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ABSTRACT

This paper aims to present a new hypothesis on cognitive and neurobiological processes
involved in the evaluation of offers, based on Ultimatum Game (UG). Recently, different
studies have linked serotonin and serotonin-related compounds to rejection rates in this
game, through the mediation of intolerance to unfairness, thus leading to the serotonin
hypothesis of UG. Despite the great interest of these findings, the current paper shows that
the behavior of a responder in the game is much more complex than originally thought,
and that are needed at least three cognitive schemas and neurobiological processes to
properly cope with that behavior. This paper is designed as a classic scientific hypothesis.
First, it defines the epistemological basis of the hypothesis, which is introduced in relation
to limitations of the field that are expected to be overcome by this endeavor. Next, it
presents evidence for the hypothesis, and finally it makes predictions that can be used to
test it. The new hypothesis is named triple-circuit hypothesis; it states that at the cognitive
level, the minimum schemas to represent the responder’s behavior are: pre-consciousness
discrepancy; attributional schema based upon valence activation; and the counterfactual
tendency to repress impulsive behaviors. At the neurobiological level, it proposes that
the essential circuit relies on: transient decreases in phasic activity of neurons located in
the dorsolateral portion of midbrain (error processing); MPFC excitatory firings toward
the limbic system (especially the amygdala), mainly through glutamatergic pathways;
dopaminergic activity toward the MPFC, generating inhibitory activity, which disinhibits
limbic activity. Several evidences in support our hypothesis are presented.
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RESUMEN

Se presenta una nueva hip6tesis sobre los procesos cognitivos y neurobioldgicos implica-
dos en la evaluacién de ofertas en el Juego del Ultimatum (UG). Recientemente, diversos
estudios han relacionado la serotonina y los compuestos relacionados con ella a las tasas
de rechazo en el UG, a través de la mediacién de la intolerancia a la injusticia, lo que ha
conducido a formular la “hipdtesis de la serotonina” del UG. A pesar del gran interés de
estos hallazgos, este articulo pretende mostrar que la conducta de un jugador en este juego
es mucho mds compleja y son necesarios, al menos tres esquemas cognitivos y procesos
neurobioldgicos para explicarla. Este articulo ha sido disefiado como la presentacion de
hipétesis cientifica cldsica, en la que primero se definen las bases epistemoldgicas presen-
tadas teniendo en cuenta las limitaciones del campo a la espera de que esfuerzo ayude a
clarificarlas. En segundo lugar, se presentan las evidencias de la hipdtesis para, finalmente,
elaborar las predicciones que pueden usarse para verificarla. La nueva hipdtesis presentada

* Correspondence concerning this article should be addressed to: Dr. Alvaro Machado Dias, Institute of Psychyatry, Dept.
of Neuroimage, University of Sdo Paulo, Rua Dr. Ovidio Pires Campos s/n, 05508-030 Cerqueira Cesar, Sao Paulo,
Brazil. Email: alvaromd@usp.br



184 MacHADO, BRiTTOo AND ODA

se denomina hipétesis del triple circuito, y afirma que, a nivel cognitivo, los esquemas
minimos para representar la conducta del jugador son: la discrepancia preconsciente, el
esquema atribucional basado en la activacion, y la tendencia contrafactual para controlar las
conductas impulsivas. A nivel neurobiolégico, la hipdtesis propone que el circuito esencial
descansa sobre un descenso transitorio en la actividad fasica de las neuronas localizadas
en la porcién dorsolateral del cerebro medio (procesamiento de errores), disparos excita-
torios de la MPFC hacia el sistema limbico (especialmente la amigdala), principalmente a
través de las rutas glutamatérgicas, y actividad dopaminérgica hacia la MPFC que genera
actividad inhibitoria que desinhibe la actividad limbica. Se presentan diversas evidencias
en apoyo de nuestra hipdtesis.

Palabras clave: juego del ultimatum, neuroeconomia, imparcialidad, toma de decisiones.

In the ongoing discussion on the neurobiological basis of decision-making, several
attempts have been made to define how different patterns of thought (more specifically
named ‘cognitive schemas’), brain circuits, and neurochemical compounds affect the
magnitude of offers and the choice to accept/reject one. One of the most remarkable
findings to date is that intrinsically cultural cognitive schemas (e.g. moral feelings and
associated representations) bias the tendency to maximize immediate gains, at the same
time that specific brain lesions reverse this tendency (Greene, 2007; Knoch, Pascual-
Leone, Meyer, Treyer, & Fehr, 2000).

