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Objective: Recent evidence in risky decision making suggests that preferences and beliefs are constructed 

through the adaptive use of variety of decision heuristics and strategies. Undertanding when and how a 

particular strategy is selected requires data that focus on the information acquisition and integration 

process as well as underlying biological mechanisms. 
 

Methods: In an eye-tracking experiment (N=36), we presented participants with 3-outcome mixed 

gambles. Participants then had the option to improve the initial gamble by adding money to one of the 

outcomes. Specifically, they could choose to increase the magnitude of the highest gain (gain-

maximizing, Gmax), decrease the magnitude of the worst loss (loss-minimizing, Lmin) or improve the 

overall probability of winning money compared to losing money (probability-of-winning maximizing, 

Pwin). The three modified gambles were displayed in the form of a table, and eye gaze information was 

recorded as participants acquired information. Decision context was modulated by varying probability 

distributions and gamble values across trials. Two aspects were varied: EVtype (whether expected value 

equal or unequal) and Pwin-type (whether the Pwin option was available or unavailable). Finally, to 

investigate the effects of individual differences, we split our participants into two groups (Strategy type: 

Pwin-preferring and non-Pwin-preferring), based on their proportion of Pwin choices. 

 

Results: As expected, we found a significant effect of EVtype (! 2 
= 12.97, p<0.001), Pwin-type (! 2 

= 

47.65, p<0.001) and EVtype x Pwin-type interaction (! 2 
= 7.81, p=0.02) on choice proportions. In terms 

of response times, we found a main effect of EVtype (F=6.32, p = 0.01) and Pwin-type (F=4.40, p = 0.03) 

with participants being faster for Pwin-available and equal EV trials. We also found a significant Strategy 

Type x Pwin-type x EVtype interaction. Specifically, the individuals preferring a simplifying strategy 

were more sensitive to Pwin-type while others were more sensitive to EVtype. 

 

The patterns of information acquisition also varied with decision context. In general, the Pwin choices 

were associated with a lesser number of acquisitions, consistent with a simplifying heuristic strategy. We 

also found a main effect of Pwin-type (F = 6.03, p=0.01) and Choice (F = 10.99, p<0.001) on sequence of 

information acquisition. Participants make more alternative-based transitions for Pwin-available than 

Pwin-unavailable trials, as well as when selecting Pwin relative to the other choices. We also found a 

significant Choice x Strategy type interaction on response times (F = 5.39, p=0.02), number of 

acquisitions (F = 6.18, p=0.01), as well as the sequence of acquisitions (F = 17.83, p<0.001). Particularly, 

the Pwin-preferring participants took longer, and acquired more information when making a non-Pwin 

choice and vice versa. These findings are strikingly consistent with our earlier findings using fMRI, 

where we found increased activation in the dorsomedial prefrontal cortex when individuals switched 

away from their preferred strategy. 

 

Conclusions: These results provide valuable complementary insights into the mechanisms underlying 

strategic variability in risky choice. Specifically, they argue for the adaptive use of multiple decision 

strategies, as a function of decision context and individual variability. 
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Objective: The theory that is most commonly used in economics for modeling decision making under 

risk is subjective expected-utility theory (SEUT). An alternative approach that might help overcome em-

pirical shortcomings of SEUT is the dual-system hypothesis. It stipulates that human decisions are the 

outcome of interacting decision-making processes, effected by different systems in the brain. Response 

time (Rubinstein, Econ. J. 117(523), 2007) and brain lesion studies (Hsu et al., Science 310, 2005; Shiv 

et al., Psych. Sci. 16(6), 2005) support the view that decision making under risk is the outcome of (at 

least) two systems, one often being labeled “emotional”/“instinctive” and the other “cognitive.” A con-

jecture of the dual-system approach is that when the cognitive system is taxed by another task, the emo-

tional system should exert a greater influence on people’s decisions. This, in turn, should lead to greater 

risk aversion, based on previous findings. We investigated this prediction experimentally. 

 

Methods: We developed a within-subject design that combined a standard lottery choice task with a cog-

nitively demanding distractor task. Subjects chose repeatedly (120 times) between various lotteries pre-

sented in pairs. In half of the trials, they were subjected to a working-memory task while making the lot-

tery choice. Our design, thereby, improves upon the one-shot between-subject design of Benjamin et al. 

(working paper, Harvard U., 2006). 

 

Results: We are the first to show within-subject that additional cognitive load increases risk aversion. 

We do so by observing that when cognitive load was increased, subjects switched significantly more of-

ten from the riskier lottery to the less risky lottery than in the opposite direction. We confirm this finding 

by estimating the change in the degree of relative risk aversion induced by the cognitive-load manipula-

tion. Across all four specifications, the estimate turned out to be significantly positive. This finding is cor-

roborated by two findings on response times (RTs) that are also in line with the dual-system hypothesis: 

First, RTs in the lottery choice task were faster in the cognitive-load condition than in the no-load condi-

tion. Second, even within-condition, subjects responded faster on average when choosing the less risky 

than when choosing the riskier lottery. 

 

Discussion: Our study is the first to provide support for the dual-system approach to decision making un-

der risk based on within-subject evidence. Only based on our within-subject design, Rubinstein’s (2007) 

interpretation of his between-subject results that risk aversion is partially the consequence of “instinctive 

reasoning” is valid. 
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Objective: The amygdalaÕs function in generating states like fear and anxiety has often been linked to 
uncertainty, either because uncertainty inherently signals a potential threatening or motivationally 
relevant stimulus, or because of a more fundamental role for the amygdala in detecting and responding to 
uncertainty per se. It is unclear whether the amygdalaÕs encoding of uncertainty occurs in the same 
manner and location as its encoding of the motivational value of stimuli giving rise to uncertainty. It is 
therefore also unclear to what degree individual differences in trait anxiety relate to differential amygdala 
reactivity to motivational value vs uncertainty. Moreover, ÔuncertaintyÕ in these cases may refer to oneÕs 
inability to predict something about the stimuli themselves, their expected value for the individual, and/or 
simply how to respond to those stimuli (response uncertainty). We tested whether BOLD activity in the 
amygdala would increase with increased response uncertainty associated with a stimulus, independent of 
its motivational value.  
 
Methods: Participants (N= 42) were scanned while performing a monetarily-incentivized task requiring 
them to rapidly make a random choice among possible options, (a) with or without a suggested response 
cue (response certain/uncertain) that was nonpredictive of the rewarded response (i.e., holding expected 
value constant), and (b) knowing that they could or could not be rewarded on that trial (motivationally 
relevant/irrelevant). 
 
Results: We found that the amygdala responded to increases both in response uncertainty and 
motivational relevance signaled by an anticipatory cue (prior to the availability of response options, and 
therefore possible response plans, for a given trial). Interestingly, amygdala reactivity to response 
uncertainty was localized to ventral (putatively basolateral) subnuclei. Conversely, amygdala response to 
motivational relevance was somewhat more localized to dorsal (putatively superficial) subnuclei. 
Furthermore, we found that levels of trait anxiety correlated with the left amygdalaÕs reactivity to 
response uncertainty when stimuli were motivationally relevant, but not with amygdala reactivity to 
motivational relevance itself. 
 
