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ABSTRACT

This chgpter andyzes and discusses oneof the most important uses of informationin the
biological world: decison-making. | will first present a fundamental prindple introduced by
Darwin, theidea of an Geconony of nature,Oby which decision-making can be undestood
Following this princple, | then arguethat biological decision-making should be condrued as
god-oriented, value-based information processing. | propo% a value-based accountof neura
information, where informationis primarily econamic and relative to god achievement. If living
beings(l focushere on animals) are biological decision-makers, we may expect tha ther
behavior would be coherent with the pursuit of certain gods (either ultimate or ingrumental) and
tha ther behavioral control mechanisms would be endowed with god-directed and valuaion
mechanisms. These expectations | argue are supported by behavioral ecology and decision
neuroscience. Togeher, they providearich, biological accountof decison-makingtha should be

integrated in awider concept of Matural rationdityO

KEYWORDS: decision-making, rationdity, optimization, utility, behavioral ecology,

neurocience, neuroeconormics, valuaion, control



DECISION-MAKING IN THE ECONOMY OF NATURE: VALUE ASINFORMATION

All organic beingsare striving to seize on each place in the econony of nature

- Darwin, 1859,p. 90

1. INTRODUCTION

Cognition, to use Reuven Dukas@ formula, is the set of Gheurond processes concerned
with the acquisition, retention, and use of informationQ Decision-making is oneof the prindipd
use of that information (Dukas, 2004 p. 347). Classically, decision-making is notatopic of
discussionin biology and philosophy of biology. Theandysis and study of decison-makingis
usudly left to philosophy of mind, economics and psychology (see Hardy-VallZe, 2007 and
forthcomng). Philosophes are mogly concerned with the nomative features of decisions tha is,
wha makes adecisionrationd or not In philosophy of mind, the standard conaeption of
decision-making equaes deciding and forming anintention before an action (Audi, 2001;
Davidson, 1980; Searle, 2001) Accordingto a different andysis, this intention can be equivalent
to, inferred from, or accompanied by, desires and beliefs. If desires are represented as utilities,
and bdiefs as probabilities, then decisionscan be represented by rationd-choice theory (RCT)
modds. Thetwo branches of RCT, decision theory and game theory, formalize thelogical
relationships beween reasons RCT specifies theformal congraints on optimal decision-making
in individud andinteractive contexts. Rationd agents select actionstha have the highe
subjective expected utility (obtained by multiplying probabilities and utilities) and select
equilibrium strategies, i.e., n-tuples of states where no player has an advantageto deviate from
(see Baron, 2000,for an introdudion). RCT is aso aframework for building predictive modds of

choice behavior: which lottery an agent would select, whether an agent would coopeate or notin
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aprisona @ dilemma, etc. Experimental econonics, benavioral econorics, cognitive science and
psychology (1 will refer to these disciplines broadly as @sychology®use this modd to study how
subjects make decisionsand which mechanisms they rely onfor choosng. These paterns of
inference can then be compared with rationd-choice theory (Camerer, 2000;Kahneaman &

Tversky, 1979 1991 2000; Thder, 1980.

Standad philosophical, econonic, and psychological andyses of decisiorn-making
implicitly or explicitly adoptwhat could be called a @ogitativeOconception. On this account
decision-making is a high-level, explicit, and ddiberative process andogousto reasoning.
Philosophes explain decisionsas inferential trangtionsbeween propostiond attitudes. These
transtionscaniN at least in theoryN be madeexplicit. As Davidson explains Of someoneacts
with an intention then hemus have attitudes and beliefs from which, had he been aware of them

and had hethetime, he could have reasoned that his act was desirableO(Davidson, 1980,p. 85).

Economists and rationd-choice theorists represent agents as Homo Econonicus all ther
preferences are trangtive and they select actionsby computing probabilities and utilities. Ina
game-theoretic context, thanksto common knowledgeof rationdity and backward indudion,
they infer the equilibrium strategy and act uponit. Psychological research also clearly assumes
tha decidingis an explicit, thigh-level processO(Johnsn-Laird & Shafir, 1993,p. 1); decisions
are Qeached by focusng onreasonsthat judify the selection of oneopiion over anotherO(Shéfir
et al., 1993 p. 34). Thefact tha it is studied mogly by multiple-choice tests usng pgoe and pen
illugrates well how decisionsare conceived in psychology: subjectsOdecision-making
competence is suppo®dly revealed by questionnares on probabilistic reasoning. Consequently, it
isnot surprising tha decision-making does not stimulate many debates or research in biology and

philosophy of biology: it is not condrued as a biologically significant capacity. It comparesto
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chess-playing: an occasiond activity made possible by uniqudy human, high-level cognitive
capecities.

| would like to suggest here that, contrary to common wisdom, decision-makingis not
specifically human, butrather a behavioral control scheme typically foundin animals endowed
with sensory, motor and control appaatuses, and more specifically brainy animals (craniates,
arthropodsand cephdopods. There are of course some decisionsthat will fall outsidethe scope
of thisandysis: some, because they involve multi-agent coordination (e.g jury decision-making,
ingitutiond processes), and others, for ingance in ethical or scientific context, because they
appedl to ourtheoretical rationdity. Humans have, for ingance, to ponde thejudification of a
moral claim or thesoundnes of an inference in interpreting an experiment; in doing so, they
don@N or notonlyN make use of thdr practical rationdity (wha to do) butthdr theoretical
rationdity (what to bdieve). | am nottherefore making the bold claim that all types of decision
are present in humansand animals, butthat humans and animals share many decisiorrmaking
mechanisms. Conequently, some mechanisms are not shared: for indance, languaye, and all the
cognitive enhancements it affords(recursivity, communication, abgraction, etc) is a propely
human mechanism. Languayerecruits sensorimotor faculties commonin primates, butthe
complex organization of these faculties is uniqudy human (Hauser, Chomsky & Fitch 2002) |
will bethusbeinterested in natural rationdity, i.e., the practical competences shared by human

and animals, and nottheoretical rationdity, afforded by languaye and human complex sodality.

Neurobiologists interested in the neural basis of decision-making recently begin to use a
continuist concept of decision-making by . They labeed Giological decision-makingQheir object
of study (Glimcher, 2003;Montagueet al., 2006;Montague& Quartz, 1999 see also Gintis,

2007for asimilar condrud of decison-making). Withoutexplicitly defining theterm, thar
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research and methodobgy clearly show that they attempt to identify the structures and
mechanisms tha animals employ in thevaluaion, selection, and attainment of certain gods.
Glimcher, for ingance, argues that Gundanental features of decision making are common to
many speciesQ(Glimcher & Rusdtichini, 2004) Risk-aversion, for ingance, can befoundin
human and birds given tha birdsand humans share a common reptilian ancestor, a risk-averse
utility fundion might be Gan efficient and evolved feature of vertebrate choiceQ Thusthe epithet
Giologica Gind cates that they inquire into a natural phenomenonN as oppod to theideal-agent
modds of rationd-choice theoristsN and tha they andyze primarily its biological subdrate, nat
itslogico-linguigtic structure. Belief-desire-intention reasoning would not then be core of

decision-making, but a uniqudy human implementation of it.