Many behavioral tasks are usually applied to the understanding of the nature
and structure of cognitive schemas that may affect the tendency to maximize gains
for both proposers and responders, but none has received the attention that has been
directed to the Ultimatum Game (UG), created by Rubinstein (1982). The UG is a
zero-sum, two-player game in which participants alternate as proposer and respondent
of monetary offers, and together meet the challenge of either reaching an agreement or
facing a mutual loss. The game is at the core of the emerging field of neuroeconomics
(for a presentation of the field: Sanfey, Loewenstein, McClure, & Cohen, 2006; for a
discussion on the role of the UG: Sanfey, 2007), where it is often designated as a Theory
of Mind game (Behrens, Hunt, & Rushworth, 2009), in the sense that it is based upon
the prospection of the intentions of the opponent.

Several studies have linked the cognitive schemas activated during rounds of
UG to the activation of specific brain areas (Knoch, et al., 2006; Michael Koenigs &
Daniel Tranel, 2007; Sanfey, Rilling, Aronson, Nystrom, & Cohen, 2003). More recently,
neurophysiological studies based on the ‘acute tryptophan depletion’ paradigm (ATD)
showed a direct relation between tryptophan depletion and rejection rates (Crockett, Clark,
Tabibnia, Lieberman, & Robbins, 2008; Emanuele, Brondino, Bertona, Re, & Geroldi,
2008), hence suggesting a pivotal role for serotonin in the evaluation of bargains. These
findings complement conclusions regarding the positive correlation between testosterone
levels and rejection rates (Burnham, 2007; for a replication: Zak, et al., 2009; for a
study challenging these findings: Eisenegger, Snozzi, Heinrichs, & Fehr, 2010), as well
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as inverse correlations to the presence of omega-3 fatty acids (Emanuele, Brondino, Re,
Bertona, & Geroldi, 2009).

Considering that both omega-3 (Yao, et al., 2004) and testosterone (Fink, Sumner,
Rosie, Wilson, & McQueen, 1999) directly affect serotonin levels, it is reasonable to
assume that both could be part of a neurobiological hypothesis, as addressed by Enzo
Emmanuele and collaborators with their ‘serotonergic hypothesis’ (Emanuele, Bertona,
Re, & Brondino, 2009; Emanuele, et al., 2008), or even further, by a hypothesis capable
of integrating both the neuroanatomical and neurophysiological findings.

From that perspective, it is interesting to note that in order to achieve its maximum
soundness, a neurobiological hypothesis of the kind must first model the most significant
stages of the decision-making dynamics in the UG and then conceive the neurobiological
basis of each of these stages. Many important features of this integrated process can
be lost, as one disregards the stages of decomposing and understanding each step, in
order to present it as a direct function of neurobiological activity.

This paper takes for granted that to achieve such goal, we need a new and
broader cognitive and neurobiological model, which must be unambiguous, falsifiable,
and at the same time includes much more than the direct relation between behavioral
tendencies and specific neurochemical compounds. Our starting point is that the UG
can represent an appropriate venue to study the cognitive and neurobiological basis of
fairness. This premise follows from the fact that the rules of the game are quite simple,
leading nearly all researchers to believe that rejection of unfair offers cannot be thought
as the result of a diminished capacity to scrutinize costs/benefits, but rather as the result
of the activation of cognitive schemas related to morality, in relation to which offers
are thought of as fair/unfair (Sanfey, et al., 2003).

Considering that unfairness and moral violations in general have different
meanings for proposers and responders, and that only the latter can be characterized as
one who suffers from a moral violation and therefore should react to it, it follows that
while playing the responder will turn the participant especially sensitive to cognitive
schemas that may compel him to neglect the maximization of expected utility. In that
sense, our model mirrors the assumption that the rationale behind the game needs to
be split in two. Support for this premise comes both from findings that the process of
decomposing the cognitive schemas that are activated during the game provide (as we
will see) and from previous findings from related fields, akin to the conclusion that
oxytocin (known to increase human interaction and empathy) augments the magnitude
of mean offers while it does not affect the player’s lower limit for acceptance (Zak,
Stanton, & Ahmadi, 2007), therefore suggesting that the mechanisms of the brain whose
activations are associated with the act of offering an amount that stems from values that
maximize the expected utility are different from mechanisms whose activations lead to
rejections that departure from the maximization thereof.

This paper is mainly focused on the cognitive and neurobiological basis of the
responder’s behavior, which we conceive as a three-stage process: information processing
at a non-representational and unconscious level; activation of a moral/attributional schema
(triggered as a certain cut-off is reached); counterfactual tendency to consciously repress
the association between the moral/attributional schema and the behavior of rejecting an
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offer. The latter is a remarkable and under-explored trend that stands beyond the focus
of near all medical, psychological, and anthropological studies on the relation between
impulsivity and morality.