Conclusions: These results are consistent with a putative role for the amygdala in processing both 
uncertainty about a response as well as its motivational salience. Additionally, they suggest that the 
amygdala's reactivity to motivated response uncertainty (i.e., being motivated to act and not knowing 
what to do) may be a better predictor of individual differences in trait anxiety than reactivity to 
motivational salience alone. 
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Objective: A deficiency in learning from negative feedback has been postulated as a source of variance in gambling 

behavior, in particular among Parkinson’s Disease (PD) patients undergoing dopamine replacement therapy (Frank et al., 

2007). In several ways, children resemble PD patients on dopamine medication with respect to the typically developing 

adult population: perseveration errors in task switching, impulsivity, and risk-taking. These similarities suggest that 

variance in risk-taking behavior among children may also be related to learning from negative feedback. Our objective 

was to test the hypothesis that learning from negative feedback, but not positive feedback, explains individual differences 

in risk-taking behavior across development. 

 

Methods: Participants 5 years-to-adult were given a reinforcement learning (RL) task and a risky decision-making task 

during the same testing session. The RL task, adapted from Frank, Seeberger & O’Reilly, (2004), was used to collect 

individual measures of learning from positive and negative feedback. The incentive-compatible risky decision-making 

task presented participants with a choice between a Sure and a probabilistic Risky option. Risk Level (CV; coefficients of 

variation 0.71, 1.06, and 1.41) and probability of winning (with RL task icons: 0.2, 0.3, 0.7, and 0.8; without any icon: 

0.5) were crossed over 150 trials.  

 

Results: First, we found that Positive RL accuracy significantly increased with age, while Negative RL accuracy did not. 

Second, we found that Age, Positive RL accuracy, Negative RL accuracy, CV, and Probability of winning (Pwin) were 

independently predictive of selecting the risky option across all trials in the risky decision-making task. To examine the 

separate contributions of these factors, we next used logistic regression predicting choice on trials with a RL icon, i.e. 

trials with less than or greater than 50% probability, at the subject level to generate !CV and !Pwin regression coefficients 

for each individual. These regression coefficients were used in in addition to Age, Positive RL accuracy, and Negative RL 

accuracy as predictors of choice behavior on trials without an RL icon, i.e. trials with 50% probability. This analysis 

returned a model in which Age, Negative RL accuracy, and !CV were the best-fit predictors of choice behavior.  

 

Conclusions: These data provide evidence for the hypothesis that increased gambling behavior is related to decreased 

accuracy in learning from negative feedback across development. However, given that age was also a significant predictor 

of choice behavior, and that Negative RL accuracy was not correlated with Age, greater risk-taking among children in 

gambling tasks is not likely to be due to a deficit in negative feedback learning alone. The relationships between 

reinforcement learning and risk-taking in this study, reinforcement learning and DA function in other studies, and the 

similarities between children and PD patients with respect to typically developing adults, suggest future lines of research 

on the development of DA function and its relationship to risk-taking behavior. 
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Introduction: According to some theories, decisions involving disparate rewards can be facilitated by 

converting each reward into a common, relative scale during the valuation process. Brain imaging studies 

examining this valuation process have implicated the ventromedial prefrontal cortex (VMPFC) and 

ventral striatum (VSTR). Yet, little work has been done to parse these structures into functional 

subcomponents.  

 

Methods: We utilized high-resolution fMRI, which facilitates multivariate pattern comparisons of the 

local structure of activation. Subjects (n = 20) evaluated visual rewards (scenes and faces) drawn from 

three distinct attractiveness levels (high, medium, low) defined by an independent group of subjects. On 

each trial, subjects viewed an image and then provided a rating on one of three different dimensions 

(attractiveness, brightness, and complexity). As subjects never saw image repeats in the scanner, 

remaining category ratings were obtained following the scanner session.  

 

Results: Behaviorally, we observed several key results. First, attractiveness ratings were highly consistent 

with our independent sample (faces: average R = .76, SD = .09; scenes: average R = .42, SD = .12), 

indicating our stimulus mapping was adequate for our imaging sample. Second, across subjects, the 

ratings on each dimension were generally uncorrelated in both scenes (average inter-dimension R = .14, 

SD = .09) and faces (average inter-dimension R = .23, SD = .15). Third, in a post-ratings choice task, 

subjects displayed significant heterogeneity in preferences between reward categories (face choices / 

scene choices; min ratio = 0.10, max ratio = 2.75). To examine whether similar brain regions code 

responses for both reward types, we constructed a parametric model using our a priori attractiveness 

categories. We found that parts of the VSTR and VMPFC exhibited increasing responses for increasing 

levels of attractiveness for both scenes and faces.  

 

Conclusions: These results provide insights into the mechanisms and distributed patterns underlying 

visual reward processing -- and potentially point to brain structures involved in producing common 

valuation signals. 
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Objective: Economic theory and empirical research suggest that what is perceived as a fair relative 

income influences utility and decision making. However, most economic models of fairness remain silent 

about how fairness perceptions interact with social context. This study investigates whether social 

context, in terms of relative status, shifts the reference point regarding what we perceive as fair payoffs. 

We will further test the hypothesis that brain activation in the ventral striatum and dorsal lateral prefrontal 

cortex will be affected by social context. 

 

Methods: 133 male subjects participated in a behavioral laboratory study. Social status was conveyed via 

a difficult trivia quiz in which answers had to be guessed. Afterwards all subjects faced a series of reward 

allocations between themselves and anonymous other subjects. Additionally, for each allocation it was 

indicated who (the subject or the anonymous other subject) performed better in the trivia quiz. Each 

allocation was rated by each subject in terms of how satisfied he was with the allocation. Subjects were 

explicitly told that the result of the trivia quiz had no influence on the reward allocations they faced. In a 

subsequent fMRI experiment, 28 subjects will be scanned while facing reward allocations after 

participating in the quiz. 

 

Results: When being economically disadvantaged, relative social status changes satisfaction with relative 

payoffs, i.e., the reference point regarding what is experienced as unfair, shifts. No such pattern is found 

when the individual is advantaged. When receiving equitable payoffs, only facing a lower status opponent 

is perceived as less satisfying than facing an equal or higher status opponent. Preliminary results from the 

subsequent fMRI experiment will also be presented. 

 

Conclusions: We show that relative social status affects the reference point regarding what we perceive as 

fair outcomes. This calls for including social context in models of social preferences such as fairness 

concerns. To deepen the understanding of how different status mechanisms affect the processing of 

relative rewards, we now further study the neural basis of acceptance of unfair income differences 

depending on social context. 
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Somatic Marker Hypothesis proposed that decision making is guided by feeling. To 

examine this hypothesis, Damasio and his colleagues designed the Iowa Gambling Task (IGT) 

and found that the “anticipatory skin conductance responses (SCR)”, as representing the 

somatic markers, was elevated before selecting from bad decks. Therefore, they interpreted 

the elevated anticipatory SCR serving as alarms and it warned participants not to select “bad 

deck” which was negative expected value. However, the variability of outcomes of bad decks 

is larger than that of good decks. This feature makes bad decks more risky than good decks. 

Thus, another!interpretation is that their selecting behaviors were influenced by feeling of 

risky. For this reason, the primary aim of the present study is to investigate the selecting 

behavior and biological response on decision making to clarify whether decision making is 

influenced by risk level even when all options have the same expected value. Moreover, other 

researchers found that the anticipatory SCR was higher before selecting the good decks. 

