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A large body of behavioral evidence has shown that individuals exhibit loss aversion at the time 

of risky choice in the sense that losses are weighted more heavily than gains of equal magnitude 

and likelihood. Based on recent research by our group, which has shown that attention affects 

the computation and comparison of values during simple choices, we hypothesized that 

differences in loss aversion could be modulated by differential attention to losses. In particular, 

we hypothesized that individuals who pay more relative attention to losses would exhibit more 

loss aversion, and that controlling for value, random increases in the relative amount of 

attention paid to losses would result in more loss averse choices. 

 

We tested these hypotheses using a simple eye-tracking choice task in which subjects made 

binary choices between risky options and a constant sure outcome. Each lottery was comprised 

of a gain and loss component, as well as percentages indicating the likelihood of receiving each, 

all of which varied across trials. Eye-tracking allowed us to observe the amount of time subjects 

spent looking at both gains and losses. We then estimated the parameters of a prospect theory 

model for each subject, and also for pooled trials with above and below average relative 

fixations to losses.  

 

Consistent with the first hypothesis, we found that more loss averse subjects paid more relative 

attention to losses. Preliminary data suggests that exogenous increases in the relative amount of 

attention paid to losses increases behavioral loss aversion. 
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Objective: Reward anticipation has been demonstrated to enhance declarative memory encoding, but the 

mechanisms guiding this enhancement are still an active area of research. The hippocampus has been 

demonstrated to preferentially encode experiences that violate prior expectations, such as surprising, 

novel stimuli in the environment. Recent research has demonstrated that responses to novel stimuli are 

enhanced when they also predict reward. Together, these findings suggest that reward anticipation may 

enhance memory encoding by increasing sensitivity to expectancy violations signals in the hippocampus. 

We test this hypothesis by investigating incidental hippocampal encoding of expectancy violations while 

explicitly manipulating reward anticipation. 

 

Methods: While collecting fMRI data, 19 healthy participants (9 female) performed a rewarded reaction 

time (RT) task that manipulated the presence of expectancy violations. During each trial, participants saw 

a cue that either depicted a high or low reward for a fast reaction time to an upcoming target. During the 

control condition (CON), following the cue but prior to the target participants saw sequential 

presentations of the same object. During the expectancy violation (EXP) condition, an unexpected 

presentation of a novel, but similar, object was interjected within the sequential presentations of the same 

object. Following scanning, participants were tested on their memory for objects that constituted 

expectancy violations.  

 

Results:  Behavioral analysis revealed that participants were better at identifying objects that constituted 

expectancy violations following high compared to low reward cues. Neuroimaging analysis revealed a 

main effect of reward, such that there were greater activations throughout the mesolimbic dopamine 

system, including the ventral striatum and midbrain, in response to high versus low reward cues. 

Neuroimaging analysis also revealed a significant reward * expectancy violation interaction, such that 

expectancy violation signals (EXP – CON) in the hippocampus were greater following high versus low 

reward cues.  

 

Conclusions: Together these results suggest that reward anticipation increases hippocampal sensitivity to 

expectancy violations and promotes the encoding of surprising stimuli within the environment. These 

results also support rodent models in which dopaminergic signaling arising from the midbrain contributes 

to memory encoding via promoting better encoding of novel stimuli within the environment.  
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Objective: Making optimal decisions requires integrating information from multiple sources. For instance, 

perceptual decisions involve an evaluation of the uncertainty about a stimulus, while free-choice 

paradigms require an estimation of the reward value of each option. Here we asked how rats combine 

reward value and decision uncertainty to make choices in a reward-biased psychometric decision task. 

 

Methods: We used a reward-biased psychometric two-alternative forced choice task. Rats were first 

trained in a binary odor mixture categorization task. By interleaving trials of different odor-mixture ratios 

we adjusted the difficulty of individual decisions. We biased reward expectations by either changing the 

reward amount or reward probability across choice sides and switched the bias between sides in the 

middle of each behavioral session.  

 

Results: Rats learned this task in a few weeks and their performance was a function of stimulus difficulty 

but biased towards the side with the larger expected reward. Reward biases, whether introduced by 

changing reward probability or amount, were strongest for the most difficult odor mixtures and minimal 

for pure odors. Reaction times were systematically shorter for the side with the higher reward value.  

 

Conclusions: These results show that rats increasingly relied on prior knowledge with increasing decision 

uncertainty, suggesting that decision uncertainty and experienced reward value were integrated in a 

Bayesian way to bias choices.  

 

Acknowledgements: 

We are grateful to the Alfred P. Sloan and Klingenstein Foundations for support. 



Age-related change in striatal delay sensitivity during intertemporal choice in adults 
 

G.R. Samanez-Larkin
1*

, R. Mata
2
, P.T. Radu

3
, I.C. Ballard

4
, L.L. Carstensen

3
, and S.M. McClure

3 

 

1
Psychological Sciences, Vanderbilt University; 

2
Department of Psychology, University of Basel; 

3
Department of Psychology, Stanford University; 

4
Center for Cognitive Neuroscience, Duke University. 

 
*
Correspondence at: g.samanezlarkin@vanderbilt.edu 

 
Objective: Intertemporal choices are a ubiquitous class of decisions that involve selecting between 

outcomes available at different times in the future. We investigated the neural systems supporting 

intertemporal decisions in healthy younger and older adults. 

 

Methods: Twelve younger adults and 13 older adults completed an intertemporal decision making task 

while undergoing fMRI. A dual-system model with one present-oriented component and another more 

delay-oriented component (beta-delta) was used to create regressors of interest for the neuroimaging 

analyses. 

 

Results: Using functional neuroimaging, we find that aging is associated with a shift in the brain areas 

that respond to delayed rewards. Although we replicate findings that brain regions associated with the 

mesolimbic dopamine system respond preferentially to immediate rewards, we find a separate region in 

the ventral striatum with very modest time dependence in older adults. Activation in this striatal region 

was relatively insensitive to delay in older but not younger adults. Additionally, activity in this region 

correlated with behavioral preferences for delayed rewards. 

 

Conclusions: Since the dopamine system is believed to support learning about future rewards through 

associative learning, our observed transfer of function may be due to greater experience with delayed 

rewards as people age. Understanding differences in the neural mechanisms that underlie discounting may 

provide the bridge necessary to construct a more comprehensive model of the age dependence of 

intertemporal preferences. 
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In daily life, our choices are usually followed by feedback about the outcome of the chosen option only. 

On rare occasions, we also know what would have happened under different choices (e.g., stock market).  

Such ‘complete feedbacks’ can result in the emotion of regret (and rejoice), which is triggered by our 

capacity to reason counterfactually. Although the effects of regret have received much attention, it still 

remains unclear how regret affects people when they need to evaluate and select options based on their 

experience. Also, although recent studies have revealed brain regions associated with regret (e.g., anterior 

cingulate cortex and orbitofrontal cortex), the temporal sequence of outcome evaluation is largely 

unknown (e.g., parallel or serial processing of chosen and unchosen outcomes?).  

 

We investigated these questions by recording electroencephalography (EEG) activity that has high 

temporal resolution while participants receive complete feedbacks on experience-based gambling tasks. 

Participants made choices between a sure option and a risky option while the long-term expected values 

were equated for both options. Then, we used reinforcement learning models to test 1) whether 

participants evaluate each chosen and unchosen outcome separately following a conventional 

reinforcement learning model or they make counterfactual evaluation, and 2) whether the impact of regret 

depends on the ‘surprisingness’ of the outcome (i.e., more regretful if the outcome was unexpected) as 

suggested by the current regret theory (Mellers et al., 1999). The computational modeling results using 

hierarchical Bayesian analysis suggest that 1) participants made regret-based decisions, and 2) the impact 

of regret depends on the ‘expectedness’ rather than the surprisingness (i.e., more regretful if the outcome 

was expected), which challenges the current theory of regret. Also single-trial EEG results suggest that 

complete feedbacks are evaluated in a serial way (i.e., initial evaluation of outcome feedback and 

counterfactual evaluation at later times).  