My aim in this chgpter is to andyze the conaept of biological decision-making alongthese
lines, to show itstheoretical ramificationswith neuro- and evolutionay biology and how it
should affect our undestanding of a variety of biological information, i.e., neural information. |
definebiological decisionr-making as goaloriented, value-based information-processing™. This
conaept, | suggest, should beundeastoodin awider theoretical framework initiated by Darwin,
tha of the Geconony-of-naureQ This framework (section 2) applies the concepts and tools of
econonicsto thelivingworld. It states that living baengstry to make optimal choices and that
evolution endowed them with a certain proficiency in selecting, valuing and achieving gods. |
suggest tha these consderationsmake the case for avalue- value-based accountof neural
information (section 3). While most conaeptionsof intentiond (G&ognitiveQ) information are
usudly value-neutral, | suggest that neural information-processing is primarily evaluaive, i.e.
neura information-processing is, at its basis, concerned with cos-benefits computations The

econony-of-naure is, anongothers, amethodobgcal princdple for building modds of animals
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as maximizers of scarce resources and modds of ther brainsas econonic decision-making
organs Biological decision-making requires gods (section 4) and values (section 5). | describe
how behavioral ecology and neuroecononics suppot theideatha biological agents are god-
oriented, value-based information processors. | condudewith remarks onrationdity and

biological decision-making (section 6).

2. THE ECONOMY OF NATURE
2.1 A Darwinian Econony

Needless to say, Darwin®@ theory of descent with modification was a true conceptud
revolution (Darwin, 1859. It provided a general mechanism to explain thediversity and
adaptivity of living beingd\ naural selectionN and a guiding prindple for organizing the mass of
facts aboutthem, thetree of life (see Denndt, 19%; Gayon, 2003; Thagard, 1992 chgpter 6). In
recalling how thisidea had come to his mind, Darwin wrote tha hewas tryingto solve one
problem: why plants and animals sharing a common ancestry end up to be so different? Because
Qhemodified offspring of all dominant andincreasing forms tend to become adapted to many

and highly diversified places in the econony of naureQ(Darwin, 1887, p. 84).

Darwin repestedly uses the expression Geconorry of naureOin The Origin of Speies and
other writings He was notthefirst to conceive naure as an econorny, athoughhe was amongthe
first to suggest an explicit similarity between naural and political econony. Before Darwin, the
idea of nature as an econony had no particular application to human economic practices. In The
Saced Theory of The Earth, theologian Thomes Burnet referred to the GDeconorry of natureOas
the Quell ordering of the great Family of living CreaturesOan order of divine origin (Burnet, [ca.

169211965,11, x). Swedish nauralist Carl Linnaeus, in his Speimen Acadanicumde Oecononia
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Naturae, condrued this divine order as beng self-organized, exhibiting a bdance of birthsand
desths a complementarity between thefundion and pumpose of life forms (Hestmark, 2000;
Linnaeus 1751) Adam Smith recognized the unity of this econony, where dl living forms strive
for Gelf-preservation, and the propagation of the speciesO(Smith, [1759]2002 p. 90). Lyell, in
his Prindple of Geology, describes how theinvoluntary agency of human and othe animals
Qrontribute to extend or limit the geographical rangeand numbers of certain species, in obedience
to general rulesin the econony of natureO(Lyell, [1830-33]1853,p. 664). Where Linnaeussaw a
clockwork organization, Lyell saw adynanic equilibrium. Thus from natural theology to
geology, the econony of naure referred to the complex organization of theuniverse (Bowler,
1976;Ghisdlin, 1978 1995 1999;Hammerstein & Hagen, 2005;Hodg®on, 2001 ;Schabas, 2005
With Darwin, natural econony began to be undestood usng the conceptud tools of political
econory. Thedivision of labor, competition (GtruggleQin Darwin@ words), trading, cod, the
accumulation of innovaions the emergence of complex order from unintentiond individud
actions the scarcity of resources and the geometric growth of popuktionsare ideas bomrowed
from Adam Smith, Thomas Malthus David Hume and other foundes of moden econonics.
Thus the econony of nature ceased to be an abgract representation of the universe and became a
depiction of the complex web of interactionsbetween biological individuds, species and ther
environmentN in short, the subject matter of ecology. Consequently, Darwin® main contributions
are his tranforming biology into a historical sciencelN like geologyN and into an econonic
science (Ghiselin, 1999,p. 7; see also Hirshleifer, 1978) | will here beinterested in the second

contribution, and how it should shape our conception of information-processing.

In this perspective, the representation of naure as an econony is notanew theory of

nature, for it isnotabodyof structured knowledgeaboutphenomenaand ther cause. Neither isit
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an apriori truth, an unfalsifiable propostion, alaw of naure or amechanism. More precisely, |
suggest, it isaprindpleN in the sense enployed by modd-based science theoreticianaN for
building modds (Cartwright, 1989;Giere, 2004;Morgan & Morrison, 1999) Prindples are
backgroundassumptions or QemplatesOfor building modds. Scientific modds, astheideais
employed here, are simplified representationsof complex phenomenaused as mediators between
princdples on oneside and data on theother. Theprindple of the economny-of-naureis, in
biology, andogousto the prindples of theemodynanic in physcs: these general statements cum
gpecific conditionsallow scientists to work outarepresentation of a physcal process such as heat
dissipaionin agasolineengine Similarly, thegenera principle of an econony of naure cum
specific details aboutan animal (ecology, needs, physcal conditution) allows biologists to build

simplified modds of animal behavior.
2.2 Biological Decision-Making

| take the econony-of-naure prindple to bearefinement of thenaura selection
princdple: while it describes general features of thebiogphere, it puts emphasis on theintersection
between individud biographies and natural selection, especially in regard to decisiorrmaking. On
theonehand, the decisionsbiological individuds make increase or decrease thar fitness;
therefore, gooddecision-makers are more likely to propagae ther genes. On the othe hand,
naural selectionislikely to favor gooddecision-makers and to get rid of bad decision-makers.
Thusbiological decison-makingis acentral conogpt for modds based on the econormny-of-naure
princple. It is nat, however, equivalent to fitness maximization. It is rather oneof the meansby
which biological agents attemptN butmay failN to maximize ther fitness. They maximize ther
fitness when they generate copies of their own genes or throughtheir life-history strategies, not

when they catch afish or climb atree.
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Biological agents do notchoo% to become sexudly mature at a particular age or to invest
alargepat of ther caloric intake in reprodudion. Mog of these traits are chosen by natural
selection and unfold in an entire lifetime. What agents do choos, however, isto mate with this
paticular partner, runfromthis predaor, eat this particular prey, etc. Even when partner
preferences are fixed by natural selection, the explanaion of thefact tha they choo this
paticular onerefers theindividud® own interna mechanisms. Natural selection may be able
choos which type of food or partner a biological agent will seek, but notwhich token. As
Richard Dawkins puts it,dg]enes are the primary policy-makers; brains are the executivesO
(Dawking 1976,p. 59). It is therefore more appropriate to see organisms as Gdaptation
executorsQ not fitness-maximizers (Tooby & Cosmides, 2005,p. 14)N althoughit islikely tha

executing adaptations in the appropriate environment, usudly leadsto fitness-maximization.

In this framework, a biological decision-maker is any agent who can control its behavior.
More precisely, in order to have genuine control over its behavior, an agent must possess control
mechanisms, tha is, internd structures tha process sensory information and motor commands It
is meaningful to talk of individud decision-making when information-processing mechanisms
are amongthe proximal causes of choice behavior, for otherwise it cannotbe consdered as a
decision. A flame or awater drop does not decideto go up or down, because their ehaviorOis

not driven by some information it mighthave abou itsinternd or externd environment.