Therefore, another aim is to clarify the interpretation of anticipatory SCR. Whether the higher 

anticipatory SCR reflects the negative feeling that makes participants avoid the option or 

reflects the positive feeling that makes participants to approach the option. Thus, a modified 

IGT with high risk deck and low risk deck was used and the expected values of two decks 

were all zero. Moreover, the procedure was different from original IGT. Participants saw the 

marked deck and decided to accept to select the deck or reject to do it. Thus, the role of 

anticipatory SCR before participant accepted or rejected could be clarified more clearly. The 

result revealed that some participants selected more risky decks and some participants 

selected more safe decks. Moreover, the anticipatory SCR was higher before they decided to 

reject the liked deck and before they decided to accept the disliked deck. For the participants 

who selected more risky deck, their anticipatory SCR was higher before they rejected to select 

risky deck and was higher before they accepted to select safe deck, and vice versa, for the 

participants who selected more safe deck, their anticipatory SCR was higher before they 

rejected to select safe deck and was higher before they accepted to select risky deck. These 

results suggest that the Somatic Marker Hypothesis could be explained on not only the 

situation when the decision is based on expected value but also the situation when the 

decision is based on risk preference. The strong emotion affects people to change the routine 

behavior about risk preference. However, the interpretation of SCR by previous study was not 

completed, and it reflected not merely the negative feeling or positive feeling. 

Keywords: Somatic Marker Hypothesis!"Iowa Gambling Task!"Skin Conductance Responses 
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Objective: Different aspects of risk may be aversive or appetitive to different individuals. In the financial 

domain, some individuals may prefer to minimize losses, whereas others may prefer to maximize gains. 

An individual’s risk preferences may be extended to motivation associated with the expected outcome, a 

measure that should be captured before or independent of a choice. Thus, we sought to identify both the 

common and idiosyncratic neural mechanisms that correspond to various components of decision-making 

processes in uncertain environments. 

 

Methods: The study involved multiple experimental sessions and included 210 participants. The first 

session involved completion of surveys and gambling tasks, allowing us to capture several dimensions of 

individual risk preferences in the financial domain. In the second session, neural data were collected using 

event-related functional magnetic resonance imaging (fMRI). On each trial, participants were first 

presented with one of five reward cues that indicated distinct ways to improve a three-outcome gamble 

(all improvements had the same expected value). If participants responded before a response threshold, 

the gamble was improved. We analyzed our fMRI data using the general linear model; for each type of 

gamble improvement, we constructed separate regressors. Additional regressors were also constructed for 

feedback on successful and unsuccessful trials. For behavioral analyses, in addition to measures of risk 

preference from the gambling choice tasks, we also constructed a relative preference index using reaction 

times from different trial types (i.e., different types of gamble improvement) of the fMRI task. 

 

Results: Participants demonstrated variance in terms of stated preference for gamble improvements, both 

in stated rankings and inferred preference via reaction times. Across our sample population, we found 

brain regions that responded to the expectation of a gamble improvement: signal increased in ventral 

striatum (VSTR), anterior insular cortex (aINS), and medial prefrontal cortex (mPFC) during the 

antecedent phase of the trial. Additionally, we found that individual measures of inferred preference and 

motivation between reward modalities tracked signal in both the VSTR and aINS. We also measured 

sensitivity to valence and identified a clear neural dissociation: we found local maxima for increased 

signal in ventromedial prefrontal cortex (VMPFC) and VSTR for successful trials, and increased signal in 

aINS for misses. Group differences in relative preference were also tracked by VSTR signal. 

 

Conclusions: These results indicate that neural risk-processing and valuation mechanisms can both be 

studied independently of participant choice behavior and informative about participant choice behavior. 

Further, multiple independent measures of reward and risk preference can be mapped to common brain 

regions. 
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Objective: In reward learning, the learning rate is a fundamental parameter and has been shown to adapt 

to the statistics of a changing environment. How the learning rate is implemented in the human brain and 

how humans adjust their learning rate in a changing environment remains unclear. Here, we study the 

underlying neural mechanisms of learning in a changing environment using computational models of 

reward learning and functional magnetic resonance imaging (fMRI).  

 

Methods: Twenty healthy subjects participated in an fMRI study. Each subject viewed a series of samples 

drawn from a random distribution and was asked to make a series of predictions. Reinforcement learning 

models were fitted to the behavioral data. The resulting parametric regressors reflect the subjects’ beliefs 

about the true state of the world and are used for the imaging analysis.  

 

Results: We find regions involved in processing uncertainty such as the anterior cingulate cortex (ACC), 

anterior insula and caudate to reflect the (objective and subjective) statistics of the environement as well 

as individual learning rates.  

 

Conclusions: These results suggest that humans have distinct regions to track objective and subjective 

statistics of the environment as well as to adjust their learning rate.  

 

Acknowledgements: 

This study was funded by NCCR Affective Sciences and the Neurochoice project of SystemsX. We also 

gratefully acknowledge support from the research priority program at the University of Zurich 

“Foundations of Human Social Behavior”. 



The effects of expected value and risk level in a modified IGT: An fMRI study 

Chang-Hao Kao
1
, Hui-Kuan Chung

1
, Wen-Jui Kuo

3
, Nai-Shing Yen

1, 2*
 

1 Department of Psychology, National Chengchi University, Taipei, Taiwan 

2 Research Center for Mind, Brain, and Learning, National Chengchi University, Taipei, Taiwan 

3 Institute of Neuroscience, National Yang-MingUniversity, Taipei, Taiwan 

*Corresponding Author Email: nsy@nccu.edu.tw 

In the present study, we used the fMRI to further clarify our previous finding of 

emotion and decision making. To clarify the effects of risk level and expected value 

in decision making, Yen, Chou, Chung & Chen (under review) developed a modified 

Iowa gambling task (IGT!Yen), in which the expected value and risk level were 

manipulated orthogonally. In the IGT-Yen, the risk level was defined by the 

coefficient of variation of losses. This manipulation could keep the means of losses 

identical for decks"with the same expected value and the variation of losses greater for 

high-risk decks"than for low-risk ones. Thus, the expected values are higher for decks 

C and D, and"the risk levels are higher for decks B and D. There were significant 

interactions between expected values and risk levels in behavioral and SCR data. 

Participants chose more high-risk decks from bad decks and more low-risk decks 

from good decks. Furthermore, the anticipatory skin conductance responses showed 

the same pattern. The main aim of the present study is to further explore the brain 

mechanism when participants make decision in IGT-Yen. As expected, the behavioral 

data was the same as the previous study. Moreover, in fMRI data, we found this 

interactions effect in hippocampus and insula before participants chose a card. 