 

These results suggest that reinforcement learning models need to incorporate counterfactual evaluation 

when complete feedbacks are provided, and using neuroimaging methods with high temporal resolution 

can be useful for understanding temporal dynamics of decision-making.   
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Objective: When rewards are expected at specific future times, it is irrational to reverse one’s 

intertemporal preference as time passes. Often, however, the timing of future outcomes is unknown (as in 

classic delay-of-gratification scenarios; Mischel et al., 1970). When delays are open-ended, deciding how 

long to persist is nontrivial, even under stationary preferences. Here we develop and test a rational model 

of choice under temporal uncertainty.  

 

Theory: We posit that a decision maker maintains a subjective probability distribution over possible delay 

lengths, updating it in a Bayesian manner as time elapses. The distribution’s shape determines whether 

the expected remaining delay falls or rises as time passes. This implies that one’s willingness to persist in 

waiting should depend on one’s prior beliefs about the distribution of possible delays. The present work 

tests this proposition empirically.  

 

Methods: In two behavioral experiments, participants had repeated opportunities either to wait for larger 

delayed rewards or to collect smaller immediate rewards. Rewards were monetary and total time was 

limited. The statistical distribution of delay lengths differed across participants. For some distributions 

indefinite patience was the rate-maximizing strategy. For others, the rate-maximizing strategy was to wait 

for the larger outcome initially, but switch to the immediate outcome if the wait lasted more than a few 

seconds.  

 

Results: In both studies, participants were highly sensitive to statistical cues. When timing experience 

implied that rewards drew nearer with time waited, most participants had no difficulty waiting as long as 

necessary. When experience implied the opposite, participants became significantly less willing to persist 

in waiting. Separately collected survey data suggest that the latter type of temporal beliefs apply in real-

life situations presumed to require self-control.  

 

Conclusions: Previous explanations of dynamic preference reversals have focused on intrinsic sources of 

inconsistency, such as hyperbolic discounting or competing behavioral controllers. We show that when 

delay durations are uncertain, reversals can arise as an adaptive response to the perceived statistics of the 

environment. Our method for controlling the occurrence of reversals will be useful in future 

neuroscientific investigations. Additionally, our finding that decision makers respond appropriately to 

statistical cues supporting persistence might be usefully applied to encourage increased persistence in 

contexts where this is desired.  
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Objective: Classically, dopamine neurons were thought to signal reward magnitude or 
hedonic value directly by their firing rate. More recently, electrophysiological recordings 
from dopamine neurons in the substantia nigra and ventral tegmental area (VTA) 
suggest that instead these neurons encode a reward prediction error (RPE), which 
guides action value learning (Schultz et al., 1997, Nakahara et al., 2004, Bayer and 
Glimcher, 2005). These two hypotheses differ fundamentally in the effect they predict if 
dopamine release is enhanced after a specific action is produced. The reward 
hypothesis predicts that stimulation induced dopamine release augments the value of a 
stimulation-associated reward in a step-fashion. The RPE model predicts that 
stimulation-associated rewards grow indefinitely in value (eg Redish). We employed 
deep brain stimulation amongst the dopamine neurons of the midbrain combined with 
D2 receptor blockade to examine these two hypotheses directly.  
  
Methods: In order to measure the value that our monkey subjects place on an action we 
trained two animals to perform a two-target dynamic foraging task (Herrnstein, 1961).  
In this task, the monkey is given the option of choosing the right target or the left target 
by making a saccade to either target. Each target is armed with a reward 25% of the 
time; importantly, the target remains armed with a reward until the animal chooses it, 
thus discouraging perseverance on either target. The magnitude of the reward 
associated with each target, was however changed across blocks with blocks having 
length between 65-150 trials. Previous work indicates that under these conditions the 
ratio of choices made by a subject to the two targets reflects the perceived ratio of 
rewards, thus allowing us to read out from a monkey’s choice behavior its assessment 
of value. Within the task and during select blocks we stimulated in the VTA with short 
trains of cathodal pulses (150 µAmps; frequency of 90 Hz) whenever the monkey 

received a reward for selecting one of two targets.  
 
Results: We found that subjects allocated a continuously increasing fraction of their 
choices to the stimulation-associated action as predicted by the RPE theory. To 
demonstrate that this effect was dependent on dopamine levels we systemically blocked 
D2 receptors with raclopride. We found that raclopride attenuated the effect of 
stimulation.  
 
Conclusions: These results align well with the hypothesis that increases in dopamine 
concentrations following an action increase the value of the action each time that action 
is performed. 
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Objective: The amygdala is a key structure of the brain’s reward system and is involved in value-based, 

economic choices. Existing theories view the amygdala’s role in decision-making as restricted to an early, 

valuation stage that may serve as input to abstract economic decision mechanisms in downstream brain 

structures. However, the extent to which the amygdala itself encodes economic choices beyond value has 

never been tested. So far, encoding of choices in the brain has primarily been observed in sensorimotor 

systems in relation to action rather than in abstract form, leaving it unknown whether abstract 

representations of economic choices independent of action and value exist. Thus, in the absence of 

neurobiological evidence for abstract choice coding, the basic nature of the mechanism for economic 

decision-making remains unclear. Here we sought to provide such evidence and tested the extent to which 

amygdala neurons explicitly encode abstract economic choices rather than reward values. 

 

Methods: We recorded the activity of single amygdala neurons while monkeys made typical economic 

choices between saving liquid reward with interest and spending the acquired total amount. 

 

Results: We describe a population of amygdala neurons that predicted upcoming save and spend choices 

in an abstract manner, independent of reward value, action and visual stimulus features. Neuronal 

activities predicted economic choices with an accuracy of 75%, even before action information was 

available. These activities failed to occur with imperative, forced choices. Thus individual amygdala 

neurons explicitly encode an abstract representation of economic choice which would conceptually be 

positioned between economic valuation and action selection.  

 

Conclusions: Our findings suggest a previously unrecognized, direct role of the amygdala in decision-

making and extend existing theories of amygdala function beyond valuation to the computation of choice. 

The findings indicate that the brain uses an abstract encoding scheme for economic choices analogous to 

processing in other, fundamentally different high-level cognitive faculties including number processing, 

object vision and spatial navigation. 
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Objective:  Rats with a history of high, voluntary alcohol intake during adolescence make risky choices 

on a probabilistic decision-making task as adults.  This behavior is mirrored by elevated phasic dopamine 

signaling within the striatum is in response to risky, but not safe, options, indicating that the action values 

assigned to probabilistic cues are overweighted compared to controls.  Thus, we hypothesized that a 

perturbation in reinforcement learning may contribute to elevated risk preference following adolescent 

alcohol exposure.   

 

Methods:  For 20 days, adolescent rats (PND 30-49) were provided with continuous access to a 10-% 

ethanol or control gelatin prepared with 10-% glucose polymers (Polycose).  Two months following 

removal of gelatin animals were tested on either a fixed-ratio 1 instrumental learning task or a Pavlovian 

conditioned approach task in a standard operant chamber (Med Associates).   

 

Results:  Alcohol-exposed animals acquired response-reward (instrumental) and stimulus-reward 

(Pavlovian) associations significantly faster than controls.  As assessed with a Reinforcement Learning 

model, alcohol-exposed animals had a 40% higher learning rate than controls during acquisition.  

However, the two groups extinguished behavior at similar rates, demonstrating a divergence in learning 

rate for better- and worse-than-expected outcomes.  Using the best-fit learning rates, we simulated the 

probabilistic decision-making task and confirmed that the imbalanced learning rate in alcohol-exposed 

animals produced a higher steady-state Q-value for probabilistic, but not safe, options compared to 

controls.  This observation was independent of the decision-making policy (Soft-Max, winner takes all, or 

matching). 