Moreover, we do not congder tha aflame or awater drop decides because it lacks two
important features: god-orientation and valuaion. In thetwo following sections | arguetha
these two conaepts are fundamental to the undestanding of biological decision-making and tha
taking brainy animals as implementing goaloriented, value-based information-processing

wasN and still isN successful for revealing ther decision-making mechanisms. This suggests that
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oneof themog basic waysto beinformed about X isto knowthevalueof X for the attainment of
agod. | shdl therefore precise first my accountof value-based information (section 3), and then
show tha god-orientation (section 4) and valuaion (section 5) mechanisms shared by humans
and animals shed light onthe naure of biological decision-making and natural rationdity (section

6).

3. THE NATURAL ECONOMICS OF INFORMATION

Biological agents have two fundamental imperatives. survival and reprodudion. They
need not be aware of these necessities, butif ther decisonsnever achieve some degree of
success in these two matters, natural selectionwill easily discard them. Biological decision-
making is therefore oriented toward certain gods. Thegods can be survival and reprodudion per
se, indrumental godstha allow individuds to survive and reproduce, indrumental gods tha
once served survival and reprodudion, or godstha are achieved thanksto mechanisms tha once
served survival and reprodudion. (Of course, many gods can beirrelevant for survival, butl will
focushere on adaptive ones). There are at |east three ways of being god-oriented: decision
policies can be goalachieving, goalseeking, or goal-directed (McFarland & BSsser, 1993
althoughl follow loosly ther definitions A system implements goalachieving control when it
can either recognize the god or changeits behavior when thegod is achieved (whether the god
isrepresented or not, and soughtor not), goakseeking control when it is able to reach a god
(withoutnecessarily having arepresentation of thegod), and goalkdirected control when it
entertainsan explicit representation of thegod. These three control schemes can be thoughtof as
anested hierarchy of fundions An extremely smple system may have agod built in, withou
any representation of it and withoutactively seeking it: when variable V reaches a certain limit,

do A. Thusthe system does not represent anything, does not seek anything, butis able to
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recognize agod. Another, more complex system, may have control and monitoring mechanisms
by which it actively performs and assesses its actionsso that it can seeto it tha variable V
reaches a certain limit. Thusthe system seeks, butyet need not to have arepresentation of wha it
seeks: servo-mechanisms may be enough Findly, an even more complex system may entertain a
representation (either alinguistic representation or a sensorimotor simulation) of V reaching a
certain limit. Note tha some fundionsmightbedissodable: it is aways theoretically possible
tha anonrepresentationd system seeks a god withoutmodifyingits behavior oncethegod is
reached (pure god-seeking) or tha representationd system do not seek anythingand do nat
modify its behavior once thegod is reached (pure god-direction). | do nottake any stance on
these matters, butwill smply say tha these fundionstend to co-occur in brainy animals, and that
thar peformancesis non-exclusve. These three fundions correspond,however, to significant
aspect of god-orientation. In every case, information-processing mechanisms are senstive to the
attainment of gods. Withoutgods, thereis no need to make decisonssince there are no
priorities.

Since biological agents have gods, they cannotbe systematically indifferent between
different courses of actions Moreover, certain gods are universal and nonnegotiable, such as
finding nutrients. Certain actionsfacilitate the acquisition of resources, predaor avoidance,
reprodudion, etc., while others impedeit. In order to choos the prope courses of action, and
given that energy and information are not free and unlimited, biological agents need to be able to
Q@areQ In less anthroponorphic terms, it is fair to say tha biological agentsthat strive to survive,
reproduce or achieve other ingrumental gods mug groundthe selection of actionson devices
tha rank preferences, i.e., on vauaion mechanisms. Value, as| will use theterm, isthecurrency

by which decisions ther performance, outcomes or expected payoffs are compared. It is not
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synonyrnouswith reward: while thelatter refers to an immediate advantage of the outcome of a
decision, theformer is an Gestimate abouthow much reward (or punishment) will result from a
decision, both now and into the futureO(Montagueet al., 2006,p. 419). Valuaion mechanisms
are uudly designed to assign avalueor arank to internd states and behaviors with respect to
their effectivenessin god achieving or seeking. They assess how goodQs the acquisition of a
resource relatively to agod, or how goodis an action relatively to the attainment of agod.
Neural and behavioral modd of decision-making should therefore specify the gods soughtby
animals (human or not) and the valuation mechanisms by which internd states and behaviors are
assessed. This suggests that the primary means of information processing are cos-bendfits
computationsand tha informationin its basic form is inherently value-basedN at a certain level

of organization. | will clarify thisimmediately.

Let@ distinguish first different theories and conaeptionsof information. Although
information is a complex notion, arecent effortN known as the philosophy of informationN to
clarify its naure recently began to identify thedifferent undestandingsand their relationships
(Floridi, 20044a b). First, information can besaid of externd (i.e. noncogntive) structures tha
embody organization. In this sense, informationisthat which can GightQ temporally andlocally,
entropy. Thisis physical information, either classical (as a pure state) or quantum (asa
wavefundion. Second,information can bea messagetha reduces uncertainty: informationisthe
vehicle of syntactic communication (Shannon& Weaver 1963) Thisis syntactic information.
Since a Turing Machineis a Shannonstyle channd of information (Bohan Brodeick, 2004, any
computationd device is also a syntactic information-processing device. Individud neurons for
ingance, implement information-processing capacities (Koch & Segev 200Q Eliasmith &

Andason, 2003. Thusonecan talk of neural information as a QvetOform of syntactic
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information. A related conoept, specific to living beings is gendic information (Maynard Smith,
200Q Mameli, 2005) Our DNA stores syntactic information tha, once interpreted and
moduated by developmenta processes, environmental pressures and epistatic interactions
(between genes) actively participate in the congruction and maintenance of our bodes (this
information was once referred to as a (lueprintQ but since the advent of developmenta biology,
it is more adequate to speak of genes as an important contributor (together with the environment)
in gene expression rather than the Gnaster codeQ). Information can aso beintentional, in the
philosophical sense of being aboutsomething: assertions thoughs, and other mental and non
mental representations(pictures, maps etc.) provides non-syntactic information (description or
indication) aboutther referent (Dretske, 1981;Millikan, 1984) This information can betrueor
false, and that which makesit trueiswha it is about: thisis semantic information (Aswe will
see, | use theword intentional and semantics as non-synonynousbecause | want to make room
for another kind of intentiond information, and thusmaking it clear that there mightbe
intentiond information whose meaningis nat primarily descriptive or indexical). Thus inliving
bengs, thereis genetic information at thereplicator level (the genes), syntactic information at the

neurond level, andintentiond information at thevehicle level (thewhole, situaed, agent).