Hippocampus and insula were also found in the previous IGT studies. According to 

previous studies, hippocampus was involved in the memory process, and insula was 

considered to process emotional information. In conclusion, decision making is 

influenced by emotion evoked by expected values and risk levels. This interaction can 

be found in behavior, peripheral and central nervous system. 
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We now know that visual fixations play a crucial role in two-item and multi-item choice by biasing the 
drift-diffusion choice process towards the item that is being fixated on. Here, we investigate whether visual 
fixations play a similar role in purchasing decisions. In the first stage of the experiment, subjects reveal 
their values for 50 different consumer goods using an incentive-compatible BDM auction. In the second 
stage (300 trials), subjects see one of the items and one of six random prices. Their decision is whether to 
purchase the item at that price. During these decisions we record subjectsÕ eye movements at 50Hz, as well 
as their choices and reaction times. We then use maximum likelihood estimation on the choices and 
reaction times to fit a modified drift-diffusion model where there is more evidence accumulated for an 
option when it is fixated than when it is not fixated. The na•ve hypothesis was that purchasing decisions 
would obey the same drift-diffusion process as with two-item or multi-item choice, since the unchosen 
item(s) can be thought of as an opportunity cost, analogous to a real dollar cost. Instead, we find that the 
decision process in purchasing decisions is considerably different. Price fixations tend to be shorter and less 
variable than item fixations, indicating that subjects treat prices differently than items.  Furthermore, while 
the structure of the best-fitting model is the same as before, the attention bias towards the fixated item is 
greatly diminished, resulting in better decisions.  
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Objective: Humans often demonstrate involuntary alignments of the decisions or behavior without 

explicit centralized coordination. In our study, we recorded human event-related potentials (ERPs) in 

order to probe the hypothesis that social conformity is based on general performance monitoring 

mechanisms. We hypothesized that conflicts with a normative group opinion evoke a feedback related 

negativity (FRN) often associated with the subsequent adjustment of the behavior.  

 

Methods: Sixteen young females participated in an EEG experiment of  “Seeing Beauty” where they were 

offered to rate attractiveness of female faces. After each presentation of a photo, a subject was informed 

about a group norm, which in two thirds of cases conflicted with her individual rating. The number of 

conflict trials was especially pre-programmed in order to study effects of long-term conformal changes in 

a subject’ behavior that was tested in a separate behavioral session 30 min after the EEG recording. 

Statistical effects of conflict, conformity, and brain loci were tested using ANOVA/MANOVA analysis. 

 

Results: We found that individual judgments of facial attractiveness are adjusted in line with group norm. 

A mismatch between individual and group opinions triggered a frontocentral negative deflection with the 

maximum at 200 ms similar to FRN. A conflict with a normative group opinion triggered a cascade of 

neuronal responses: from the a.m. earlier FRN response depicting a conflict with normative opinion to a 

later ERP component (peaking at 380 ms) underling the long-lasting conformal behavioral adjustment.  

 

Conclusions: Our ERP results not only complement a growing number of fMRI findings related to social 

influence on decision making, but also help to further elucidate the brain mechanisms of social influence 

by disentangling the earlier neuronal signal in response to transiently perceived violation of descriptive 

norms from the later neural correlate of a long-term conformal adjustment. 
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Objective: We examine whether investorsÕ ability to learn in financial markets depends on the type of 
information received.  Specifically, do people learn differently from gains (positive domain) versus losses 
(negative domain)? Does learning performance depend on whether the individual is actively investing in a 
security, or passively observing the security's payoffs? Finally, are there genetic markers that correlate 
with learning rates and choices in the gain and loss domains, or in the active vs. passive condition? 
 
Methods: Eighty-seven adult subjects participated in the study, each completing two financial decision 
making tasks. In the Active task the subjects made sixty decisions to invest in one of two securities: a 
risky security (stock) with risky payoffs coming from one of two distributions, one better than the other, 
and a riskless security (bond) with a known payoff, and after each choice provided an estimate of the 
probability that the risky security was paying from the better distribution. In the Passive task the subjects 
were only asked to provide the probability estimate that the risky security was paying from the better 
distribution, after observing its payoff in each of sixty trials. In either task, two types of conditions Ð Gain 
or Loss Ð were possible. In the Gain condition, the two securities provided positive payoffs only. In the 
Loss condition, the two securities provided negative payoffs only. Subjects were paid based on their 
investment payoffs and the accuracy of the probability estimates provided. Subjects provided saliva 
samples, used for genotyping them with respect to five genes previously identified to be important for 
decision making (5HTTLPR, COMT, MAOA, DRD2 and DRD4). 
 
Results:  We found that subjects learned significantly better from information about the risky securityÕs 
payoffs in the Gain condition relative to the Loss condition. The errors in the subjective probability 
estimates (measured relative to the objective Bayesian posteriors that the stock was paying from the good 
distribution) were on average 2% lower in the Gain condition relative to the Loss condition  (p<0.001). 
The difference in probability estimation errors between the Gain and Loss conditions was twice as large 
in the Active task (2.6%) relative to the Passive task (1.2%), and the effect was strongest (5.5%) for high 
values of the Bayesian posterior. Probability estimate errors were also significantly lower in the Passive 
task relative to the Active task, but this effect was driven by choices in the Loss condition only. In 
general, across Active/Passive and Gain/Loss trials, subjects updated their priors in such a way that the 
expressed posterior probabilities that the stock was paying from the good distribution was significantly 
higher (by 12% on average) than the objective Bayesian posterior for low values of this objective 
probability, and significantly lower (by 13% on average) than the objective Bayesian posterior for high 
values of this objective probability. Within individual, Gain and Loss learning performance were only 
partially correlated (rho=0.7, p<0.001), and Active and Passive learning performance were also only 
partially correlated (rho=0.6, p<0.001), indicating that certain individuals are more sensitive to 
information in specific domains (Gain vs. Loss) or investment conditions (Active vs. Passive). Individuals 
with the COMT Met/Met and MAOA-H genotypes and those with short DRD4 alleles made investment 
choices closer to those of a risk neutral rational Bayesian agent. 5HTTLPR short allele carriers avoided 
the risky asset in the Loss condition. COMT Met/Met carriers expressed probability estimates closest to 
the correct Bayesian values.  
 
Conclusions: These results suggest that the ability to learn from financial information may be different in 
the gain and the loss domains, may depend on whether the investor has personally experienced the prior 
outcomes of the financial asset considered, and may have a significant genetic component. 
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Objective: Music is ubiquitous in everyday life and induces emotions via several psychological 
mechanisms. In an earlier behavioral experiment, we found that music conforming to subjects’ own 
musical taste makes subjects more inclined to take financial risk and thereby reduces their loss aversion. 
Correspondingly, hearing music that one dislikes can make subjects less likely to take risks. In this paper, 
we study preference interactions in the context of risk-taking and musical preferences, and we aim to 
reveal brain mechanisms via which music affects risk-taking behaviour.   
 
Methods: The experiment consists of two separate sessions. For the first session participants are asked to 
supply pieces of their favorite music and pieces of music they dislike. In the main fMRI experiment, the 
task of the subjects is to accept or reject gambles that offer a 50–50 chance to win or lose money. Win 
outcomes range from 10 to 40 euros, and loss outcomes from 5 to 20 euros. In a mixed design we present 
gambles in three types of blocks: favorite music, disliked music, and no music playing.  
 
Results: (a) Behavioral: During music that conforms to one’s musical taste, subjects accept more risky 
gambles. However, disliked music does have a significant effect on subjects’ decisions.  
(b) Brain activation: For gambles without music, we expect to find activation, asymmetrically varying 
with gains and losses, in reward-related areas such as ventral striatum, ventromedial prefrontal and 
orbitofrontal cortex.We hypothesize that listening to one’s preferred music increases experienced utility 
per se, and thereby increases the marginal utility of participating in a gamble. Hence for gambles with 
music, we expect modulation in the reward areas of the brain and additional activation in other areas, like 
amygdala and insula, that are related to the emotional valence of stimuli.  
 
Conclusions: We expect data to shed light on preference interactions, especially, on the brain activation 
underlying music-related modulation of risk-taking behavior. 
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Objective:The aim of the present study was to investigate the impact of the social neuropeptide 
Vasopressin (AVP) on human cooperative behavior. We hypothesized a facilitating role of AVP to 
form cooperative behavior in humans because of AVP’s known role in affiliative behavior and pair 
bonding. 
 