 

Conclusions:  We conclude that a greater weighting of better-than-expected outcomes relative to worse-

than-expected outcomes contribute to risk preference by promoting an overall increase in the steady-state 

value assigned to choices where probabilistic outcomes are encountered. 
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Objective: Much research has been conducted on neural correlates of stress’ influence over executive 
processes, but more recently researchers have begun to examine the effects of acute stress exposure on 
decision making.  The following two studies were designed to examine the manner in which acute stress 
modulates neural responses to monetary gains and losses using fMRI. 
 
Methods: In Study 1, participants performed a financial decision making task where they were asked to 
choose between decision options presented as opportunities either to win or lose money (gain and loss 
frame respectively) after exposure to cold stress or a no stress control procedure within-subjects.  Changes 
in BOLD signal associated with positive and negative financial outcomes experienced after acute stress 
and no stress were then examined.  In Study 2 participants engaged in a card guessing paradigm similar to 
that presented in Delgado et al. (2000) after exposure to cold stress or a no stress control procedure 
between-subjects.  In each round participants were asked to guess the value of a card stimulus.  Correct 
guesses led to high or low magnitude monetary rewards and incorrect guesses were followed by high or 
low magnitude monetary punishments.  All possible outcomes were manipulated to be presented at an 
equal rate, regardless of participants’ actual choices.  Thus, in Study 2 stress-related effects on striatal 
responses to monetary rewards and punishments of different magnitudes could be examined.  Salivary 
cortisol measurements were acquired during both studies.   
 
Results: Salivary cortisol levels confirmed that cold stress exposure was associated with increases in 
circulating cortisol.  When a contrast of positive versus negative financial outcomes was examined, it was 
observed that after cold stress ventral striatal BOLD signal was reduced as compared to no stress levels.  
In Study 2 (ongoing) participants exhibited increased ventral striatal BOLD after receipt of positive 
financial outcomes over negative ones.  Future analyses will focus on examining differences in striatal 
responses to monetary rewards and punishments as a function of the between-subjects factor of stress 
exposure, and the possible effect of magnitude on stress-related modulation of striatal BOLD signal. 
 
Conclusions: After acute stress exposure, the ventral striatum’s ability to distinguish between positive and 
negative financial outcomes may be compromised.  This converges with past research which indicates 
that reward responsiveness is impaired under acute stress (Bogdan & Pizzagalli, 2006).   
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Obesity is a nutritional disorder that spans all ages, ethnicities and affects 

both sexes. It is a rapidly growing epidemic and it is a disease characterized 
mainly by overeating. Studies show that obese individuals experience increased 
craving for, and pleasantness from, food reward or cues related to food. 
Abnormal patterns of activation in valuation and choice related brain areas 
(hypothalalmus, insula, vmPFC, dlPFC, amygdala and striatum) have also been 
observed in these subjects. These data suggest that the modulation or 
modification of basic valuation and reward mechanisms is a feature of some 
forms of obesity. Our aim was to determine, using a choice task, whether this 
altered valuation is specific to food rewards or whether it can also be observed 
for valuation of other reward types. Using methods from experimental economics, 
we asked if obese individuals value primary (food and water) and monetary 
rewards differently compared to lean individuals, and if yes in what way.  

Obese and lean subjects fasted for four hours before the experiment. They 
were then asked to choose between monetary, food and water rewards. In 
SAME-type lotteries, subjects had to choose between a certain small reward and 
a stated probability of either winning a larger amount of the same reward or 
getting nothing. From these trials we could estimate each subject’s risk 
preferences for each reward type. In MIXED-type lotteries, subjects had to 
choose between a sure win of a small amount of money and a stated probability 
of winning a fixed amount of a primary reward (food or water) or getting nothing. 
From these trials we could estimate each subject’s relative value (the exchange 
rate) between primary rewards and money. That is, how much food or water 
worth $1 for each subject. 

 We found that obese subjects have higher aversion for risk in all three 
reward types compared to lean individuals, but the exchange rate of food and 
water to money was the same as for lean subjects. Not only, as expected, do 
obese subjects have different preferences while making choices for food rewards 
but this is also true for non-food rewards such as water, and even money. 
However, interestingly, obese subjects are not willing to pay more for primary 
rewards. This raises the possibility that obese subjects have an altered valuation 
system for all reward types (although they have the same sensitivity to monetary 
market values) and that this is a general trait of the disease.      
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Objective:

The aim of this study was to investigate the effect of vestibular stimulation on risky decision-

making. Vestibular cortical projection areas include the insular cortex (for overview see

Lopez & Blanke, 2011), which is known for its involvement in risky decision-making (Paulus

et al., 2003). The insula has been suggested as a basic neural substrate for subjective

awareness and the representation of the emotional self (Craig, 2009). The latter is associated

with the right hemisphere (Berlucchi & Aglioti, 1997). We used caloric vestibular stimulation

(CVS), which is a non-invasive brain stimulation technique (Been, Ngo, Miller, & Fitzgerald,

2007) that is routinely used by ENT doctors to examine the vestibulo-ocular reflex. However,

CVS not only activates the oculomotor pathways but also the ascending vestibular projections

to the cortex. We hypothesize that right hemispheric activation induced by CVS involves

brain areas involved in the representation of the emotional self, which in turn leads to a more

risk-averse behavior in a gambling task.

Method:

We tested 20 right-handed healthy participants. They performed a risky decision-making task

(‘Devil Task’) while they were exposed to cold air (20° C) caloric vestibular stimulation to

the left ear. This stimulation leads to a right hemispheric activation of the insula and anterior

cingulate cortex (for overview see Lopez & Blanke, 2011). For sham stimulation we irrigated

the external auditory canal with air at body temperature, which is inefficient. We monitored

eye movements to ensure that the vestibular stimulation was applied properly.

Results:

We compared risk behavior after loss and after win trials. Interestingly, type of stimulation

(CVS, sham) interacted with risk behavior (after loss, after win). CVS led to a temporary

increase in risk-averse behavior after loss trials when compared to the sham condition. The

effect was specific for trials after loss; no difference was found after win trials.

Conclusion:

CVS was shown to evoke a more critical and risk-averse gambling behavior only after loss

trials. We conclude that the effect of CVS on risk behavior results from the activation of brain

areas involved in the representation of the emotional self and heightened awareness of bodily

states.
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Objective: Setting goals increases motivation, but their quality also matters. Psychological studies suggest 

the distinction between “mastery goals (MG),” which focus on achieving competence based on a self 

standard (e.g., trying to do better than before), and “performance goals (PG),” which focus on achieving 

competence based on a normative standard (e.g., trying to do better than others). To address the neural 

basis of the effect of setting different goals on motivation, we investigated brain activity by functional 

magnetic resonance imaging, while subjects were performing a stop-watch (SW) task to achieve a goal 

and a control task. 

 

Methods: In the SW task, participants were presented with a stopwatch that starts automatically, and were 

asked to press a button with their right thumb so that the button press fell within 50 ms of the 5-s time 

point. A point was added to their score when they succeeded. In the control task, participants passively 

viewed a stopwatch and were asked to press a button when it automatically stopped. Both tasks were 

pseudorandomly intermixed with a cue indicating the coming task. Forty-three participants were 

randomly assigned to a MG (n=14), PG (n=15) or control (C) group (n=14) and scanned in two separate 

sessions. In session 1, the participants were asked to obtain as many points as possible. In session 2, the 

MG group was asked to obtain more points than they achieved in session 1; the PG group was asked to 

obtain more points than another participants who had completed the task a short while before. The C 

group was asked to perform the task without any explicit goal being set. 