These forms of information are not completely independent. Externd paterns (physcal
information) excite sensors tha convet energy fluctuaionsin electric influx (syntactic
information). These signds are then nomalized, amplified, filtered, etc, by neurons(neura
information/computation), that is, cellswho structure isin large part determined by DNA
(genetic information). Given certain conditions(left to thetheory of representation one
advocates), aneura structure, i.e., aset of neurons, their connectionsand spike behaviors can

conjointly track externd structures and thusbeabaut them (Thagard 2007). Hence neura
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computation, althoughit isa syntactic process at the neural level, can, at the system level, be
semantic (the Gystem level Obang thewhole brain, inserted in abody, situated in an
environment). For indance, aresearch team identified hippo@mpd cellsin themouse brain that
selectively fires when the mouse perceives a nest. However the shgpe, color, oda, location or any
other phydcal property of thenest is, these cells are only activated by externd structures tha may
fill therole of anest. Moreover, these nest-responsve cells do notrespondto similar stimuli,
suggesting tha the mouse brain can store invariant representationsof functiond categories (Lin
et al, 2007) Of course, thecomplete representation will probably involve other cells; butthe
pointistha onee al theelements are identified, it is possible to think of a semantic
representation as distributed patern or neural information-processing that tracks environmental
features (fundiond or nof). Thisintentiond information is thoughtto be primarily semantic, i.e.,
representational (it provides a proxy of an externd feature) and truth-fundional (its olject is
wha makesit true if something activates the complex of nest-responsve cells withoutbeinga
nest, then it misrepresents). | would like to suggest, however, anothe modeof intentiond
information crudal for biologca decison-makers, where theinformationd content is not
primarily representationd and truth-fundiond, butevaluative. Evaluaive informationis not
primarily aboutproviding the decisiorn-maker with an indication of, or a better description of, an
externd structure buta better assessment of (1) theworth (cog-ben€fits) of that structure or (2)
theworth of an actiontargeted at a structure. Evaluaive informationisintentiond becauseit is
ultimately aboutsomething else, but it is not semantics stricto sensu because it is not primarily
descriptive or representationd. It is more aboutthe GitOof a structure or an actionin the
attainment of agod than aboutthe structure itself. Information congrued as such corresponds to

utility in its mog basic sense: the agent-relative appraising of an action or a structure.
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Thegist of avauebased account of intentiond information is that neural systemsfilter
theflux of stimuli (extero- or proprio-ceptive) primarily in reference with thar own interests.
Efficiency requirements strongly congrain syntactic information-processing: no Buridan'sass
would live for alongtime in naure. Certain behavioral optionsoughtto bepreferred. A sinequa
nonof survival and reprodudionis apreference for behaviors tha lead to energetic resources
acquisitionN life runson bateries, to use Montaguel expression (2006) Energy, however, is
cogly and scarce: oneneedsto spend somein order to get some. Hence no efficiency, no
survival, noreprodudion. Consquently, evaludive information-processing is the adaptation of
computationd meansto survival endsthroughvaluation mechanisms. semantic information thus
complements, refine or improve evauative information. This suggests also areversal in the order
of explanaion.

Usudly, philosophes assume tha semantic informationisfirst, and evaluative second.
Agents allegedly represent their environment (e.g. throughperception), then add a paticular
valueto some representation: the perceived object is perceived asdesirable or likable. As
Millikan says, Qepresentationstha tell what to do have no utility unless they can combinewith
representationsof factsO(Millikan 1996 p. 152). Wha | suggest here is tha, evolutionaily and
conceptudly, evaludive information is anterior to semantic information. Brainy animals may be
able synchronize thar neural processing so asto assess the utility of aresource (e.g. food)before
being able to have any other semantic information aboutthe nature of thisfood.A sugay tastein
the mouth does not countas arepresentation or description of sugay object, butthefiring of
reward centersin thebrain elicited by suga conditute intentiond, non-representationd, non
semantics information aboutthe sugared objects: the whole agent isinformed tha something may
be hdpful in survival. It is possible tha thetaste is élicited by another produd that mimics suga,

but since this information is not semantic and truth-fundiond, there this no aethic criteria (e.g.
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truth) conditutive of theintentiond nature of evaluative information. Evaluaive information can
bewrong,butonly in complex animals able to mispredict thar future valuaion, or to deceive
themselves.

Hence | am not saying tha and undifferentiated evaluaive and semantic information may
beprior, buttha evaluaive information, in theworld of biological decision-makers, is primary.
We should explain evaluative information first, then show how semantic information (when there
issome) figurein this account For ingance, we should not explain first the content of themouse
representationsof nest (semantic information) and then look for its use in decision-making, but
rathe start with explaining nest-related decision-making (gods-orientation and valuaion
mechanisms) and then see how semantic information aboutnests figures in this explanation.
Starting with therepresentationd to explain theintentional is wha Brandom(2000)called the
Platonist order of explanation: explaining the use of representationsin terms of thar content.
What | putforth hereis a pragmatic order of explanation, a naturalistic version of Brandon(3:
starting with theuse (condrued as primary intentiondity) to explain the content, with the
evauative to explain the semantics.

To sum up: genetic information, together with other factors in development, contributes to
building and maintaining living beings Those endowed with brains also process syntactic
information, in theform of signd tranormation. Propely organized, distributed paterns of
neurobiological computation can process intentiond information, i.e., providing information
aboutsomething else. Intentiond information can be either semantics (descriptive or indexical) or
evauative (aboutthe utility of astructure or of an action). Evaluaive information-processing
(god-oriented and value-based) is a basic requirement for survival and reprodudion becauseit is
thebasis of biological decision-making, afundamental features of agentsin the econony of

naure.
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4. GOAL-ORIENTATION: BEHAVIOR AND MECHANISMS
4.1 Econonic Gods

Behavioral ecology (Krebsé& Davies, 1997;Pianka, 2000)modds animals as econorric
agents tha achieve ultimate gods (survival and reprodudion) throughingrumental ones (partner
selection, food acquisition and consumption, etc.). Even thoughbehavioral ecologists claim to
study fitness-maximizing behaviors, as pointed out as by White and Crawford, they Glmost
always ignore the number of offspring produced and study, ingead, how a paticular adgptation
contributes to some fitness proxy, for example, net energy intake rateO(White et al., 2007, p.
276). Optimal foraging theory thusrepresents foraging as a maximization of net caloric intake,
With general prindples derived from microeconorrics, optimization theory and control theory,
coupled with information aboutthe physcal conditution and ecological niche of the predaor, it
ispossible to predict wha kind of prey and patch an animal will favor, given certain cogs such as
search, identification, procurement, and handling cogs. Optimal foraging theory (OFT), asthar
foundes suggested, tries to determine Qvhich patches a species would feed on and which items
would form its diet if the species acted in the most econorrical fashionO(MacArthur & Pianka,
1966, p. 603) OFT primarily modds animals as efficient goal seekers and goal-achievers: they

engage and succeed in searching nutrients.

OFT moddingthusincorporates agents, thar choices, the currency to be maximized
(mog of thetime a caloric gain) and a set of congraints. Mog researches study where to forage
(pach choice), what to forage (prey choice) and for how long(optimal time allocation). Itis
suppo=d tha theindividud animal makes a series of decisionsin order to solve a problem of
sequential optimization. An animal looking for nutrients mugt maximize its caloric intake while

taking into accountthose spent in seeking and capturing its prey. To this problem onemug also
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add, amongothe's, thefrequency of prey encounter, thetime devoted to research and the calories
each prey type affords All these parameters can berepresented by a set of equaionsfromwhich
numerical methodssuch as dynamic programming allow biologists to derive algorithms that an
optimal forager would implement in order to maximize the caloric intake. These algorithms are
then used to predict an animal @ behavior. Mathematically spesking, OFT is thetrandation of
decision theory axiomsN togeher with many auxiliary hypohesesN into tractable calories-

maximization algorithms.