 
Methods:We conducted a randomized, double-blind, fMRI study with thirty-nine healthy male 
participants who had received either intranasal AVP (20 IU) or a Placebo. Participants played 2x2 
coordination games and had to decide between two different strategic options: a cooperative strategy 
A and a non-cooperative strategy B. A group x condition contrast was created to identify neural 
correlates of AVP-related effects on human cooperative behavior and we thereby observed an increase 
in BOLD-signal in the left superior temporal gyrus. This latter brain region was further used as seed 
region for the functional connectivity approach by Rissmanet al.(2004). 
 
 
Results:In accordance with our hypothesis, our data indicate a modulatory role of AVP in human 
cooperative behavior. On the behavioral level, our data show an increase of responsiveness to the 
cooperative strategy A in the AVP group compared to the placebo group. With respect to the neural 
level, an AVP-related increased BOLD-signal in the left superior temporal gyrus associated with the 
choice of strategy A was observed. Furthermore, we revealed an AVP-dependant enhancement of 
functional connectivity between brain regions of the traditional ‘Theory of mind’ network including 
the superior temporalsulcus region, the medial prefrontal cortex and the precuneus which was 
observable for the choice of the cooperative strategy A but not for the non-cooperative strategy B.  
 

 
Conclusions:The data of the present study suggest a modulatory role of AVP on human cooperative 
behavior by enhancing the recruitment of brain regions traditionally involved in mentalizing 
processes. This latter effect might enable us to better infer the intentions and beliefs of others and, in 
consequence, facilitate us to form cooperative behavior with others.  
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Objective: Substantial research has focused on where in the brain subjective value is computed and 
maintained. Considerable empirical evidence points to the amygdala as one locus for the formation of 
value at the time of decision-making. Using novel statistical approaches, we have demonstrated that a 
moment-by-moment neural correlate of value could be reliably observed in single unit activity in the 
basolateral subnucleus of the human amygdala. We tested the stronger hypothesis that a value signal 
could be decoded from a population of neural activity in the amygdala, and furthermore, a neural signal 
for a change in value state (surprise) emerges naturally from Bayesian decoding. 
 
Methods: We investigated the neural basis of subjective value computation by recording single unit 
activity in the human amygdala while patient-participants bid for the right to eat different foods in a 
Becker-DeGroot-Marschak (BDM) auction. We recorded from microcontacts on an electrode implanted 
directly in the amygdala nuclei for which we have high resolution MRI to precisely identify where the 
microcontact is positioned. Our recent modeling work has investigated how patterns of activity from a 
population of neurons could be decoded by higher cortical structures, such as the orbitofrontal cortex. 
Particle filtering offers one possible, neurally plausible, implementation of dynamic Bayesian decoding. 
Baldi and Itti (2009) have proposed a formal definition of Bayesian ÒsurpriseÓ within a sensory 
processing framework. Surprise measures the difference between a prior belief and a posterior belief after 
some data have been observed. Surprise plays an important role in dynamic situations when a stable state 
suddenly changes. We investigated a moment-by-moment surprise signal encoded in a population of 
neurons in the human amygdala.  
 
Results: Spikes in the surprise signal were observed approximately 600 ms on average following the onset 
of the BDM trials. Surprise spikes identify when in time the neural activity induces a change in the 
posterior probability distribution over value. 
 
Conclusions: Sequential Bayesian analysis, implemented as a particle filter, provides a formal and 
principled method for identifying when in time the neural population activity initiates a change in value 
coding in the amygdala. Surprise signals may communicate these changes to higher cortical structures. 
Identifying explicit neural correlates of the Bayesian surprise signal would contribute further evidence for 
Bayesian processing in the brain. 
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Objective: Consumer research on price perception investigates the concept of acceptable price ranges. 

Acceptable price ranges are conceived to have upper and lower price limits or endpoints. This observation 

of consumers exhibiting a range of prices that they consider acceptable to pay is not surprising. However, 

the question how different prices – located inside and outside of the acceptable price range – are 

processed in the consumers’ brain remains obscure. Against this background, we conducted an fMRI 

study in order to investigate if there are neural activation patterns that correspond to lower and upper 

price limits. We hypothesized that people will not only accept prices from the acceptable price range 

more often compared to prices below or above the price limits, but that they will also exhibit different 

neural activation patterns during the perception of those limits. 

 

Methods: 29 subjects were measured during the perception of 90 price-product combinations out of the 

FMCG segment extracted from a pretest. Participants saw a picture of a product, followed by the price 

information, and a decision phase where they had to indicate their purchase intention. Standard 

procedures were used analyzing the subjects with spm8. Group analysis was applied, using one-sample t-

tests based on the individual contrasts of prices below versus acceptable as well as acceptable versus 

prices above the limits. 

 

Results: Contrasting the upper price limit versus the acceptable price range yielded higher neural activity 

changes in the insula, the DLPFC, the anterior and posterior cingulate cortex. This indicates that the 

perception of prices above the upper price limit leads to activity changes in brain areas associated with 

reflective processes, decision-making and conflict monitoring. In contrast, the perception of prices below 

the lower price limit did not lead to activity changes in regions such as the insula. Rather they led to 

higher activity changes in the caudate nucleus. These results provide some evidence that lower prices are 

perceived as more rewarding than acceptable prices. Beside other findings, our study also revealed that 

there is no linear relationship between higher prices and activity changes in the insula. We only found 

higher activity changes in the insula for prices above the upper price limit. Contrasting the acceptable 

price range versus prices below the lower price limit did not reveal activity changes in the insula.  

 

Conclusions: Our results provide some evidence for a revision of the existence of a lower price limit for 

FMCG. However, it might be possible that for other products where the price-quality relationship is 

stronger, a lower price limit might come into play.  
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While younger adultsÕ willingness to incur economic risk and their susceptibility to 
information that frames economic decisions has been thoroughly studied, these same preferences 
and susceptibilities in older adults are poorly understood. The present study aimed to study such 
differences as a function of aging by having both older (N = 24, Age M = 71.75 yrs., Range = 
62-84) and younger adults (N = 31, Age M = 25.03, Range = 18-44) complete an incentive-
compatible decision-making task which measures not only willingness to take gambles, but also 
the susceptibility to affectively charged information that frames the gambling choices. The 
decision-making task involved decisions between monetary gambles that were either framed as 
gains or as losses from a reference point. On each trial, participants were first presented with an 
endowment (Range: $25-100) for 2 seconds (e.g., ÒYou Receive $75Ó). They were then given the 
choice of maintaining a guaranteed amount of this initial endowment (Certain option, Range: 20-
80% in 20%) or gambling that they would either win or lose the entire endowment (Gamble 
option). The Certain option could be presented either as a gain, maintaining a portion of the 
initial endowment (e.g. ÒKeep $30Ó), or as a loss, forfeiting a portion of the endowment (e.g. 
ÒLose $45Ó). Importantly, the gain-frame and loss-frame conditions have no objective 
differences, and thus any changes in behavior must be due to the subjective influence of changes 
in the reference point. The expected values of the gamble option and the value of the certain 
option were matched, while the frame (ÒLoseÓ vs. ÒGainÓ) of the certain option varied. The data 
revealed a main effect of frame, in which participants gambled more often on loss frame trails 
than on gain frame trials, which is consistent with prior studies. Importantly, the data revealed a 
significant main effect of age group, which reflected that older adults choose to gamble more 
often than younger adults.  In addition, the data revealed a significant interaction of frame by age 
group, which showed that older adults had a larger framing effect than did the younger adults. In 
conclusion, older adults showed not only a greater willingness to take gambles in the framing 
task, but we also more susceptible to the framing of the gambles themselves.  
!
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Objective  - In the neuroeconomics literature, a reliable finding is that BOLD activity in ventromedial 
prefrontal cortex (VMPFC), ventral striatum (VS) and posterior cingulate cortex (PCC) is correlated with 
the subjective value of choice options during decision making (Kable & Glimcher, 2009; Rangel & Hare, 
2010). However, in many studies, the subjective value of the choice options is highly correlated with 
another potentially important decision variable, decision confidence. In olfactory decision tasks in rodents 
and humans, decision confidence signals have been in found in VMPFC (Kepecs et al., 2008; Rolls et al., 
2010). Here we present fMRI data from a study of delay discounting where subjective value and decision 
confidence are decorrelated to a greater extent than in previous work, which permits us to examine their 
contributions to BOLD activity.  
  