 

Results: The MG group reported high motivation for the SW task regardless of their baseline performance 

in session 1, whereas the PG group reported significantly different levels of motivation for low and high 

baseline performance. During the task cue presentation, the midcingulate cortex (MCC) showed 

significantly higher activation in the MG and PG groups than in the C group (Ps<0.005) only in session 2, 

and the activation was not significantly different between the MG and PG groups (P=0.94). The bilateral 

temporoparietal junction (TPJ) showed significantly higher activation in the MG group than that in the 

PG group in session 2. Moreover, activity in the lateral prefrontal cortex (LPFC) during the cue 

presentation, and the ventral striatum (VS) at the time of success, showed a significant positive 

correlation with baseline performance (Ps<0.05) in the PG group, but not in the MG group (Ps>0.1). 

 

Conclusions: These results suggest that the MCC is activated by setting goals, the TPJ discriminates 

between MG and PG, and the LPFC and VS receive this information to enhance motivation. 
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Objective: Economists once assumed large incentives result in higher motivation and greater productivity, 

but recent evidence suggests that such incentives do not necessarily translate to greater performance. In 

fact, large incentives can sometimes paradoxically hinder performance. Explanations for this effect vary 

but fall into two broad categories. The first posits large incentives result in self-consciousness, which can 

narrow attention to automatic behaviors and hinder performance. The second suggests large incentives 

increase arousal, resulting in poor performance. To tease apart these alternative mechanisms, we explored 

the effect of large incentives— bonuses— on performance in capuchin monkeys. Capuchin monkeys 

show little evidence of self-consciousness and thus can allow us to tease apart these two classes of 

alternative explanations.  

 

Methods: Four capuchins were trained on a touchscreen task in which they were required to touch a 

button appearing in random locations on the screen. If monkeys successfully touched the button, they 

received positive feedback (a tone, food, and the height of a progress bar increased). If they touched 

anywhere else on the screen, they received negative feedback (a buzz, no food, and the progress bar on 

the screen did not change). After initial training to 75% accuracy over five consecutive training sessions, 

monkeys were presented with small bonuses (5 pieces of cereal) if they scored 90% accurate or better. 

Monkeys then moved to five sessions of either medium (10 pieces) or large (15 pieces) bonuses before 

returning to the small bonus condition again. We measured overall accuracy and proportion of bonuses 

received.  

 

Results: Although overall accuracy on the task did not vary depending on the bonus size (small: 85%, 

medium: 80%; large: 82%), ability to perform well enough (90% or better) to achieve the bonus did. 

When bonuses were small, capuchins earned them on 56% of trials, while they achieved the medium 

bonus on only 35% of trials, and the large bonus on only 25% of trials.  

 

Conclusions: These results suggest that paradoxical effects of incentives can be seen in capuchins, who, 

unlike humans, do not show any evidence of self-consciousness. This calls into question the idea that a 

sense of self, specifically self-conscious emotions, can explain this performance decrement. The data do, 

however, suggest that more low-level processes, such as arousal level, may be able to explain the 

paradoxical effect of incentives on performance.   
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Objective: In this fMRI study we investigate how individual risk preferences are reflected in the neural 

coding of anticipation risk (i.e. without an actual choice) and risk prediction error. 

 

Methods: We collected functional MR images of 56 subjects during a simple gambling task that involves 

passive risk anticipation and the corresponding risk prediction error (Preuschoff et al., 2006, 2008). 

Individual risk preferences were measured with a separate lottery task. 

 

Results: The structures that code for anticipation risk (ventral striatum and anterior insula) are more 

strongly activated in risk averse compared to risk seeking individuals under high risk conditions. 

Moreover, risk prediction error signals in anterior insula, inferior frontal gyrus and anterior cingulate 

indicate that risk seekers respond less to gambles that are not as risky as expected. 

 

Conclusions: Risk aversion covaries with an increased risk anticipation signal under high risk conditions. 

This altered signal may modulate subsequent reward learning and the anticipation of somatosensory 

states. Risk seekers’ decreased risk prediction error signal for situations that are less risky than expected 

matches their tendency to seek riskier situations. Other studies have reported effects of risk preferences on 

decision risk processing (i.e. during or before choices; e.g. Christopoulos et al., 2009). This is the first 

study to show that risk preferences are already reflected in the automatic risk processing independent of 

an actual choice. Risk preferences may thus be due to alterations on different steps of risk processing, 

such as the emotional risk evaluation as well as the cognitive inhibition of risk taking behavior (cp. Mohr 

et al., 2010). 
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Objective: While it has been established that vmPFC activity can predict ensuing choice 

orderings in accordance with a utility representation, it is not known whether the magnitude of 

vmPFC activity impacts the likelihood that an option will be chosen. We seek to establish that 

the random-utility model, which imposes a cardinality on the utility representation, describes 

vmPFC activity and resulting choice probabilities. 

 

Methods: We re-analyze the data from Levy et al. (2010) in which 12 subjects underwent fMRI 

scans while they were shown pictures of 20 desirable goods such as DVD's, books, and CD's. 

After the scanning session, subjects were then asked to perform a second experiment in which 

they chose between the items in a series of binary choices. Each choice pair was presented twice, 

and to ensure subjects reported their true preference, the subject received the result of one of 

their choice trials drawn at random.  

 

Results: As predicted by the random-utility model, a subject is much more likely to pick an item 

when the difference in BOLD is large. However, the number of times the subject switched their 

choice (recall that each choice pair was presented twice) does not appear to depend on the 

difference in BOLD activity. At first glance this contradicts a prediction of the random-utility 

model; a subject should be more likely to choose an item twice, once, then never at all as BOLD 

activity decreases. However preliminary modelling suggests that this feature of the data can be 

explained by the imprecision of the BOLD signal in this study as a measure of value; introducing 

measurement error into the RUM yields the correct predictions.  

 

Conclusions: The results suggest that vmPFC activity can be well-represented by a random-

utility model as long as we account for the degree of measurement error present in the BOLD 

signal. This suggests special care must be taken in deriving statistical relationships between 

BOLD activity and value, as these estimates will be biased, though our modeling approach does 

suggest a method for characterizing the distribution of measurement error. 
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Objective: Decision making is considered to arise from both a ‘model free’ habitual system, which uses 

prediction errors to drive learning of stimulus-response associations, and a ‘model based’ goal directed 

system whose choices emerge from searching and evaluating a tree of possible future actions and their 

consequences. Phasic dopamine is thought to represent reward prediction errors in the model-free system 

but the role of dopamine in model-based choice and the arbitration between both controllers is unknown. 

Here we tested the influence of dopamine on the degree at which either system contributes to behavior in 

a multi stage choice task. 

 

 

Methods: 18 subjects performed in a two-stage Markov decision task (Daw et al., Neuron 2011) after 

being treated with either Madopar (L-DOPA, 150mg, plus 37.5mg benserazide) or a placebo in a double-

blind, fully counterbalanced repeated measurements design. On every trial, a choice between two stimuli 

led probabilistically to one of two second-stage states, each of which then demanding another choice 

between two different stimulus pairs. All options in stage 2 were associated with probabilistic reward, 

which changed slowly and independently according to Gaussian random walks. Importantly, throughout 

the experiment each 1st-stage stimulus was more strongly associated with a particular 2nd-stage state, 

imposing a task structure that could be exploited in model-based choice. The logic of the task was that 

model-based and model-free strategies for RL predict different patterns by which reward obtained in the 

second stage should impact first-stage choices on subsequent trials. This task allows distinguishing 

model-based and model-free influences on human choice and has been shown to exhibit a mixture of both 

model-free and model-based learning within subjects. It is therefore ideally suited to test the influence of 

a pharmacological manipulation on the degree at which subjects perform under model based or model 

free control.  

 

Results: Using choice based analysis and computational modeling we find a promotion of model based 

over model free behavior with increased dopamine levels. This was evident in an increased impact of the 

interaction between state transitions and reward compared to the mere history of received rewards on 

subjects’ choice behavior. Computational modeling using hybrid algorithms between model-free RL and 

forward search confirmed an increase in the relative weight of the model-based component.  