Economc modds of animal behavior have succeeded in explanaion and prediction. For
example, such modds can predict how birds split their time between defending aterritory and
foraging (Kacelnik et al., 1981), or between singing and foraging (Thomes, 1999) In ther meta-
andysis, Sih and Christensen (2001)re-examined 134 foraging studies in laboratory and natural
contextN experimental and observationdN and conduded that, althoughpredictive success is not
perfect, the predictivity of thetheory is relatively high when prey are motionless (the prey can be

aplant, seeds hongy, €tc).

Interactive contexts are aptly modded by game theory, mainly sodal foraging, fighting
and predaory-preysrelations (Dugakin & Reeve, 1998;Hansen, 1986;Lima, 20029. For
example, amodd of Vickery et al (1991 predicted tha the co-occurrence of three socia
foraging strategies, PRODUCER (gathering nutrients) SCROUNGER (stealing nutrients) and
OPPORTUNIST (switching between PRODUCER and SCROUNGER) occurs only in the very improbable
case where thelosses oppotunists would incur while foraging would be exactly equivaent to the
profit of stealing. Themodd, however, predicts certain distributionsof pars of strategies that
conditute evolutionay stable strategies (ESS), that is, a strategy tha cannotbeinvaded by any

alternaive competing strategy. The propottion of food pach shared by SCROUNGERS, the size of
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thegroupand the degree of compaibility between the SCROUNGER and PRODUCER strategy (i.e., if
it iseasy for theanimal to peform both activities) deerminethedistribution of the strategiesin a
popuktionN a conduson tha was also confirmed, inter alia, in birds (Lonchura pundulata, cf.
Mottley & Giraldeau, 2000. As predicted by themodd, the PRODUCER strategy becomes less

common when the cog of individud foraging increases.

Recently, behavioral ecologists foundtha animals could also bemodded astradersin
biological markets. Obvioudy, biological markets do not have symbolic and conventiond
currency systems, but many interactionsbeween animals are repeated exchanges that inditute
currendes and market prices. As soonas agents are able to provide commodities for mutud
profit, the competition for obtaining commodities creates a highe bid. Animals seek and select
patners according to the princple of supply and demand in interspecific mutudism, mate
selection, and intraspecific co-operation. An example of thelast typeis the cleaning market
ingituated by Hippogarusharid fishes and cleaners-fishes Labroides dimidiatus The
QugomersO(Hippogarus) use the services of the cleaner to have its parasites removed, wheress
the cleaners occasiondly cheat and eat the healthy tissues of its cusomers. Since the cleaners
offer aservice tha cannotbefoundelsewhere, they benefit from a certain econonic advantage A
cugomer cannotchoo% to be exploited or nat, whereas the cleaner chooss to coopeate or nat
(thusthe payoffs are asymmetric). The cusomerN a predator fish that could eat the cleanerN
abgainsfrom conauming the cleaner in themgority of the cases, given thereciprocal advantage.
Bshary and Schaffer (2002)observed tha cleaners spend more time with occasiond cugomers
than with regular ones and fightfor them, since occasiond cusomers are easier to exploit. All

this makes pefect economic sense.
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Does this bioeconormic logic applies to human beng aswell? In pat, yes. Human behavioral
ecology modds agents as optimal foragers subject to a multitudeof congraints. Given available
resources in the environment of acommunity, onecan generate a modd tha predicts the optimal
allocation of resources. These modds are of course more complex than animal ones since they
integrate soca parameters like local habits, techndogy or econormic structures. For ingance,
modds of human foraging were able to explain differences in foraging style between tribes in the
Amazonia, given thedistance to betraversed and thetechnology used (Hames & Vickers, 1982
Food sharing, labor division between men and women, agricultural cultures and even Internet
browsing (where the commodity isinformation) can be modded by human behavioral ecology
(Jochim, 1988;Kaplan et al., 1984;Pirolli & Card, 1999) However, as mentioned above
humans often base their decision ontheoretical rationdity, i.e., capacities afforded by lingustic
competence and hyper-sodality, and thusthere is a sense in which certain important decisions
fall outsidethe scopeof the current andysis, since they rely on mechanisms unavailable to other

animals. My focus therefore, is onthe shared mechanisms.
4.2 Gods, Behavior and Dopaminergic Information-Processing

While behavioral ecology suppotstheideatha animals pursue ultimate gods (survival
and reprodudion) and ingrumental ones (e.g., prey and pach choice), it remainssilent onthe
actud implementation of god-orientation. Research in neuroeconorricsN the study of the neural
mechanisms of decision-making (Glimcher, 2003;McCabe, 2005;Zak, 2004N suggests that
much of god-oriented neural computationis realized by midbrain dopaminergic systems activity
(Egdman et al., 1998;Frank & Claus 2006;McCoy & Platt, 2005 Montague& Berns 2002;
Montagueet al., 2004;Niv et al., 2006§. Dopaminergic neuronsare suboortical neural structures

tha modulate cortical activity by both neurotranamission and neuromodulation (through
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modulation of neurotrangmission). Throughfour different pahways (see fig. 1), dopaminergic
neuronsinteract with emotive and cogntive brain areas. Synthesized in the ventral tegmental area

(VTA, seefig. 1, right), dopanineis sent to other areas throughVTA axons

Neurostience has reveaed ther role in working memory, mativation, learning, decision
making planning and motor control and how thar dysundionscause many decision-making
pahologies (Morriset al., 2006; Redish, 2004;Schultz, 2001;Williams & Dayan, 2005) For
ingance, hypeadopaninergiaisinvolved in pathologies where thefocusof attentionis
exaggeaated: schizophrenia, attention deficit hypeactivity disorder, addiction and obsessive-
compulsive behavior. Hypodopaninergiaisinvolved in pathologies of motor control such as
Parkinson and dygonias. the paientisimpared in her ability to execute intentiond movements.

Thustheright amountof dopaminegic activity is required for focusng adequaely ongods.

prefrontal  Septum

accumbens

mesocortical tract

tuberoinfundibular tract VTA

Figure 1 Left: Dopaminergic pahways. Right VTA projections(from: brain.mcqgill.ca)

Following thedistinctions| outined abovebeween goalseeking, goatachieving and
goalorientation, | will suggest how dopaninergic mechanisms are involved in all three

activities.
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Motivation andgoalseeking

Motivation mechanisms are god-seeking mechanisms par excellence: it is not necessary
to picture wha oned dinne will look like in order to find something to eat. A readinessto invest
in effort tha could lead to nutrientsis sufficient. A clear dissodation has been shown between
motivation and hedonic impact, often referred to as QvantingQrs. GikingQ(Berridge& Robinson,
1998;Pecinaet al., 2003;apodrophes indicate that these concepts are not equivalent to folk-
psychological condructs). Hyperdopaminergic animals become highly motivated in acquiring
certain resources such as food (Qvanting, butthey do notdisplay orofacial signsof ahighe
dikingOLike drug addicts, thar dopaminergic neuronsover-motivate them to acquire certain
rewards and hence these animals are highly motivated even if their @ikingQloes notincarease
(Berridge 20033. Conversdly, the behaviors of hypodopaninergic animals show that they till
enjoy sucro=@ taste (they will pass ther tongueover therr lips, for ingance), butthey are not
motivated in acquiring some. Dopaminergic mechanisms attribute Gnoentive salienceCto certain
cuestha, in return, trigge approach behaviors. Besidefood or sex, dopaninergic mechanisms
also drive individuds to acquire more abgract stimuli like art, money, trug or revenge (King-
Casas et al., 2005;Lohrenz et al., 2007;Montagueet al., 2006 p. 420;Singe et al., 2006) All

sources of reward rely on dopaminergic mechanisms.