Methods Ð Participants completed a delay discounting task in three separate fMRI sessions, which took 
place over the course of one month. Each choice was between a fixed $20 now or a larger amount later, and 
only the larger-later option appeared on the screen. Hyperbolic discount rates were estimated for each 
subject. Analyses examined parametric regressors of subjective value (the discounted value of the chosen 
option, given each subjectÕs discount rate) and decision confidence (the absolute value of the difference in 
subjective value between the two options). 
  
Results Ð BOLD activity in posterior VMPFC, VS, and PCC was correlated with subjective value, as seen 
in prior work. Effects of decision confidence were found in anterior VMPFC, as well as dorsomedial 
prefrontal cortex and bilateral superior temporal sulci. 
  
Conclusions Ð When subjective value and decision confidence are not highly correlated, decision 
confidence does not account for activations previously argued to reflect subjective value. Both subjective 
value and decision confidence correlate with activity in VMPFC, but the areas are non-overlapping; other 
studies have reported dissociations between anterior and posterior VMPFC activity (Smith et al., 2010). 
Additional decision confidence signals are found in regions that are often active in task that require theory-
of-mind (Gallagher & Frith, 2003). An interesting speculation is that meta-cognitive inferences, such as 
confidence in oneÕs own decisions, require many of the same computations involved in modeling othersÕ 
minds.  
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Objective: The disposition effect is a phenomenon in which investors hold onto losing assets longer than 

they hold onto gaining assets. Even when being suboptimal in terms of overall money earned, the 

disposition effect persists. Three major explanations for the disposition exist. The first and most common 

explanation is preference-based:  namely, that people are risk-averse over gains and risk-seeking over 

losses. The second, the realization utility hypothesis, suggests that investors receive a jolt of utility (or 

disutility) upon selling a gain or loss. Finally, the disposition effect might be driven by an irrational belief 

in mean reversion. Our objective was to use brain imaging to test these theories. 

 

Methods: Thirty-eight participants (thirty-three scanned) participated in this study. Participants completed 

a risk-preference questionnaire, followed by an asset trading task while undergoing functional magnetic 

resonance imaging (fMRI). In the asset trading task, participants were forced to purchase an asset which 

subsequently followed a random walk in price. At each period, participants could choose to keep or sell 

the asset. We focus our imaging analysis on the decision to keep or sell the asset. 

 

Results: Behaviorally, individual measures of risk-preference did not correlate with the magnitude of the 

disposition effect. Our imaging data revealed no correlation between risk-preference parameters and the 

BOLD response in valuation regions in the brain. We did not find a correlation between differential 

BOLD responses during the decision to sell versus keep the asset and the disposition effect. Instead, we 

found an insensitivity of the ventral striatum to upticks in value below the purchase price for participants 

who show a large disposition effect, consistent with an expectation of mean reversion. 

 

Conclusions: Our behavioral and imaging evidence suggests that risk-preference and realization utility are 

not sufficient for explaining the disposition effect. Assuming ventral striatum activity signals prediction 

error, a lack of response to an uptick in value below the purchase price suggests that participants who had 

larger disposition effects had an expectation of an uptick in value, and thus a belief reversion to the mean.  
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Objective 

Unlike gambles with explicitly defined probabilities, most choices we make involve uncertain outcomes 

with subjectively assigned probabilities. Recent studies have examined the neural correlates of explicit 

risky choices in humans (Schultz, 2008). We examined these correlates under similar conditions and 

under conditions where probabilities were subjective. We were specifically interested in decisions about 

whether or not to trust another individual on the basis of facial judgements of that individual. Our study 

had two main conditions: one that was identical to Preuschoff (2006) card game and a parallel condition 

based on a trust game. We hypothesized that the representation of expected value and risk would be 

similar in the two scenarios. The broader goal of our study is to determine if commonplace risky social 

choices are represented by the same neural network activity as explicit gambles. 

 

Methods 

The trust game was symmetrical to the card gambling game used by Preuschoff (2006). To make sure we 

could use a comparable range of reward probabilities as in the card task, we first assessed perceived level 

of trustworthiness of a wide range of faces for each participant. We then used these face stimuli to 

construct individually targeted trust games. Using fMRI we measured neural correlates of expected 

reward and risk processing related trust game and card game trials presented randomly. Additionally we 

constructed a functional localizer to better assess the role of amygdala. 

 

Results and conclusions 

Preliminary analyses indicate a linear correlate of expected reward in the striatum similar to that reported 

by Preuschoff (2006). This was not true however for the trust game: for the parameters of the task we 

examined thus far, the activity for expected reward in ventral striatum does not correlate linearly when the 

probability of winning the gamble was signalled by different levels of perceived face trustworthiness. 

However, this result rests on data derived from two slightly different conditions in the trust game: one 

with higher expected reward after seeing an untrustworthy face and one with higher expected reward after 

seeing a trustworthy face. The non-intuitive nature of the former may cause differences in the response to 

the game and we are currently investigating this possibility. 
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Previous research has shown that activity in structures such as ventromedial prefrontal cortex 

(vmPFC) and ventral striatum (VStr) correlates with stimulus value at the time of choice when 

subjects are aware of the stimuli. However, we often make decisions without being fully aware of 

the details of the choice. The valuation mechanisms behind such ‘unconscious’ decisions are 

unknown. We used human fMRI to investigate the influence of perceptual awareness on value 

computation. Specifically, we asked if perceptual awareness is necessary for the neural 

computation of stimulus value, and if not, whether the same brain regions are involved in 

computing stimulus value in both the presence and absence of perceptual awareness.  

When a visual stimulus is preceded and followed by similar visual stimuli, it is experienced as 

indistinct or invisible, a phenomenon known as masking. Here, we used forward and backward 

masking to induce perceptual invisibility while observers viewed the names of appetitive and 

aversive food items. In the first part of the experiment, observers performed a 2AFC word, non-

word discrimination task on masked food names and random letter strings. The discrimination 

performance measured by d’ was not significantly different from chance, indicating that observers 

were not perceptually aware of the stimuli. In Part 2 of the experiment, we measured the 

participants’ preferences simply by asking them to view the names and indicate how much they 

would like to eat them. Finally, these same food names were presented with and without masking 

while the participants underwent fMRI, again rating how much they would like to eat each food.  

