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Morning - Neuro-Physiology Session
8:30-8:50 Registration
8:50-9:00 Welcome word
9:00-9:35 Wolfram Schultz. Neuronal reward value and risk signals.
9:35-10:10 Geoffrey Schoenbaum. How do you estimate you will like the apples? The role of the
orbitofrontal cortex in imagining outcomes.
10:10-10:45 Alain Berthoz & Karim Jerbi. Saccade decision and planning: Direct recordings in
human parieto-frontal networks.

Coffee break & Poster session
11:30-12:05 Hagai Bergman. Computational physiology of the basal ganglia networks: From
maximization of cumulative reward to multi-objective optimization of gain and cost.
12:05-12:40 Jeff Wickens. Cellular actions of dopamine in the corticostriatal system.

Lunch time & Poster session

Afternoon - Neuro-Computations Session
14:30-15:05 Yael Niv. Reinforcement learning faces reality: task representations, why they matter,
and how we learn them.
15:05-15:40 David Hansel. Interference and shaping in sensorimotor adaptations with rewards.
15:40-16:15 Emmanuel Guigon. Motor control, motivation, dopamine, and Parkinson's disease.

Coffee break & Poster session
17:00-17:35 Michael J Frank. Linking levels of analysis in computational models of corticostriatal
function.
17:35-18:10 Rafal Bogacz. Do we have Bayes’ theorem hardwired in the cortico-basal-ganglia
circuit?
19:30 Social event - Buffet with panoramic view on Paris, from the 24th floor of Tour
Zamansky, on Université Pierre et Marie Curie (UPMC) campus.
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Morning - Neuro-Systems Session
9:00-9:35 Tania Singer. A Social-Developmental Perspective on Decision Making.
9:35-10:10 Hidehiko Takahashi. Molecular imaging of emotional decision making in human.
10:10-10:45 Samuel McClure. Paying to win: Neural and hormonal correlates of competitive drive.

Coffee break & Poster session
11:30-12:05 Ian Krajbich. A common mechanism underlying food choice and social decisions.
12:05-12:40 Erie Boorman. Social learning in an uncertain world.

Lunch time & Poster session

Afternoon – Decision Theory Session (Economics and Ethology)
14:30-15:05 Frans de Waal. Studies of prosociality and fairness in primates.
15:05-15:40 Masaki Isoda. Developing a systems neuroscience of self and others using macaques.
15:40-16:15 Taiki Takahashi. Toward a general neuroeconomic theory of decision-making.

Coffee break & Poster session
17:00-17:35 Giorgio Coricelli. The neural correlates of strategic uncertainty.
17:35-18:10 Christophe Chamley. Social learning and decision with decentralized choice of
signals.
18:10 Conclusion.
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ABSTRACTS
Wednesday 29 May, morning - Neuro-Physiology Session

Wolfram Schultz (University of Cambridge, United Kingdom)
"Neuronal reward value and risk signals"
Rewards can be viewed as probability distributions of reward values. The key parameters defining
probability distributions are expected value and standard deviation, which in economics is also referred to
as 'risk'. This definition leads to the common notion of risk as probability of losing by considering
nonlinear subjective value functions and their notable asymmetry (loss avoidance). Value and risk are
fundamental variables for economic decision making.
Neurons in specific reward centres of the brain process reward value and risk in distinct forms. These
responses increase monotonically with higher standard deviations of binary equiprobable distributions of
reward magnitudes. The terms 'risk aversion' and 'risk seeking' indicate that risk influences the subjective
valuation of outcomes; this concept constitutes a basic tenet of economic utility theory. As neuronal
correlate, risk enhances neuronal value responses in lateral frontal cortex of risk seekers.
Subpopulations of reward neurons show adaptation of reward-related responses to the value and risk of
reward probability distributions. Adaptive coding serves to use the limited neuronal coding range for
efficient discrimination between the almost unlimited numbers and values of rewards. Adaptive neuronal
coding may explain such behavioural phenomena as contrast effect and reference dependent valuation.

Geoffrey Schoenbaum (NIDA-IRP, United States of America)
"How do you estimate you will like them apples? The role of the orbitofrontal cortex in imagining
outcomes"
The orbitofrontal cortex is often critical to value-guided behaviour and learning. I will review evidence
from inactivation and single-unit recording studies that suggests this is only true when the underlying
value must be derived or estimated through a knowledge of the underlying associative structure of the
environment and not when it can be pre-computed or cached based on direct prior experience.

Karim Jerbi, Juan Vidal, Samson Freyermuth, Philippe Kahane, Jean-Philippe Lachaux, Alain
Berthoz (INSERM & Collège de France, France)
"Saccade decision and planning: Direct recordings in human parieto-frontal networks"
Electrophysiological studies in monkeys suggest a prominent role for the high frequency component of
local field potentials (LFPs) in parieto-frontal circuits in oculomotor planning (Pesaran et al. 2002;
Andersen & Cui, 2009). In humans, however, the organization of such neural population activity and its
synchronization across parieto-frontal networks during oculomotor behavior are still poorly understood.
We have previously investigated the dynamics of high frequency activity in saccade generation (Lachaux et
al. 2006), however the role of such neuronal activity in saccade decision and planning in humans remains
enigmatic.
We report results from intracerebral EEG investigations in human subjects performing a delayed saccade
task. The direction of the saccade was either instructed or autonomously selected by the subject. We
compared neural activity induced by saccade preparation and decision processes recorded simultaneously
in multiple sites including posterior parietal and prefrontal areas.
We found a significant increase in broadband gamma power (60-130 Hz) in parietal and prefrontal
structures during the delay-period with variable spatio-temporal patterns depending on the task
(preparation/decision/control). We also report long-range coupling in the alpha range between neural
population activity in parietal and frontal structures during saccade planning.
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Taken together, direct electrophysiological recordings in human subjects suggest that activity in the high
gamma range (>60 Hz) and long-range coupling at slower frequencies between parietal and frontal
structures play a functional role in oculomotor decision and planning as well as in a series of intricately
related neural processes such as visuo-spatial attention. These findings bridge the gap between human and
non-human primate studies and extend neuroimaging studies of oculomotor decision-making (Milea et al.
2007;Khonsari et al. 2007).
References:
Andersen RA, Cui H. Intention, action planning, and decision making in parietal-frontal circuits. Neuron.
2009, 63(5):568-83.
Khonsari RH, Lobel E, Milea D, Lehéricy S, Pierrot-Deseilligny C, Berthoz A. Lateralized parietal activity
during decision and preparation of saccades. Neuroreport. 2007, 18(17):1797-800.
Lachaux JP, Hoffmann D, Minotti L, Berthoz A, Kahane P. Intracerebral dynamics of saccade generation
in the human frontal eye field and supplementary eye field. Neuroimage. 2006, 30(4):1302-12.
Milea D, Lobel E, Lehéricy S, Leboucher P, Pochon JB, Pierrot-Deseilligny C, Berthoz A. Prefrontal
cortex is involved in internal decision of forthcoming saccades. Neuroreport. 2007, 18(12):1221-4.
Pesaran, B., Pezaris, J., Sahani, M., Mitra, P.M., and Andersen, R.A. Temporal structure in neuronal
activity during working memory in Macaqueparietal cortex. Nat. Neurosci. 2002, 5:805–811.

Hagai Bergman (Hebrew University of Jerusalem, Israel)
"Computational physiology of the basal ganglia networks: From maximization of cumulative reward to
multi-objective optimization of gain and cost"
Previous reinforcement-learning models of the basal ganglia (BG) networks have highlighted the role of
dopamine (BG critic) in encoding the mismatch between reward prediction and reality. These models
underscore the role of dopamine in modulating the efficacy of the cortico-striatal synapses and
modification of the state to action mapping. Far less attention has been paid to the computational goal
and algorithms of the main-axis (actor) of the BG network
Here, we suggest that the BG computational goal is not to maximize cumulative (positive and negative)
future-discounted reward. Rather, the BG aim at multi-objective optimization of several and independent
variables, e.g., gain and cost functions. Unlike previously suggested single-variable maximization
processes, this reinforcement driven multi-dimensional optimization (RedMoo) process leads naturally to
a softmax-like behavioural policy. The direct effects of dopamine, acetylcholine and serotonin (5-HT) on
striatal excitability provide a fast and robust pseudo-temperature signal that immediately modulates the
tradeoff between gain and cost and the ongoing behavioural policy. The modulation of the efficacy of the
cortico-striatal transmission and the state to action mapping is a slow and subtle process.
The resulting experience and temperature modulated softmax policy can serve as a theoretical framework
to account for the broad range of neuronal activities, behaviours and clinical states expressed and
governed by the BG networks.

Jeff Wickens (Okinawa Institute of Science and Technology, Japan)
"Cellular actions of dopamine in the corticostriatal system"
The neuromodulatory actions of dopamine play a key role in decision-making. It is well established that
dopamine cell activity and dopamine release are correlated with motivationally significant stimulus
presentation, but the causal relationship between dopamine release and subsequent behaviour is not well
understood. I will review the actions of dopamine at the cellular level, and the effect of these actions on
the corticostriatal system. Regional differences in the magnitude and timecourse of the dopamine signal
indicate that striatal neurons may be subject to brief, precisely timed pulses of dopamine on a subsecond
timescale, whereas prefrontal regions integrate dopamine signals over a much longer timecourse,
measurable in minutes. Dopamine is important in certain types of activity-dependent synaptic plasticity,
particularly a three-factor rule for synaptic modification that is associated with reinforcement learning.
Dopamine also modulates the input-output characteristics of neurons by changing the properties of
membrane channels. These actions are complicated by the existence of multiple types of receptors for
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dopamine, which are differentially distributed and in some regions completely segregated. Even if we
assume that the phasic release of dopamine is a global signal, in which all dopamine neurons more or less
speak with one voice, the postsynaptic effects of dopamine are highly individualized according to cell type
and brain region. The collective effect of these individual responses presumably supports the higher
integrative function of decision-making in the brain.

Wednesday 29 May, afternoon - Neuro-Computations Session

Yael Niv (Princeton University, United States of America)
"Reinforcement learning faces reality: task representations, why they matter, and how we learn them"
In recent years ideas from the computational field of reinforcement learning (RL) have revolutionized the
study of learning in the brain, famously providing new, precise theories about the effects of dopamine on
learning in the basal ganglia. However, the first ingredient in any RL algorithm is a representation of the
task as a sequence of states. Where do these state representations come from? In this talk I will first argue,
and demonstrate using behavioural experiments, that animals and humans learn the latent structure of a
task, thus forming a state space through experience. I will then suggest that the orbitofrontal cortex is
critical to representing these state spaces, as evident from recordings from dopaminergic neurons of
orbitofrontal-lesioned rats. Throughout, I will tie together ideas about learning and memory and how
these work in concert to support adaptive behaviour.

David Hansel (CNRS / Université René Descartes – Paris 5, France)
"Interference and shaping in sensorimotor adaptations with rewards"
When a perturbation is applied in a sensorimotor transformation task, subjects can adapt and maintain
performance by either relying on sensory feedback, or, in the absence of such feedback, on
information provided by rewards. For example, in a classical rotation task where movement endpoints
must be rotated to reach a fixed target, human subjects can successfully adapt their reaching
movements solely on the basis of binary rewards, although this proves much more difficult than with
visual feedback. Here, we investigate such a reward-driven sensorimotor adaptation process in a
computational model. We study how the learning dynamics depend on the target size, the movement
variability, the rotation angle and the number of targets. We show that when the movement
is perturbed for multiple targets, the adaptation process for the different targets can interfere destructively
or constructively depending on the similarities between the sensory stimuli (the targets)
and the overlap in their neuronal representations. Destructive interferences can result in a drastic
slowdown of the adaptation. As a result of interference, the time to adapt varies non-linearly with
the number of targets. Our analysis shows that these interferences are weaker if the reward varies
smoothly with the subject’s performance instead of being binary. We demonstrate how shaping the
reward or shaping the task can accelerate the adaptation dramatically by reducing the destructive
interferences. We argue that experimentally investigating the dynamics of reward-driven sensorimotor
adaptation for more than one sensory stimulus can shed light on the underlying learning rules.
Joint work with Ran Darshan and Arthur Leblois.

Emmanuel Guigon (CNRS / Université Pierre et Marie Curie – Paris 6, France)
"Motor control, motivation, dopamine, and Parkinson's disease"

Michael J Frank (Brown University, United States of America)
"Linking levels of analysis in computational models of corticostriatal function"
Interactions between frontal cortex and basal ganglia are instrumental in supporting motivated control
over action and learning. Computational models have been proposed at multiple levels of description,
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from biophysics up to algorithmic approaches. I will describe recent attempts to link across levels of
description to develop on the one hand, mechanistic neural models with sufficient detail to make
predictions about electrophysiology, pharmacology and genetic manipulations, and on the other hand,
higher level computational descriptions which often have normative interpretations and, pragmatically, are
more suited to quantitatively fit behavioural data. By fitting outputs of neural models with reduced
versions, one can derive predictions about how parametric variation of particular neural mechanisms
should give rise to observable change in latent computational parameters -- even if the two levels are not
perfectly isomorphic. Examples include the impact of dopamine on learning and choice incentive,
prefrontal-subthalamic modulation of decision thresholds, and hierarchical control over actions across
multiple corticostriatal circuits. In each case, the (optimistic) result is a better understanding of the domain
than that afforded by either level of model alone.

Rafal Bogacz (University of Bristol, United Kingdom)
"Do we have Bayes’ theorem hardwired in the cortico-basal-ganglia circuit?"
This talk will present a model assuming that during decision making the cortico-basal-ganglia circuit
computes probabilities that considered alternatives are correct, according to Bayes’ theorem. The model
suggests how the equation of Bayes’ theorem is mapped onto the functional anatomy of a circuit involving
the cortex, basal ganglia and thalamus. The talk will also present relationship of model’s prediction to
experimental data, ranging from detailed properties of individual neurons in the circuit, to the effects of
disruptions of computations in this circuit on behaviour.

Thursday 30 May, morning - Neuro-Systems Session

Tania Singer (Max Planck Institute for Human Cognitive and Brain Sciences, Germany)
"A Social-Developmental Perspective on Decision Making"

Hidehiko Takahashi (Kyoto University Graduate School of Medicine, Japan)
"Molecular imaging of emotional decision making in human"
We sometimes make boundedly rational decision-makings (altruistic behavior, moral judgment gamble
etc.), which is not accounted for by normative economic theories (e.g. expected utility theory) that assume
that individuals are rational decision makers and have purely self-regarding preferences. These boundedly
rational decision-makings are highly influenced by emotions.
Over the last decade, neuroeconomics studies utilizing neurophysiology methods (fMRI or EEG) has
flourished, revealing the neural basis of boundedly rational decision-making that violates normative
theory. The next question is how modulatory neurotransmission is involved in these central processes.
Here I focused on recent efforts to understand how central monoamine transmission is related to this
topic.
Our approach may contribute to a better understanding of the role of neurotransmitters in emotional and
boundedly rational decision-making in human. At the same time, understanding the molecular mechanism
of extreme or impaired decision-making can contribute to the assessment and prevention of
neuropsychiatric disorders.
References:
Takahashi H. Monoamines and assessment of risks. Curr Opin Neurobiol Epub ahead of print
Takahashi H, Takano H, Camerer C, Ideno T, Okubo S, Matsui H, Tamari Y, Takemura K, Arakawa R,
Yamada M, Eguchi Y, Murai T, Okubo Y, Kato M, Ito H, Suhara T. Honesty mediates the
relationship between serotonin and reaction to unfairness. Proc Natl Acad Sci U S A (2012)
109(11):4281-4284.
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Takahashi H, Fujie S, Camerer C, Arakawa R, Takano H, Kodaka F, Matsui H, Ideno T, Okubo S,
Takemura K, Yamada M, Eguchi Y, Murai T, Okubo Y, Kato M, Ito H, Suhara T.
Norepinephrine in the brain is associated with aversion to financial loss. Mol Psychiatry (2012).
Takahashi H, Matsui H, Camerer CF, Takano H, Kodaka F, Ideno T, S Okubo S, Takemura K, Arakawa
R, Eguchi Y, Murai T, Okubo Y, Kato M, Ito H, Suhara T. Dopamine D1 receptors and
nonlinear probability weighting in risky choice. J Neurosci (2010) 30(49): 16567-16572.
Takahashi H, Kato M, Matsuura M, Mobbs D, Suhara T, Okubo Y: When Your Gain is my Pain and
Your Pain is my Gain: Neural Correlates of Envy and Schadenfreude. Science (2009) 323: 937-939.

Samuel McClure (Stanford University, United States of America)
"Paying to win: Neural and hormonal correlates of competitive drive"
A lot of recent research in decision science has focused on pro-social behaviors such as altruism and
fairness. By contrast, competitive drive has received far less attention. I will present a series of
experiments in which we study competition in a multi-player auction task. Auctions present an ideal
environment in which to study behavioral biases that arise from competition. Subjects knowingly overbid
purely for the sake of winning so that competitive drive can be measured in units of money and compared
across individuals. Learning to bid on this task is well characterized by a reinforcement learning model,
and fMRI data localize prediction error signals to the ventral striatum (VS) and ventromedial prefrontal
cortex (vmPFC). Moreover, biases that arise from a desire to win correlate with individual differences in
anterior insula (AI) and right temporo-parietal junction (rTPJ) activity. Functional connectivity between
the AI / rTPJ and VS / vmPFC also predict individual differences in overbidding.
I will conclude with a recent study demonstrating a role for the hormones testosterone (T) and
cortisol (C) in governing bidding in competitive environment. This provides a potential mechanism by
which cortical influences on brain reward processes are modulated.