We also assume that the establishment of any conclusion regarding these stages
depends on an appropriate understanding of the strategies that can be used in the UG, with
a particular approach on the type of strategy that leads to the rejection of offers alleged
to be unfair, as it tends to run against the maximization of the Expected Utility (EU).

ForMAL CoNCEPTION OF MORAL STRATEGIES IN THE UG

A game is a situation wherein two or more individuals (players) have predefined
objectives and face the need to follow formal rules, which limit the scope of their
actions. In the UG game, the rules are fairly simple and relate to the division of a sum
or ‘pie’: the first player (proposer) has to make an offer, the second player (responder)
may either accept or reject; for that reason, it is said that the UG has only one parameter,
the amount of goods presented in the pie.

Games are traditionally discussed in terms of strategies, which are expected
to be rated in accordance with their potential success. Without loss of generality, we
can presume that the amounts of goods involved in any round of the UG equals 1
and that a strategy consists of a pair (p,d), where “p” belongs to [0,1] and d: [0,1]-->
{*Accept”,”Reject”}. If d(p)= "Accept”, it follows that the first player receives “p”and
the second receives “1-p”, otherwise both receive “0” (see Figure 1).

An important feature of game analysis is the definition of the Nash Equilibrium
and/or its properties for the game (general equilibrium analysis). By Nash Equilibrium
of a game we mean the strategy that prevents a player from increasing his gains simply
by changing his strategy in disregard to the opponent’s strategy. In the very case of
UG, it is quite easy to see that a strategy (p,D) such that D(p)= “Accept” and D(x)=
“Reject” for all x>p is a Nash Equilibrium, and that the strategy (1,D), satisfying D(x)=
“Reject” for all x>0, is another Nash Equilibrium.

We can also search for strategies that maximize payoffs. To reach this objective,
the responder should accept any amount, since rejection implies receiving nothing.
Conversely, the optimal strategy for the proposer is to offer the smallest amount ofgoods,
limited by the smallest fraction of goods that is expected to be accepted by the other;

Accept %( Player 1 receives p ]—

%( Player 2 receives 1-p ]—
H Player 1 makes an offer]%
%( Player 1 receives 0 ]—
Reject %( Player 2 receives 0 ]—

Figure 1. UML Activity Diagram representing UG.
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when these strategies become dominant we say that a perfect Nash equilibrium subgame
has been established.

Based upon this principle, experimental researches on the Ultimatum Game reveal
that it deviates from perfect Nash equilibrium subgames due to the fact that proposers
tend to offer and responders tend to solely accept pieces of the pie that depart from the
minimum. This is the starting point to the inclusion of moral feelings in the conceptual
framework that must drive the conception of the players’ behavior, especially that of
the responder provided that he is the one who ‘reacts’, and thus is expected to show
the most intense feelings, as argued before.

Simply stated, the existence of a trend toward the rejection of unfair offers means
that moral feelings take part in the establishment of utility, which on the other hand
should approximate the function that maximizes monetary gains in accordance to the
extent to which the player can be considered rational and less sensitive to these feelings.
However, this is a purely tautological statement, which may lead to uncharacteristic
conclusions (e.g., that chimpanzees are more rational than humans: Jensen, Call, &
Tomasello, 2007), and to go beyond it we need to investigate the kind of strategy that
the sensitivity to moral feelings represents.

Considered in broad terms, the responder’s strategy can be represented by the
following schema: if the value is 1, then the responder accepts the proposal; if the value
is 0, he rejects it; at the intermediate values (between O and 1) the criterion to cope
with the decision may be conceived as a cutting line (Alpha) that divides the curve in
accordance with contingent demands. Based on that, we can mathematically summarize
the discussion on the relation among fairness, rejection rates, and neurobiological
activity, as the discussion about the role of internal and external determinants for three
axes of the decision-making dynamics: general guidelines of acceptances (where ‘1’
is fixed), general guidelines of rejection (where ‘0’ is fixed) and determinants of the
Alpha cutting line (which should be the most influenced by psychological demands),
as represented in Figure 2.

Moving forward with this idea, we consider that the best way to analyze the
interactive decision making behavior of near all players is to consider a specific version
of the game, made of several rounds and the strategies showed in Table 1.

Accept
1 ____________
S M e M
0 Reject .-
Proposal

Figure 2. A model of a decision schema that accepts contingent inputs.

http://www. ijpsy. com © INTERNATIONAL JOURNAL OF PsycHoLogy & PsycHoLoaicAL THERAPY, 2011, 11, 2



188 MacHADO, BRriTTOo AND ODA

Table 1. Strategies used to simulate series of games.

Strategy Offer Response
Rational The minimum. Accepts any value greater than or equal the minimum.
Non-rational ~ Offers 0.5 minus the minimum. Accepts above 0.5 minus the minimum.