 

 

Conclusions: We show that enhancing dopamine levels in the brain through L-DOPA leads to stronger 

model-based over model-free behavior. Our results point towards a role for dopamine in decision making 

that goes beyond prediction error based learning of values. 
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Objective: The phasic activity of midbrain dopamine neurons is thought to encode a reward prediction 

error (RPE) signal. However, this hypothesis has not been formally tested at the neurochemical level. 

Caplin and Dean recently derived an axiomatic basis for the dopaminergic RPE hypothesis, identifying 

those properties required of any RPE signal. We previously demonstrated that blood oxygen level-

dependent activity in the human nucleus accumbens satisfies this axiomatic model and therefore can 

encode RPEs. Here we use fast-scan cyclic voltammetry to measure phasic dopamine release in the core 

of the nucleus accumbens in rats to test whether dopamine itself satisfies the axiomatic model. 

 

Methods: Rats were trained to perform a task where two levers were associated with different 

probabilities of large and small rewards. In deterministic sessions, the probabilities for each lever were 

100%; one lever was associated with 100% probability of 4 pellets and the other lever was associated 

with 100% probability of 1 pellet. In probabilistic sessions, both prizes were available from both levers; 

one lever was associated with 75% probability of 4 food pellets and 25% probability of 1 pellet. The other 

lever was associated with 25% probability of 4 pellets and 75% probability of 1 pellet. In both 

probabilistic and deterministic conditions, free and forced choice trials were interleaved in blocks. A 5-

second delay period between lever press and reward receipt allowed separation of dopamine release 

associated with cue, lever press, and reward receipt. Rats were trained to a behavioral criterion of 

preference for the high-reward lever before voltammetry sessions. We used phasic dopamine 

measurements from forced choice trials to test the axiomatic model. 

 

Results: The axiomatic RPE model specifies three conditions that are both necessary and sufficient for 

any signal to represent RPEs. If activity is: 1) increasing with prize magnitude, 2) decreasing with option 

expected value, and 3) equivalent for outcomes from all lotteries with a single possible outcome, then the 

measured activity can, by definition, be described as representing RPEs. Data from the probabilistic 

sessions allows testing of the first and second axioms; data from the deterministic sessions allows testing 

of the third axiom. In probabilistic sessions, dopamine concentrations immediately following reward 

receipt were higher for 4 than 1 pellets for each lever, satisfying the first axiom. Concentrations were also 

lower for the high- than low-probability lever for each prize, satisfying the second axiom. In the 

deterministic sessions, dopamine concentrations were similar for 4 and 1 pellets following reward receipt, 

satisfying the third axiom.  

 

Conclusions: Phasic dopamine release satisfies all three axioms of the model immediately after reward 

receipt. This proves that phasic dopamine release can be described as representing reward prediction 

errors. 
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The hormone oxytocin has long been considered important for prosocial behavior, with researchers 

exploring the relationship between oxytocin and factors such as trust, empathy, cooperation, and 

generosity. However, contrary to the popular belief of oxytocin being a ‘love hormone’, recent studies are 

beginning to suggest that oxytocin does not necessarily lead to indiscriminately prosocial behavior, but 

rather that it plays a role in a broader range of social behaviors. The aim of this study was to explore the 

possible effects of oxytocin on social norm enforcement. If oxytocin does indeed play a key role in social 

behavior, then does administration of oxytocin foster the choice to punish social norm violators? Or might 

oxytocin lead to a greater willingness to compensate the victim of a social norm violation?  

 

To investigate the role of oxytocin in social norm enforcement, we conducted a between-subject, double-

blind, placebo-controlled, experiment in which participants played three versions of a monetary game 

while undergoing functional neuroimaging. These games were: a second-party punishment game, a third-

party punishment game and a third-party compensation game. Hypothesizing that the effects of oxytocin 

do extend into a wider range of social behavior, we predicted that participants who received oxytocin 

would respond more intensely to social norm violations than participants in the placebo group, and 

thereby show increased punishment and/or compensation behavior.  

 

Our behavioral results demonstrated that oxytocin did increase sensitivity to social norm violations.  

Participants in the oxytocin group showed a greater willingness to punish those who violated a social 

norm. This effect was present in both punishment games, demonstrating that the effects of oxytocin on 

social norm enforcement extend into the domain of altruistic punishment. Interestingly, oxytocin did not 

enhance compensation behavior, thereby supporting the hypothesis that the positive effects of oxytocin on 

prosocial behavior are context-dependent. These results suggest that oxytocin is involved in a broader 

range of social behaviors than has been previously shown. Additionally, we collected neuroimaging data 

to assess the neural mechanisms by which oxytocin mediates social norm enforcement. 
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Objective: In affective decision-making, animals must choose among multiple alternatives that have 

varying degrees of attractiveness. They must determine what to choose, when to choose it, and whether to 

continue to make the same choice time after time. The mechanisms underlying these decision dynamics, 

however, are poorly understood. We carried out a series of preference tests with four rhesus macaques 

(Macaca mulatta) to determine how they make and change their decisions. 

 

Methods: In three conditions, we gave the monkeys a choice among four food items over multiple trials. 

Our goal was to determine how the properties of reward influence decision patterns over trials. First, we 

offered each monkey a choice among four different food items. Then we gave the monkeys a choice 

among four different colors of the same food item, followed by a choice among four identical food items. 

 

Results: The behavioral results revealed a preferential attachment effect: the monkeys tended to choose 

the item they had previously chosen. The animals also showed a biased rank distribution. These two 

effects may reflect two underlying valuation systems: (1) a habit system, which leads to a status quo bias, 

and (2) a goal-directed system, which tends to maximize reward. Here we propose a simple computational 

model for dynamic decision-making that captures both effects, and predicts what, when and for how long 

a given food item will be chosen. The model comprises two processes: a preferential attachment process 

with a leaky integrator for the habit system and a rank-based decision process for the goal-directed system. 

Our model accurately describes the behavioral results and can simulate dynamic choice behavior using a 

Monte Carlo method. The best estimated parameters of the model suggest that decisions were strongly 

driven by the preferential attachment process of the habit system. However, the rank-based decision 

process also influenced the decision dynamics, especially in deciding the degree of bias toward the 

higher-ranked options. In addition, as the options became more similar, the influence of the goal-directed 

system on choice increased. 

 

Conclusions: Our model suggests that the saliency (value) of the choice alternatives and the difficulty of 

the decision modulate the level of influence of the dual valuation systems, with a weighted combination 

of the two systems determining a choice. Our model provides insight into the decision dynamics of dual 

valuation systems, generally, and habits versus goal-directed behavior, specifically.!



Target profitability is represented in the monkey superior colliculus during visuosaccadic 
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Behavioral choices of animals as they acquire resources in the wild are well characterized 

by foraging theory; however, the neural mechanisms underlying these behaviors are not well 

understood.  Rhesus monkeys performed a novel visuosaccadic foraging task while we recorded 

the activity of single neurons in the intermediate layers of the superior colliculus (SCi) which 

have a well characterized role in saccade planning and preparation. We hypothesized that target 

profitability – the measure of value in foraging theory – is represented in the SCi. Visual Foraging 

Task: Monkeys harvested colored dots representing prey items by fixating them for a pre-

specified handling time. On each trial, multiple prey were presented, sharing identical physical 

attributes except that each was one of three colors.  All prey of the same color shared the same 

profitability [Profitability = reward magnitude (ml)/fixation handling time (s)]. With limited 

foraging time, reward intake is maximized by selecting prey targets in descending order of 

profitability. We computed a behavioral index of relative profitability, which compared the order 

with which monkeys chose prey of each color, and compared it to concomitant SC activity 

attributed to the prey in the neuron’s response field. We found that relative profitability of the 

response field prey was reflected in the level of SCi activity. Profitability information was present 

in SCi activity throughout the extended fixation period whereas the goal of the next saccade was 

represented just prior (300-100ms) to the saccade itself. Together, our results highlight the 

prominent role of profitability in shaping activity across the SCi saccadic map. 
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Objective: Decision making is a complex process that requires skill in several cognitive realms, including 

learning, memory, cognitive flexibility, value detection and comparison, and action selection. Although 

many decision-making studies address other forms of cognition, it remains unclear what underlies 

individual variance on typical decision-making tasks. 