Prediction errors andgoal achieving

God-achieving control isrealized throughmechanisms tha detect whether or notagod is
reached, i.e. if thingsare better, worse, or jud as planned. Thisis exactly wha dopaninergic

neuronsdo: they broadcast, in different brain areas, areward-prediction error signd whenever an
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unexpected reward or the absence of an expected reward is detected. Moreover, they learn from

thar mistake: from a series of prediction errors they learn to predict future rewards

Computationd neuroscience identified a class of reinforcement-learning algorithms tha
mirrors theactivity of dopaninergic neurons temporal-difference (TD) learning algorithms (Niv
et al., 2005;Suri & Schultz, 2001;Sutton & Barto, 1987,1998) In its simplest form, a TD modd
uses sensory inpuisto predict a discounted sum of al future rewards The difference between
successive reward predictionsis computed and constitutes an error signd. A learning rule then
upddes a value fundionN a fundion tha maps state-action pars to numerical valuesN according
to the prediction error signds. In Actor-Critic architectures (a variety of TD method), the error
signd also upddes a behavioral policy. While thevauefundion assesses actions the policy
recommendsactionsbased on actud states. Thusif an action produces a high reward, it will be
highly valuated: the TD-modd will predict that theaction will lead to such-and-such reward, and
thepolicy will favor the selection of this action when the appropriate situation will present itself.
Whenever an unpredicted reward or absence of predicted reward is detected, the TD algorithm
will reviseits policy and valuefundion (see Suri, 2002for details aboutthe neural subgrates of

the Actor and Ciritic).

TD-learning algorithms are thusneural mechanisms of decision-making implemented in
dopaninergic systems. They are nottheonly ones (many competing processes may interact in
decision-making), but numerousstudies confirm their importance for decisiorrmaking
(Montague 2006) They are specifically solicited in situationswhere smple cues won®be

sufficient, and when values are needed.
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Cognttive control and goal-orientation

In certain situations learned routines or rule-governed representationswon®be enough
When situdionsare too different, dangerous and uncertain or when they require the overcoming
of a habitud respong, decisionsmug beexplicitly guided by representations Thebehavior is
then controlled Gop-downQnot dotom-upOActing uponan internd representationN ingtead of
routinesN isreferred to, in cognitive science, as cognitive control or executive fundion (Norman
& Shdlice, 1980;Shdlice, 1989. Theagentisled by arepresentation of agod and will robugly
readjud its behavior in order to maintain the pursuit of agod. In the Strooptask, for ingance,
subjects mugt identify the color of written words such as @edQ®lue or @ellowCprinted in
different colors (theword and theink color do notmatch). Thewritten word, however, primesthe
subject to focus on themeaning of theword ingead of focusng on theink@ color. If, for
ingance, theword @edGis written in yellow ink, subjects will utter @edOmore readily than they
say yellowQ Thereisa cognitive conflict between the semantic priminginduced by theword
and theimperative to focuson theink@ color. In this task, cognitive control mechanisms oughtto
give priority to godsin working memory (namingink color) over externd affordances (semantic
priming). An extreme lack of cogntive control is exemplified in subjects who suffer from
QGenvironmental dependency syndromeO(L hermitte, 1986) they will sponianeoudy do what ther
environment indicates of affordsthem. For ingance, they will sit ona char whenever they see
one or undress and get into a bed whenever they are in presence of abed (even if it@ natina

bedroom).

Cognttive control is thoudt to hgppen mogly in the prefrontal cortex (PFC), an area

strongly innervated by midbrain dopaminergic fibe's (Duncan, 1986;Koechlin et al., 2003;
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Miller & Cohen, 2001;0Reilly, 2008. Prefrontal aress activity is assodated with maintenance
and updaing of cognitive representationsof gods. Moreover, imparment of these areas resultsin
executive control deficits (such as the environmental dependency syndrome). Since working
memory islimited, however, agents cannothold everything in ther prefrontal areas. Thusthe
brain faces a tradeoff between attending to environmental stimuli (that may reveal rewardsor
dange, for ingance) and maintaining representation of gods, viz. the tradeoff between rapid
updaing and active maintenane (OQReilly, 2006) Efficiency requires brainsto focuson
relevantinformation and agan, dopaninergic systems are involved in this process. A gooddedl
of research suggests that dopaminergic activity implements a @atingQnechanism, by which the
PFC alternaes between rapid updaing and active maintenance (Montagueet al., 2004;
O'Donnél, 2003;0Reilly, 2006). A highe level of dopaninein prefrontal areasigndstheneed
to rapidly updae gods in working memory (@pening the gaed), while alower level induces
resistance to afferent signds and thusafocus on represented gods (@huting the gateQ). Hence
dopaninergic neuronsselect which information (god representation or externd environment) is

worth paying attention to.

Dopaninergic systems are oneof themog common mechanisms of biological decision-
making in theeconony of naure. For ingance, TD modds closely mimic human, ape, and
honeybees choice behavior unde uncertainty (Egelman et al., 1998 Glimcher et al., 2005;
Montagueet al., 1995) even fruit fliesrely on dopaminergic systemsto make decisons(Zhang et
al., 2007) These systems achieve goalseeking (motivation, incentive salience), goalachieving

(thereward-prediction error signd), and goalorientation (gating).
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5. VALUE AND VALUATION MECHANISMS

Valuationisthe process by which a system mapsan object, propety or event X onto a
value space, and a valuation mechanism as the device implementing the matching between X and
thevalue space. | do not mean tha values need to be explicitly represented as a space: by
valuaion space, | mean an artifact tha accounts for the similarity between values by plotting
each of them as a pant in amultidimensond coordinae system. Color spaces, for ingance, are
not conciousrepresentation of colors, but spaial depiction of color similarity alongseveral
dimensonssuch as hue saturation brightness (Gegenfurtner & Kiper, 2003) And | do notmean
tha valuaion first represents objects, then add a value: as section 3 argued, evaludive
informationis prior to semantic information. Valuation and evaludive information are basic

modeof mind-world interaction tha representationsmay augment and refine,

Thesimplest and mog common value space has two dimensons valence (postive or
negative) and magnitude Vaence distinguishes between thingstha are liked and thingstha are
not As the precedent section reported, QvantingOand dikingOere dissodated: they tend to
coindde, but need nat. Thusif X hasanegaive vdence, it does notimply that X will beavoided,
butonly that it isdidiked. Magnitudeencodes thelevel of liking vs. didiking. Other dimensons
might be addedN temporality (whether X islocated in the present, past of future), other- vs. self-
regarding, seeking vs. avoiding, basic vs. complex, for inganceN butthe core of any value
system is valence and magnitude because these two parameters are required to establish
rankings To prefer Heaven to Hell, Democrats to Republicans salad to meat, or sweet to bitter

involves valence and magnitude

Nature endowed many animals (mogly vertebrates) with rapid and intuitive valudion

mechanisms. emotions (Bechaa & Damasio, 2006; Becharaet al., 1997;Damasio, 199, 2003;
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LeDoux, 1996;Nagvi et al., 2006;Panksepp, 1999. Althoughit isatruism in psychology and
philosophy of mind and tha there is no crisp definition of wha emotionsare (Fauche &
Tappolet, 2002;Griffiths 2004; Russell, 2003, | will consde here tha an emotionis any kind
of neural process whose fundionisto attribute a valence and a magnitudeto something else and
whoge opeative modeare somatic markers. Somatic markers are bodly states that @narkO
optionsas advantageouddisadvantageous such as skin-condudance, cardiac rhythm, etc
(Bechara & Damasio, 2005;Damasio, 1994;Damasio et al., 1996. Throughlearning, bodily
states become linked to neural representationsof the stimuli tha broughtaboutthese states.
These neural structures may later reactivate thebaodily states or a simulation of these states and
thereby indicate the valence and magnitudeof stimuli. These states may or may not accountfor
many |egitimate uses of theword Gmotions) but they conditute meaningful categories that

could identify natura kinds(Griffiths 1997).