The same value that was previously If the other player accepted his previous proposal, he
offered by the other player. If he is  accepts any value above that proposal. Otherwise, he

Mimic proposer in the first round, then he  accepts above that proposal plus the minimum. In the
offers 0.5. first round, if he is the responder, he accepts above 0.5.
Offers the same value the' other
Just f gi};i (I)It;fflzzdﬁlrr; tt}rlzur;rg,vilt(‘)ﬁz is the Accepts any value greater than or equal the minimum.
proposer, he offers 0.5.
Altruist Offers 1. Accepts any value.
Table 2. Results of the simulations
Rational Non-rational Mimic Just Altruist
Rational 05x0.5 0.245x 0.255 049901 x 049999 0.5x0.5  0.995 x 0.005
Non-rational 0.255 x 0.245 05x0.5 049949 x 049951 05x0.5 0.755 x 0.245
Mimic 0.4995 x 0.4995 0.4995 x 0.4995 05x05 05x0.5 0.5005 x 0.4995
Just 0.49951 x 0.50049  0.49999 x 0.50001 05x05 05x0.5 0.5005 x 0.4995
Altruist 0.005 x 0.995 0.245 x 0.755 05x05 05x05 05x0.5

In order to analyse their roles in this game, we simulated 1000 rounds of UG
confronting all these strategies, and obtaining the following average payoffs showed
in Table 2.

According to our analysis, whereas rigid strategies -rational, non-rational and
altruist- lead to poor performances in several cases, the strategies which adapt offers
and responses to the opponent’s actions (mimic) led to payoffs that most approximate
to an optimum strategy. This is not to say that it was possible to prove that mimic
strategies are optimal (in fact, they prove to be disadvantageous in some contexts), but
that if instead of trying to focus on the maximization of the payoffs, we try to guide
the payoffs to a Nash Equilibrium’s payoff, we can expect to have advantageous results
in the long run.

Bearing this analysis in mind, we add that the inclusion of moral feelings in the
utility of the game is represented by the inclusion of psychological demands toward the
abstract idea of ‘fairness’ and the objective perception of reciprocity (whose absence
take part in the chimps’ rationality), leading players to a provisional departure from
immediate maximization of payoffs (e.g.: Knoch, et al., 2006; Koenigs & Tranel, 2007;
Krueger, Grafman, & McCabe, 2008) in order to follow a decision-making pattern
(D(p)) that equalizes gains. Without loss of generality, it is possible to add that the
mimic strategy is the most suited to achieve such a pattern and that this is not generally
irrational, but rather represents a specific type of adaptive best-reply seeking approach
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strategy (for a discussion, Roth & Erev, 1995) that can be quite efficient in the long
run, as suggested in our simulations.

As one may note, this strategy is based on gradual learning (operant conditioning),
supported by the computation of different degrees of reciprocity that players face along
the rounds. Hence, it can be defined as a strategy that is best fitted for games with
several rounds -as suggested by the evolutionary psychologists, who have raised the
idea that moral behaviors are advantageous to the individual in the long run (e.g.: de
Quervain, et al., 2004; Garcia & Ostrosky-Solis, 2006; Haidt, 2001; Kohlberg, 1981);
for a simulation (genetic algorithm) based on learning in the UG, see Calderon and
Zarama (2006). In line with this idea, a study by Hoffman, McCabe, and Smith (1996)
revealed that “when a double-blind procedure intended to guarantee the complete social
isolation of the individual’s decision was used, 64% of the offers were $0, with only
8% offering $4 or more” (p. 654); e.g., when perspectives of reciprocity are unclear,
the strategy tends to be less prominent.

These perspectives lead to the conclusion that the maximization of payoffs is not
defined solely by the strategy that is being used, but by the number of trials or some
information from the past behavior of the other player (Nowak, Page, & Sigmund, 2000),
in relation to which it is suggestive that the process of coping with bargains in games
consisted of few rounds (e.g., one-shot UGs), can be seen as an exception to the much
more common many-rounds games (in real life), which may influence the behavior in
these exceptional conditions. A history of positive outcomes applying the ‘mimic strategy’
should affect the way naive players behave in games consisted of few rounds and even
one-shot games, therefore suggesting that we should reconsider what these moral rejections
actually represent: instead of being irrational (Jensen, et al., 2007), they are functional
cognitive schemas that become rigidly manifested. Thus, our question turns out to be
more quantitative (what leads to such intense activation) than a qualitative (why is the
schema activated); and that is precisely our starting-point to model the cognitive and
the neurobiological basis of the process of coping with bargains in the UG.