Ian Krajbich (University of Zurich, Switzerland)
"A common mechanism underlying food choice and social decisions"
In recent years drift-diffusion models (DDM) have received a lot of attention for their ability to fit
choices, reaction times, eye-movements and measures of neural activity during decision making. However,
critics of the DDM worry about the number of free parameters in the model and question its
robustness. Here we demonstrate the robustness of the model by taking model parameters estimated
from food choice experiments and using those parameters to predict data from different subjects making
choices in social preference experiments. The standard DDM for value-based decisions assumes that
subjects dynamically accumulate stochastic evidence for each of the choice options. The difference in
accumulated evidence between the options is a relative decision variable (RDV) that evolves over time,
with a rate proportional to the difference in underlying values of the options, until it reaches a prespecified choice threshold. We extend this DDM to the social preference domain by assuming that the
drift-rate of the RDV is proportional to a weighted sum of each subject’s payoff difference. We simulate
the DDM using only the parameters estimated from previous food-choice studies, under the assumption
that the weight on the other subject’s payoffs is the same weight applied to unattended items in the foodchoice experiments. With these parameters we can accurately predict choice and reaction time curves
under conditions of both positive (Dictator games) and negative utility (Ultimatum game, responder role)
for the other player's payoff. The accuracy of the model is also robust to different experimental
environments: our datasets include choices made in behavioral, fMRI, and eye-tracking experiments.
Lastly, we show that measuring reaction times can improve our ability to predict individual subjects'
choices. We conclude that social preferences can be interpreted as maximizing a weighted sum of both
players' payoffs, where the smaller weight (0.3) may reflect a lack of attention to others' payoffs.
Importantly, this 0.3 weight is identical to the weight estimated for unattended items in previous food
choice studies. We also demonstrate that DDMs of preference-based decisions are robust to different
domains, tasks, and subjects, and allow accurate prediction of choices and reaction times in novel settings.
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Erie Boorman (Oxford University, United Kingdom)
"Social learning in an uncertain world"
Not only do we learn about the world by observing others but we also learn about others by observing
them interact with the world. In the first study, we investigated the computational and neural basis of
ability tracking using an fMRI task which required subjects to form and update beliefs about both people
and algorithms’ abilities through observation of their predictions. Behaviorally, we find that when the
agent’s prediction was concordant rather than discordant with the subjects’ own likely prediction,
participants effectively credited people more than algorithms for correct predictions and blamed them less
for incorrect predictions. Neurally, many components of the mentalizing network tracked or updated
beliefs about the abilities of both people and algorithms. Moreover, activity in lateral orbitofrontal and
medial prefrontal cortex reflected behavioral differences in learning about people and algorithms. In the
second study, we investigated observational learning in patients with pharmacologically intractable
epilepsy who had implanted depth electrodes in the anterior cingulate cortex (ACC), orbitofrontal cortex,
amygdala and/or entorhinal cortex. Patients were able to learn both from experienced and vicarious
financially rewarding outcomes. Preliminary analyses suggest that ACC units selectively differentiated
between reward and loss outcomes and did so to a greater extent during the learning task than a nonlearning control task. Moreover, some units in ACC and amygdala differentiated between experienced and
vicarious outcomes. Taken together, these studies suggest key common learning mechanisms in social and
non-social domains.

Thursday 30 May, afternoon – Decision-Theory Session (Economics and Ethology)

Frans de Waal (Emory University, United States of America)
"Studies of prosociality and fairness in primates"
The possibility that animals have empathy and sympathy has received little systematic attention due to two
factors. One is that evolutionary biology, until recently, preferred a "nature red in tooth and claw" view
that has no place for kindness. The second hampering influence has been an excessive fear of
anthropomorphism leading to a taboo on animal emotions. Both of these influences take little account of
actual animal behavior, which would lead one to agree with Charles Darwin that "Many animals certainly
sympathize with each other's distress or danger." In my own work with monkeys and apes, I have found
many cases of one individual coming to another's rescue in a fight, putting an arm around a previous
victim of attack, or other emotional responses to the distress of others. In fact, the entire communication
system of nonhuman primates is emotionally mediated: we are familiar with the prominent role of
emotions in human facial expressions, but when it comes to apes emotions remain undervalued and
understudied. In this presentation I will review expressions of empathy in animals, especially nonhuman
primates, and present a "Russian doll" model of how animals perceive others. It ranges from a core
mechanism of emotional linkage arising from a direct mapping of another's behavioral state onto the
subject's representations. This Perception-Action Model provides the basis for higher levels in which there
is an increasing distinction between self and other, so that the other is recognized as the source of felt
emotions. I will also briefly review our latest work on inequity aversion in primates, and how they play the
ultimatum game.

Masaki Isoda (Kansai Medical University School of Medicine, Japan)
"Developing a systems neuroscience of self and others using macaques"
Successful social interaction depends not only on the ability to identify with others, but also to be able to
distinguish between aspects of self and others. Although there is considerable knowledge of a shared
neural substrate for self and others in the domain of motor action, the neural basis for their unique
representations remains largely unknown. Understanding such agent-specific mechanisms is also
important, because the distinction between one’s own actions and others’ actions underlies many aspects

Third Symposium on Biology of Decision-Making
May 29-30, 2013, ICM-UPMC, Paris, France

of social cognition. Moreover, the assignment of social agency appears to break down in various
neuropsychiatric disorders.
The last decade has seen a surge of interest in the study of social brain functions. Research in this field,
called social neuroscience, has been carried out mostly using a functional neuroimaging technique for
human subjects. This is largely because humans have sophisticated social abilities and are capable of
performing various demanding tasks in a scanner. However, given the limited spatiotemporal resolution
inherent in the methodology, a systems neuroscience approach using macaque monkeys may provide a
useful platform that promotes the understanding of social brain functions at the cellular level, thereby
complementing neuroimaging techniques. It has recently been proved to be technically feasible to train
monkeys to perform socially oriented behavioral tasks and directly examine cellular activity in their brain.
We recently developed an experimental paradigm in which two monkeys (Macaca fuscata) were required
to monitor each other’s choices for their own action selection. The monkeys were capable of keeping
track of the correctness of partner’s actions and utilizing that information for their own action choices.
Using this behavioral model, we monitored activity of individual neurons in the medial frontal cortex
(MFC) –– a critical node in the social brain networks in both human and nonhuman primates. Results
revealed that the MFC encompassed a unique neural code for the other’s actions (partner type), in
addition to a selective neural code of one’s own actions (self type) and a shared neural code of self and
other’s actions (mirror type). Notably, the partner-type and mirror-type neurons were significantly less
frequent in the MFC of a monkey exhibiting a social monitoring impairment. Further, a sizable number of
MFC neurons selectively responded to partner’s errors. These ‘partner-error neurons’ were distributed in
two segregated populations: the dorsomedial convexity, where other’s errors were detected, and cingulate
sulcus patches, where one’s correct behavior following other’s errors was encoded. These findings suggest
a role for the MFC in self-other differentiation and monitoring others’ behavior for adaptive social
decision making. We expect that continuing efforts in this research direction will uncover the neural basis
whereby primates have become such a successful social being in the animal kingdom.

Christophe Chamley (Boston University, United States of America)
"Social learning and decision with decentralized choice of signals"

Giorgio Coricelli (CNRS – Ecole Normale Supérieure, France)
"The neural correlates of strategic uncertainty"
Strategic uncertainty is present in interactive settings when the outcome of our choice depends on the
actions of others. How this kind of uncertainty relates with individual risk and with degrees of strategic
thinking is unknown. We used fMRI to measure the neural correlates of uncertainty in lotteries and in
coordination games of strategic complements, where players have to coordinate on same actions, and in
coordination games of strategic substitutes that require coordination on opposite actions. Our results
demonstrate that a common brain network composed by the thalamus, dorsal medial prefrontal cortex
and anterior insula is shared in the individual and social contexts for the resolution of uncertainty. Activity
in the insula and in the dorsal medial prefrontal cortex is similar in lotteries and in coordination games,
but it is higher in anti-coordination games. Moreover, the pattern of activity in the medial prefrontal
cortex reflects the interaction between strategic thinking and uncertainty in anti-coordination games, thus
more deliberation correlates with higher strategic uncertainty.

Taiki Takahashi (Hokkaido University, Japan)
"Toward a general neuroeconomic theory of decision-making"
Traditionally, economic theory of human decision-making has been focusing on how "utility" determines
human choice. Recent advances in neuroeconomics combining neural coding theory and psychophysics
have made it possible to establish general theory of decision making by incorporating psychophysical
quantities other than utility function. In this talk, I will introduce how this could be performed. The
possible future applications of the general neuroeconomic theory of human decision-making to emerging
fields such as neuropolitics and neurolaw are discussed.
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POSTERS’ ABSTRACTS
(1) Attentional selection during reinforcement learning in feature space is driven by a tradeoff
between value and policy systems
Matthew Balcarras 1*, Salva Ardid 1*, Daniel Kaping 1, Stefan Everling 2, Thilo Womelsdorf 1,2
1 Department
2 Department

of Biology, Centre for Vision Research, York University, Canada
of Physiology and Pharmacology, University of Western Ontario, Canada

ABSTRACT
Selective attention in real-world environments enables subjects to direct information gathering systems
towards relevant stimuli in the presence of distractors. In a dynamic visual environment that lacks cues
identifying the relevance of stimuli for reaching goals, attention requires internal mechanisms to track
valuable targets. Reinforcement learning (RL) provides a theoretical framework that is typically applied to
describe the mechanisms underlying optimal action control (Lee et al., 2012; Schultz et al., 1997; Sutton
and Barto, 1998).
Here we propose a RL approach to resolve the credit assignment problem for the deployment of covert
attentional selection (Balcarras et al., 2013; Kaping et al., 2011). We compared two types of RL models to
explain behavior of two macaques performing a selective attention task during foraging in the space of
stimulus features: we show that despite being extensively reinforced on the relevance of stimulus color for
reward, monkey behavior does not reflect learning a map of state transitions that prioritizes color against
other stimulus features in the space of possible covert choices (model-based RL); instead, monkey
behavior is continuously influenced by other non-relevant feature values in the stimulus (model-free RL):
location, rotation and rotation onset. Model-free RL is more flexible than model-based RL and it does not
presume different dynamics between features (i.e. color preselection): values of all presented stimulus
features are enhanced/depressed after each trial in proportion to reward-prediction error, which makes
the model adaptable to arbitrary feature-reward contingencies. Consequently, monkey behavior displays a
pattern of suboptimal covert choices, which is triggered by high values in non-relevant features, due to
local reward correlations.
The model-free RL captures when suboptimal behavior is triggered, but it cannot explain its dynamics,
how error trials cluster together. We then tested two mechanisms that could explain such behavior: 1) a
tradeoff between value and policy; and 2) a tradeoff between exploration and exploitation (Khamassi et al.,
2011). Results show that monkey behavior is systematically better explained by an interplay between a
feature value system that underlies value-based attentional selection, and a policy system that tries to
maintain the same attentional selection through consecutive trials. This model reveals that the policy
system increases robustness against fluctuations in decision-making. Thus, the policy mechanism
diminishes the likelihood to deviate from the reward-correlated feature towards other non-relevant
features that only locally correlate with reward.
REFERENCES
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(2) Computational modeling of decision making in alcohol dependence: a focus on perseveration
Sinem Balta1,3, Anne Beck2, Lorenz Deserno2, Andreas Heinz2,3, Klaus Obermayer1,3.
1. Neural Information Processing Group, TU Berlin, Berlin, Germany
2. Department of Psychiatry and Psychotherapy, Charité Universitätsmedizin, Berlin, Germany
3. Bernstein Center for Computational Neuroscience, Berlin, Germany
ABSTRACT
Optimal decision making involves assessing the changing conditions in the environment and adapting
accordingly. Inhibitory control is an essential component of this successful decision making process. It
acts by disengaging the agent from ongoing behavior which is no longer optimal. Inhibitory control deficit
is one of the most prominent behavioral markers of addicted behavior. Once addicted individuals find
themselves consumed the substance of abuse despite the negative consequences, they often report a loss
of control feeling preventing them from abstinence. They suffer from behavioral adaptation difficulty
which is associated with heightened perseveration and lowered cognitive flexibility. Reversal learning,
where subjects must learn to respond to previously irrelevant and opposite stimulus–reward pairing is
badly affected in addiction. Reversal learning tasks have been used in animal and human learning studies
to measure the ability to inhibit the existing behavior and to readapt the behavior to the reversed reward
contingency. However, the underlying computational mechanisms have not been analyzed in depth as far
as alcohol addiction is concerned. Only with the help of reinforcement learning models, can we shed light
on the differences in learning and decision making processes which manifest themselves with
abnormalities in behavior such as perseveration in addiction. In this study, we used computational
modeling to model the learning behavior of 35 abstinent alcohol-dependent and 26 control subjects
during a probabilistic reversal learning task. Our subjects were age, sex and IQ matched. We fitted three
classes of computational models to the behavior: (1) Q-learning models with single update rule (SU) which
updates only the value of the chosen stimulus, (2) Q-learning models with double update rule (DU) which
updates both the values of the chosen and unchosen stimuli and (3) Hidden Markov models (HMM).
Additionally, to test the asymmetry in the degree of strength of reinforcement and the degree of aversion
from punishment we used two versions of each model: one with equal and one with unequal sensitivities
to reward and punishment. We hypothesized that alcohol-dependent group would need more number of
trials to adapt to the reversed contingencies of the task. Therefore they would learn slower due to higher
perseveration. Alcohol addicted individuals are supposed to have lower sensitivity to punishment.
Therefore, we hypothesized that after fitting the individuals’ behavior to the computational model, the
best fitting model’s free parameter representing the sensitivity to punishment would be lower in alcoholdependent group. The results of the statistical analysis of behavior without any computational modeling
showed a smoother learning curve in alcohol-dependent group. Alcohol-dependent subjects needed
significantly more trials to avoid choosing the unrewarding stimulus and select the previously irrelevant
but now rewarding stimulus. The modeling results showed that the DU and HMM fitted to the data
equally well showing that both groups took the structure of task into account. Both best fitting models
addressed the asymmetry in the degree of strength of reinforcement and the degree of aversion from
punishment. DU showed significantly lower sensitivity to punishment in the alcohol-dependent group.
HMM results were in line with this finding, with lower expectation of punishment from incorrect choices.
In conclusion, we propose that the attenuated expectations of negative outcomes as a consequence of
mistakes and lower degree of aversion from punishment might cause the inhibitory control problems in
addiction.
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ABSTRACT
Obsessive-compulsive disorder (OCD) and related conditions are characterized by the expression of
repetitive behaviors that can be triggered by external stimuli or obsessive thoughts. Here, we developed an
optogenetic approach to block repetitive, compulsive behavior in a mouse model in which deletion of the
synaptic scaffolding gene, Sapap3, results in excessive grooming. Using a delay-conditioning task, we
identified in the mutants a selective deficit in behavioral response inhibition associated with defective
down-regulation of striatal projection neuron activity. Focused optogenetic stimulation of the lateral
orbitofrontal cortex and its terminals in the striatum restored the behavioral response inhibition, restored
the defective down-regulation, and augmented impaired fast-spiking neuron intrastriatal microcircuits.
These findings raise promising potential for developing new potential therapeutic targets to alleviate
conditions characterized by abnormally repetitive behavior.

(4) Neural gain and flexibility in learning
Eran Eldar1, Yael Niv1,2
1Princeton

Neuroscience Institute, Princeton, NJ; 2Psychology Department, Princeton, NJ

ABSTRACT
Efficient learning in complex environments requires selective attention, which is thought to be mediated
by selective increases in the gain of the neural response in specific neural populations. However, how are
attention and learning affected by brain-wide increases in neural gain? Neural gain can be thought of as an
amplifier of neural communication: when gain is increased, excited neurons become even more active and
inhibited neurons become even less active. We first use a simple neural network model in which different
neural representations compete by mutual inhibition, to demonstrate that applying a high global level of
gain to all network units can make strong neural representations even more dominant, while further
weakening weaker competing representations. Accordingly, we hypothesize that global fluctuations in gain
modulate the breadth of attention, and thus, the degree to which attention and learning are focused on
aspects of the environment to which one is predisposed to attend. To test this hypothesis we conducted a
behavioral experiment in which participants learned to obtain reward by choosing between pairs of stimuli
that have both visual and semantic dimensions that predict reward. As predicted by our model, we show
that measures of pupil diameter, which are thought to track levels of norepinephrine activity and neural
gain, were correlated with the degree to which choice behavior was geared towards stimulus dimensions
that individual participants are more predisposed to process. This finding was fully replicated in a second
experiment in which a different group of participants preformed the task while being scanned in an MRI
scanner. In support of our interpretation of this effect in terms of global changes in gain, we further show
that the measured pupillary and behavioral variables were strongly correlated with global changes in the
strength and clustering of fMRI functional connectivity, as brain-wide fluctuations of gain would predict.