Morethanirrationd passions affectives states are phylogenetically ancent and adaptively
significant valuaion mechanisms. Since Darwin (1896), many biologists, philosophes and
psychologists have argued tha they have adgptive fundionssuch as focusng attention and
facilitating communication (Coanides & Tooby, 2000; Paul Ekman, 1972;Griffiths 1997) As
Antonio Damasio (1994)and his colleagues discovered, subjects impared in affective processing
are unable to copewith everyday tasks, such as planning meetings They lose money, family and
sodal status However, they were completely fundiond in reasoning or problem-solving tasks.
Moreover, they did notfeel sad for ther situaion, even if they perfectly undestoodwha GadO
means and seemed unéable to learn from bad experiences. They were unableto use affect to aid in
decision-making, a hypohesis tha entails tha in normal subjects, affect doesaid in decision

making. These findingssuggest tha decision-making needs affect, nat as a set of convenient
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heuritics, but as central information-processing mechanisms. Withoutaffect, it ispossible to
think efficiently, but notto decide efficiently; affective areas, however, are solicited in subjects

who learn to recognize logical errors (Houde & Tzourio-Mazoyer, 2003.

Affects, and especially the so-called BasicOor @oreCones such as ange, disgud, liking
andfear (Berridge 2003b;P. Ekman, 1999;Griffiths 1997;Russell, 2003;Zaong 1980)are
prominent explanaory conaeptsin neuroecononics. The study of valuation mechanisms reveals
how the brain values certain objects (e.g. money), situaions(e.g. investment, barganing) or
parameters (risk, ambiguity) of an econormic naure. Three kindsof mechanisms are typically

involved in neuroecononic explandions

1. Core affect mechanisms, such as fear (amygdda), disgug (anterior insula) and pleasure

(nudeusaccumbens), encodethe magnitudeand valence of stimuli.

2. Monitoring andintegration mechanisms (ventromedial/mesia prefrontal, orbitofrontal cortex,

anterior cingulate cortex) combinedifferent values and memories of values togdaher

3. Modulation and control mechanisms (prefrontal areas, especially the dorsolateral prefrontal

cortex), modulate or even overide other affect mechanisms.

Of course, there is no simple mapping between psychological fundionsand neural
structures, but cognitive neuroscience assumes a domnance and a certain regularity in fundions
Disgud does notreduce to inaular activation, but anterior inaulais significantly involved in the
physological, cognitive and behavioral expressionsof disgud. Thereisabit of smplification
hereN dueto theactud state of sciencelN but enough to dojustice to our best theories of brain
fundioning. To put is succindly, | assume an Gevolutionary mechanistic fundiondismQ

according to which there is a many-to-many mapping between cogntive fundions (e.g.
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perception, valuaion, emotions etc.) and neura structures, that these fundionsare hierarchy of
mechanisms, and tha basic fundion have been preserved by evolution and re-employed in novd
domain. Thusa cognitive fundion may recruit many brain areas, and a brain area (more
precisely, the set of syntactic computationsit implements) may beinvolved in many cognitive
(intentiond) fundions For ingance, soda cognition recruits theanterior cingulate cortex, the
amydda, the prefrontal cortex, the medial tempord lobe etc. (Lieberman 2007)while the
dorsolateral prefrontal cortex isinvolved in motor planning, organization, working memory,
attention and many executive fundions As Michael Andason showed (2007ab), if this
perspective is not strictly localizationist (oneto-one mapping between fundion and structure), it
isnotdrictly hdistic (fundiond equipotentiaity in brain structures). If we adoptan evolutionay
conaeption of the brain (as a set of honologies shgped by selection pressures whose fundion can
bere-ascribed), then lderObrain aress, i.e., shared by common ancestors to all brainy animals
will likely beredeployed in many cognitive fundion, and GecentOcognitive fundionswill likely
be more distributed. As Andesonforcefully argued, both predictionsare largdy suppoted by
neurodence. Languaye (in humans) recruits many areas (compared to smell), while theamygdda

isinvolved in awiderangeof cognitive fundions(compared to dorsolateral prefrontal cortex).

| will here review two cases of individud and strategic decision-making and will show
how affective mechanisms are involved in valuaion (the material for this pat is patly drawn

from Hardy-VallZe, 20079).

In astudy by Knutson et al. 2007, subjects had to choos whether or notthey would
purchase a produd (visudly presented), and then whether or notthey would buy it at a certain
price. While desirable produds caused activation in the nudeusaccumbens activity is detected in

theinaulawhen the price is seen as exaggeaated. If the priceis perceived as acceptable, alower
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insular activation is detected, but mesial prefrontal structures are more strongly licited. The
activation in these areas was a reliable predictor of whether or not subjects would buy the
produd: prefrontal activation predicted purchasing, while insular activation predicted the
decision of not purchasing. Thuspurchasing decision involves a tradeoff, mediated by prefrontal
areas, between the pleasure of acquiring (elicited in the nudeus accumbens) and the pan of
purchasing (elicited in theinaula). A box of chomlatesN a stimulus presented to the subjectsN is
located in the highh-magnitude postive-vaence regionsof the value space, while the same
chomlate box priced at $80is located in the high-magnitude negaive-valence regionsof the

spece.

In the ultimatum game, a @roposrOmakes an offer to a GespondeOwho can either accept
or refuse the offer. The offer isa split of an amourt of money. If theresponde accepts, she keeps
the offered amountwhile the proposr keepsthe difference. If shergectsit, however, bath
players get nothing. Orthodoxgame theory recommendstha proposrs offer the smallest possible
amount, while respondes should accept every propostion, butall studies confirm tha subjects
make fair offers (about40% of theamouni and rgject unfair ones (less than 20%; Oogerbeek et
al., 2004) Brain scansof people playing the ultimatum game indicate that unfair offerstrigge, in
therespondesObrains a @noral disgugOthe anterior inqulais more active when urfair offers are
proposd, and inaular activationis propationd to the degree of unfairness and correlated with the
decisionto reject unfair offers (Sanfey et al., 2003. Moreover, unfair offers are assodated with
greater skin condudance (van 't Woutet al., 2006. Visceral and insular respongs occur only
when the propogr isahuman: acomputer does nat elicit such reactions Besidethe anterior

insulathe dorsolateral prefrontal cortex (DLPFC) is also recruited in the ultimatum). When there
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ismore activity in theanterior inaulathan in the DLPFC, unfair offerstend to bereected, while

they tend to be accepted when DLPFC activation is greater than that of the anterior inqula.