TrrpLE-CircuiT HYPOTHESIS COGNITIVE BAsis: Focus ON PosT-MORAL SCHEMAS

When modeling the cognitive basis of the process of coping with bargains in
the UG, the most fundamental perspective is that acceptance/rejection relates to the
evaluation of offers, while fairness relates to the evaluation of attitudes, which result
from the perception that the offer was placed beyond the boundaries of expectancy.
Unfair offers stand beyond these boundaries, while very advantageous offers stand
above. This is a valid perspective for any value above the individual threshold, in face
of which a player becomes motivated by the payoff of the game, but not necessarily
valid in the context where the payoff does not generate an attempt to maximize the
expected utility (e.g., in the context where a player that is insensitive to fake money
is invited to play using such).

The rejection of an offer assumed to be unfair can only emerge after the biological
computation of a discrepancy between the offer and certain (implicit) boundaries; consistent
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with this idea, a study showed that different offers generate evoked-related potentials
(ERPs) of different magnitudes during the first 250-350 ms after the event (Polezzi,
et al., 2008), which is a time frame known to be insufficient for conscious process;
while a recent study revealed that expectation violations in any direction predicted the
extent to which healthy subjects were able to recall the faces of players with who they
have interacted in recent games (Chang & Sanfey, 2009); for a discussion Dias (2009).
The meaning of these different ERPs can be linked to the fact that moral feelings
also generate different ERPs in specific brain sites (Brazdil, et al., 2002; Falkenstein,
Hohnsbein, Hoormann, & Blanke, 1991; Holroyd & Coles, 2002), and broadly to the
premise that biological error-processing supports the phenomenological structure of all
these processes (for classical approaches see Goldstein, 2004; Johnson-Laird, 1988;
Newell, 1990).

These biological errors are mostly negative (below expectations) and promote
the emergence of attributional schemas that provide meaning to them. Hence, moral
feelings are not part of the intrinsic set of mental processes that are implicated in this
game, but rather stand as a secondary cognitive schema. This is in agreement with
the idea that punishment of unfair offers is observed even when the responder plays
on the behalf of a third-party individual to whom he is unrelated (Civai, Corradi-
Dell’Acqua, Gamer, & Rumiati, 2010) and regardless of the possibility of been noted
as the agent of such behavior (Yamagishi, et al., 2009). That is, it is not correct to
say that rejections simply follow from first person emotions (e.g., anger, vengeance),
but that they tend to be guided by these attributional schema, which can be conceived
as forms of interpreting and producing meaning to a phenomenon that is tied to error
processing at the unconscious level.

At the point where an attributional schema is activated, the information process
gains the level of experience and becomes available to some degree of conscious
evaluation. This stage is chiefly associated with executive behavior (Baars & Franklin,
2003) and thus with a cognitive schema represented by the intention to maximize
payoffs through the relative inhibition of the association between moral feeling and the
rejection of the offer. Accordantly, a recent study revealed that rejections of offers in the
UG are associated to emotional arousal, measured by the salivary alpha-amylase levels
(Takagishi, Takayuki, Kameshima, Koizumi, & Takahashi, 2009), while another study
revealed that this arousal is correlated to the perspective that the offer was placed by
another human being, in opposition to a computer or robot (van’t Wout, Kahn, Sanfey,
& Aleman, 2006).

Conversely, the neglect of this dimension represents the assumption that players are
intrinsically impulsive, which is simply not necessarily true (e.g.: Reynolds, Ortengren,
Richards, & de Wit, 2006). Moral feelings are dimensional traits, as suggested by
the fact that the BAS scores (‘Behavioral Activation System’, composed of ‘Reward
Responsiveness’, among others) correlates with rejection rates (Scheres & Sanfey,
2006). In spite of countless studies showing that people depart from the immediate
maximization of the expected utility, it is important to bear in mind that it would not
be reasonable to assume that playing the game simply abolishes the capacity to inhibit
impulsive behavior. Such a capacity accompanies the development of cognitive functions
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(Casey, et al., 1997; Meyer-Lindenberg, Buckholtz, & Kolachana, 2006; Nigg, 2000)
and consciousness (Zelazo, 2004), whose abnormalities are associated to disorders that
are precisely related to disadaptive/impulsive decision-making (Siever & Davis, 1991),
leading players to achieve certain cognitive control over the association between moral
feelings and the behavior of rejecting offers.

Assuming that the strategy to cope with a game made of few rounds derives from
the strategy applied to games made of several rounds, it is fair to consider that as the
number of trial decreases, the role of a cognitive schema that may control/repress the
association between moral feelings and behavior increases, regardless of the fact that
the overall behavior stems from amoral patterns. That is precisely what characterizes
the stage of relative inhibition of the association between the attributional schema that
emerges from the neurocomputation of errors and the impulsive behavior; a struggle
between what Haselhuhn and Mellers (2005) named ‘pleasure from fairness’ and ‘pleasure
from greediness’ in the UG (Haselhuhn & Mellers, 2005).