(5) Which Temporal Difference Learning algorithm best reproduces dopamine activity in a
multi-choice task?
Bellot J.1,2, Sigaud, O.1,2 , Girard, B.1,2, Khamassi, M.1,2
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ABSTRACT
The activity of dopaminergic (DA) neurons has been hypothesized to encode a reward prediction error
(RPE) [1] which corresponds to the error signal in Temporal Difference (TD) learning algorithms [2]. This
hypothesis has been reinforced by numerous studies showing the relevance of TD learning algorithms to
describe the role of basal ganglia in classical conditioning. However, most studies have recorded DA
activity during pavlovian conditioning, and thus the exact nature of the signal encoded by DA neurons
during a choice remains unclear. In the literature of reinforcement learning different TD learning
algorithms predict different RPE during a choice. If the algorithm SARSA predicts a RPE based on the
future choice, Q-learning predicts a RPE that will be based on the action that maximize the future amount
of reward and V-learning predicts a RPE based on an average of the values of the different available
options.
Recent recordings of DA neurons during multi-choice tasks investigated this issue and raised
contradictory interpretations on whether DA's RPE signal is action dependent [3] or not [4]. While the
first study suggests that DA neurons encode a RPE compatible with SARSA, results from the second
study are interpreted as more consistent with Q-learning [4]. However these studies only proposed a
qualitative comparison of the ability of these TD learning algorithms to explain these patterns of activity.
In this work we simulated and precisely analyzed these algorithms in relation with previous
electrophysiological recordings in a multi-choice task performed by rats [4]. We found that, when fitting
the behavior, the simulated algorithms predict a fast convergence of the RPE, incompatible with the
observed DA activity, suggesting an apparent dissociation between the signal encoded by dopamine
neurons and behavioral adaption of the animals. Further analyses of the evolution of dopamine neurons
activity across learning indicated that, complementarily to the RPE, the value function fits well with the
activity. However the value function cannot explain the inhibition of DA activity during omission and the
global decrease of DA activity during a session at the time of reward delivery. Thus in this task,
information about both RPE and value may be conveyed by dopamine activity.
By quantitatively comparing the ability of the different TD learning algorithms, this work shows the
limitation of these algorithms to fit both the behavior and the DA activity observed in a multi-choice
task, when interpreting DA activity as a RPE only. Unexpectedly we show that a value function better fits
DA activity suggesting that DA neurons recorded in this task may encode multiple information.
REFERENCES
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(6) Which reinforcing signals in autonomous systems?
Thomas Beati, Maxime Carrere and Frédéric Alexandre
Mnemosyne team, Inria Bordeaux, LaBRI, IMN, University of Bordeaux, France
ABSTRACT
Decision making is deeply influenced by signals (called here reinforcing signals), elaborated from
biologically significant (aversive or appetitive) stimuli and from internal computations. They are exploited
to anticipate punishment or reward as well as to select actions like avoidance and orientation, to maximize
benefits for the body. Their role is complex, because of the multiplicity of sources they originate from,
and the interplay between brain areas influenced by these signals. Their understanding has been favored
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by the design of a fully autonomous system, i.e. an agent endowed with needs and aimed at learning how
to satisfy them autonomously. In this system, beyond classical perceptive inputs, the status of the agent's
body (pleasure and pain) is provided by interoceptive sensors. The agent is also wired to automatically
identify biologically significant stimuli. We have developed a computational neuroscience approach to
design modules implementing neuronal structures and information flows, in order to elaborate reinforcing
signals for the advanced detection of meaningful targets and for the corresponding choice of actions, in
the perspective of complete autonomy.
Particularly, an amygdala module has been designed for the implementation of respondent learning, ie the
ability to detect unconditional stimuli (US) and prepare the body accordingly (UR: unconditioned
response). This module mimics three neuronal structures, corresponding to three sets of nuclei in the
amygdala [1]. In our model, the lateral nucleus receives the sensory information flows, not only from the
outside (interoception and perception) but also processed by other modules (Sensory Cortex and
Hippocampus); these flows might correspond to US and stimuli that can be predictive for US
(CS). Basically, the lateral nucleus will be responsible of CS-US associations. The central nucleus is
responsible for the pavlovian responses to US, which can be motor (eg freezing), autonomic (changes in
heart rate) and hormonal. This latter point corresponds for example to an excitation of VTA-SNc (part of
the PFC-BG module) for dopamine release at the moment of an US or CS. The basolateral nuclei are the
more recent structures in the amygdala and are involved in a variety of functions [2] that we tried to make
more explicit in our model. Basically, these nuclei have been proposed to represent US along various
attributes: their valence (positive or negative), their intensity (eg strong reward), their proximity in space
and in time, their intrinsic value for the body (hedonic value) and the value they can give to actions that
might produce them(incentive value). Another fundamental role of amygdala, thanks to pavlovian
learning, is to produce prediction error signal,corresponding to the difference between predicted US and
US actually received.
In an early step, we have implemented a classical learning rule for pavlovian learning, the Rescorla-Wagner
rule[3], for the CS-US association. Subsequently, our modeling work mainly corresponded to implement
other modules,accounting for other cerebral structures, like cortex [4] and hippocampus [5]. These
modules receive and exploit the variety of reinforcing signals originating from the amygdala and send back
more elaborated signals, to complement sensory inputs in the lateral nucleus and to modify US
representations in the basolateral nuclei. We propose to highlight here the reciprocal influences between
the hippocampal and cortical modules that improve their representation from error prediction signals sent
by the amygdala and the amygdala that elaborates more accurate reinforcing signals, taking these
representations into account.
REFERENCES
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Many studies have explored human responses to probabilistic situations. In addition to constant
probabilistic feedback, recent studies investigated whether humans incorporate the volatility of their
environment into their decisions. There is evidence to suggest that Bayesian learning models which cater
for volatility fit human behaviour more closely than reinforcement learning.
Here we show the fit of computational models of learning to human behaviour from an existing study
into decision making under uncertainty. In the behavioural study, participants pressed one of two buttons
in response to red or blue visual stimuli. After each response, participants were given feedback indicating
whether they were correct or incorrect. Without explicit instruction, participants were expected to learn
underlying rules determining probabilistic feedback, and to respond to changes in those rules and the
probabilities associated with the feedback.
We found that a variation of reinforcement learning was a significantly better fit to behaviour than
Bayesian models. When using reinforcement learning, participants did not need to make assumptions
about the causal structure of the environment which would be required for Bayesian models. In contrast
to many reinforcement learning models, we used separate parameters for trials following positive and
negative feedback, allowing us to cater for differences in responses to rewards compared to punishments.
An ‘ideal’ agent always takes the most likely option as given by a model and has parameters which
maximise rewards obtained in the task. However, humans often respond randomly even when knowing a
particular outcome to be most likely. Using simulated ‘ideal’ agents, there was no significant difference in
performance between the reinforcement learning and Bayesian models. The causal structure required for
the Bayesian models did not improve performance in this task. With no randomness in response choices,
both ‘ideal’ models far outperformed humans.
We conclude that it is not necessarily the underlying learning model which results in sub-optimal
behaviour by humans in this task, but the tendency to make random responses.

(8) Dynamic neural fields for topological decision making
Jeremy Fix, Lucian Alecu, Herve Frezza-Buet
Malis Research Group - Supelec (Metz), France
ABSTRACT
Decision making can be defined as selecting among alternatives the one that is the most relevant. A
decision might have to be formed on a randomly sampled distribution (for example when one must decide
where a self-organizing map must learn) or on well-defined local bumps of activities (for example when
one must decide between alternative actions on a topological representation of the actions, where
neighbour units encode similar actions). In this paper, we begin by introducing a numerical criteria which
quantitatively captures this intuition of building a decision that maximally matches an input distribution of
activities (e.g. saliencies). This numerical criteria might be used to optimize the parameters of a system
tuned to make a decision but is also our definition of topological decision making.
It is natural to consider dynamic neural fields as an instance of dynamical systems making topological
decisions. Dynamic neural fields are known to exhibit various behaviours depending on their parameters,
especially the ability to decide where the input is locally maximal [2]. However, the major drawback of the
Amari equations is that they tend to maintain their decision even if the input changes and the decision
must be reconsidered. We study the properties of a distributed dynamical system inspired by Dynamic
Neural Fieldsand defined by the following differential equations :

where θ is the input feeding the network, I are the membrane potentials of an intermediate layer and U the
membrane potentials of the output layer, w a difference of gaussians and f a rectification (filtering out
negative components). The decision of this neural field is given by the firing rates f(U). A degenerated
version of this dynamical system, where we drop any dependence on a distance within the field, can be
shown to have a unique fixed point where all the firing rates f(U) equal zero except at the location of the
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maximal component of the input θ where the firing rate equals 1. In that respect, this simplified equation
is equivalent to a Winner-takes-all which is the behavior we can expect from a system making a decision
regardless of the topology. It is essentially the feedback from the output layer to the input layer combined
with the feedforward component that renders an inappropriate decision unstable. The performances of
this system are tested on the experimental setups of [3].
The generalization of this system taking the topology into consideration, and defined by equation (1),
leads to a system that empirically converges to a decision where the input is locally maximal, local with
respect to the size of the receptive fields we define. Contrary to the classical Amari equations [2], this
system has the nice property of building a decision both when the input is randomly distributed and when
it has some structure (for example several local bumps corresponding to different actions) and at the same
time being able to reconsider its decision if the input changes without having to explicitly reset the fields.
By considering various self-organization experiments, we experimentally demonstrate the abilities of this
neural field to decide where learning must occur.
References:
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(9) Interaction between cognitive and motor cortico-basal ganglia loops during decision making
M. Guthrie, A. Leblois, A. Garenne, T. Boraud
University Victor Segalen Bordeaux 2, France
ABSTRACT
There is continued debate about the role of cortex-basal ganglia loops in decision making and action
selection processes. At the anatomical level, it has been shown that there are several parallel functional
loops through the basal ganglia connecting back to distinct areas of cortex. The picture of segregated
loops, however, is complicated by studies that imply that the loops are not completely segregated. Here we
show a computational model with two parallel cortical – basal ganglia loops. There are two pathways
through each loop, the positive feedback, direct pathway through the striatum to the GPi and the negative
feedback, hyperdirect pathway via the STN to the GPi. The separate loops interact only via divergent
projections from cortex to striatum.
The model is used to simulate a two-choice decision task that has been shown, in monkeys, to have two
distinct phases; a first stage in which a cue shape is selected and a second in which a direction of
movement is selected. The first loop in the model, here called cognitive, receives sensory cortical input
regarding the shapes of the two cue shown and makes a decision as to which of the two cues to select.
The second loop, here called motor, receives cortical input regarding the two possible directions of
movement that could be taken to reach and selects a direction of movement. The two model loops
perform the two stages of the task in parallel, with the selection in the cue shape phase feeding forward,
due to interaction at the striatal level, to bias the decision in the direction selection phase.
Before learning, the action selection is driven by synaptic noise introduced into the system. As learning
progresses, the action selection becomes based on learned values of visual cue shapes and is not interfered
with by the noise that was necessary before learning.
The model demonstrates that the known action selection capabilities of the interaction between the direct
and hyperdirect pathways in one functional loop can be extended to multi-level decision making with
interactions between loops taking place at the level of the striatum. For this two level decision making to
be accurate, we show that it is necessary that the striatal neurons are insensitive to low levels of cortical
input.

(10) A context based decision making architecture for a navigation task
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ABSTRACT
Corrective learning is an interesting paradigm for on-line learning of a trajectory from non-verbal
interaction. We propose a model of action selection based on corrective interactions between the robot
and a teacher. By using the appropriate correction signal, a minimal solution is to learn speci_c contexts
inhibiting the wrong actions in order to let the appropriate behavior be exhibited in any circumstances.
We present a solution to an action selection problem, where a mobile robot has to pick up objects in a
given position of the environment. According to the size of the object, the robot must either go left or
right to drop the object in the place A or the place B (see Fig:1). The navigation task is based on a place
cells [1] representation of the environment. When a new place cell is learned, a direction is associated to it.
The robot can be corrected by the teacher at any moment. When the correction occurs, the system
evaluates the order and, either a new place cell is recruited and the new direction is associated to this place
cell, or a context is created and the winning place cell is inhibited. This inhibition allows the nearly
winning place cells to express their directions, and so the robot can follow the correct direction
whithout recruiting a new place cell. The contexts are based on the sensory inputs of the robot
(ultrasound, grip of the arm and the place cells activity). When a context is recruited, it is associated to the
winning place cell. By this mecanism, only one context is recruited by place cell, but a context can inhibit
as many place cell as needed. This architecture allows us to solve the action selection problem in this
environment by inhibiting the wrong place cell (and thus its direction) according to the size of the object.
By allowing the contexts to block multiple place cells, the number of place cells required to obtain the
correct behavior is reduced. We present a model of action selection based on contexts guiding sensorymotor associations. This approach allows us to extend the place-cell/action model [2] to solve the action
selection paradigm without involving any complex mecanism. In future work, we will introduce a planning
process based on a cognitive map [3], and the contexts will be acting on the transitions and no longer the
place cells recognitions.
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(11) Dopaminergic control of the exploration-exploitation trade-off via the basal ganglia

Third Symposium on Biology of Decision-Making
May 29-30, 2013, ICM-UPMC, Paris, France

Humphries M.D (1,2), Khamassi M (3) and Gurney K (2)
(1) Group for Neural Theory, Department d'Etudes Cognitives, École Normale Supérieure, Paris, France;
(2) Adaptive Behaviour Research Group, Department of Psychology, University Of Sheffield, Sheffield,
UK;
(3) Université Pierre Et Marie Curie, Institut Des Systèmes Intelligents Et De Robotique, Paris, France
ABSTRACT
We continuously face the dilemma of choosing between actions that gather new information or actions
that exploit existing knowledge. This “exploration-exploitation” trade-off depends on the environment:
stability favors exploiting knowledge to maximize gains; volatility favours exploring new options and
discovering new outcomes. Here we set out to reconcile recent evidence for dopamine's involvement in
the exploration-exploitation trade-off with the existing evidence for basal ganglia control of action
selection, by testing the hypothesis that tonic dopamine in the striatum, the basal ganglia's input nucleus,
sets the current exploration-exploitation trade-off. We first advance the idea of interpreting the basal
ganglia
output
as
a
probability
distribution
function
for
action
selection.
Using computational models of the full basal ganglia circuit, we showed that, under this
interpretation, the actions of dopamine within the striatum change the basal ganglia's output to favour the
level of exploration or exploitation encoded in the probability distribution. We also found that our models
predict striatal dopamine controls the exploration-exploitation trade-off if we instead read-out the
probability distribution from the target nuclei of the basal ganglia, where their inhibitory input shapes the
cortical input to these nuclei. Finally, by integrating the basal ganglia within a reinforcement learning
model, we showed how dopamine's effect on the exploration-exploitation trade-off could be measurable
in a forced two-choice task. These simulations also
showed how tonic dopamine can appear to affect
learning while only directly altering the trade-off. Thus,
our models support the hypothesis that changes in tonic
dopamine within the striatum can alter the explorationexploitation
trade-off
by
modulating
the
output of the basal ganglia
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ABSTRACT
INTRODUCTION
In this work, we focus on how an emotional controller can be used to modulate robot’s behaviors. We
present a generic neural architecture, based on an online novelty detection algorithm that may be able to
self-evaluate any sensorimotor strategies. We show how a simple mechanism based on the prediction
progress allows the system to monitor its strategies and communicate its disability in deadlock situations.
We made several experiments that can account for such properties for two different behaviors (road
following and place cells based navigation) in a simulated environment.
A GENERIC MODEL FOR SELF-ASSESMENT
In previous works, we showed how a robot could perform simple sensorimotor tasks by the learning of
place/action associations [Gaussier et al., 2002]. We also showed how to perform road following by
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perceiving vanishing points in the scene [Jauffret et al., 2013]. Independently, both strategies gave us
satisfying results in most cases. However, the system was not able to select or inhibit strategies depending
on the context, nor was it able to detect deadlocks while navigating unknown environments. To overcome
these limitations, we propose to add a metacontroller able to detect sensorimotor novelty and thus
regulate behaviors according to that novelty. This architecture learns contingencies between sensations
and actions, giving the expected sensation from the previous perception. Prediction error, coming from
surprising events, provides a direct measure of the quality of the underlying sensorimotor contingencies
involved. An emotional controller monitors that prediction error by integrating prediction progress and
regress. Such integration represents a distress potential that proportionally modulate the strength of the
corresponding behavior. Frustation only appears when the distress level reaches a specific threshold, then
the robot stops and call for human help.

(13) A simple Bayesian model of context-dependent decision-making
Kevin Lloyd *1 and David S. Leslie 2
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ABSTRACT
Many animal learning phenomena can be
explained by a context-learning process whereby
an animal learns about different patterns of
relationship between environmental variables.
Differentiating between such environmental
regimes or `contexts' allows an animal to rapidly
adapt its behaviour when context changes occur.
The current work views animals as making
sequential inferences about current context
identity in a world assumed to be relatively stable
but also capable of rapid switches to previously observed or entirely new contexts. We describe a novel
decision-making model in which contexts are assumed to follow a Chinese restaurant process with inertia
and full Bayesian inference is approximated by a sequential sampling scheme in which only a single
hypothesis about current context is maintained.
Actions are selected via Thompson sampling, allowing uncertainty in parameters to drive exploration in a
straightforward manner. The model is tested on simple two-alternative choice problems with switching
reinforcement schedules and the results compared with rat behavioural data from a number of T-maze
studies. The model successfully replicates a number of important behavioural effects: spontaneous
recovery, the effect of partial reinforcement on extinction and reversal, the overtraining reversal effect,
and serial reversal learning effects.

(14) Modelling individual differences observed in rats using a dual learning-systems approach
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Reinforcement Learning is of great influence in modelling conditioning experiments, providing powerful
and neat explanations of behaviours or recordings in the brain. However, in a recent Autoshaping
experiment in rats, variability observed in behaviours and recordings of dopamine bursts questioned the
classical hypothesis of reward-prediction-error-like dopamine bursts arising from a single-system model
in Pavlovian conditioning. With training, while some rats engaged more and more with the conditioned
stimulus - a lever - previously associated with food delivery, others engaged more and more at the lever
appearance with the magazine where food would be delivered. This difference was also observed in
resulting patterns of dopamine activity in the core of the nucleus accumbens, where only the former rats
presented classical reward-prediction-error-like bursts. Here we present a new computational model
accounting for these results. We show that it needs to combine a Model-Based and a Model-Free systems
in order to account for the development of distinct behaviours in rats, one of which the learning is
insensible to injection of dopamine antagonists. Moreover, we show that revising the Model-Free system
to individually process stimuli given factored representations can explain why classical dopaminergic
patterns may be observed for some rats and not others depending of their behaviour in the task. Finally,
the model can account for a set of additional behavioral and pharmacological results for the same
Autoshaping procedure. The model enables to draw a set of experimental predictions that may be
observed in a modified experimental protocol. Our approach underlines the interest of dealing with
multiple kind of experimental data for a same phenomenon when discriminating amongst possible
computational mechanisms. Our results also suggest that further investigating the explanatory power of
factored representations in computational neuroscience studies could reconcile some of the many facets
of dopamine. This could also, for example, benefit to modelling the interactions observed between
Pavlovian and Instrumental conditioning.