 

Methods: We examined whether individual variance among Sprague-Dawley rats on a discounting 

decision-making task correlates with individual variance on memory and cognitive flexibility 

performance. Each task was conducted on an automated Figure-8 maze (cf., Graham et al., 2010). To 

assess decision-making ability, we used a probability-discounting task, in which animals choose between 

small/certain and large/uncertain rewards. The larger, uncertain reward had an expected value either 50% 

!"#!$%&'%&()*&+',$%&-!./&-!$&01.++$%2&3$%-."/&%$,.%4&45%"/#&67/3$%-."/&8".09&./4&6:$%-."/&8".09&

conditions, respectively.  Over several days of exposure to each bias condition, rats biased their choices 

toward the reward with the higher expected value. We further evaluated decision-making performance 

based on two variables: risk preference (average preference of the large reward under high and low 

probabilities) and discrimination (the difference in preference of the large reward between high and low 

probabilities). We correlated individual performance across several measures to determine whether 

individual variance in performance on a probability-discounting task could be explained by variance in 

either working memory or cognitive flexibility. 

 

Results: Probability discrimination did not correlate with individual risk preference. Working memory 

accuracy (assessed in a delayed-alternation task) and cognitive flexibility (rule-shifting and reversal 

learning) were not related to either decision-making variable (discrimination or risk preference).  

 

Conclusions: Probability discrimination and risk preference both vary among individual rats and are 

distinct measures of decision-making cognition. The cognitive processes required for these two aspects of 

decision making seem to be independent. Neither working memory ability nor cognitive flexibility 

predicts a rat;s preference for risky choices or the ability to discriminate between two uncertain outcomes. 
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Objective: Decision making and memory are tightly related. Much recent work on decision making has 
investigated the effect of learning from repeated outcomes on behavior and has implicated the striatum in 
these processes. Decisions can also be influenced by other sources of memory, such as episodic 
recognition, which is known to depend on the hippocampus. But relatively little is known about how 
recognition memory contributes to decision making either cognitive or neurally. Our goal was to explore 
whether participants remembered stimuli that were only incidentally associated with decisions, and if so, 
to explore the anticipatory and outcome variables that predict subsequent memory.  

Methods: In the experiment, participants were incidentally exposed to stimuli during a rewarded gambling 
task. Participants were scanned with fMRI while they engaged in a simple two-alternative gambling task 
where participants tracked the dynamically shifting reward histories associated with the choice options. 
On each trial, participants chose between two colored shapes (e.g. green vs. blue) which repeated for the 
entire task. Within each shape, there were also pictures of objects that did not repeat and were not part of 
the task; this served as a form of context that varied from trial to trial. Participants were instructed that the 
pictures were unrelated to the gambling task.  

Results: Although game performance only required tracking the dynamic value of the shape options, 
when given a surprise memory test on the next day, participants nevertheless exhibited significant 
subsequent memory for the object stimuli. Importantly, memory was predicted by variables associated 
with the original gambling session: memory was increased for chosen stimuli, stimuli on switch trials, 
and, unexpectedly, for stimuli on unrewarded (ÒmissÓ) trials. Intriguingly, when the memory test was 
instead administered on the same day as the gambling task, subsequent memory was increased for stimuli 
on reward (ÒhitÓ) trials. Subsequent memory for stimulus-reward associations themselves, however, was 
at chance levels. Neurally, during learning, ventral striatum activation correlated with reward prediction 
errors, replicating prior findings. We additionally found that activation in the hippocampus and object-
responsive cortical areas predicted subsequent memory for the objects that were incidentally encoded. 
Building on these memory findings, we are exploring whether similar or different variables from prior 
experience predict subsequent choices. 

Conclusions: These results demonstrate that multiple learning and memory processes support value-based 
decisions. In so doing, our results highlight potentially important links, both neurally and cognitively, 
between memory and decision making processes. 
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Introduction: Recent findings suggest that ventromedial prefrontal cortex (VMPFC) encodes a value 

comparison signal during binary choice (Boorman et al., 2009; Fitzgerald et al., 2009; Philiastides et 

al, 2010; Basten et al, 2010).  When a third option is introduced, a number of viable coding schemes 

also materialize for the VMPFC.  Arbitrating between these models, however, has not been possible in 

the absence of decision-making problems consisting of multiple alternatives.  

 

Methods: Nineteen healthy adult participants performed a three-option choice task in which they were 

required to combine explicitly presented reward magnitudes with learned reward probabilities.  

Reward magnitudes and reward probabilities were all varied independently from trial-to-trial. A 

Bayesian reinforcement-learning algorithm was used to fit choice behavior. Blood oxygen level-

dependent data were acquired on a 3T Siemens TRIO scanner with a voxel resolution of 3x3x3mm3, 

TR=3s, TE=30ms, Flip angle =87.  

 

Results: Behaviorally, logistic regression analyses show that participants’ choices of the best option 

are strongly influenced by the best option and the second best option.  There is also a weak but highly 

consistent effect of the worst option. Neurally, we demonstrate that VMPFC, mid-cingulate cortex, 

and posterior cingulate cortex (PCC) encode the subjective expected value of the chosen option 

relative to the next best alternative during the current decision.  There is no significant effect of the 

worst option’s value.  When participants have to decide between the remaining two options that were 

foregone at the initial decision, VMPFC encoding of the next best alternative flips so that it is encoded 

positively when it is chosen, while the worst alternative begins to be encoded negatively when it 

becomes the single unchosen option.  

 

Conclusions: Taken together, these findings show that when people face decisions between multiple 

alternatives, value signals in VMPFC, mid-cingulate cortex, and PCC incorporate the opportunity 

cost, discarding the worst option.  Such coding is also consistent with a value comparison mechanism 

between the best two options during choice.    
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We experimentally examine how the attitude towards risk and ambiguity changes over lifespan. Our 

experiment employs four randomly interleaved instruments to assess risk aversion and aversion to 

(varying) partial ambiguity for gains and losses.  In all conditions, subjects (between 12 and 90 years old) 

are asked to make choices between receiving a fixed (positive or negative) monetary amount for sure and 

playing a lottery that varies in both probability and magnitude and may have smaller, equal or larger 

expected value than the fixed amount. In some of the lotteries the odds of winning and losing are 

precisely specified (the risk assessing lotteries) with probabilities ranging from 0.13 to 0.87. In others 

probabilities are partially (25% to 75%) ambiguous (eg., Gilboa and Schmeidler). After making 320 

choices, one choice is randomly picked for payment at the end of the experiment for each subject. We 

also collect demographic information, IQ, numeracy and impulsivity estimates as covariates. Our results 

indicate that there is substantial variability across subjects in all parameters with indications of age-related 

differences in both risk and ambiguity preferences. 

Characterizing behavioral changes in risk, ambiguity and loss attitudes across the lifespan has significant 

implications for behavioral problems that are associated with poor decision-making at different stages of 

live - such as careless driving in adolescents and disadvantageous medical or financial decision-making in 

older adults. 
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Objective: How do decisions change as the number of options increases? Existing research provides 

conflicting answers. Many studies suggest that people switch to non-compensatory, attribute-based 

strategies as the number of options increases (Payne, Bettman, & Johnson, 1993). In contrast, recent work 

argues that people continue to use a compensatory, alternative-based strategy but only evaluate a 

(random) subset of options (e.g., Reutskaja et al., 2011). However, the options used in these studies did 

not have defined attributes. To resolve the discrepancies, we designed a behavioral and eye-tracking study 

that involved options with clear attributes, while maintaining several features of more recent studies.   