We propose to call this schema as ‘strategic repression’. It is based upon the idea
that moral strategies tend to be characterized as impulsive tendencies in accordance to the
(diminished) number of interactive rounds of a game, and that they are somehow mediated
by counter-impulsive tendencies to increase immediate gains; unlike chimpanzees do,
but by the association of cognitive schemas that diminish the intensity of the tendency
towards rejection of offers conceived as unfair. Just like there are tendencies toward the
rejection of unfair offers, there is a tendency to conceive these rejections as potentially
unfavorable (pleasure from greediness). This tendency drives the human organism a bit
closer to the maximization of expected utility, through its consciousness and will; and
in terms of strategic modeling represents a psychologically-driven approximation of the
mimic strategy to an ideal strategy. Note that we are not advocating to be the first to
conceive the UG and related games as a function of successive and conflictive cognitive
schemas (e.g., Ainslie & Monterosso, 2002); our contribution relies on the articulation
of these stages that guide the final decision.

Altogether, we advocate that the acceptance of any offer is a ‘simple choice’;
its association with attributional schemas transforms that choice into a ‘simple strategy’
(not solely focused on the game, as it is involved with the necessity to respond to moral
feelings). Finally, the association with a counterfactual tendency, turns that simple strategy
into a ‘complex decision-making process’ and a real challenge for both mathematicians
and cognitive scientists.

TRriPLE-CIrRcUIT HYPOTHESIS NEUROLOGICAL BASIS

As suggested above, the cognitive process of coping with bargains is not as
simple as it seems, although it starts as a simple error message that is yielded prior to
conscious perception, which is driven in the negative direction (under expectancy) and
then mapped into attributional schemas, which generate ‘sense’ (moral feelings) and a
counterfactual tendency to inhibit its association with the behavior of rejecting the offer.

This type of simple-error message is represented in the central nervous system
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by decreased activity of phasic neurons in many brain sites (Niv & Schoenbaum, 2008).
There is solid evidence suggesting that the starting point to this process is the midbrain
(Matsumoto & Hikosaka, 2007), and that negative and positive directions are biologically
dissociated: negative errors are preferentially encoded by dopaminergic neurons located
in the dorsolateral portion of midbrain (in the substantia nigra pars compacta), while
positive errors are strongly related to ventromedial and ventral tegmental dopaminergic
activity (Matsumoto & Hikosaka, 2009).

This activity spreads mainly to the ventral striatum (Delgado, Nystrom, Fissell,
Noll, & Fiez, 2000) (for an example specifically related to financial error prediction,
see: Delgado, Li, Schiller, & Phelps, 2008) and the medial prefrontal cortex (MPFC)
(Breiter, Aharon, Kahneman, Dale, & Shizgal, 2001; Modirrousta & Fellows, 2008).
While the former seems to be involved also with the generation of a cognitive response
to such an output, the latter seems to be involved mostly with the first steps of the
evaluation of the discrepancy (Tobler, O’Doherty, Dolan, & Schultz, 2006). Moreover,
the dopaminergic neurons along the midbrain-striatum-cortex axis exert a neuromodu-
latory effect on synapses encoding the mismatch (Joshua, Adler, Mitelman, Vaadia, &
Bergman, 2008), up to the point when a response begins to be prepared.

This response does not constitute the behavior of rejecting or accepting the offer,
but rather the activation of the attributional schema, which is precisely the focus of the
‘serotonergic hypothesis’ and related findings. In accordance with this hypothesis, the
anterior cingulate cortex (ACC) shows a very high concentration of terminals expressing
the serotonin transporter, while the rostral part of the limbic system delineates the most
significant circuit in order to “assess the motivational content of internal and external
stimuli” (Mantere, et al., 2002, p. 604).

From that point on, the integration of this partes extra partes schema with the
tendency to inhibit impulsive behavior is biologically represented by the inhibitory
firing of prefrontal (PFC) neurons. “Similar to the role that the prefrontal cortex plays
in regulating the interaction with the external world, this region is crucial for attention
to and inhibitory control of internal mental representations engaged during working
memory, employment of strategies, planning and decision-making” (Knight, Richard
Staines, Swick, & Chao, 1999, p. 162). And this closes the circuit.