Consistent with previous research, we found that in unmasked trials neural activity both in 

vmPFC and VStr correlated with each participant’s subjective preferences collected in Part 2. In 

contrast, although observers’ behavioral ratings for masked trials were not significantly above 

chance, neural activity in VStr but not vmPFC reflected the participants’ subjective values from 

Part 2. In sum, we found that VStr is involved in computing the stimulus value at the time of 

decision-making both in the presence and absence of perceptual awareness.   
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Objective:  

Individuals learn by comparing the outcome of chosen and unchosen actions. This counterfactual 

comparison may involve actions chosen by the individual or by others. We hypothesize that these two 

forms of counterfactual evaluation share similar features - because they both support learning - but social 

evaluations have distinguishing characteristics. We conducted a neuropsychological study on the role of 

private and social emotions (associated with relative outcomes) in decision-making. 

Methods: A group of 9 patients with selective lesions in the Orbitofrontal cortex and a group of 18 

healthy controls participated in the study. In our experiment participants chose among lotteries. A trial 

could be private or social. In private trials, participants could observe the outcome of their choice and the 

outcome of the unselected lottery (experiencing regret or rejoy). In social trials, participants were 

instructed they would see the other player’s choice and outcome. The participants could then compare 

their outcome to that of the second player (experiencing envy or gloating).  

Results: OFC Patients (N=9) with selective lesions to the orbitofrontal cortex (OFC) did not report regret, 

consistent with previous neuropsychological data; while they showed levels of envy and gloating similar 

to those of control subjects (Fig. 1). Patients react normally when their outcome is lower than the outcome 

of the other player, thus they report envy, but they do not respond to relative unfavorable outcomes in the 

private setting, thus they do not report regret. 

Conclusions: These results demonstrate that the neural substrate of the emotion of regret experienced in a 

private context is dissociated from its social correspondent - envy. These data suggest that different brain 

structures are involved in social and private evaluations of decision outcomes. 
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Fig. 1. Left: Lesion overlap for 9 OFC patients. Right: OFC are impaired in regret but do not report any impairment 

in social emotions (e.g. envy and gloating).  
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Objective: Impulsive behavior reflects the inability or unwillingness of an individual to delay immediate

gratification in order to obtain a more valuable reward at a later time. The degree of impulsiveness varies

between individuals, but is remarkably stable over time. We investigate whether interindividual variation

in impulsiveness is reflected in localized differences in white matter integrity. White matter integrity is

measured as fractional anisotropy (FA) using diffusion tensor imaging. Several findings suggest that FA

is dependent on experience and that local FA variations are both functionally and behaviorally relevant.

Higher local FA values can result from frequent use of the respective fibers and correspond to higher

functional connectivity. Identifying differences in white matter integrity that are associated with

interindividual differences in impulsiveness can help to understand how the interaction between

individual brain areas influences an intertemporal tradeoff.

Methods: Subjects participated in two identical behavioral sessions to assess stability of individual

behavior. Impulsiveness is commonly measured either by self-report using standardized questionnaires or

behaviorally with an intertemporal choice task where people choose between a smaller immediate and a

larger later reward. These measures are only weakly associated and hence seem to reflect different aspects

of impulsiveness. Therefore we assessed impulsiveness both by self-report using the Barratt

Impulsiveness Scale and behaviorally using incentivised intertemporal choices over monetary rewards.

Subjects with stable intertemporal choice behavior were invited for MRI data acquisition. Diffusion

weighted MR images were obtained from 18 healthy adult volunteers with no history of impulse control

disorders (9 women; 22.44 ± 2.31 years of age).

Results: We find that self-reported impulsiveness, but not intertemporal choice, is associated with higher

FA in a white matter cluster within the corona radiata bilaterally. Fiber tracking from the identified

clusters in the individual subject data consistently reveals that the identified region could belong to the

anterior thalamic radiation. This pathway connects the thalamus to different parts of the frontal cortex and

forms part of the limbic and prefrontal-basal-ganglia circuits.

Conclusions: A potential explanation for our finding is that fibers in the anterior thalamic radiation might

be habitually more activated in more impulsive subjects, an interpretation that is in line with current

models of cortico-basal-ganglia circuits in impulsive behavior.
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Objective: In modern economies (a) the number of service and knowledge intensive tasks is continuously 

increasing, while the (b) OECD predicts labor shortages of 15% by 2050 through an ageing population, 

and (c) globalization leads to the willingness to change also across national boarders. Therefore, it is more 

than ever decisive to compete as an employer in the rising “war for talents”, which is why, recently, 

general brand management has been applied to recruitment. Here first research indicates that employer 

brand choice is not solely guided through rational (wages, promotion opportunities) but also through 

emotional aspects. A possible approach in understanding underlying mechanisms is provided by the 

Somatic Marker Hypothesis (SMH; Bechara & Damasio, 2005). The SMH postulates that decision 

making is affected by markers that arise in bioregulatory processes, such as emotional experiences, 

defined as somatic markers (SM). According to the SMH those experiences activate distinct neural 

networks; most prominently the ventromedial prefrontal cortex (VMPFC). We therefore hypothesize, that 

the processing of the employer first choice brand (FCB) is changed by SM which is in turn reflected by 

altered activation within SM-related brain regions. 

 

Methods: 25 students (age: M=24.96; 17 males) participated applying consultancy employer brand 

stimuli. The question: “Which is your first choice consultancy employer brand?” identified the FCB. 

Participants indicated whether they had previously made emotional experiences with their FCB (yes: 

“Emotional-Experience” (EE) group, N=13; no: “Non-Emotional-Experience” (NEE) group, N=12) and, 

if so, how those experiences were acquired (e.g., internships, workshops). In the scanner participants had 

to indicate for which out of two employer brands they prefer to work for.  

 

Results: A two-sample t-test comparing activation differences when viewing the FCB indicates the EE-

group showed increased activation in the left Brodman Area 10 (p<.001, uncorrected), localized in the 

VMPFC. The EE-group (M=594ms decreased) compared to the NEE-group (M=391ms decreased) 

showed significantly decreased reaction times (RT) for FCB choices, t(23)=3.38,  p< .01. 

 

Conclusions: Our results show that an area known for emotional processing (BA 10, VMPFC) shows 

increased activation for participants with prior emotional experiences with their FCB, which we 

hypothesized to function as a somatic marker. This study (a) supports the SMH and (b) adds a new 

theoretical perspective to employer branding. Differences in RT indicate that people with a SM may more 

readily choose their FCB. However, future research is needed to investigate which aspects promote the 

development of an employer FCB and whether SM do also affect real employer brand choices. 



Inequality affinity: Evidence for an underestimated preference 
 

Inga Kristina Wobker1, Linn Viktoria Rampl1, Raphael Hilgenstock2 and Peter Kenning1 

1
Chair for Marketing, Zeppelin University, Friedrichshafen, Germany 

2
Brain Imaging Center, Friedrich-Schiller University, Jena, Germany 

 
*
Correspondence at: inga.wobker@zeppelin-university.de 

 

 
Objective: Competition is essential for economies. Without competition there is no progress or 

innovation. As the goal of competition is being better than others, competition is associated with 

inequality. While scholars often assume that individuals avoid inequality (Fehr & Schmidt, 1999), in 

some settings an affinity for inequality may also be prevalent. However, we know little about inequality 

affinity (IA)–that is a preference to increase inequality and experiencing joy at being better off than 

others. Against this background, the aim of our study is to estimate the prevalence of IA and to get first 

insight into emotional consequences of such behavior. 