(15) Some work and some play: a normative, microscopic approach to allocating time between
work and leisure
Ritwik K. Niyogi, Yannick A. Breton, Rebecca B. Solomon, Kent Conover, Peter Shizgal & Peter Dayan;
Centre for Computational Neuroscience and Cognitive Robotics, University of Birmingham, Edgbaston,
UK.
ABSTRACT
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(16) A Mean-Field Model of the Whole Basal Ganglia Addressing Mysteries of the Circuit´s
Connectivity
Jean Liénard & Benoît Girard
ISIR (UPMC/CNRS), Paris, France
ABSTRACT
We elaborated computational models of the whole primate basal ganglia (BG) with the aim of answering
to the long standing questions [1,2] of the relationships between the external part of the globus pallidus
(GPe) and its internal part (GPi). In particular, we aimed to solve the apparent contradiction between a)
anatomical studies showing that the GPi is an important target of a gabaergic inhibition from GPe [3] that
is further thought to be powerful, as the synaptic targets in GPi are close to the soma [4], and b)
electrophysiological studies that record very similar activities in both nuclei, at rest [5], in directional arm
reaching tasks [6] and during eye closures [7]. Furthermore, the BG are supposedly the substrates of a
generic selection process among cortical inputs, but the classical explanation of this selection stemming
from the segregation between a direct pathway (with the "direct" striatal neurons targeting straight the
GPi) and an indirect pathway (with the "indirect" striatal neurons targeting the GPe) is not compatible
with primate anatomical data showing a nearly total overlap in the efferences of the striatal neurons.
address these problems, we parameterized mean-field models with the aim of fitting to an unprecedented
large body of quantitative data obtained in primates. These data fall into two categories: a) anatomical data
that directly constrain the parameter numerical value (they are the mean number of varicosities along the
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axons or the localization of the synapses along the dendrites) and b) electrophysiological data that can be
used to constrain the model in simulation (they are the firing rate recorded either at rest, or when a given
neurotransmitter is experimentally blocked by an antagonist). We built two matching fitness functions
assessing how models were respecting these data, and we optimized them with the NSGA-2 multiobjective evolutionary algorithm [8].
We obtained more than one thousand different sets of parameters maximizing both fitnesses, and each of
these models constitute a different answer to the initial paradox. By specifically examining the GPe ->
GPi parameters, we found that a moderate projection is not antagonist with similar activities in both
nuclei. Broader analysis led to the prediction that the GPe and GPi inputs are unbalanced, the former
receiving stronger afferences from the striatum and subthalamic nucleus than the latter.
We also tested the selection capability of our plausible models by mimicking a classical task of an armreaching performed in monkeys [6], and we show that (1) the plausible basal ganglia models that we
obtained are performing selections, indicating that the mainstream theory of selection is still valid without
the postulate of a segregation into direct and indirect pathways, and that (2) this selection is performed
more efficiently with a geometrically diffused projection from the GPe into GPi, compared to a focused
projection.
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ABSTRACT
Motivation to perform an action can be defined by the subjective value of this action, and quantified by
the ratio between its cost and its benefit. It requires convergence and integration of limbic, motor and
associative information to adapt behaviors accordingly. The basal ganglia (BG) are known for their
implication in processes involving these different types of information. The striatum, the main input
structure of this subcortical system, is functionally divided into 3 different areas, sensorimotor, associative
and limbic, based on the distribution of the cortical inputs. We recorded the activity of 308 neurons in the
striatum, 149 TANs (Tonically Active Neurons, supposed to be cholinergic interneurons) and 159 PANs
(Phasically Active Neurons, striatal projection neurons) of two monkeys performing a visuomotor task
which requires a motor effort (development of a force) to get a reward. Four distinct associations of visual
stimuli determine four cost (force to develop: small or big)/benefit (reward size: small or large) ratios for
the animal. Behavioral data (reaction times and error rates) showed that animals discriminate the different
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conditions of the task and modulate their behavior among these conditions. Sixty-eight percent (101/149)
of the recorded TANs were modulated at the occurrence of the visual stimuli, 61% (91/149) at the reward
and 46% (68/149) responded to both. We have not found any differences in term of number or
magnitude of these responses among the four different conditions of the task. A large majority of the
recorded PANs showed a peak of activity to the occurrence of the visual stimuli (27/159, 17%), the
development of the force by the animal (73/159, 46%) or the reward occurrence (38/159, 24%). In these
last 2 populations, the activity was modulated by the task conditions (55/73, 75%; 30/38, 79%). The
activity of a large population of PANs was, as expected, modulated by the amount of force at the time of
the force development (52/73, 71%) and by the reward size at the reward occurrence (29/38, 76%).
Interestingly, 45% (33/73) of the PANs also showed an effect of the size of the upcoming reward at the
development of the force, and 66% (25/38) an effect of the amount of force exerted at the time of reward
occurrence. Our results suggest that the information is encoded separately and independently by striatal
neurons at different events of the task. Analyses are in progress to study more precisely the integration of
motor and motivational information in the striatum.

(18) Analysis of human behaviors by inverse reinforcement learning in a pole balancing task
Shoko Ota, Eiji Uchibe, and Kenji Doya
Okinawa Institute of Science and Technology Graduate University
ABSTRACT
In the study of decision-making, it is often hypothesized that humans and animals learn to choose an
action in each situation by trial and error so as to maximize their long-term reward in the future.
Reinforcement Learning (RL) is a computational framework for investigating and realizing decisionmaking processes of both biological and artificial systems that can learn an optimal policy by interacting
with an environment. Previous studies assume that the reward from the environment is identical to the
reward used by subjects, but it is not necessarily true because the learning process and results may differ
between subjects. Although reward is one of the most important influences shaping behavior, they have
been mainly explained by the difference of learning frameworks such as model-based and model-free RL,
as well as by that of meta-parameters such as a learning rate, discount factor, and so on. Recently, several
methods of Inverse Reinforcement Learning (IRL) have been proposed in the field of machine learning
and robotics. As opposed to RL, IRL can infer the reward function from the observed behaviors which
are assumed to be optimal. The aims of this study are as follows: (1) to identify the reward function from
human behaviors in performing a given task, and (2) to elucidate difference of reward functions from each
subjects and evaluate how it affects their performance. To this end, we experimented with seven human
subjects who tried two tasks of pole balancing in which the length of the pole is different. We applied
inverse reinforcement learning algorithms based on Linearly-solvable Markov Decision Process (LMDP)
proposed by Dvijotham and Todorov (2010) to infer reward functions that subjects used to achieve the
task. In LMDP the optimal policy is represented by the value function, which is estimated by the
maximum likelihood method. Linearity of the optimality equation in LMDP allows us to extract the
reward function from the value function efficiently. The shape and parameters of the reward function are
used as features for analysis. Our preliminary experimental results suggest that the subjects can be
classified by the inferred reward functions. As a future study, the analysis of these personalized factors will
be applied to suggest how to instruct human to improve their performance of the task rather than
introducing a particular expert’s reward function.

(19) Robotic Developmental Model for Learning and Selecting Task Sets in the Motor Domain
Alexandre Pitti, Raphael Braud, Sylvain Mahé, Mathias Quoy, Philippe Gaussier
ETIS Laboratory, UMR CNRS 8051, Cergy-Pontoise University
ENSEA, France.
Email: alexandre.pitti@u-cergy.fr, raphael.braud@ensea.fr
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ABSTRACT
The design of a multi-tasks robot that can cope with novelty and evolve in an open-ended manner is still a
challenge for robotics. For instance, robots cannot yet reach the level of infants for exploring alternative
ways to surmount an obstacle, searching for a hidden toy in a new environment, finding themselves the
proper way to use a tool, or solving a jigsaw puzzle. All these tasks require to be solved within boundaries
of their given problem space without necessary previous experiences of them. Thus, robots lack this
ability to explore new behaviors and new action sequences oriented toward a goal; i.e, what is called a task
set [Harlow, 1949, Collins, 2012].
The ability to manipulate dynamically task sets is however a fundamental aspect of cognitive and motor
development [Johnson:2012]. Early in infancy, infants are capable to perform flexible decision-making and
dynamic executive control even at a simple level in order to deal with the unexpected [Tenenbaum, 2011].
In motor development, Karen Adolph explains for instance how
infants progressively differentiate their motor behaviors into task sets (i.e., the motor repertoire) and
explore thoroughly boundaries of each postural behavior till becoming expert on what they discover
[Adolph:2005, Adolph:2009]. Decision making endows infants to evaluate the different alternatives they
have for achieving one goal with respect to the ongoing sequence and to select the correct one(s) among
different alternatives, it owes them also the possibility to inhibit some previously learned strategies in
order to explore new ones never seen before [Yokoyama, 2005]. This framework is in line with Wolpert's
idea that the motor system is learning the structure of actions from a functional viewpoint, depending on
the task and evaluate the correct dynamics by trials and errors [Wolpert, 2011].
In this line, we propose to model a dual system based on (1) the learning of task sets and on (2) the
evaluation of these task sets relative to their uncertainty, and error prediction. Our system is supported by
evidences showing the existence of a error-learning mechanism found in the prefrontal cortex –, more
precisely in the anterior cingulate cortex [Khamassi, 2011], – necessary to predict the best motor output
relative to the learned task sets. These task sets are learned separately by reinforcement learning in the
parietal cortex after their evaluation and selection. These parallel processes may ensure the flexible
adaptation to the current situation and to novel tasks.
We perform two experiment setups to show the sensorimotor mapping and switching between tasks.
First, in a simulated environment and then in a robotic experiment for motor task learning and switching.
We use neural networks to learn simple sensorimotor mapping for different tasks and use their variance
and error for estimating the sensorimotor prediction. Above a certain threshold, The error signal is used
to select and to valuate the current strategy. If no strategies are found pertinent for the current situation,
this corresponds to a novel motor schema that is learned independently. In a cognitive experiment, we
employ the system first to learned multiple strategies from spatiotemporal sequences and to predict when
a switch in the strategy has occurred based on the error or reward received. In the robotic experiment, we
show how a robotic arm learns two sensorimotor strategies for stabilizing one light object and one heavier
based on proprioceptive information. Uncertainty on a new object has to trigger the decision-making from
the two strategies and to select the best one based on the proprioceptive feedback and the error signal
delivered.

(20) When early-vision in the retina attempts to take decisions about visual motion events : the
role of konio cells.
Elaa Teftef(1), Carlos Carvajal(1,2,3), Thierry Viéville(1), Frédéric Alexandre(1,2)
(1) Inria, Mnemosyne Team, Bordeaux Sud-Ouest Research Center, 33400 Talence, France
(2) LaBRI, Université de Bordeaux, Institut des Maladies Neurodégénératives, 33000 Bordeaux, France
(3) Université de Lorraine, LORIA UMR 7503, 54600 Villers-lès-Nancy, France
E-mail: Thierry.Vieville@inria.fr
ABSTRACT
Motion information is a crucial cue regarding the survival of a biological or artificial system, and a generic
perceptual task is to detect a dynamical “object” among the background, i.e., to segment the image region
corresponding to this object in an image sequence and to label the segmented piece of data. We consider
this as“visual event detection”. It is known [1] that generic processing mechanisms exist to realize such
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perceptual task. One is to stabilize the background retinal motion mainly related in average to egorotational motion, in order to enhance translational panoramic motion which magnitude is proportional to
the object size, proximity (inverse of the distance) and velocity, thus to its potential importance. Another
is to directly evaluate the “time to collision” (i.e. of vanishing distance) for an approaching object,
considering looming motion. All these mechanisms are related to an affine approximation of optical flow.
A step further, a natural image category is characterized by its spatial spectrum signature, i.e., 2nd order
statistics [2] in coherence with what is known about natural image statistics [3]. Detecting and labeling
such visual event may be specified by combining such motion and spatial cues. It appears that the twolayered retinal neural network is able to process such non-trivial visual cues [4]: Beyond spatial contrast
computation via the Parvo pathway and intensity temporal difference via the Magno pathway, there exist
also non-standard cells known as the ventral and dorsal Konio pathways [5]. Such streams seem to
provide large field (about 10deg) visual event detection, yielding, e.g., blind vision. A recent modeling
work has shown how image region detection and labeling can be implemented in a biologically plausible
way, with such a neuronal architecture [6].
We are going to review these recent results and make explicit the fact that early-vision is not to be
considered as a simple “filtering stage”, but as a complex source of different visual information, yielding
parallel processing strategies in higher-level areas of the visual system [7]. More precisely, Koniocellular
information corresponds to apriori hypotheses about incoming visual events, leading to assumption
verification algorithms in the visual system, as studied in an ongoing modeling study [8], where such “raw
guesses” provide the necessary bootstrapping information. In a nutshell, decisions based on visual cues are
initiated by fast, integrated and approximate perceptual guesses (directly turned to actions in animals
without cortex), and refined by cortical/sub-cortical neuronal loops. The way such raw visual guesses are
computed is going to be detailed during our presentation.
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(21) Biomimetic stochastic race model in the subcortical saccadic selection processes: a model of
the tecto-basal loops
Charles Thurat(1), Steve N'Guyen(2), Benoît Girard(1)
(1) ISIR, CNRS-UPMC, Pierre et Marie Curie University, Paris, France
(2) LPPA, CNRS-Collège de France, Paris, France
E-mail: thurat@isir.upmc.fr
ABSTRACT
Gated accumulators, or race models, have been successfully used to describe neural selection processes,
especially in visual selection [1], [2]. Elements competing in the visual field feed evidence to counters, and
the first counter reaching the system’s selection threshold is selected. Yet, these models do not explain
which neuro-physiological mechanism could account for the selection threshold itself, as well as how the

Third Symposium on Biology of Decision-Making
May 29-30, 2013, ICM-UPMC, Paris, France

activity in the accumulators, after threshold crossing, is transformed into a non-ambiguous motor
command.
Therefore, we propose to fill this gap by studying the selection of ocular saccades targets at the level of the
Superior Colliculus (SC), which has long been described as resulting from lateral reciprocal inhibitions
only. Since the reciprocal connectivity between the SC and the Basal Ganglia (BG) has recently been
emphasized [5], as well as their implication in visual selection processes [6], we propose a model o the SCBG loop using recent models of both [7], [8]. In this new model, selection results from the integration of
evidence by a layer of noisy integrators of the SC, which feed the BG and in return the BG disinhibitory
feedback modulates the rate of integration in order to stochastically bias the selection process when
targets of similar saliences compete. A second feedback loop from the BG to the SC applies direct
inhibition to the output of the integration layer to the deeper layers of the SC, and will selectively
disinhibit only the winning target and suppress the activity of the distractors or unselected targets, so that
the deep motor layer of the SC can produce an unbiased motor command to the eye plant.
The biological constraints of the model allow us to propose a new role for the Visuo-Motor prelude
neurons of the intermediate layers of the SC [4], as the neural substrate for our noisy evidence integrators.
Furthermore, our model's architecture offers a mechanism of gluing of the two hemifields for nearvertical saccades, and is able to reliably reproduce selection data and neurons activity profiles gathered invivo [3],[4], by selecting one target among several distractors of inferior salience as well as one target
among several other targets of similar salience. Furthermore, the model provides specific temporal and
spatial discrimination predictions that can be tested in-vivo.
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(22) The Neural Signature of Counterfactual Reward Prediction Error

Rong Guo1,2, Michael Tobia3, Wendelin Böhmer1, Tobias Sommer3, Christian Büchel3, Klaus
Obermayer1,2
1Technische

Universität Berlin, 2Bernstein
Hamburg-Eppendorf

Center

for

Computational

Neuroscience

Berlin,

3Universitätsklinikum

ABSTRACT
Reward expectations and prediction errors are essential for computational models of reward-based
learning and value-based decision making. Prediction errors occur when expectations are incongruent with
factual consequences, and the learning rate reflects the magnitude by which expectations are updated with
the recent reward information. Expectations are derived from experience, and as such, the variety of
information that is incorporated when generating expected values can influence the decisions. Standard
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computational models of valuation and choice typically generate prediction errors only for the factual
consequence, yet there is accumulating evidence showing that humans and non-human animals do indeed
incorporate counterfactual consequences into subsequent decisions. We adapted a Q-learning model to
update the expected values for unselected actions with counterfactual consequences. The model fitting
results show that counterfactual outcomes indeed contribute to valuation and learning process when such
information is available. Also, the trial-by-trial computational time courses of the counterfactual Qlearning model were significantly correlated with fMRI activity in striatum and orbitofrontal cortex.
Together, these results confirm that counterfactual reward prediction error may be utilized as
computational learning signals, contributing to the acquisition of action-specific expected value.
Additional experiments are needed to elucidate further the neural underpinnings of counterfactual reward
processing.

(23) Collecting reward to defend homeostasis: A homeostatic reinforcement learning theory
Mehdi Keramati, Boris Gutkin
Group for Neural Theory, DEC, Ecole Normale Superieure, Paris, France
E-mail: m.mahdi.keramati@gmail.com
ABSTRACT
Efficient regulation of the internal milieu and defending it against perturbations requires complex foraging
strategies for obtaining physiologically depleted outcomes. In this respect, it is essential that the brain’s
homeostatic regulation and associative learning mechanisms work in concert. This functional coupling is
supported by behavioral and neurobiological evidence. Here, for the first time to our knowledge, we
propose a normative computational theory for “homeostatic reinforcement learning”, where physiological
stability and reward acquisition prove to be identical objectives, thus achievable simultaneously. The
theory also provides a normative explanation for temporal discounting of reward, by showing that
discounting future rewards is necessary in order to achieve the fundamental objective of defending
homeostasis via the reward-seeking mechanism. Furthermore, the model explains anticipatory responding
in animals, as a behavioral phenomenon where collaboration between regulatory and learning systems is
critical. Moreover, the theory accounts for risk aversive behavior, taste-induced overeating, and
competition between different motivational systems. Neurobiologically, we attribute a normative function
to the hypothalamic orexin neurons that modulate the activity of dopamine neurons, as an interface
between the internal states and motivated behaviors. Critically, thanks to adopting a computational
approach, our model brings the classical drive-reduction theory of motivation back to the scene, by
showing that the criticisms leveled against it can be explained by adopting an integrative view. In this
respect, the model explains the role of higher-order conditioning in drive-reduction, animals’ lack of
motivation for intravenous injection of food, and animals’ motivation toward foods with no energy
content.