Wherefore, it is important to bear in mind that despite the fact that cognitive
processes maintain a direct relation with specific neurobiological activity, sometimes this
is not necessarily a one-to-one relation. Such activity cannot be reduced to a struggle
between neuronal activity related to the reactivity of attributional schema and the
inhibitory activity of specific PFC neurons; instead, the literature suggests that it must
include both the selective firing of PFC neurons to excite synapses of the inhibitory
neurons of the limbic system (Quirk, Likhtik, Pelletier, & Pare, 2003; Rosenkranz
& Grace, 2002) and the selective firing of other PFC neurons toward the inhibitory
synapses of the former prefrontal neurons, thus leading to a counterfactual tendency of
disinhibiting limbic activity (Rosenkranz & Grace, 2002).

The main network within which these integrated effects take place is represented
by the activation of the basolateral synapses on the amygdala (BLA) by the glutamatergic
neurons of the VMPFC (Rosenkranz & Grace, 2002), which increases limbic activity
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(and thus feelings), in association with the dopaminergic inhibition of VMPFC neurons,
which act to inhibit the glutamatergic activity and, thus, produce inverse effects. “DA
receptor stimulation can remove MPFC inhibition of the BLA and potentially allow a
sensory cortical-driven affective response to be produced” (Rosenkranz & Grace, 2001,
p. 4090).

The VMPFC neurons exert a complex role in regard to limbic drives and impulsive
decision-making; and the literature on the matter needs to be analyzed with care. For
example, a recent article emphasizes that “ventromedial prefrontal cortex (VMPFC)
damage is reliably associated with defective emotion modulation; specifically, poorly
controlled emotional responses that are incommensurate with the precipitating event”
(Koenigs & Tranel, 2007, p. 951) and that “the hyper-irrational rejection of unfair
Ultimatum offers observed in the VMPC patients, therefore supports the view that
emotion regulation is an underlying component of normal economic decision-making
in situations where financial considerations conflict with emotional responses” (p. 955).
However, in another paper, the same main author along with other collaborators state
that: “patients with VMPC lesions exhibit generally diminished emotional responsivity
and markedly reduced social emotions”, and from that standpoint conclude that they
were more utilitarian than the average (Koenigs, et al., 2007, p. 908).

The apparent contradiction among these positions did not pass unnoticed by
the authors, who stated: “in this study, the VMPC patients’ abnormally high rate of
utilitarian judgments is attributed to diminished social emotion, whereas in a recent
study of the Ultimatum Game, the VMPC patients’ abnormally high rate of rejection
of unfair monetary offers was attributed to poorly controlled frustration, manifested as
exaggerated anger” (p. 908).

It is not correct to say that ventromedial activity in most cases increases or decreases
rationality, but rather that the proper functioning of the structure makes people more
sensitive to social demands (e.g. to morality in general), thus making them less rational
in decision-making in such contexts (due, e.g., to raised empathy). Notwithstanding,
VMPEFC lesions make people less emphatic and more irritable, increasing feelings of
unfairness whenever they receive an unfair proposition.

Based on those assumptions and in our cognitive model, we present a representation
of our ‘triple-circuit model’ (see Figure 3), which includes the general lines of the
neurobiological basis of decision-making for responders. In its most general aspects,
the triple-circuit hypothesis proposes that increased levels of glutamate and serotonin
will decrease rejection rates, while increased levels of dopamine shall have the opposite
effect. Note that the hypothesis does not aim to deny previous accounts on the role of
serotonin or any other compound in the neurobiology of the process of copying with
bargains in the UG, but rather tries to incorporate them into a broader, more complete
framework.

EVIDENCE AND PREDICTIONS OF THE TRIPLE STRATEGY HYPOTHESIS

The fact that the BIS/BAS neuropsychological test is correlated to decision patterns
in the UG (Scheres & Sanfey, 2006) is highly suggestive of the existence of a stage
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DLPFC Glutamatergic pathways increase
MPFC activity

VmPFC Inhibitory

Dopaminergic pathways o o . . i ivi
decrease MPFC activity /" act1v1ty on the limbic Decreases 1mpu}51v1ty,
system decreases rejection rates
Attributional schemes
9 Increased impulsivity,
increased rejection rates ..

Figure 3. simplified algorithm representing the some of the most important dopaminergic and
glutamatergic pathways that affect rejection rates and the generation of attributional schemas.

where some degree of inhibition, and thus of a struggle between a ‘socially-desirable
decision pattern’ and an ‘individually-desirable decision pattern’.

Also important is that VMPFC lesions increase rejection rates (Koenigs & Tranel,
2007) and this has to do basically with glutamatergic and dopaminergic pathways. In
support of this argument, a recent article revealed that decreased right VMPFC size
is correlated with diminished impulsivity control in young men (Boes, et al., 2009).

Dopamine agonists increase impulsivity (Cools, 2008; Potenza, 2007), while
antipsychotic medication reverses this tendency (Potenza, 2007), which is a paradigm
that suggests a parallel with the ATD paradigm (5-HT1/DAY).

