavioural types. The brain activity analysis
also clearly distinguishes between the computer and the human condi-
tion in theory of mind areas, which indicates that facing humans re-
quires a higher structure of complexity in thinking than facing a com-
puter program. We hope that with our analysis we can give a road map
for more complex economic experiments in which the behavioural re-
sults cannot clearly identify different levels of reasoning. Then togeth-
er with brain activities one might in the future structure a behavioural
cloud in such a way that different level of reasoning types can also be
distinguished if they are indeed present. This should help to advance
our ability to interpret brain activity in terms of cognitive complexity.

REFERENCES

Amobio D. M. and FriTH C. D. 2006, «<Meeting of minds: the medial frontal cortex
and social cognition», Nat. Rev. Neutosci, 7, 268-277.

BuarT M and CaMERER C. E 2005 «Self-referential thinking and equilibrium as states
of mind in games: fMRr1 evidence», Games and Economic Behavior, 52, 424-459.

BirDp C. M., CastELLI E, MALIK O., FriTH U. and HusaIN M. 2004, «The impact of
extensive medial frontal lobe damage on “Theory of Mind” and cognition», Brain,
127, 914-928.

BoscH-DoMENECH A., MonTALVO J. G., NAGEL R. and SaTORRA A. 2002, «One,
Two, (Three), Infinity,...: Newspaper and Lab Beauty-Contest Experiments»,
American Economic Review, 92, 1687-1701.

CaMereR C. F and Lovarro D. 1999, «<Overconfidence and Excess Entry: Experi-
mental Evidence», American Economic Review, 89, 306-318.

CaMereR C. E, Ho T.-H., CHoNG ]J.-K., 2004, «A Cognitive Hierarchy Model of
Games», The Quarterly Journal of Economics, 119, 861-898.

CoriceLLI G. and NAGeL R. 2009, «Neural correlates of depth of strategic reason-
ing in medial prefrontal cortex», Proceedings of the National Academy of Sciences Usa,
106, 23, 9163-9168.

Costa-GoMes M. and CRAWEORD V. P. 2006, «Cognition and Behavior in Two-Per-
son Guessing Games: An Experimental Study», American Economic Review, 96, 5,
1737-1768.

D’ARGEMBEAU A., RuBY P, COLLETTE F., DEGUELDRE C., BALTEAU E., LUXEN A.,
MaqQuer P. and SaLMON E. 2007, «Distinct regions of the medial prefrontal cortex
are associated with self-referential processing and perspective taking», Journal of
Cognitive Neuroscience, 19, 935-944.



The neuroeconomics of depth of strategic reasoning 131

FrercHER P. C., Harpg F, FriTH U, Baker S. C., Doran R. J., FrRackowiak R.
S. and FriTH C. D. 1995, «Other minds in the brain: a functional imaging study of
“theory of mind” in story comprehension», Cognition, 57, 109-128.

GaLLAGHER H. L., Harpe F., BRunswick N., FLETCHER P. C., FriTH U. and FriTH
C. D. 2000, «Reading the mind in cartoons and stories: an fmr1 study of ‘theory of
mind’ in verbal and nonverbal tasks», Neuropsychologia, 38, 11-21.

HawmproN A. N., BossaerTs P. and O’DoHERTY J. P. 2008, «Neural correlates of
mentalizing-related computations during strategic interactions in humans», Pro-
ceedings of the National Academy of Sciences UsA, 105, 6741-6746.

Ho T.-H., CaMeReR C. F., WEIGELT K. 1998, «Iterated dominance and iterated best
response in experimental “p-Beauty contests”», American Economic Review, 88, 947-
069.

KeYNES J. M. 1936, The General Theory of Employment Interest and Money, Cambridge,
Cambridge University Press-Macmillan.

KoecHLIN E. and SuMMERFIELD C. 2007, «An information theoretical approach to
prefrontal executive function», Trends Cogn. Sci., 11, 229-235.

McCaBg K., Houser D., Ryan L., SmitH V. and TrRouarD T. 2001, «A functional
imaging study of cooperation in two-person reciprocal exchange», Proceedings of
the National Academy of Sciences Usa, 98, 11832-11835.

MoRAN J. M., MacraEg C. N., HearHerTON T. F.,, Wyranp C. L. and KeLLEy W.
M. 2006, «Neuroanatomical evidence for distinct cognitive and affective compo-
nents of self, Journal of Cognitive Neuroscience, 18, 1586-1594.

NaGeL R. 1995, «Unraveling in Guessing Games: An experimental Study», American
Economic Review, 85, 1313-1326.

SELTEN R. 1998, «Features of experimentally observed bounded rationality», Euro-
pean Economic Review, 42, 413-436.

SimoN H. A. 1957, Models of Man: Social and Rational, New York, Wiley.

StaHL D. O., WiLsoN P. W. 1995, «<On Players” Models of Other Players: Theory and
Experimental Evidence», Games and Economic Behavior, 10, 218-254.