 

Methods: Subjects chose among gambles with varying probabilities of winning different amounts of 

money. Within a trial, all options except one had the same expected utility (EU), assuming a specific 

degree of risk-aversion. One option (pop-out) had higher EU. Across trials, we varied the degree of risk 

aversion across 7 levels, the fractional increase of the pop-out across 5 levels, and the number of options 

across 4 levels (2, 4, 8 & 16). The smaller choice sets were created from the 16-option set. We analyzed 

response times (RTs), choices, and eye movements. 

 

Results: Subjects employed a simplifying strategy as the number of options increased. However, none of 

the previously identified strategies fully account for their behavior. Inconsistent with exhaustive search, 

subjects selected fewer pop-outs, had proportionally shorter RTs, and did not look at every option as 

choice set size increased. Inconsistent with the reduction strategy, the ignored options were not random. 

Rather, subjects tended to look at both attributes in options with higher probabilities. Subjects also spent 

more time fixating on probabilities and had a higher proportion of attribute-based eye movements as the 

number of options increased. However, both the size of these effects and people’s choices were 

inconsistent with a probability maximizing strategy, and the proportion of alternative-based eye 

movements increased in the second half of the trial. 

  

Conclusions: Our results are most consistent with subjects employing an attribute-based reduction 

strategy as the number of options increases, reducing the choice set based on one attribute and then 

evaluating remaining options in a compensatory manner. Reducing the choice set based on probability 

may be an adaptive simplification for risk-averse choosers. We further speculate that such a reduction 

may be adaptive because the neural mechanisms of choice work more efficiently on smaller choice sets 

(Louie & Glimcher, 2010).  
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Objective: In today’s society, approximately two billion people use the Internet. Thus, a large number of 

interactions among humans are computer-mediated rather than face-to-face. These computer-mediated 

interactions occur increasingly more often via virtual humans, so-called avatars. To date, however, it 

remains unclear whether computer users in a trust situation (e.g., when interacting with virtual online 

shopping assistants) perceive and treat avatars as humans, or as mindless machines. It is possible that 

endowing a mindless computer with a human face results in activation in mentalizing structures, in 

particular in the medial frontal cortex. The primary argument underlying this reasoning is that perceiving 

an object’s likeness to humans may result in perceptions of mind, thereby making it possible that objects 

(such as computers) are perceived to be, and are treated as, humans who have intentions. However, it is 

also possible that the mentalizing brain network does not respond similarly to humans and avatars. That 

is, interaction with humans, in contrast to interaction with avatars, more strongly activates the medial 

frontal cortex. Such a difference, in turn, could result in elevated abilities to discriminate between 

trustworthy and untrustworthy actors. 

 

Methods: We studied individuals’ trust behavior and underlying brain mechanisms in a multi-round trust 

game setting. MRI data were acquired using a 3T Siemens Tim Trio (Erlangen, Germany) MRI scanner. 

Participants (N=18 adults, eleven male subjects) played in the role of the investor against both humans 

and avatars. In each round of the game, participants were asked whether they wanted to keep their initial 

endowment of !10, or whether they wanted to give it to the trustee (human or avatar), whose face was 

presented to them. In the case of giving the !10 to the trustee, the amount was multiplied by six (resulting 

in !60), which the trustee could then either keep, or split (i.e., return !30 to the participant). 

 

Results: Our study reveals two significant findings: First, thinking about an interaction partner’s 

trustworthiness activates the anterior region of the rostral medial frontal cortex (arMFC), a well-known 

mentalizing network, more strongly if the trustee is a human rather than an avatar. Second, this enhanced 

mentalizing activity is associated with elevated abilities to discriminate between trustworthy and 

untrustworthy actors. 

 

Conclusions: The arMFC serves a special function in inferring other people’s mental states, and such 

inferences are necessary to predict another agent’s personality traits and behavior. Because accurate 

predictions of another agent’s personality traits (e.g., trustworthiness) and behavior may increase 

effectiveness in human collaborations, our study suggests that the continuous trend toward avatar-based 

interactions in online environments could result in a decreased level of collaboration effectiveness. 
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Objective 

People do not have stable, coherent and readily accessible preferences that can be reliably 
measured through self-report. Instead, judgments are constructed on the spot and recent, 
contextual factors exert a disproportionate influence on judgments (Payne, Bettman, and 
Johnson, 1992; Slovic, 1995). These contextual influences include feelings that are unrelated to 
the judgment (such as moods, emotions, and expectation of receiving a reward, Schwarz & Clore 
1996). Why is the brain susceptible to these types of rewards that engender such changes in 
revealed preferences?  To address this question, we discuss the impact of incidental rewards on 
the neural representation of outcome value, an essential computation in the process of value-
based decision-making. 
Methods 

We scanned human subjects’ brains (N=19) using fMRI while engaging in a task that first 
involved the receipt of a monetary reward ($0, $50, $200) for real using a one-armed bandit task 
and subsequently the receipt of a food reward (two different liked wines). During the tasting task 
(OV), subjects were instructed to evaluate how much they liked the taste of each wine (i.e. “how 
much did you enjoy consuming the drink” scale from 1 = “not at all” to 8 = “very much”). 
Results 
Behavioral: Paired t-tests showed that the incidental rewards (i.e. amounts won from the slot 
machine) significantly biased the reported OV’s. No effect on reaction times was found. 
fMRI: We ran a set of different univariate fMRI analysis. First, we looked for brain areas 
correlating with the size of monetary reward and found that the size of incidental rewards trigged 
activity changes in different brain areas previously found to be involved in reward processing 
(i.e. vStr, dStr, amydala, insula, inferior OFC). Second, we investigated brain areas that correlate 
with the size of OV and found that OV was encoded in brain areas that also have been previously 
found to encode OV (i.e. vmPFC, the inferior lateral OFC, anterior insula). Third, we analyzed 
the neural correlates of how OV is biased by the size of the incidental reward. Interestingly, we 
found that incidental rewards affect OV through a negative correlation in two of the OV areas 
mentioned above, the insula and the inferior lateral OFC. Our own data and also previous studies 
could show that activity in these brain areas correlate negatively with taste pleasantness. 
Conclusions 
Our results show that incidental rewards have an effect of reported OV. Interestingly, our fMRI 
results reveal that incidental rewards bias taste processing on an earlier stage as compared to 
more cognitive cues (i.e. the price of the wine, semantic label of an odor). Finally, it seems that 
incidental rewards “make subjects dislike the wines less” instead of liking them more as 
compared to other papers that have looked at a cognitive modulation of OV. We are currently 
running functional connectivity analysis to shed light on the interactions between incidental 
reward and OV using multivariate statistics. 
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Objective: The ability of guessing what others will do without any prior contractual agreements and use 

this knowledge in social interaction is referred to “theory of mind”, which has been extensively studied 

from both psychology and economics perspectives. Here we study how the ability to behave strategically 

evolves across the lifespan. 

 

Methods: We compared results from young healthy (18-25) and old adults (65-85) in a strategic learning 

task. Players were randomly matched in pairs in each round, and competed for a prize by choosing an 

investment from their respective endowments. The player who invested more won the prize and the other 

lost. In the event of a tie, both lost. Players kept the part of their endowment that was not invested. In the 

particular payoff structure we used, the prize size was 10, and players were of two types: Strong and 

Weak. The Strong player had 5 units to invest, whereas the Weak player had 4 units to invest. Participants 

completed 160 rounds of the game in two sessions lasting 15-20 minutes each, alternating between strong 

and weak roles over 80 rounds, counterbalanced. 

  

Results: We found that there was no differences in the initial ability to delete strategically dominated 

strategies between young and old subjects. However, whereas young subjects were able to learn to stop 

playing these dominated choices over the course of learning, the old subjects continued to play these 

strategies. We furthermore quantify these using a model-based measure using the experience weighted 

attraction model and show that there are two groups of old subjects—one which behave similar to young 

adults, and one which is unable to learn over time.  