Genetic studies present evidence showing that genes regulate the expression of
both dopaminergic and serotonergic receptors, regulating decision-making processes that
involve reward and social interactions. “The genetic mechanisms regulating dopaminergic
and serotonergic synaptic transmission might underlie individual differences in behaviors
and neural circuits implicated in reinforcement learning and therefore contribute to
individual variability in social decision-making” (Lee, 2008, p. 407).

Strategies presented by those who adopt a more simplistic approach (defined as
strategies based solely on their own will or impression, disregarding the role of the
other player) tend to be more associated with ACC activity (a massively serotonin-
innervated cortical area), while more sophisticated strategies tend to be associated with
higher levels of mentalization and widespread prefrontal activity, as the medial prefrontal
cortex seems to play a pivotal role (Coricelli & Nagel, 2009).

PrEpIcTIONS OF THE MODEL

If this model proves to be correct, we expect that:

- Neuropsychological tests that evaluate executive control in decision-making (e.g., Preference
for Intuition or Deliberation -PID: Plessner, Betsch, & Betsch, 2008); adaptive decision-
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making (e.g., lowa Gambling Task: Bechara & Damasio, 2005; Bechara, Damasio,
Tranel, & Damasio, 2005), and response inhibition (e.g., Stroop Test: Stroop, 1935)
should reveal positive correlations to adaptive decision-making in the UG, as one plays
the responder, independently of any moral evaluation.

- Glutamatergic supplementation shall mimic the effects of serotonergic supplementation,
while dopaminergic supplementation should have the opposite effect. Justification: the
first two shall increase limbic inhibition, while the last one should have the opposite
effect (this prediction should be considered on a broad basis, since there are many
biding sites for each of these compounds).

- Brain stimulation (e.g. excitatory transcranial magnetic stimulation -TMS) in the medial
prefrontal and orbitofrontal sites should decrease rejection rates, while inhibitory
transcranial magnetic stimulation should produce the opposite effect. Justification:
excitatory TMS increases neuronal activity in the sites that are stimulated, which in
this case means control over limbic impulses. On the other hand, inhibitory TMS
should block executive control.

- Excitatory TMS over the left DLPFC should decrease rejection rates, much in the same
way that its effects on mood resembles the action of antidepressants (Avery, et al.,
2008); beta wave neurofeedback should produce the same effect. Justification: the
same as aforementioned, along with the perspective that the VMPFC and dorsolateral
prefrontal cortex (DLPFC) work in coordination, with the former more closely associ-
ated with the computation of inputs associated with feelings and emotions, and the
latter with abstract thinking (Meeks & Jeste, 2009).

- In multi-round games (Giith & Tietz, 1990), the effect of ATD should be proportionally
greater in relation to the first unfair offer than to the game as whole. Justification:
rejections that contradict expected utility are mainly associated with attributional
schemas and thus to error prediction. As offers assumed to be unfair are presented,
less correction is needed. This perspective may also provide a partial explanation
for the existing differences in rejection rates in single-round vs. multiple-round UG
(Meyer, 1992).

FiNnaL REMARKS

In this paper we have introduced a new hypothesis to explain the behavior of
players rejecting offers in the UG. This hypothesis relies on the perspective that a
player’s decision in this case is associated with the use of three different types of mental
schemas, each of which is associated with different patterns of brain activity produced
both in coordinated and competitive fashions. In a broader sense, our paper posits a note
of caution to those who assume that an observed association between neurochemical
activity and behavior means the feasibility of establishing a one-to-one relation between
the two -a tendency that may be termed simplistic reductionism.

Moreover, it challenges the idea that the definitive cognitive schema in the process
of coping with bargains in the UG is represented by moral feelings and associated
representations. In this sense, regardless of our adherence and empirical evidence of the
principle (raised by evolutionary psychologists) that morality is an efficient strategy in
zero-sum games, we are far less optimistic in relation to the forces that drive humans,
at least as we found in westerns of the current century. As suggested by Mazar and
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collaborators (2008): “people typically solve this motivational dilemma adaptively by
finding a balance or equilibrium between the two motivating forces, such that they
derive some financial benefit from behaving dishonestly but still maintain their positive
self-concept in terms of being honest” (Mazar, Amir, & Ariely, 2008, p. 634).

Based on the same general idea, we suggested that it is paramount to differentiate
proposers and responders in terms of their relation to moral feelings; this is a necessary
perspective not only in our hypothesis, but also in the understanding of findings
reported in the literature, which extend to the role of different brain structures and
specific neurotransmitters. Not only we expect that the specific roles of glutamatergic
and dopaminergic cascades start to be explored in the same way as the ATD, as we
expect that this paper stimulates new developments regarding the neurocognitive basis
of non-cooperative decision-making.
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