(24) A causal role for dopamine in incentive motivation: evidence from Parkinson’s disease and
medication
Raphaël Le Bouc1,2, Liane Schmidt3, Lionel Rigoux1,2, Jean Daunizeau1,2, Stefano Palminteri1,2, Bertrand
Degos4, Didier Dormont5, Marie Vidailhet4, Mathias Pessiglione1,2
(1) Motivation, Brain & Behavior (MBB) Team, Institut du cerveau et de la Moelle Epinière (ICM),
Hôpital de la Pitié-Salpêtrière, 75013, Paris, France (2) INSERM UMR 975, CNRS UMR 7225, Université
Pierre et Marie Curie (UPMC-Paris 6), Hôpital de la Pitié-Salpêtrière, 75013, Paris, France (3)
Département de Psychologie, Columbia University, New York, USA (4) Département de Neurologie,
Institut du cerveau et de la Moelle Epinière (ICM), Hôpital de la Pitié-Salpêtrière, Paris, France (5)
Département de Neuroradiologie, Hôpital de la Pitié-Salpêtrière, Paris, France
ABSTRACT

Third Symposium on Biology of Decision-Making
May 29-30, 2013, ICM-UPMC, Paris, France

Apathy is a motivational disorder, defined as a reduction of goal-directed behaviors. It is one of the most
frequent non-motor symptoms in Parkinson’s disease (PD). Yet, the mechanisms underlying apathy
remain largely unknown, and the causal role of dopamine in motivation has not been demonstrated in
humans. Hence, we compared the behavior of healthy controls and PD patients during tasks that target
incentive motivation processes. Participants performed two tasks: an incentive motivation task (squeezing
a handgrip to win a payoff that is proportional to both reward level and force peak) and an effortdiscounting task (choosing between a small reward associated with a small effort, and a big reward
associated with a big effort). PD patients were tested after medication withdrawal (“OFF” state), and
under the effect of L-Dopa treatment (“ON” sate). We found that controls exerted more force than
patients, and chose more effortful options, when greater monetary rewards were at stake. Similarly, “ONDopa” patients were more motivated by monetary incentives than “OFF-Dopa” patients, and this
modulation was correlated with change in a clinical score of apathy. In our computational model, the
differences between the three groups (controls, ON-PD and OFF-PD) were specifically accounted for by
a single parameter that captured the impact of incentives on force production. Finally, using a voxel-based
iterative sensitivity technique on T2-weighted imaging, we found that the motivational response to L-dopa
treatment was linked to the level of degeneration in the brainstem dopaminergic areas. Thus, our study
demonstrates a causal role for dopamine in incentive motivation, bridging the gap between
neurodegeneration and apathy.

(25) Development of a Behavioral Task Assessing Decision Making under Uncertainty in the Rat
Julie Meffre, Emmanuel Breysse, Christelle Baunez
Institut de Neurosciences de la Timone, UMR7289, Aix-Marseille Université & CNRS
ABSTRACT
Decision making is a fundamental adaptative process, depending on executive, motivational and affective
capacities. Alteration in decisional processes has been observed in many pathologies. Improving our
understanding of the neurobiological and psychological determinants involved in decision making, under
normal or pathological conditions, is therefore an important challenge that remains to be addressed. In
order to investigate decision making processes, we have developed a behavioural task in rats, assessing
their ability to choose under condition of uncertainty between two options: a small but safe reward or a
large but risky reward. In the first step of the schedule, pressing on the central lever resulted in the
illumination of a combination of two lights, indicating the probability to obtain the large reward. There
were three combinations of lights, appearing randomly, announcing each of the following probabilities:
100%, 50% or 0%. The 100% condition was associated with the certainty to obtain the large reward and
allowed to control reward sensitivity and validate visual discrimination. The 0% condition, associated
with the certainty to never obtain the large reward, provided control of perseverative responding and of
acquisition of the discrimination as well. The 50% condition was the risky condition, for which the
stimulus indicated the possibility to obtain the large reward in only 50% of cases. This risky condition
provided an assessment of spontaneous risk-taking or riskadverse behavior in rats Accordingly, rats in the
second step had to choose to press one of the two lateral levers respectively associated with each option.
Then they could go to the food magazine to obtain (or not) the reward. At this early stage, we show
behavioral data collected in the task confirming acquisition of the discrimination between the various
conditions. We recorded information such as reaction time (time between central lever release and lateral
lever press, considered as decision time), the choice between the two options (assessed by the lateral lever
choice) and the movement time to go to the food magazine (indicative of the rats motivation). This novel
task could provide interesting behavioral characteristics aiming to differentiate individuals according to
their performances, and could be assessed under physiological and pathological models, known to present
an alteration in decision making.

(26) Reward- and effort-related neuronal activity in the subthalamic nucleus of Parkinson’s
disease patients
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Zenon A., Duclos Y, Witjas T, Carron R, Regis J, Azulay JP, Eusebio A
Service de Neurologie et Pathologie du Mouvement, Assistance Publique-Hôpitaux de Marseille et AixMarseille Universite, Hôpital de la Timone, 13385, Marseille cedex 05, France.
ABSTRACT
Recent studies have suggested that the inadequate evaluation of the cost-benefit ratio of actions in
Parkinson Disease (PD), leads to a suboptimal allocation of resources, which would be responsible for the
bradykinesia. In addition there is evidence indicating that the Subthalamic Nucleus (STN) is involved in
motivated behaviours and in reward-related processes.
Starting from these considerations, we tried to determine the extent to which variables that are critical to
cost-benefit computation – in particular reward – can be identified in the neural activity of STN. We also
evaluated how the dopamine level affects the representation of these variables and how these changes
relate to the behavioral deficits in PD.
To address these issues, we recorded local field potentials (LFP) in the STN of 7 PD patients having
benefited from the implantation of deep brain stimulation (DBS) electrodes. During these recordings, the
patients were asked to perform a task requiring to squeeze a dynamometer with variable force and with a
promise of a variable virtual monetary reward. In each trial, the patients were allowed to choose to either
perform or skip the effort proposed as a function of effort intensity and reward amount. These two pieces
of information were provided by visual cues at the beginning of each trial. Each patient was tested twice,
ON and OFF dopamine replacement therapy.
Preliminary results indicate that robust responses to the different visual cues are present in STN and that
these responses are strongly modulated by reward, effort and choice variables. The nature of these
responses differs according to the frequency bands. Responses in the beta range are inversely proportional
to the probability of choosing to execute the effort whereas gamma range signals show the opposite
effect. The profiles of these activities are compatible with drift-diffusion models of decision making and
suggest that gamma range responses could be involved in cost-benefit computations prior to the decision
of whether or not to execute the effort whereas beta range responses would represent inhibitory signals
acting to delay the actual response until appropriate.
We also found that dopamine replacement therapy increases the probability to accept to execute a trial. In
accordance with the above findings, dopamine decreased beta band and increased gamma band activity
dramatically.
In conclusion, our preliminary data indicate that signals relevant to effort-based decision making can be
identified in STN. It remains to be determined whether these signals are causally involved in cost-benefit
decisions and whether their perturbation during PD plays a role in the symptoms of the disease.

(27) Mice gamble for food: inter-individual differences, behavioural and biochemical profiles.
Elsa Pittaras1,2, Arnaud Cressant1, Pierre Serreau1, Jessica Bruijel1, Françoise Dellu-Hagedorn3, Jacques
Callebert4, Sylvie Granon1 and Arnaud Rabat2
1. Centre de Neuroscience Paris Sud, CNRS 8195, Université Paris Sud, Orsay, France
2. Institut de Recherche Biomédicale des Armées, Brétigny-sur-Orge, France
3. CNRS, Université Bordeaux 2, Bordeaux, France
4. Hôpital Lariboisière, Paris, France
ABSTRACT
Background: One of key questions in neurosciences is to understand how we choose one option instead
of another one when we face uncertain or ambiguous situations. The Iowa Gambling Task (IGT; Bechara
et al., 1994) has been developed in humans to study such real-life decision-making. In this task, subjects
win (reward) or lose (penalty) money under variable contingencies.
We aim at developing a mice version of this task in order to study:
1) brain circuits, pharmacological, and molecular challenges of decision-making processes
2) inter-individual differences and their biological substrates
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Methods: 72 male C57Bl/6J mice were used to adapt the gambling task to mice. We first attempted to
adapt the task in operant chambers from rat’s works (Rivalan, 2009) using two different penalties, and two
different rewards. As our results were not conclusive, we adapted the task to a maze version (Van den
Bos, 2006) in order to match as closely as possible the human task. Quinine pellets were used as penalties.
We also performed other tasks to measure anxiety, locomotion and social behaviors. Finally, we measured
levels of monoamines in different brain tissues sampled from the mice subjected to the behavioral task.
Results: We show here that transfering directly the rat gambling task to mice using conditioning tasks was
not successful because of species particularities, such as unsensitivity to delay penalities. In the maze
version, we found that mice showed a clear preferance for small immediate rewards to maximize their
benefits in the long term. We also observed the progressive emergence of inter-individuals differences,
and specific behavioural and biochemical traits for each subgroup.
Conclusion: Like in humans and rats, we adapted a Mouse Gambling Task in which mice progressively
choose favourable options on the long term, and which distinguishes inter-individual differences. Indeed,
we identified three groups of healthy C57BL/6 mice among which one of them showed more risky
behaviours associated with a lower level of prefrontal 5-HT.
(28) Pre-stimulus activity in ventromedial prefrontal cortex predicts affective valuation: combined
evidence from monkeys and humans
Raphaëlle Abitbol1,2, Maël Lebreton1, Guillaume Hollard2, Barry J. Richmond3, Sébastien Bouret1 and
Mathias Pessiglione1
1: Motivation, Brain & Behavior (MBB) team, Institut du Cerveau et de la Moelle épinière (ICM), Groupe
Hospitalier Pitié-Salpêtrière, Université Pierre et Marie Curie (UPMC – Paris 6)
2: Centre d’Economie de la Sorbonne, Université Paris 1-Panthéon-Sorbonne
3: Laboratory of Neuropsychology, National Institute of Mental Health, National Institutes of Health,
Department of Health and Human Services, Bethesda, Maryland 20892
ABSTRACT
Despite economic theory assuming that preferences are stable, preference instability has been repeatedly
observed. Such instability could arise from the functional properties of the brain system used to assign
economic values. Interestingly, pre-stimulus brain activity has been shown to induce variability in
behavior, including in high-level cognitive tasks. We therefore hypothesized that the economic value
assigned to a particular item could depend on the baseline activity preceding presentation of the item. We
first checked that evoked activity in the ventromedial prefrontal cortex (VMPFC) parametrically encodes
value in both human subjects and rhesus monkeys. Electrophysiological recordings in monkeys show that
VMPFC activity correlates with the speed of appetitive reflex (lipping) to an expected food reward.
Functional neuroimaging data in humans show that VMPFC activity correlates with pleasantness ratings
attributed to paintings. In both cases, the affective value (lipping in monkeys and rating in humans) was
partly biased by VMPFC pre-stimulus activity. Moreover, VMPFC baseline activity in humans mediated
the impact of musical context on economic values. Our results imply that the economic values are
encoded in the absolute level of neural activity, rather than its differential to the baseline (evoked activity).

(29) Affective modulation of cognitive control is determined by performance-contingency
Senne Braem1, Joseph A. King2, Franziska M. Korb2, Ruth M. Krebs1, Wim Notebaert1, & Tobias Egner2.
1Department

of Experimental Psychology, Ghent University, Ghent, 9000, Belgium 2Center for Cognitive
neuroscience, Duke University, Durham, North Carolina, 27708, USA
ABSTRACT
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Cognitive control requires a fine balance between stability, the protection of an on-going task-set, and
flexibility, the ability to update a task-set in line with changing contingencies. It is thought that emotional
processing modulates this balance, but results have been equivocal regarding the direction of this
modulation. Here, we tested the hypothesis that a key mediating factor in this modulation is whether
affective stimuli are introduced as performance-contingent or as task-irrelevant signals. Combining
functional magnetic resonance imaging (fMRI) with a conflict task-switching paradigm, we contrasted the
effects of presenting negative- and positive-valence pictures on the stability/flexibility trade-off,
depending on whether picture presentation was contingent on behavioural performance. Both the
behavioural and neural expressions of cognitive control were modulated by stimulus valence and
performance-contingency: As predicted, in the performance-contingent condition, cognitive flexibility was
enhanced following positive pictures, whereas in the non-performance-contingent condition, positive
stimuli promoted cognitive stability. Moreover, while the stability/flexibility trade-off was reflected in a
differential recruitment of doroslateral frontopariatal and striatal regions, its affective modulation was
mirrored by neural responses in the ventromedial prefrontal and posterior cingulate cortices, whose
activity reflected the degree of behaviour flexibility, as modulated by affect and performance-contingency.
Lastly, the contingency-dependent processing of picture valence itself was reflected in a differential
activation of the right inferior parietal lobe. Our results demonstrate that the affective modulation of
cognitive control varies with the performance-contingency of the affect-inducing stimuli, and implicate
regions of frontal and posterior medial cortex to mediate the flexibility-promoting effects of performancecontingent.

(30) A neural correlate of cue-specific learning rates in the ventral striatum
Samson Chien, Jan Gläscher
Institute for Systems Neuroscience, University Medical Center Hamburg-Eppendorf, Hamburg, Germany
ABSTRACT
Learned associations between cues and rewarding or punishing outcomes determine many of our daily
actions. Reinforcement learning (RL) has become the predominant model for predicting a subject’s
decision choice based on the expected reward value (EV) of each cue, which is continuously adjusted
during learning in proportion to a reward prediction error (RPE). The common experimental setup utilizes
value-neutral cues (e.g., fractal images) to purely study the emergence of EVs. However, most
environmental cues are not value-neutral but exhibit certain inherent values. Here we investigate how
these inherent values affect the learning of new (reward-based) EVs. One possible mechanism is that
inherent values differentially affect learning rates such that congruent cue-outcome associations, in which
the inherent values and the EVs are similar, are learned more quickly (i.e., with a higher learning rate) than
incongruent pairings.
We tested the hypothesis in a 2x2 factorial design, using facial attractiveness (high/low) of a visual cue as a
proxy for inherent value and reward probability (0.7/0.3) as a target for newly learned EVs. Subjects were
shown both attractive and unattractive face pictures of the opposite gender. Each picture was paired with
a positive or negative monetary reward either congruently or incongruently. Subjects were instructed to
select the pictures with the goal of maximizing the overall monetary reward. Computational RL models
were fitted to the behavioral data to derive cue-specific learning rates. Concurrent fMRI data were
correlated with these learning rates, EVs, and RPEs.
The behavioral results indicated both a faster response time and a faster learning rate for the congruent
cue-outcome pairings. The model-based fMRI data analysis revealed well-established brain regions
involved in decision making, such as the ventromedial prefrontal cortex for EVs and the ventral striatum
for RPEs. In addition, we identified a formerly unreported correlation between the cue-specific learning
rates and the BOLD activity in a sub-region of the ventral striatum distinct from those representing the
RPEs and rewards. Our result complemented earlier findings and further established the roles of the
ventral striatum in decision-making.

Third Symposium on Biology of Decision-Making
May 29-30, 2013, ICM-UPMC, Paris, France

(31) Menstrual cycle phase modulates reward sensitivity and performance monitoring in young
women
Esther K. Diekhof and Melanie Ratnayake
Biocenter Grindel, Institute for Human Biology, Neuroendocrinology Unit, Hamburg University,
Hamburg, Germany
ABSTRACT
Humans differ in the capacity to learn from their errors or the positive outcomes of their actions, which
has been attributed to a differential functionality of the mesolimbic dopamine system. Several factors are
known to modulate dopaminergic transmission and DRD2 density in the striatum including the steroid
hormones estradiol and progesterone, which either enhance or attenuate dopaminergic tone. In women,
marked changes in hormone levels across the menstrual cycle have been shown to alter behavioral
responses to drugs and also to modulate neural reactions to reward. Still, it is unknown whether these
changes also shift the balance between reward and punishment sensitivity during learning. In this study we
assessed how women differ in their learning style when comparing a cycle phase dominated by estradiol
(late follicular phase; FP) with one strongly influenced by progesterone (mid luteal phase; LP).
Fifteen women underwent fMRI twice during their menstrual cycle while performing a probabilistic
learning task (i.e., a modified version of the paradigm introduced by Frank 2004, in Science 306). The task
goal was to select the more frequently rewarded letters from 3 letter pairs, which was enforced by
probabilistic feedback. A behavioral post-test examined learning performance (i.e., preference to choose
the most often rewarded letter ‘A’ or to avoid the least often rewarded letter ‘B’). Data were preprocessed
and analyzed with SPM8.
We found that in the FP, when estradiol was unopposed by progesterone, women tended to prefer letter
‘A’ over all other letters, and avoided letter ‘B’ less effectively in the behavioral post-test compared to
women in the LP. On the neural level, activation in regions of the mesolimbic dopamine system (e.g.,
ventral striatum, medial OFC) was increased when subjects received positive feedback, whereas negative
feedback activated brain regions previously implicated in performance monitoring (e.g., dorsal ACC,
MFG). In the comparison of cycle phases, women in the LP exhibited increased brain activation in the
dorsal ACC when they received negative relative to positive feedback. Further, avoidance performance in
the behavioral post-test could be predicted from feedback-related activation in the medial OFC during
learning, but only in the FP. We observed a positive correlation between post-test avoidance of ‘B’ and
activity in the contrast of [positive - negative feedback]. Finally, we observed that during learning, with an
increasing certainty of response, activation in the medial OFC increased, while a linear decrease occurred
in the dorsal ACC across cycle phases. There was also a weak trend for a modulation of activation in the
medial OFC by cycle phase (i.e., linear increase in the FP relative to the LP).
Altogether, these data show that cyclic variations in steroid hormone levels may indeed bias women
towards a rather reward- versus punishment-sensitive learning style. High levels of estradiol in the
follicular phase enhanced reward sensitivity by modulating activation in the mesolimbic system.
Conversely, heightened levels of progesterone during the luteal phase antagonized this effect, probably by
leading to a relative increase in punishment sensitivity. Hence, our data are consistent with theoretical
models on action selection and reinforcement learning (e.g., Frank 2004, in Science 306).
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(32) Context and Reward Based Learning and Control in Humans
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In everyday life, humans often need to adapt to uncertain, changing, and open-ended environments. In
such situations, decision-making involves exploring, adjusting and exploiting multiple task sets – defined
as flexible mappings associating stimuli, actions, and expected outcomes.
The goal of this study is to investigate the prefrontal executive mechanisms that subserve the learning and
monitoring of such an expanding collection of task sets according to action outcomes and contextual cues.
We adopted an approach based on a computational model of the frontal executive function that controls
the creation, learning, storage, retrieval, and selection of task sets driving action (Collins & Koechlin
2012). Reinforcement learning adjusts the task set driving ongoing behavior according to outcome values.
Furthermore, the model monitors the reliability of a collection of concurrent task sets - i.e., the ability of
alternative task sets to correctly predict action outcomes. Task set reliability is updated in a Bayesian
manner according to outcomes and contextual information. Task set reliability arbitrates between
exploiting the most reliable task set or exploring new ones to drive action. We designed an experimental
protocol requiring subjects to learn by trials and errors and to switch between multiple sensorimotor
mappings associated with various contextual cues. External contingencies varied unpredictably such that
(i) previously learned mappings reoccurred with either the same or new contextual cues, (ii) new mappings
that needed to be learned occurred with new cues or previously encountered ones. Behavioral results and
model fits show that subjects learned, monitored and switched across an expanding repertoire of task sets
as predicted by the computational model. We observed two main effects: a task set effect and a context
effect. When previously learned task sets re-occurred, (i) performance was significantly higher than when
new task sets had to be learned; (ii) moreover, known contextual cues were used proactively to select the
corresponding task set, thus improving performance even more. When new task sets had to be learned,
the context, whether known or unknown, had no significant effect. Overall these results highlight three
possible adaptive behaviors: proactive exploitation of learned task sets based on contextual cues,
retroactive exploitation of known task sets based on action outcomes only and exploration of new
mappings. We scanned subjects performing this protocol using fMRI. Data are currently being analysed
using a model-based approach in order to investigate the neural basis of these exploitation and exploration
processes.