These two expeaiments illugrate how neuroeconamics might begin to deciphea thevalue
gpaces and how affective mechanisms contribute to valuaion. (It should be noted that non
affective mechanisms also contribute to valuaion and tha ng whether these values are
appropriate and jugified may requires atheoretical form or rationdity) Althoughhuman
valuaion, shaped in large part by the Qyame of giving and asking for reasongOis more complex
than the simple valence-magnitudespace, this Meuro-utilitarianGframework is ussful for
interpreting imaging and behavioral data: more specifically, we need an explanaion for insular
activation in purchasing and ultimatum decisions and the mog simple and informative, as of
today, istha it trigge's aaversive feding. More generaly, it dso reveas tha the human value
gpace is profoundly sodal: humansvauefairness and reciprodty. Coopeation and atruistic
punishment (punishing cheaters at a persond cog when the probability of future interactionsis
null), for ingance, activate the nudeusaccumbensand other pleasure-related areas (Rillinget al.,
2002 deQuervain et al., 2004) People like to coopeate and make fair offers. Neuroecononic
expeiments also indicate how value spaces can be similar across species. It is known for ingance
tha in humans losses dlicit activity in fear-related areas such astheamygdda (Nagvi et al.,
2006) Since capuchin monkey@ behavior also exhibits loss-aversion (i.e., agreater sengtivity to
losses than to equivalent gang), behavioral evidence and neural data suggests that the neural
implementation of loss-aversion in primates shares common val uaion mechanisms and
processing (Chen et al., 2006. The primateN and maybethe mammal or even the vertebrateN

value space locates resource losses in a particular region.
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6. CONCLUSION: ON NATURAL RATIONALITY

In this chapter, | tried to capture the unity of biological decisiorn-making and of evaluaive
information-processing. | argued that it mug beunderstood as entrenched in ariche theoretical
framework, that of Darwin® econony-of-naure. According to this perspective, animals can be
modded as econonic agents and thar control systems can be modded as econonic devices. All
living bengsare thusdeciders, strategists, or traders in the econony of reprodudion and

survival.

When he suggested tha nature is an econory, Darwin paved theway for astronge
interaction between biology and econonics. One of the consequences of a bio-econormic
approach istha decision-making becomes an increasingly important topic. Theusud,
commongense congdrud of decision-making suggests that it isinhaently tied to human
characteristics, languayein particular. If tha isthecase, then talk of animal decisionsis merely
metaphorical. However, behavioral ecology showed tha animal and human behavioris
condrained by econonic parameters and coheent with the econony-of-naure prindple.
Neuroecononics suggests that neural processing follows the same logic. Dopaninergic systems
drive animals to achieve certain gods while affective mechanisms place gods and actionsin
value spaces. Althoughthese systems have been extensvely studied in humans they are not
peculiar to them. Humansdisplay a uniquecomplexity of gods and values, butthis complexity
relies partly onneural systems shared with many other animals: for ingance, thenudeus
accumbens and the amygdde are common to mammals. Brainy animals evolved an econorric
decision-making organ tha allows them to copewith complex situaions As Gintis remarks, the

complexity and the metabolic cog of central nervous systems co-evolved in vertebrates, which



Decision-Making 34

suggests tha despite thar cog, brainsare designed to make adaptive decisions(Gintis, 2007, p.

3).

Theoretically, this chgpter suggests that the concept of decision-making should be
andyzed in amanne similar to theanadysis given of the concept of coopeation. Nowadays, the
evolutionay founddions neural subgrates, psychological mechanisms, formal modding and
philosophical andyses of coopeation conditute a cohaentN athoughnot unifiedN field of
inquiry®. Thenature of prosodal behavior, from kin selection to animal coopeation to hunmen
morality, is best undestood by adoping a naturalistic stance tha highlights both the continuity of
the phenomenonand the human specificity. Biologcal decision-making deserves the same

eclecticism.

Talking abouthbiological decision-making comes at a certain conaogptud price. As many
philosophes pointed out, whenever oneis describing actionsand decisions oneis aso
presupposng therationdity of theagent (Davidson, 1980;Dennet, 1987 Poppe, 1994. When
we say tha agent A chos X, we suppo® tha A had reasons preferences, and so on. The default
assumptionistha preferences and actionsare cohaent: thefirst caused the second,andthe
secondisjudified by thefirst. Therationdity philosophes are referring to, however, isa
complex cognitive faculty tha requires languaye and propostiond attitudes such as bdiefsand
desires. When animals foragether environment, select preys, paches, or mates, noone
presuppo®s tha they entertain bdiefs or desires. There is nonghdess a presuppostion that
QOnuch of the structure of theinternal mental operationsthat inform decisionscan beviewed as
the produd of evolutionand naural selectionQ(Real, 1994,p. 4). Thus to a certain degree, the
neurond processes concerned with evaluative information are effective and efficient; otherwise

naural selectionwould have discarded them. | shdl labd these presuppostions and the
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mechanisms they might reveal, Qhatural rationdityQ Natural rationdity is a possibility condition
for the conoept of biological decision-making and the econony-of-nature prindple. One needsto
presuppo® tha there is anatural excellence in thebiogphere before studying decisionsand

condraints, and tha evaluaive information-processing percolatesin al thetree of life.

More than alogical prerequisite, natural rationdity concernsthe descriptive and
nomative propeties of the mechanisms by which humansand other animals make decisions
Mog conaepts of rationdity examine only the descriptive or the normative side, and hence tend
to describe cognitive/neurond processes withoutconcaern for thar optimality, or state ideal
conditionsfor rationd behavior. For ingance, while classical econorics congders rationd-
choice theory either as a nomative theory or auseful fiction, proponents of boundel rationdity
or ecological rationdity refuse to characterize decision-making as optimization (Chaseet al.,
1998;Gigerenzer, 2004;Selten, 2001). Othe's advocate a strongdivision of labor between
normative and descriptive projects. For example, Tversky and Kahneman conduded fromther
studies of human boundel rationdity tha the normative and descriptive accounts of decision
making are two separate projects that GannotberecondledO)(Tversky & Kahnaman, 1986,p.
s272) Thepespective | suggest hereis tha we should expect an overlap between nomative and
descriptive theories and tha the existence of this overlap is warranted by natural selection. On the
nomative side, we should ask wha procedures and mechanisms biological agents should follow
in order to make effective and efficient decisionsgiven the congraints of the econorny of naure.
On thedescriptive side, we mug assess whether a procedure succeedsin achieving gods or,
convasely, wha gods could aprocedure aim at achieving. If thereis no overlap between noms
and facts, then eithe noms should be reconceptudized or facts should be scrutinized: it mightbe

the case tha thenoms are unrealistic or tha we did notidentify therightgod or value
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This accounts contrasts with those of philosophes who, like Denndt (1987)or Davidson
(1984) congruerationdity as an idealization and also researches, like Cognides and Tooby,
who preach the eliminaion of this conaept because of itsidedlized status (Coanides & Tooby,
1994). Accordingto this account, rationdity should be conceived not as an a priori podulatein
econony and philosophy, but as an empirical and multidisciplinary research program. Quine
once said that Qrreaturesinveterately wrongin their indudionshave a pathetic but praiseworthy
tendency to die out before reprodudng their kindO(Quine, 1969 p. 126). Whether it istruefor

indudionsis still open to debae, butl suggest that it clearly appliesto decisions
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ENDNOTES

1: 1 am grateful to the editorsfor theidea of a value-based accountof information.
2: See for ingance how neuroscience, game theory, econorric, philosophy, psychology and
evolutionay theory interact in (Fehr & Fischbacher, 2002;Fehr & Fischbacher, 2003;Hauser,

2006;Penne et al., 2009.