CONTENTS

PAPERS

BENOIT WALRAEVENS, Adam Smith’s economics and the Lectures on
Rhetoric and Belles Lettres. The language of commerce

STEFANO PERRI, From «the Loaf of Bread» to «Commodity-Fetishismy:
a ‘New Interpretation’ of the Marx-Sraffa connection

GEeoFF Tivry, The critical steps in the transition from the Treatise to
the General Theory: an alternative interpretation motivated by the
wotk of Toshiaki Hirai

Francesco FoRTE, Sergio Steve as a public economist

SUB-SESSION ON NEURONOMICS

StERANO F1ORI, T121ANO RAFFAELLI, Re-thinking economics: a con-
tribution from neuroscience and other recent approaches

Giorcio CoriIcELLI, ROSEMARIE NAGEL, The neuroeconomics of
depth of strategic reasoning

NaTHAN BERG, GERD GIGERENZER, As-if behavioral economics: neo-
classical economics in disguise?

ROBERTA PATALANO, Imagination and economics at the crossroads:
materials for a dialogue

Davip PoLeEzzi, DAVIDE RiGoNI, LORELLA L.OTTO, RINO RUMIA-
T1, GIUSEPPE SARTORI, Inhibition and pleasure: economic risk-tak-
ing in the brain

REVIEW ARTICLES

Nicora GrocoLt, John von Neumann’s panmathematical view
CosiMo PERROTTA, Giacomo Becattini and local economy

BOOK REVIEWS

DonaLp R. StaBiLE, The Living Wage (Gaftney)

Vincent Barnett and Joachim Zweynert (eds), Economics in Russia:
Studies in Intellectual History (Allisson)

MARK THORNTON, The Quotable Mises (Gentle)

KOEN STAPELBROEK, Love, Self-Deceit, and Money. Commerce and
Morality in the Early Neapolitan Enlightenment (Vivenza)

Janet T. Knoedler, Robert E. Prasch and Dell Champlin (eds),
Thorstein Veblen and the Revival of Free Market Capitalism (Fo-
resti)

J. Patrick RaiNes and CHARLES G. LEATHERS, Debt, Innovations,
and Deflation: The Theories of Veblen, Fisher, Schumpeter, and Min-
sky (Fayazmanesh)

11

33

61
95

119

123

133

167

191

209
219

227

229

232

233

236

239






History of Economic Ideas is published three times a year by

FaBRriz1o SERRA EDITORE®, Pisa - Roma, P. O. Box no. 1, Succ. no. 8, 156123 Pisa,
tel. +39 050 542332, fax +39 050 574888, fse@libraweb.net, www.libraweb.net

Pisa Offices: Via Santa Bibbiana 28, 156127 Pisa, fse@libraweb.net
Rome Offices: Via Carlo Emanuele I 48, 1 00185 Roma, fse.roma@libraweb.net

Print and/or Online official subscription rates
are available at Publisher’s website www.libraweb.net.
Reduced rate for ESHET members: € 95,00;
Reduced rate for sTOREP members: € 95,00.

Subscriptions should be paid as follows:

by cheque/international money order payable to Fabrigio Serra editore®;
postal giro account no. 17154550;
by credit card (American Express, Eurocard, Mastercard, Visa).

© Copyright 2010 by Fabrigio Serra editore®, Pisa - Roma.

Printed in Italy

ISSN 1122-8792
ELECTRONIC ISSN 1724-2169

Direttore responsabile: Lucia Corsi

Autorigzagione del Tribunale di Pisa n. 10 del 2/5/1994



Papers: BENOIT WALRAEVENS, Adam Smith’s
economics and the Lectures on Rhetoric and
Belles Lettres. The language of commerce - STEFA-
No PERRI, From «the Loaf of Bread» to «Commod-
ity-Fetishism»: a ‘New Interpretation’ of the Marx-
Sraffa connection - GEOFF TiLy, The critical steps
in the transition from the Treatise to the General
Theory: an alternative interpretation motivated by
the work of Toshiaki Hirai - FRANCEscO FORTE,
Sergio Steve as a public economist - Sub-session on
neuronomics: STEFANO FIori, T1zIANO RAE-
FAELLI, Re-thinking economics: a contribution from
neuroscience and other recent approaches - GIOR-
G10 CORICELLI, ROSEMARIE NAGEL, The neu-
roeconomics of depth of strategic reasoning
NATHAN BERG, GERD GIGERENZER, As-if be-
havioral economics: neoclassical economics in dis-
guise? - ROBERTA PATALANO, Imagination and
economics at the crossroads: materials for a dialogue
- Davip PorLgEzzi, DAVIDE RIGONI, LORELLA
LorTo, RINO RUMIATI, GIUSEPPE SARTORI, Ih-
hibition and pleasure: economic risk-taking in the
brain - Review Articles: NicoLa GiocoL1, John
von Neumann’s panmathematical view - COSIMO
PERROTTA, Giacomo Becattini and local economy -
Book Reviews.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Europe ISO Coated FOGRA27)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /Symbol
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /Times-Roman
    /ZapfDingbats
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /None
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ()
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames false
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