(33) From learning set to task set in macaque monkeys
Maïlys Faraut1,2, Emmanuel Procyk1,2, Charles RE Wilson1,2
INSERM U846, Stem Cell and Brain Research Institute, Bron, FRANCE 2 Université de Lyon, UCBL,
Lyon, FRANCE
1

ABSTRACT
In our open-ended and changing environment, it is necessary to behave in a flexible manner to produce
optimal outcomes given changing contingencies. Behavioural flexibility requires us to understand the
environment quickly and efficiently and adapt when it is changed. Primates can adapt behaviour flexibly in
this way, but questions remain about how this flexibility is implemented, and what the neural correlates of
such processes are.
Here we present the start of a project to investigate behavioural flexibility in macaque monkeys, using a
test of their ability to adapt to changing task information in an environment that doesn't always give the
right answer.
3 monkeys learned a task of Task Set Manipulation, a monkey equivalent of the task of Collins &
Koechlin (2012). In the training phases of the task, monkeys learned by trial and error the association
between 2 stimuli and 3 targets using feedback to adapt their responses. Once they reached a behavioural
criterion, 2 new stimuli were presented and monkeys entered a new exploration phase. Monkeys thus
moved between phases of exploration and exploitation of the stimulus-reward environment. A stochastic
reward environment was created by giving invalid feedback to monkeys in 10% of trials. This means that
transitions between exploration and exploitation can only be triggered by a continuous checking of
environmental information, and not solely by a single feedback, promoting flexibility of behaviour.
We show that monkeys used different learning strategies and adapted their responses to the stochastic
environment. Monkeys demonstrated the formation of a stable learning set, a strategy that allows efficient
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learning of problems, acquired over a number of sessions. For example, over 400 problems, monkey P's
performance showed a reduction of mean errors to criterion of 93% between the first 50 and the last 50
problems, demonstrating a significant learning set. Finally, we show the level of transfer of this learning
set to a version of the task in which mappings but not stimuli are changed. This task requires monkeys to
learn to move between different task-sets as opposed to different problems, and therefore, as the project
continues, we will use it to test the ability of monkeys to acquire and use task-sets.

(34) Temporal discounting as a measure of plasticity in the neural representation of self and
other
Mona M Garvert1, Michael Moutoussis1, Zebulun Kurth-Nelson1, Timothy EJ Behrens1,2, Raymond J
Dolan1
1Welcome

Trust Centre for Neuroimaging, University College London, UK 2FMRIB Centre, University
of Oxford, UK
ABSTRACT
Humans display a remarkable capability of inferring the preferences of people they interact with. As a
neural basis of this ability a shared population of neurons was proposed, engaged both in the evaluation of
preferences for self and for others whose preferences are unknown or perceived to be similar. This leads
to the prediction that neural plasticity in the representation of other should also affect the representation
of self.
We addressed this hypothesis by assessing subjects’ discount rates in an intertemporal choice task before
and after they chose for two others with discount rates different from their own. Subjects were pre-trained
on the preferences of one (‘familiar other’), but not of the other partner (‘novel other’). Feedback on
choices for the ‘novel other’ guided learning. On a neural level this feedback should act as a prediction
error signal which induces plasticity in the neural population encoding the ‘novel other’s’ preferences. If
the same population also encodes preferences for ‘self’, this plasticity should become apparent
behaviourally as a change in the subjects’ own discount rate.
We observed that subjects shifted towards the ‘novel other’s’ and away from the ‘familiar other’s’ discount
rate. Interestingly, we observed this shift only if choices were ordered such that prediction errors occurred
early in the experiment. If prediction errors were withheld until later by initially presenting only choices
for which self and ‘novel other’ would choose equivalently, no change in preference occurred. This
suggests that the representation of self and other overlaps initially, but a separate representation of other
emerges with repeated simulation of this person’s preferences. For the ‘familiar other’, a separate
representation had already emerged during pretraining, such that there is no plasticity in this
representation and hence no shift in preference for self. Using an fMRI repetition suppression paradigm,
we find a signature of this process in components of the mentalizing network, including medial prefrontal
cortex and temporoparietal junction. These findings indicate that humans indeed refer to their own mental
state when making choices for someone else, but repeated simulation of a partner’s preferences leads to
the emergence of a separate representation.

(35) Dissociating neural systems for inequity aversion in group versus individual decision
making
Romuald Girard, Romain Ligneul, Pierre Wydoodt and Jean-Claude Dreher
Center for Cognitive Neuroscience, Reward and Decision Making Group, CNRS, UMR 5229, 69675
Bron, France
ABSTRACT
A fundamental question in social decision making is to know whether an individual behaves differently
when making decisions on behalf of a group than for himself. Another question is to know whether
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individuals behave differently when facing a single individual than when facing a group. To know whether
the brain processes differently economic decisions related to inequity aversion in these different situations,
we used event-related fMRI in a new 2*2 factorial design with a single-shot repeated fairness game
(ultimatum game) in which a subject in the scanner responded to monetary offers, either for himself or on
behalf of his group (A), facing either a single individual or another group (B). The two groups (A and B)
were each composed of 3 individuals. 23 right-handed males were recruited (mean age 22 ± 2.4).
Regression analysis based on choice behavior showed that more offers were rejected when playing on
behalf of one’s own group than for oneself and when facing a single individual than the adversary group.
Using a new computational inequity aversion model, we estimated the probability of accepting the
monetary offer as a function of relative inequity (i.e., a contextual metric of fairness), agent type (for
oneself/on behalf of own group A) and opponent type (single individual/adversary group B). We then
searched for brain regions showing BOLD response correlating with these parameters using model-based
fMRI. Neuroimaging data were preprocessed and analyzed using SPM8. When facing a single individual,
as compared to when facing the adversary group, a steeper correlation between BOLD response and
inequity aversion was observed in the inferior frontal gyrus, anterior insula and caudate nucleus.
Moreover, when individuals made decision on behalf of their group, responses in the posterior insula and
amygdala showed a more robust correlation with inequity aversion than when subjects made decisions for
themselves. Together, these results indicate that distinct valuation systems are engaged with relative
inequity according to the type of opponents subjects are facing (single individual/group) and according to
their sense of responsability (on behalf of their group/for themselves).

(36) Neural bases of strategic decision-making of human mind: a functional MRI study
Jong-Hwan Lee (1), Jun Zhang (2) and Soo-Young Lee (3)
(1) Korea University, (2) University of Michigan, (3) Korea Advanced Institute of Science and Technology
ABSTRACT
Introduction:
Human employs distinct steps of reasoning in the decision making process to interact with others. This
theory-of-mind (ToM) of the strategic reasoning has been examined using various behavioral experiments
including a matrix game setting (Hedden & Zhang, Cognition, 2002). However, an effort to investigate
corresponding neural bases of the ToM in terms of the strategic reasoning is limited in previous studies.
In this study, we were motivated to exploit the neuronal networks of the strategic decision-making process
of the human minds in the matrix game setting. A functional magnetic resonance imaging (fMRI) modality
was used to measure neuronal activations of the human brain while participants deployed a strategic
reasoning against a computerized opponent. We hypothesized that distinct neuronal networks would be
involved in these strategic reasoning processes and corresponding neuronal networks could be identified
via the fMRI measurements.
Methods:
Participants were instructed to play a matrix game against a computerized opponent that deploys either a
myopic or predictive reasoning. In detail, the matrix game is consisted of 2x2 cells and each cell contains
rewards of the human participant as well as the opponent. Participants were asked to decide (1) the
opponent’s estimated reasoning order (i.e. prediction-phase), and (2) subsequent movement of the
participant (i.e. action-phase) to maximize their payoffs. Simultaneously, an fMRI data based on bloodoxygenation level-dependent signal was acquired to measure neuronal activations associated with the
strategic reasoning of the human minds. The acquired fMRI data were preprocessed using the statistical
parametric mapping toolbox. A general linear model (GLM) was deployed using the preprocessed fMRI
data from each participant. Spatial patterns (SPs) of neuronal activations were estimated using onset
timings and durations of the participants’ responses for each of the prediction and action phases. Then, a
statistical inference across all the participants was derived via a paired t-test and dominant neuronal
networks associated (1) with prediction of participant on the opponent’s reasoning and (2) with
subsequent action of the participant were identified.
Results:
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Response timings (RTs) to estimate the movement of the opponent (i.e. prediction) were significantly
greater when participant plays with an opponent with the 1st-order reasoning than the 0th-order
reasoning. There were no differences in the RTs in the action phase between the opponents’ models of
reasoning. Significant differences in the neuronal activations depending on the degree of the strategic
reasoning of the opponent were observed only from the prediction phase and not from the action phase.
More specifically, the medial superior frontal areas, angular gyrus, and precuneus were shown greater
neuronal activations when the participant played with the 1st-order opponent than the 0th-order
opponent. On the other hand, the visual areas, superior/inferior parietal lobule, and supplementary motor
areas were shown dominant activations when the participants were employed the strategic decision against
the 0th-order opponent than the 1st-order opponent. Neuronal activations associated with the action
phase were shown only in the cerebellum areas.
Discussion and conclusion:
In this study, we successfully demonstrated that there are distinct patterns of neuronal activations
associated with the level of strategic reasoning via a matrix game and simultaneous fMRI measurement.
Future works may include the investigation of the potential differences in the neuronal bases and their
interpretations via a functional connectivity analysis with the identified brain regions. In addition, the
neural mechanism of the collaborative and competitive behaviors as opposed to our current noncollaborative/non-competitive behaviors would also worth to be examined in the context of social
cognition. The findings in this study may benefit to enhance the corresponding human behaviors via noninvasive neuromodulation options such as a real-time fMRI based neurofeedback and gainfully be applied
as the supplementary options for potential treatments of the neurocognitive problems arise due to a deficit
of a social cognition (i.e. collaboration with and/or competition against others).

(37) Reward risk coding in the human orbitofrontal cortex: an intracranial EEG recording study
Yansong Li1,2, Giovanna Vanni-Mercier1,2, François Mauguière2,3 and Jean-Claude Dreher1,2
(1) Reward and Decision Making Team, Cognitive Neuroscience Center, CNRS, 69675, Lyon, France (2)
Université Lyon 1, 69003, Lyon, France (3) Neurological Hospital, 69675, Lyon, France
ABSTRACT
The risk of an outcome measures the unpredictability of the outcome (maximal for reward
probability=0.5). Human imaging and monkey neurophysiological studies have revealed the role of the
orbitofrontal cortex (OFC) in risk processing. However, further descriptions of the underlying neural
mechanisms are still needed, mainly due to the temporal and spatial constraints on prior research
methods. To resolve this issue, we recorded directly from depth electrodes (0.8 mm multi-contact
cylinders, 2mm long) in the OFC of six epilepsy patients. Unbeknownst to the participants, five blocks
comprising a run was presented randomly, each of which corresponded to one of five types of slot
machines with different reward probabilities (P=0; 0.25; 0.5; 0.75 and 1). There were totally eight runs.
The participants’ task was to estimate on each trial the reward probability of each slot machine at the time
of its presentation, based upon all the previous outcomes of the slot machine until this trial. The trials
were self-paced and were composed of four phases: (1) Presentation of slot machines (S1); (2) Delay
period phase during which the 3 spinners rolled around successively (500 ms each); (3) Outcome phase
during which the 3d spinner stopped (0.5s); (4) Reward/No reward delivery (bill presented or not for 1s).
At the behavioral level, the RT followed an inverted U-curve relationship with reward probability (F (4,20)
= 8.15, p < 0.001). Moreover, a main effect of reward probability (P) was observed on the percent of
correct estimates of winning probability (F (4,20) = 69.18, p < 0.001), showing a U-shape relationship
with reward probability. At the LFPs level, regardless of subsequent winning or not, a robust reward risksensitive OFC component started from the late phase of reward expectation, peaking at 25.47 ± 40.85 ms
(unrewarded trials) and 89.11 ± 48.93 ms (rewarded trials) during the outcome phase, respectively. These
signals emerged from the medial and lateral OFC. Importantly, the amplitudes of these ERPs followed an
inverted U-curve relationship with reward probability, being maximal when reward risk is highest (P=0.5),
and minimal when that is lowest (P=0 and P=1). This study characterizes the temporal dynamics of
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reward risk processing in the human OFC, and explains the fundamental neural mechanisms underlying
the role of this brain region in a number of functions, such as attention-based learning.

(38) Defeats drive the emergence of social hierarchy in the brain
Romain Ligneul, Romuald Girard et Jean-Claude Dreher.
Reward and decision making group, Cognitive Neuroscience Center, CNRS, Bron, France
ABSTRACT
Background:
Hierarchy is a prominent feature of most human societies which influences both our fitness and wellbeing. Indeed, social subordination has been associated with numerous somatic and behavioral
dysfunctions among primates, such as elevated blood pressure, increased levels of glucocorticoids, or even
depressive-like behaviors, themselves translating to lower fecundity and higher mortality rates (Sapolsky,
2005). Therefore, we hypothesized that a context of inter-individual competition would trigger
reinforcement processes dedicated to the automatic avoidance of social subordination. We also predicted
that hierarchy would be more clearly detected in the brain following social defeats as compared to
victories, reflecting the idea that forming an accurate representation of hierarchy is particularly important
when one occupies a low status rank.
Methods:
To test the hypotheses mentioned above we designed an optimized fMRI protocol in which each subject
played a competitive perceptual decision-making task against three opponents set to three degrees of
difficulty: low, intermediate and high, thereby creating an implicit performance-based hierarchy. In an
additional condition, subjects played a cooperative interaction task, matched for visual stimulation.
Importantly, performance was not incentivized with monetary rewards, in order to avoid a confound
present in many fMRI studies interested in social competition and comparison processes.
Results:
The results of our analysis clearly demonstrated that the ventral striatum, the ventromedial prefrontal
cortex (vmPFC) and the anterior cingulate cortex (ACC) were differentially recruited by victories and
defeats. Moreover, a comparison between the competitive and the control conditions revealed that social
defeats elicited a negative BOLD signal in the ventral striatum as well as other limbic areas such as the
insula and the ACC. Paralleling this result, BOLD activities modulated by our implicit social hierarchy
were detected following defeats rather than victories in the lateral orbitofrontal cortex and the ventral
striatum.. Finally, exploring the relationship between personality traits and the neural sensitivity to
competitive outcomes (main contrast victories>defeats), we observed that the amplitude of the latter in
the ventral striatum was strongly predicted by the behavioral inhibition score (BIS scale) of our subjects,
but not by their behavioral activation score (BAS scale).
Conclusion:
Our study indicated that social defeats constitute a salient negative reinforcer for the human brain, and
more particularly for those persons who are the most inhibited and anxious in social settings.
Furthermore, the neural representation of hierarchy emerged preferentially after social defeats. Taken
together, our results suggest that avoidance of social subordination might be the main motivation behind
status-seeking behaviors in humans.