 

Conclusions: Strategic decision-making is fundamental to social and economic life. There is much 

anecdotal and clinical evidence that our ability to make such decisions change over the course of the 

lifespan, but past attempts to characterize and measure these changes remain elusive. Our results thus 

provide a model-based approach to quantify these results, and put into context previous results of age-

related differences in strategic thinking and learning.  
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Background: Neuroeconomics has rarely been applied to examine psychopathology in youth. In 

this study we used an iterated version of the trust task to examine (1) the neurobiological 

correlates of reward processing during social decision-making in the developing brain, (2) 

whether prior social and moral information (reputations) modulate reward responses in youth as 

has been demonstrated for adults (Delgado et al., 2005), and (3) whether boys with externalizing 

behavior problems (conduct disorder) demonstrate anomalies in reward-related decision making 

and associated brain activation compared to normal controls.  

 

Method: Functional neuroimaging was used to examine the neural correlates of reward-related 

decision-making during a trust task in two samples of age-matched 11-16 year old boys: with (n 

= 10) and without (n = 10) externalizing behavior problems. The task required subjects to decide 

whether to share or keep monetary rewards from partners they themselves identified during a 

real-life peer sociometric procedure as interpersonally aggressive or kind (vs. neutral). 

 

Results: Results supported the notion that prior social and moral information (reputations) 

modulated reward responses in the adolescent brain. Moreover, boys with externalizing problems 

showed differential activation in the bilateral insula during the decision phase of the game as 

well as the caudate and anterior insula during the outcome phase of the game.  

 

Conclusions: Similar activation in adolescents in response to reward related stimuli as found in 

adults suggests some developmental continuity in corticostriatal circuits. Group differences are 

intepreted with caution given the small group sizes in the current study. Notwithstanding this 

limitation, the study provides preliminary evidence for anomalous reward responses in boys with 

externalizing behavior problems, thereby providing a possible biological correlate of well-

established social-cognitive and reward-related theories of externalizing behavior disorders.  
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Background: Neuroeconomics has rarely been applied to examine psychopathology in youth. 
King-Casas, Sharp et al. (2008) used a real-life trust task where patients with Borderline 
Personality Disorder (BPD) interacted in real-time with normal controls while their brains were 
scanned.  They demonstrated that the norms used in perception of social gestures are 
pathologically perturbed, or missing altogether, among individuals with BPD, with differential 
insula activation in these patients compared to normal controls. Currently, behavioral data using 
neuroeconomic tasks are lacking for emerging borderline personality disorder in adolescents. 
The aim of this study was to test the hypothesis that, compared to psychiatric and normal 
controls, adolescents with BPD will show lower rates of investment during an iterated trust task 
when playing with a person vs. a lottery condition. 
 
Method: Data collection is ongoing. So far, N = 30 adolescents (age 12-17) recruited from an 
adolescent inpatient unit and diagnosed with BPD and 57 psychiatric controls without BPD have 
played a trust game with two conditions: person vs. lottery. Each condition consisted of 5 trials 
and subjects could invest up to $12 on each trial. Subjects were always in the investor role. In 
addition, subjects completed a self-reported measure of BPD as well as a self-report measure of 
trust.  
 
Results: Preliminary analyses demonstrate lower means for person condition vs. lottery 
condition for BPD patients vs. psychiatric controls.  Analyses of the linear trend revealed that 
investments for psychiatric controls increased across the five trials. This linear increase was not 
observed for patients with BPD. Borderline symptoms and level of self-report trust predicted 
investment levels. 
 
Conclusions: The trust game seems sensitive in discriminating borderline from non-borderline 
adolescents. Neuroeconomic games can be applied in similar ways to adults to examine 
psychopathology in adolescents with emerging personality disorder.  
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Objective: Behavioral studies have shown that there is considerable variation across individuals 

on their ability to postpone gratification in order to obtain larger delayed rewards. It has been 
hypothesized that some of this variation might be due to differences on the ability to represent 

the value of future rewards.  

Methods: We tested this hypothesis using human functional neuroimaging while participants 

performed two different tasks: an intertemporal monetary choice (ITC) task where they made 
binary choices between a small immediate amount of money and larger delayed payments, and 

a visualization task in which they consumed or imagined consuming appetitive liquid rewards.  

Results: Consistent with previous studies, we found that the subjective value of the monetary 

offers was encoded in ventral medial prefrontal cortex (vmPFC) during the ITC task. We also 

found a common area of left ventrolateral prefrontal cortex (vlPFC) that exhibited a pattern of 
activity consistent with the main hypothesis. During ITC, this region exhibited stronger activation 

in more difficult trials (where there is a conflict between the immediate and delayed values of the 

rewards), as well as increased functional connectivity with the area of vmPFC involved in 
valuation. During the visualization task, the same region showed stronger activation during 

imagining than consumption trials, and it also exhibited increased functional connectivity with 

vmPFC. Moreover, more patient participants exhibited enhanced responses in vmPFC during 

the imagination component of the visualization task.  

Conclusions: Together, these data suggest that the left vlPFC plays a critical role in computing 

the value of delayed rewards during decision-making. 
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Objective: Cultural differences play a major role in today’s globalized society, yet little is known about 

how culture affects decision making. This study aims to investigate whether cultural differences have 

significant influence on social decision making, particularly on social-distance dependent level of 

generosity. Previous research states that the willingness to share resources declines as a function of social 

distance between the decision maker and the interaction partner. Previous studies have shown that, in 

Western subjects social-distance dependent generosity decreases hyperbolically. We hypothesize that this 

is different in collectivist societies (China): the distinction between self and close family is less sharply 

defined, the social discount functions from subjects from China should reflect this blurred distinction in a 

more sigmoid shaped decrease. 

 

Methods: We studied differences in social discounting by adapting a social decision making task by Jones 

and Rachlin (2006) and one by Kalenscher and Tobler (2011) to the intercultural context. The data were 

collected at Bonn University, Germany (N=50, 25 male subjects) and Zhejiang University, China (N=55, 

28 male subjects). In the experiment social distance was transformed into a scale consisting of 100 icons, 

representing social distances. In each trial, participants had to choose between a selfish and a generous 

option, yielding a large reward for the participant alone, or smaller rewards for the participant and another 

individual at a certain social distance. For each social distance level, we determined the point at which the 

subjects were indifferent between the two options by titrating the selfish reward magnitude, revealing 

how much money they were willing to forego to give a reward to the virtual interaction partner. 

 

Results: The data can be fitted to a standard hyperbolic model. An initial step, reflecting the blurry 

differentiation between the self and close others, is found in the Chinese sample. The results suggest that 

social discounting is comprised differently among cultures, reflected by culturally diverse correlations 

between the target specific subscales of collectivism and the discount parameters.  

 

Conclusions: Other regarding generosity declines, independent of cultural identity, as a function of social 

distance. Though, social distance is conceptualized differently among cultures. While other regarding 

generosity of Chinese is influenced by family aspects, German participants are affected by informal 

relationships. Distinctive cognitive styles are expected to be observable also on a neuronal level. The 

results will be used to plan an fMRI study.  
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A25@'05K!Recent research in economic game theory has emphasized the polymorphic nature of 

the!makeup of the human population and the importance of individual differences in modeling 

group behavior and dynamics in strategic interactions among individuals in a group 

encountering decision problems. We find that individuals fall into one of three groups: Free-

riders, cooperators and reciprocators, each of which is an evolutionary stable strategy. Results 

will be delineated in our presentation.!
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!

!

J$%>'@53$%K!O@,!>$%>'@53$%5!&,2!important to the ethical and cooperative behavior of groups 

in organizations.  Cooperative behavior of a group can be accurately predicted if one knows the 

statistical makeup of the group in terms of these three types. The implications of this and of the 

mathematical modeling of group behavior in economic games suggest that evolutionary 

dynamics has generated in our society an evolutionary stable, polymorphic, non-homogenous 

population made up of individuals that vary in their degree of cooperation in group 

interactions. We also conclude that techniques for enhancing employee engagement must be 

different for each of the three types of individuals.  
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