(39) Neural basis of social facilitation in monkeys using FDG-PET
Elisabetta Monfardini (1,2,3), Jérôme Redouté (4,3), Clément Hynaux (2,3), Didier Le Bars (4,5,6) ,
Franck Lavenne (4), Pierre Fonlupt (7), Nicolas Costes (4), Martine Meunier (2,3)
(1) IME Institut de Médecine Environnementale, Paris, France; (2) Lyon Neuroscience Research Center,
ImpAct Team; INSERM, U1028; CNRS, UMR5292, Lyon, France; (3) University of Lyon, Lyon, France;
(4) CERMEP-Imagerie du Vivant, Bron, France; (5) Inst. of Chem. and Biochem. (ICBMS), Univ. Lyon 1,
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Villeurbanne, France; (6) Hospices Civils de Lyon, Lyon, France; (7) Lyon Neuroscience Research Center,
Brain Dynamics and Cognition Team; INSERM, U1028; CNRS, UMR5292, Lyon, France
ABSTRACT
The sheer presence of others can strongly influence an individual’s performance. When confronted with
simple tasks, human subjects do better under social than under solitary testing (e.g., Bond & Titus, 1983).
Likewise, monkeys increase their food intake (Ferrari et al, 2005) and do better in familiar tasks when
other individuals are present (Stamm, 1961). The facilitation of performance that derives from the mere
presence of others has been largely explored, but its neural substrates remain completely unknown. Social
psychology proposes two main theories to explain this beneficial effect of the sheer presence of others: (i)
a drive based theory, basically claiming that the presence of others increases the global motivation of
subjects (Zajonc, 1965); (ii) an attention-based theory, which suggests that social presence enhances
performance via an helpful restriction in attention focus (Baron, 1986; Huguet et al, 1999). We used
monkey FDG-PET to test these assumptions empirically and determine whether social facilitation is
accompanied by enhanced brain activity in a ventral motivational (amygdalo-orbital) network, a dorsal
attentional (fronto-parietal) network, or both. Three female rhesus monkeys were injected with [18F]fluorodeoxyglucose ([18F]FDG; 18.5 MBq/kg) and then exposed for 30 minutes to one of three
conditions: a social facilitation condition (SF) in which they performed a simple task in the presence of a
passive familiar peer ; an alone condition (Al) in which they performed the same task alone; a baseline
condition (Bsl) in which the animal was left alone in the experimental room without performing any tasks.
The monkeys were then anesthetized (Zoletil 100) and positioned in a PET scanner for an emission scan.
A total of 27 scans were collected. The behavioral results confirm a robust social facilitation effect on
performance. This effect is not due to changes in stress degree across conditions, as measured by plasma
level of cortisol. Imaging results indicate that, compared to Al condition, SF condition yields higher
regional activity in a rightlateralized network encompassing the parietal lobe including the intraparietal
sulcus and the dorsolateral prefrontal cortex including FEF. These regions are known to play a primary
role in attentional mechanisms, thereby supporting the attentional view of social facilitation derived from
social psychology.
References:
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Advances in experimental social psychology (Vol. 19, pp. 1-40). New York : Academic Press.
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(40) Stimulation of the right TPJ increases prosocial, but not asocial, decision-making
Obeso, I,1 Wydoot, P1, Moisa, M2, Ruff, C2, Dreher, J-C.1
1. Reward and decision making group, Institute des Sciences Cognitives (ISC), CNRS, UMR 5229, 67
Boulevard Pinel, 69675 BRON, France. 2. Laboratory for Social and Neural Systems Research (SNS),
Department of Economics, University of Zurich, Blumlisalpstrasse 10, CH-8006 Zurich, Switzerland
ABSTRACT
Introduction: Humans often show altruistic inclinations, relying on moral values and preferences for
equality and fairness, but also on self-interested motivation. Recent economics theories of prosocial
behavior combine heterogeneity in individual altruism and greed with concerns for social image [1]. A
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recent hypothesis is that humans exhibit social preferences for prosocial behavior not because they are
intrinsically good but because of concerns for self-image. Similarly, the causes for amoral or asocial
behavior may be driven not only by external but also by internal rewards [2]. Prior research suggests that
the right temporo parietal junction (TPJ) is critical meta-representation formation (theory of mind), which
may be a key function for representing both what other people think of us (concerns for self-image,
sensitive to audience) [3] but also for distinguishing between intentional moral and amoral behavior (i.e.,
reasoning about beliefs and intentions related to moral behavior). Here, we tested whether the role of the
right TPJ in reasoning about others intentions is essentially only due to: (i) concerns for self-image
representation (being or not observed); (ii) moral versus amoral choice behavior; (iii) an increased
prosocial behavior that includes these two aspects.
Methods: We applied theta burst transcranial magnetic stimulation (TMS) over the right TPJ (40 seconds,
600 pulses) prior to task performance in 15 subjects and over a control stimulation (vertex) in 14 subjects.
After TMS, subjects performed a 2x2 behavioral design crossing type of organization (good/bad) and
audience (being or not observed), in which they decided to accept or reject monetary transfers from the
experimenter to two organizations (one judged moral and the other judged as amoral), either in presence
or absence of observers. For the positively valued organization, they had to weight between moral value
and monetary cost to themselves by deciding whether to accept donations made by the experimenter
(from 4 to 40 francs) to the good organization at a (variable) cost to themselves (from -1 to -10 francs).
For the negatively valued organization, they had to weight between amoral value (accept monetary
transfers made by the experimenter to the bad organization) and monetary gains for themselves (from +1
to +10 francs). Audience effect was modulated by the presence of an observer in half of the trials. Upon
task completion, two random trials were selected and averaged to be sent to the organization. Subjects’
total payment was modified based on this average.
Results: Applying TMS over the right TPJ significantly increased acceptance levels of donation to the
good organization relative to control stimulation. No such differences were observed when weighting
amoral choice behavior with monetary gains to the subjects for the bad organization. Audience effect was
present during subject’s choices only for the good but not for the bad organization, but TMS did not
induce a significant change between groups.
Conclusions: The standard cost-benefit model, which is central to value-based decision theories, assumes
that prosocial actions are performed by purely selfish, calculating people, who only care about external
rewards. In contrast, consistent with recent economics models, our results indicate that people largely care
about self-image, especially concerning prosocial behavior. Our results also demonstrate that the right TPJ
has an important role in moral, rather than amoral behavior and that its role in theory of mind cannot be
reduced to concerns for self-image.
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(41) Self-Regulation in Alimentary Choice and Its Underpinning Processes
B. Pavlicek,1,2,3*, C. Hutcherson4 & H. Plassmann 1,3,5
1École des Neurosciences de Paris Île-de-France; 2Université Pierre et Marie Curie; 3INSEAD, 4California
Institute of Technology, 5Cognitive Neuroscience Unit INSERM
ABSTRACT
Objective: The processes contributing to self-regulation in the context of food choices remain poorly
understood. Conceptually, differences in self-regulation could arise from differences at several points in
the decision-making circuitry: (1) low-level differences in the inherent incentive value of healthy vs.
unhealthy foods, (2) mid-level differences in the ability to control attention to such foods, (3) late
differences in the ability to control motor responses to such foods. Here, we investigate whether
differences in self-regulation abilities during food choice can be linked to differences at any or all of these
stages.
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Methods: Thirty-five hungry, female, lean (BMI mean 21.25, range: 17.78-24.82 kg/m2; age mean 22.03,
range: 18-27 years) and 26 overweight subjects (BMI mean 28.42, range: 25.49-37.96 kg/m2; age mean
23.96, range: 18-33 years) participated in two sessions. To measure regulation ability, we used a previously
developed task involving cognitive control of food responses (Hutcherson et al., 2012). To evaluate
processing of foods at different stages we used three different tasks: 1) a motivational value task (Aharon
et al., 2001) to assess differences in inherent incentive value, 2) a dot-probe task to assess differences in
attentional control, and 3) an inhibitory response (i.e. go/no go) task to assess control of motor responses.
Preliminary Results: To analyze the subjects’ abilities to regulate their responses to foods, we used a 3
(regulation type: up-regulation, no regulation, down-regulation) x 2 (healthiness of food: healthy,
unhealthy) x 2 (motivational state: hungry, satiated) x 2 (group: lean, overweight) ANOVA corrected for
repeated measures using the Greenhouse-Geisser (GG) correction criterion. There was a significant threeway interaction between instruction cue, healthiness and motivational state (F(2, 59) = 3.53, p = .03). The
three-way interaction between instruction cue, healthiness and group was not significant (F(2, 59) = 1.85,
p = .16), as was the three-way interaction between instruction cue, motivational state and group (F(2, 59)
= 1.25, p = .29). There was a significant three-way interaction between healthiness, motivational state and
group (F(1,59) = 6.04, p = .01). Lastly, the four-way interaction of all factors was not significant (F(2,59)
= .13, p = .88).
To link these effects to differences in processing at the three levels, we analyzed the behavior in the other
tasks. First, although hungry subjects indicated that they liked healthy food items more than unhealthy
food items prior to applying the different regulation strategies (t(60) = 3.21, p =.001), the two types of
food had equivalent motivational values as measured by the incentive value task (Wilcoxon Signed-ranks
test, Z = 1.275, p = .08). Moreover subjects were less able to inhibit motor responses to food stimuli than
non-food stimuli (Wilcoxon Signed-ranks test, Z = 2.99, p = .003), but there were no differences in the
proportion of inhibition errors made in response to healthy and unhealthy food stimuli (Wilcoxon Signedranks test, Z = 1.21, p = .23).
Discussion and Future Directions: Our preliminary results suggest that regulatory ability in the context of
food decisions varies with respect to motivational state and healthiness of the food but not BMI.
Importantly, a greater liking for healthy over unhealthy foods was found, but this healthy preference
disappears when gauged implicitly from motivational value. The current implication of these results is that
regulation ability arises via the interaction of multiple mechanisms at different levels of the value-based
decision making process. Further results will be available at the time of the conference.

(42) Does male competition bring out the worst? Testosterone, social distance and intergroup
conflict shape parochial altruism in human men
Luise Reimers, Susanne Wittmer & Esther Diekhof
University of Hamburg, Institute of Human Biology, Neuroendocrinology Unit, Hamburg, Germany
ABSTRACT
Parochial altruism (i.e., increased ingroup favoritism and heightened outgroup hostility) is a universal
feature of human societies that affects altruistic behavior, particularly in intergroup conflicts. Humans
tend to protect fellow group members and punish outsiders, even at substantial costs for themselves.
Testosterone modulates responses to competition and social threat. But its exact role in the context of
parochial altruism remains controversial. Here, we investigated how testosterone influences altruistic
punishment in response to unfair offers in the ultimatum game (UG) depending on social distance and
degree of intergroup competition.
Thirty male football fans played 36 single-shot interactions as responders in a computer-based UG. Of the
anonymous proposers, 9 were marked as fans of the same team as the responder (ingroup), 9 favored the
team that was most hated (antagonistic outgroup), while the remaining proposals were made by fans of a
neutral football or a cricket team (neutral outgroups). Half of the proposals were unfair (less than 4 out of
10 points). The UG was played twice in two contexts. In the neutral environment subjects were instructed
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to maximize their subjective outcome. In the competitive context responders additionally played with their
ingroup for extra points against all other teams. Salivary testosterone levels were examined with ELISA.
We found that the frequency of altruistic punishment increased with increasing social distance to the
ingroup. Outgroup offers were rejected more often than offers made by ingroup ingroup members.
Adding an intergroup competition led to a further escalation of outgroup hostility and reduced
punishment of ingroup members, whereby this increased ingroup favoritism and outgroup hostility was
related to high testosterone levels. Above-average testosterone concentrations further predicted increased
proposer generosity in ingroup interactions.
Altogether, a significant relation between testosterone and parochial altruism could be demonstrated.
Testosterone promoted internal collaboration in the face of external threat, even against the urge to
selfishly maximize reward.

(43) Willed actions and mechanisms of initiation, production and control of cognitive responses
in schizophrenia: A cue-based protocol.
R. Rinaldi and L. Lefebvre
Cognitive Sciences, UMONS
ABSTRACT
Presumably, our actions are guided by objectives and goal-directed. Even the simplest non-reflex
movement is preceded by the formulation of goals which lead to the intention to act, to “volition” in
other words. The experimental studies dedicated to volition try to understand subject’s behavior in
situations that are built to be as close as possible to the ones in which the system responds freely, in
stimulus-independent contexts. This is why experimental devices usually propose a “free” condition, in
which the instructions or stimuli are only partially given, and several other conditions, more or less
constraining, in which subjects ‘behaviors are “induced”. The main criticism we can raise is naturally that
those studies will never succeed in assessing volition in its natural context. However, even if researchers
cannot study volition with all its cultural, motivational and contextual aspects; they can try to comprehend
voluntary actions. Voluntary actions can be defined as a construct in terms of cognitive processes that is
equivalent to volition. Considering this point of view, the instructions of experimental devices can be
considered as engaging the subjects to behave in a way that reflects what he conceive to be an act of free
will (Haggard, 2008).
Since Bleuler has described the poverty of actions in schizophrenia in 1911, many studies and clinical
descriptions have underlined impairments in the action field in schizophrenics (namely the initiation and
control of action on the one hand, and the attribution of action and intentions on the other hand). So
much so that nowadays, many first-degree deficits such as ocular motricity, attentional or autobiographical
memories retrieval impairments and psychomotor slowing are thought to be linked with a broader issue
involving action initiation and action control in their large meaning.
Nevertheless, we do not know much about this field of interpretation since, for thirty years now, almost
all of the experimental studies on volition and action impairments have focused on understanding their
neural correlates by means of medical imaging techniques.
In parallel with those approaches, our study aims to analyze voluntary actions in schizophrenia with a
clinical point of view that includes cueing processes and progressive contextual constraints given during
cognitive tasks. This study should lead to the creation of a unifying model of voluntary actions and
response planning in schizophrenia that integrates theoretical and clinical elements.

(44) Integration of values and information in decision-making
Marion Rouault, Jan Drugowitsch and Etienne Koechlin
Laboratoire de Neurosciences Cognitives INSERM U960, Ecole Normale Supérieure de Paris
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Executive control relies on evaluating action outcomes for subsequent action. Action outcomes, however,
may convey two types of value signals: (1) Rewarding values Rv representing the subjective valorisation of
action outcomes over a continuum of preferences, such as sugary or monetary values; (2) Informational
values Iv representing subjects’ belief about the right action to be made in a given situation. Rv stems
from reinforcement learning, whereas Iv stems from Bayesian inference involved in decision-making.
Previous experimental paradigms confounded these two notions of values: obtaining highest rewards
usually informs that the chosen action is the right one. Here, we present a probabilistic reversal learning
task aiming at distinguishing these notions of values. Subjects had to make a decision between two targets
with one being more frequently rewarded than the other. These contingencies reverse after an
unpredictable number of trials. The potential rewards associated with each target were displayed at
decision time. Crucially, we manipulated the reward distributions underlying each target for decorrelating
Rv and Iv. Behavioral results show that subjects’s choices were based on: (i) information values Iv
extracted from potential rewards presented at decision time; (ii) rewarding values Rv extracted from actual
rewards subjects received at feedback time. Furthermore subjects’s choices were influenced by both Iv
and Rv but with no explicit computations of reward expectations (Iv x Rv). These results show that
human decision-making is based on combining two independent value systems that produces risk
aversion.

(45) Mind matters: Placebo enhances reward learning in Parkinson’s disease.
Liane Schmidt1, Tor D. Wager2, Daphna Shohamy1
Psychology Department, Columbia University, New York, NY 2 Psychology Department, University of
Colorado at Boulder, Colorado
1

ABSTRACT
Parkinson’s disease (PD) is characterized by a loss of midbrain dopamine neurons that play a central role
in reward learning. Dopaminergic drugs can restore dopamine and improve reward learning deficits in PD
patients (1). Interestingly, a combination of the expectation of relief associated with taking a drug and
conditioned drug responses have been shown to trigger endogenous dopamine release in the brain (2).
The functional significance of this placebo effect is, however, unclear. Here we addressed this question by
using functional magnetic resonance imaging (fMRI) to measure the effects of placebo on brain activation
in PD patients while they performed an instrumental learning task. To disentangle psychological and
pharmacological effects of the drug, patients were scanned under three conditions: no treatment (off
drug), placebo, and levodopa (on drug). Compared to no treatment, placebo and levodopa both enhanced
learning from reward. FMRI revealed that this finding was related to enhanced value representation in the
medial OFC at the time of choice under placebo, as well as when patients were on levodopa, compared
with off drug. These findings suggest that the psychological effects of a drug may be, in some cases, as
powerful in improving reward learning as the pharmacological effects of a dopamine precursor, and are
consistent with findings that placebo can lead to enhanced dopaminergic activity.
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(46) Social congruence influences the evaluation of decision outcomes via the prefrontal cortex,
insula and anterior cingulate
Anja Varjacic, Michael Lindner, Tom Johnstone, Doug Saddy, Anastasia Christakou
Centre for Integrative Neuroscience and Neurodynamics, School of Psychology and Clinical Language
Sciences, University of Reading, UK
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ABSTRACT
There is growing appreciation of the neural mechanisms that integrate the value of decision outcomes
with the context in which decisions are made. Converging evidence implicates ventromedial prefrontal
cortex (vmPFC) in representing a decision “context” (Euston et al., 2012), and in mediating the evaluation
of decision outcomes in a context-sensitive manner (Christakou et al., 2009). The insula and dorsal
anterior cingulate (dACC) track the degree of social conflict to induce conformist behavioural adjustments
(Klucharev et al., 2009). However, it remains unclear how the brain represents the judgement of our
actions by others, or the degree of alignment between our decisions and those of others. Importantly, how
are these quantities – units, arguably, of social context – integrated in the evaluation of our own action
outcomes?
In this study, we employed a novel task to induce a “social congruence” context. Different levels of
abstract rewards and penalties were experienced in light of varying levels of agreement with the choices of
other participants. Healthy young males (N=20) underwent functional magnetic resonance imaging
(fMRI) whilst performing the task.
Behaviourally, we measured how the probability of persisting with the same option varied as a function of
the value of previous outcomes, the level of social congruence (SC) and their interaction. Outcome and
SC interacted to increase “stays” after penalties paired with low SC. At the neural level, a typical, extensive
brain network scaled its responses to outcome magnitudes (rewards/penalties), and included the ventral
striatum, insula, vmPFC, dorsolateral prefrontal cortex (dlPFC), and dorsal and ventral ACC. The vmPFC
was deactivated significantly more in response to low compared to high SC, consistent with previous
evidence implicating the vmPFC in self-referential processing which disengages during task performance.
In order to identify brain areas in which the level of SC influenced responses during outcome evaluation,
we contrasted outcome conditions (rewards and penalties) according to the level of the preceding SC (high
and low). This analysis isolated brain regions that differentiated between wins (or losses) preceded by high
SC compared to wins (or losses) preceded by low SC (i.e. exhibit social context-sensitivity). The vmPFC
differentiated between wins (but not losses) under high versus low SC, while overlapping activation in
ventrolateral PFC (vlPFC) and dorsomedial PFC (dmPFC) differentiated between both wins and losses
under high versus low SC. On a trial-by-trial basis, decreasing social congruence of decisions was
correlated with increased activation in insula and dACC during wins, in vmPFC during losses, and in
anterior medial PFC during neutral outcomes.
These findings further clarify the role of the vmPFC in context-sensitive outcome evaluation. In addition,
they extend our understanding of the role of the insula and dACC in representing social conflict, to
include parametric sensitivity to varying levels of social decision congruence. We propose that these
different neural systems play a role in tracking the quality and magnitude of “bits” of social information
during the evaluation of positive, negative and neutral decision outcomes.
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(47) Attribution of weights in judgments about aptitude for military piloting: comparison of the
results obtained in multiple linear regression, multi-criteria analysis and principal components
Luiz Maurício de Andrade da Silva, Laércio Aparecido de Lucas, Maurício Pereira da Costa and Mariana
Augusta de Almeida Anfe .
Brazilian Air Force Academy (luizmauriciolmas@afa.aer.mil.br)
ABSTRACT
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The article presents results that may help in the development of the line of investigations about human
judgment in decision making, broaching the military piloting aptitude problem. It is, in a first stage, the
attribution of weights in judgments about the aptitude for that kind of piloting, following by the analysis
by means of comparison between the results obtained with multiple linear regressions, multi-criteria
method and principal component analysis. The results leads to conclusions that may come out with new
elements in the investigation area of the biology of decision making, as well as in human judgment’s in
decision making in general.
In the past few years the Air Force Academy (AFA) has been using – as an auxiliary tool for the selection
of young people that will ingress in the aviator formation course – a software that tests the aptitude of
those candidates for the military piloting. The military piloting require a great scope of domains, as
concentration ability, spatial reasoning, psychomotor abilities and flight safety, once, far beyond the
airplane use in transport and logistics, future pilots must dominate, between others, the acrobatic piloting
techniques for interception and attack.
In early paper (Silva et al, 2009) – which integrated the phase of implantation and validation of the
support software – was verified the elevated level of success that the AFA instructors presents, when they
emit ex-ante judgments about the young people in training aptitude for military piloting. Those judgments
are expressed in real flight instruction situation, through grades attributed after the verification of the
abilities of the cadets in instruction.
In this paper – with the intention of continuing in the line of investigation about the human judgment in
decisions making and also to improve the passing scores regarding to the support software – we made a
comparison between three criteria pretty used when referring to statistics techniques to support decision
making, where the human judgments are vital, which are the multiple linear regression, the multi-criteria
analysis and the principal components analysis.
The main conclusion of this paper is that the variable “multiple tasks” is the principal aptitude to be
improved in the military pilot training.
We would like to continue the efforts to understand the specific areas of the neocortex that shall be
trained to improve the pilot’s ability to manage multiple tasks.
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Cooperation arising during social interaction has been explained by a natural disposition of humans for
prosocial behavior. However, the degree by which we are inclined to cooperate may depend on social ties.
Social ties refer to a care about the interests of others, based on interaction history with a specific
interaction partner. In models of other-regarding preferences, formalized through interdependent utility
functions, weights are attached to other individuals’ welfare. These models generally assume the weights to
be stable, regardless of previous interactions. Here we formulate instead a dynamic computational model
that accurately predicted how tie formation influences decisions to contribute in a public good game. We
used model-driven functional Magnetic Resonance Imaging (fMRI) to test the hypothesis that brain
regions key to social interaction keep track of dynamics in tie strength. Activation in the medial prefrontal
cortex (mPFC) tracked the individual’s public good contributions. Activation in the bilateral posterior
temporal sulcus (pSTS), and temporo-parietal junction (TPJ) was modulated parametrically by the
dynamically developing social tie – as estimated by our model – supporting a role of these regions in social
tie formation. Activity in these two regions further reflected inter-individual differences in tie persistence
and sensitivity to behavior of the interacting partner. Functional connectivity between mPFC and pSTS
activations indicated that the representation of social ties is integrated in the decision process. These data
reveal the brain mechanisms underlying the integration of interaction dynamics into a social tie
representation which in turn influenced the individual’s prosocial decisions.

(49) Deciding not to decide: Cognitive modeling and EEG oscillations reveal the procrastination
of economic choices
Sebastian Gluth1, Jörg Rieskamp2, Christian Büchel1
1Department
2Department

of Systems Neuroscience, University Medical Center Hamburg-Eppendorf, Germany
of Psychology, University of Basel, Switzerland

ABSTRACT
Uncertainty in decisions can be reduced by the sequential sampling of evidence. Accordingly, cognitive
models of perceptual and economic choice describe decisions as arising from an evidence accumulation
process. The possibility of actively postponing decisions, however, has not been accounted for by these
models. We demonstrate that a standard accumulation model fails to account for response times (RT) in a
sequential economic choice paradigm, in which participants decided for or against buying fictitious stocks
on the basis of consecutively presented cues. This is because RT distributions developed not continuously
but repeatedly collapsed at the end of each cue presentation. Hence, we suggest that participants
temporarily stopped the decision process to wait for more information. Consistent with our proposal,
extending the accumulation model by such a “decision not to decide” provided a close fit to the RT data.
We then looked at EEG oscillations in the beta-band (14-30 Hz), which are wellknown for reflecting the
preparation and inhibition of responses by decreased and increased synchronization, respectively. Indeed,
spectral power in the beta-band first dropped but then recovered again at every cue presentation,
supporting our hypotheses that participants actively delayed the accumulation process. Intra- and interindividual variability in model parameters was related to latency differences in beta-band oscillations.
Together, our combination of cognitive modeling and EEG time-frequency analysis revealed a hidden
choice process in sequential economic decision making.

(50) How to focus the robot’s visual attention on "the good" human partner ? synchrony as a
reward for shape learning
Caroline Grand, Ghils Mostafaoui, Syed Khursheed Hasnain and Philippe Gaussier
1 University
2 ETIS

of Cergy Pontoise, France
lab, UMR 8051 CNRS, University of Cergy-Pontoise, ENSEA, France.
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The present study deals with the problematic of attentional mechanism allowing to initiate and to maintain
Human Robot Interactions (HRI) by orienting the robot’s visual focus on interacting human partner. To
deal with the problematic of initiating the HRI, in our recent works, we proposed a neural model
permitting to focus the robot visual attention on a selected partner on the basis of synchrony detection
between its own dynamics and the human movements 1. This model maintain the interaction and the
robot’s focus of attention while the partner moves in synchrony. Consequently, the interaction is
interrupted if the partner stops moving. For a more realist HRI, the agents have to be able to switch their
roles (turn tacking), as a result, they could alternate moving and static interaction phases. In this case, we
propose here to complete the previous neural model by adding a shape based attentional mechanism.
After initiating the interaction on the basis of synchrony, the robot will automatically learn to recognize
the selected partner and maintain its attention with the human during unsynchronized phases of
interaction. For recognizing the visual shape of the human partner, we adapted to our specific application
a general model of object recognition [Lepretre & al.] 2. First, by convolving the camera images with a
DoG (Difference of Gaussian) filter, we obtain saliency map highlights parts of the image having a local
structure in the form of corners. Local views, collecting pixel (here on a radius of 40 pixels) around each
Local maxima of the saliency map (interests points), are then extracted and filtered by a log polar
transformation in order to be robust for scale and rotational variations. The local views are then
categorized by a Selective Adaptive Winner which is an ART-based neural network. This model can be
divided into two parts : the recognition of "what" is the object and localization of i "where" is the object.
Each part is composed by a Least Mean Square neural networks (LMS). For the "what" pathway, the LMS
associates the local views to the shape of each learnt object (or human). Regarding to the "where"
pathway, the network learns the association between the center position of the learnt object and the x and
y positions of the local views. The localisation of the learnt object is given by the accumulation of each
prediction.To ensure an autonomous learning of the "preferred" partner of interaction, the shape learning
starts when visual attention is fixed by synchrony detection. Furthermore, the saliency map is modulated
by the motion intensity to allow the selection of interest points on the moving partner. During the
interaction, the robot can refine the partner recognition by selecting new interests points (local views) in
the visual attentional areas selected by synchrony detection. After acquiring the capability of recognize the
partner, the robot can focus its attention by using both synchrony detection and shape recognition. A
neural field is used to combine the two strategies. Each strategy has also a self-evaluation which inhibit its
wrong behavior. The combined model of synchrony and shape recognition strategies has been
experimentally tested with a mobile robot (a Robosoft Robulab 10) in an indoor environment. First, the
human partner moves his arm in front of the robot to make it learn a preferred frequency of interaction.
After this learning phase, the robot starts moving and focuses its visual attention randomly in the absence
of salient and persistent visual stimuli (until t = 40 on Fig. 1). From t = 40, a human interact with a
dynamic close to the one previously learnt. The robot selects and localizes this preferred interactant on
which it focuses its visual attention by centering its field of view using synchrony detection (blue curve) 3.
After focusing its attention, the robot starts learning the selected partner shape (green zone). From t = 40
to t = 80, we can notice an alternation between stopped and re-engaged learning phase linked to
synchrony detection. From t = 80, the robot is able to recognize and track the partner shape (black curve).
In conclusion, by combining two attentional mechanisms (synchrony detection and shape recognition),
our neural model gives minimal capabilities to a mobile robot to focus and track a selected partner during
different phases of interaction (active and static) allowing the emergence of abilities to re-engage the
interaction.

Third Symposium on Biology of Decision-Making
May 29-30, 2013, ICM-UPMC, Paris, France

Acknowledgements
This work was supported by DGA (Direction Generale de l’Armement).
1. S.K.Hasnain, P. Gaussier, G.Mostafaoui. Synchrony as a tool to establish focus of attention for
autonomous robots, IEEE Intelligent
Robots and Systems (IROS 2012), Pages : 2423- 2428
2. Lepretre, Sacha and Gaussier, Philippe and Cocquerez, Jean-pierre. From navigation to active object
recognition. Citeseer. 2000
3. http ://www.etis.ensea.fr/neurocyber/Videos/synchro/

(51) Human integration of proportional sensory cues as optimal statistical inference
Jonathan Platkiewicz(1), Hannah Michalska(2), Vincent Hayward(1)
(1)Institut des Systèmes Intelligents et de Robotique, UPMC Univ Paris 06, Paris, France
(2) Department of Electrical and Computer Engineering, McGill University, Montreal, Quebec, Canada
E-mail: platkiewicz@isir.upmc.fr
ABSTRACT
It is accepted that the process of forming a single percept from the integration of different sensory cues
can be modeled as an optimal statistical inference (Landy et al., 2011). More precisely, it was shown that
this inference can simply consist of a minimum-variance unbiased estimation of a linear weighted
combination, under some reasonable approximations. However, the estimator produced by such inference
is supposed to only fall in the region of the parameter space delimited by the different elementary
percepts: a length percept integrated from vision and touch will be bounded by the tactile and the visual
length percepts (Ernst and Banks, 2002). Yet, in a contrast illusion, such as the size-weight illusion where a
larger object feels lighter than a smaller object of the same mass, the integrated percept lies outside this
region: the mass percept integrated from vision and touch is inferior to the tactile and visual mass percepts
for the larger object (Ernst, 2009). We show that this perceptual phenomenon can be well accounted by
nonlinear optimal statistical inference models, provided that correlation be taken into account between the
different elementary sources of infromation to be integrated. We develop models based on minimumvariance unbiased estimation and maximum a posteriori estimation. Interestingly, our models can account
for a wide range of perceptual phenomena, as long as the different information involved in the integration
are proportionally related.
REFERENCES:
Landy MS, Banks MS, and Knill DC: Ideal-observer models of cue integration. In Sensory cue integration 2011,
Oxford University Press, USA, 1: 5-29.
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(52) Behavioural DCM: The Brain-Scale Route to Decisions
Rigoux Lionel1 and Daunizeau Jean1,2
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Brain and Spine Institute, France
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ABSTRACT
Dynamic Causal Modelling (DCM) of neuroimaging data has become a standard tool for identifying the
structure and plasticity of brain networks that respond to the experimental manipulation (e.g., sensory
stimuli or task demands). DCM, however, does not explain how distributed brain responses are causally
involved in the production of behaviour. Here, we propose a generic extension of DCM that aims at
capturing how experimental manipulations are transformed, through large-scale brain networks, into
behaviour (e.g. choices, reaction times). A variational bayesian approach is used to estimate, from
simultaneous neural and behavioral recordings, both effective brain connectivity and parameters of the
mapping from hidden neural activity to overt behaviour. In turn, this provides a neuro-computational
decomposition of behavioural responses, in terms of the contribution of brain regions and their functional
connections. In this work, we first expose our behavioural extension to the standard DCM framework.
We then evaluate the capabilities and limits of the approach using both Monte-Carlo simulations and
empirical data recorded during a Go-NoGo task. We conclude with a few target experimental questions
that the approach can address, in terms of, e.g., predicting the effect of external perturbations or interindividual variability in large-scale network structure onto relevant behavioural responses.

(53) Too hard or too late? A new approach to measure effort & delay discounting
Eliana Vassena, Wim Fias & Tom Verguts
Ghent University, Belgium
ABSTRACT
Animals and humans constantly strive to maximize their profit. However, benefits seldom come for free.
Some cost is normally entailed in obtaining a reward, such as effort to be exerted, or a delay period. These
phenomena have drawn considerable attention in psychological and neuroscientific research, as they can
be seen as the behavioral markers of impulsivity and motivation.
In particular, delay discounting has been widely investigated as a measure of self control. The prototypical
finding shows a quasi-hyperbolic discounting trend, where people increasingly discount (i.e., devalue) the
larger-later (LL) reward with increasing delay toward the LL reward, relative to the smaller-sooner (SS)
option. The methodology used to determine the extent of discounting starts with calculating an
indifference curve. The indifference curve shows the relationship between LL delay length and SS reward
amount for which the two options are equally valuable for the participant. Then the “area under curve” is
computed as a measure of subjective discounting rate (Smith et al., 2008). Alternatively, a hyperbolic or
exponential model can be fit to the data, thus determining a discounting parameter. Unfortunately, these
procedures require sampling a large amount of trials. One possible solution involves querying a fixed set
of questions (see Kirby et al. 1999). However, this does not ensure that an indifference point will be found
(and hence, a discounting parameter can be calculated). A second solution implies using an adaptive
procedure where only a few combinations are sampled in a progressive way (see Richards et al. 1999). In
this case, delays and rewards are progressively increased as a function of the choices of the participants.
This has the disadvantage that it potentially induces strong sequence confounds.
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For these reasons, we developed a new paradigm and a new estimation procedure which allows to
estimate a subject-specific discounting parameter in about 10 minutes in a randomized fashion, thus
avoiding sequential effects. Binary choices are proposed to the participants where only one parameter
(delay) is varied. The SS option is constant, and the LL option comes at variable delays. On the binary
choice data, a logistic model is fit where the LL delay is used as a predictor of the probability of choosing
the SS option. The logistic models allow estimating a “soft threshold”, namely the delay length the
participant is able to stand. This method is conceptually close to the Richards et al. procedure, but it
ensures reliability, shorter administration time and flexibility. It can also be applied to different type of
behavioral costs, such as effort exertion. The theoretical model behind this method will be presented as
well as preliminary results for delay and effort discounting. Moreover different applications will be
explained, as for example measuring effort discounting in a mental effort setting.

(54) Embodied decision making: Evidence from developmental psychology
James Rivière, Laboratoire Psychologie et Neurosciences de la Cognition et de l’Affectivité, Université de
Rouen, 76821 Mont-Saint-Aignan, France.
james.riviere@univ-rouen.fr
ABSTRACT
Embodied decision making is the process by which perceptual-motor mechanisms influence our choices
and judgements. Experimental research in developmental psychology has shown that perceptual-motor
constraints affect the explicit choices infants and toddlers make in manual search tasks for hidden objects.
Evidence indicates that higher-level cognitive processes, such as decision making processes, are deeply
rooted in the perceptual-motor system. In these tasks, the process of decision making would be embodied
in the sense that it would be the process of retrieving the sensory and motor information that would
directly mediate the reaching movement. To illustrate these ideas, we will discuss an example of search
failures in early childhood: the C-not-B error. Toddlers have been found to fail on a three-location search
task involving invisible displacements of an object, namely the C-not-B task. The hypothesis that the
motor memory plays a key role in generating the C-not-B error is supported by a recent study (Rivière &
Lécuyer, 2008). In this experiment, we provided some evidence to suggest that toddlers’ performance on
the C-not-B task can improve dramatically by putting a 200-g weight on their arms. Indeed, this simple
manipulation had a significant impact on performance, with 77% correct performance as compared with
44% in the standard condition. We explained these findings by suggesting that the success in the C-not-B
task of toddlers with additional arm weights could result from a disruption of automatic hand movement
that is triggered by sensory signals, namely salient features of the C-not-B task.
The results of a recent study (Rivière & David, 2013) further strengthened this interpretation. In three
experiments, we investigated the nature of the constraints underlying toddlers’ performance in this task
(cf. Figure 1). In Experiment 1, 2.5-year-old children were tested in a new version of the C-not-B task in
order to investigate whether reaching with a detour leads to inhibition of direct visuomotor activation.
The findings show that toddlers succeed more in the C-not-B task when a transparent barrier obstructs
the path of the reaching movement. The results of Experiment 2 indicate that the successful performance
of the children with a barrier cannot merely be the consequence of the longer duration of arm
movements. Experiment 3 demonstrated that a simple change in testing procedure, which involved only
changing the response option (selecting a location with a stick instead of reaching a location), enabled 2.5year-olds to succeed more in the C-not-B task. In spite of the fact that response options share a similar
action feature (i.e. a movement with the hand), the C-not-B task content may have triggered automatic
activation mechanisms only for reaching responses. Visibly, difficulty in inhibiting a prepotent reaching
movement is a critical element in toddlers’ performance in the C-not-B task. Although viewed as endowed
with behavioral routines, the toddler is not locked into to a stereotyped movement pattern. Indeed, the
results of a recent study (Rivière & Falaise, 2011) suggest that top-down processes can modulate the
activation of the motor routine underlying toddlers’ failure in the C-not-B task. Taken together, these
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% of success across conditions
(Trials 1 and 2)

investigations suggest that in this manual search task the reaching movement is not a mere by-product of
either reasoning or perception, but rather is at the heart of the decision-making process.

Figure 1: Top portion shows experimental design for testing toddlers on the C-not-B task. In the tall
barrier condition, children must execute an avoidance deviation in the path of the reaching movement, if
they are to grasp a cloth. In the stick condition, children were instructed to select a location with a stick.
Bottom portion shows the results from toddlers tested on these three experimental conditions. The
histograms indicate the percentages of success across conditions (Trials 1 and 2).
REFERENCES
Rivière, J., & David, E. (2013). Perceptual-motor constraints on decision making: The case of the manual
search behavior for hidden objects in toddlers. Journal of Experimental Child Psychology. 115, 42-52.
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(55) Better get back to work: a role for motor beta de-synchronization in incentive motivation
Florent Meyniel, Mathias Pessiglione
Motivation, Brain & Behavior (MBB) team, Institut du Cerveau et de la Moelle épinière (ICM), Hôpital de
la Pitié-Salpêtrière, Université Pierre et Marie Curie (UPMC - Paris 6), France.
ABSTRACT
Much research has been devoted to characterizing brain representations of reward and movement.
However, the mechanisms allowing expected rewards to influence motor commands remain poorly
understood. Unraveling such mechanisms is crucial to providing explanations of how behavior can be
driven by goals, hence accounting for apathy cases in clinics. Here, we propose that the reduction of
motor beta synchrony (MBS) prior to movement onset could participate in this incentive motivation
process. To test this hypothesis, we recorded brain activity using magnetoencenphalography (MEG), while
participants were exerting physical effort in order to win monetary incentives. Knowing that the payoff
was proportional to the time spent above a target force, subjects spontaneously took breaks when
exhausted and resumed effort production when repleted. Behavioral data indicated that the rest periods
were shorter when higher incentives were at stake. MEG data showed that the amplitude of MBS
reduction correlated to both incentive level and rest duration. Moreover, the time of effort initiation could
be predicted by MBS reduction measured at the beginning of rest periods. Incentive effects on MBS
reduction and rest duration were also correlated across subjects. Finally, Bayesian comparison between
possible causal models suggested that MBS reduction mediates the impact of incentive level on rest
duration. We conclude that MBS reduction could represent a neural mechanism that speeds the initiation
of effort production when the effort is more rewarded.
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