 

Method: We studied IA in a behavioral experiment combined with questionnaires. 134 participants were 

anonymously paired and played a game-of-chance intended to provide the participants with unequal 

outcomes. Subsequently they could pay to reduce their partners’ balance. The goal was to observe if 

winners of the game-of-chance would reduce the losers’ balance although they (a) had received a higher 

outcome than the losers and (b) this would not provide them with a financial gain.  

 

Results: First results revealed that of the winners (n=67), 23.9% chose the option to reduce the loser’s 

balance and therefore behaved inequality affine. However, reducing participants reported more shame 

afterwards than those who did not (shameIA=2.31, shamenon-IA=1.33, t(56)=2.46, p=.001, scale: Ô1=not 
experienced at allÕ Ô7=experienced at a high intensityÕ). 

 

Conclusions: The preliminary results support the prevalence of IA as over a fifth of the participants 

displayed inequality affine behavior and caused financial harm to others. A higher level of shame evoked 

by IA might indicate that its utility is reduced ex-post by feelings of guilt. However, IA-related joy is 

difficult to tackle in behavioral experiment due to its social undesirability. Our next step therefore is to 

develop an fMRI-study with a similar set-up to capture IA and especially IA-related joy on a neural level. 

Previous fMRI studies have shown that areas involved in the processing of value and reward, the ventral 

striatum and the ventromedial prefrontal cortex, are associated with inequality aversion (Fehr & Camerer, 

2007; Tricomi et al., 2010). We expect that these areas will also be involved in IA. However, we 

hypothesize that IA individuals will have less insular and cingular activation as they do not experience 

inequality-related unpleasantness but joy. Moreover, fMRI may help delineate IA from related constructs 

such as egoism or competiveness by their distinct sets of neural correlates.  
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Objective: While many psychiatric disorders are characterized by the inability to resist impulses, 
Anorexia Nervosa (AN) involves the unhealthy capacity to resist a basic appetitive drive in favor 
of a future expectation of a favorable body image. Franz Kafka used this to great ironic and 
literary effect in his short story The Hunger Artist. This feature of AN makes it a very interesting 
case study for applying theoretical concepts from neuroeconomics as part of  an ongoing project 
to move psychiatry away from its current folk psychology terminology toward more 
mathematically tractable concept categories.  
 
Methods: By translating salient aspects of the DSM-IV phenomenal description of AN into 
neuroeconomics terms we can model AN as potentially involving:  1- Higher valuation for body 
weight outcomes than for a consumptive experience, 2- Low or reverse discounting, 3- Sequential 
Decision Making that uses current decisions to define a commitment, and bind future action.  
 
The model elements are as follows, (for simplicity we see time dichotomously as now (time t=1) 
and the future (time t=2)). The agentÕs utility of eating a piece of cake at time t is U(Ft), 
abbreviate to  Ft . The agentÕs discounting parameter is !. The future utility of weight loss function 
W(x), that results from abstaining from eating now is !U(W(~ F1)) abbreviated as !W1. We 
assume that current decision to abstain from eating reinforces the dieting motivation, thus the 
probability that the agent will abstain from the second piece of cake after abstaining from the first 
we call P, and assume it is greater than the probability of abstaining from the second piece of 
cake after eating the first, which we call Q. 
 
Results: Thus the starvation equation predicts that the agent will abstain when:  
 
  !W1  + (P-Q) !(W2- F2)  >  F1.  
 
That is when the discounted weight loss from current abstention together with the higher 
probability of additional weight loss from a future abstention is greater than current appetitive 
utility. This abstention is will occur when the following holds: 1- when one discounts less or 
reversely, 2- when (Wt- Ft)>>0 that is, the more one values weight loss, 3- the larger (P-Q) is Ð 
i.e. the more current decision is part of a committed ÒprogramÓ of behavior, rather than individual 
choice. (It has not escaped our attention that this latter point can be modeled as a signaling game 
among multiple selves defined over time.) These three characteristics comport well with the 
phenomenology of AN as classically described, and as emergent neuroeconomics research is 
beginning to confirm.  
 
Conclusions: To our knowledge this is one of the first times a neuroeconomic equation has been 
used to describe a known psychiatric disorder.  
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Objective: The motivations underlying decisions are unobservable and multidimensional. We present a 
new methodology for inferring motivations from facial expressions of players in economic games. We 
use this method both i) to predict players’ behavior and ii)  to investigate whether humans can use facial 
expressions to predict the strategy of their opponents. 
 
Methods: 60 subjects played 7 rounds of the Ultimatum Game (1) as Responders, while a video of their 
face was captured. We used computer vision techniques (2) to automatically extract 21 facial actions from 
each frame of video while participants were deciding, and then trained Support Vector Machine (SVM) 
classifiers to use these multivariate time series to predict Responders’ decisions.  We compared the 
SVMs’ predictions with those made by Offerers who saw videos of their opponents and were asked to 
judge whether their offers would be accepted. 
 
Results: The SVM was able to predict Responders’ decisions with a level of accuracy well above chance. 
However subjects struggled in guessing opponents’ decisions from their face.  Nonetheless, specific facial 
actions of the Responder could be used to predict Offerers’ judgments. Interestingly, the features used by 
the SVM to predict Responders’ decisions were different from the features used to predict Offerers’ 
judgments. This suggests humans attend to different (and in this context less informative) features than 
those used by the machine. 
 
Conclusions: It is possible to use automatically extracted facial expressions to predict the behavior of 
decision-makers.  We conjecture that this is due to the role of emotions in decision-making, and likewise 
the effect of emotions on facial expressions (3).  In addition, players seem to attend to specific facial 
actions in order to make predictions about opponents’ behavior. We conclude that our methodology 
provides promising new ways to investigate fundamental components of the decision-making process. 
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Objective 
Cognitive control enables human beings to adapt behavior to changing environmental demands in a 
most flexible manner. Several investigations have shown that in decision tasks cognitive control 
increases when subjects have to choose between two or more competing alternatives. Here, we tested 
the hypothesis that varying levels of cognitive control are one potential mechanism responsible for 
the hypothetical bias. The hypothetical bias is a well-known effect bias in experimental economics 
and has been shown for lottery choice tasks, e.g. Holt and Laury (2002), in which certainty 
equivalents in real paid experiments are smaller than in hypothetical experiments. In stimulus locked 
EEG the N2, a negative deflection at fronto-central electrode sites appearing 200-300 ms after 
stimulus presentation, is assumed to reflect the neural underpinnings of cognitive control. We 
hypothesized, that different involvements of cognitive control in hypothetical and real payoffs should 
result in a different appearing of the N2 component. 

Methods 
21 subjects participated in our study. A fifty-fifty lottery and a sure payoff were offered to the 
subjects, who had to decide either to play the lottery or to receive the sure payoff. We conducted two 
EEG-sessions, comprising a hypothetical and a real paid treatment with 576 decision trials each. In 
the real paid treatment, one decision was randomly selected and paid out. 
Behavioral data were categorized by the distance of the sure payoff to the expected value of the 
lottery. A relative frequency of 0.5 for lottery choices indicated the indifference point of a subject.  
EEG data were sorted into three bins: (1) an area around the indifference point, (2) an area for sure 
lottery choices and (3) an area for sure payoff choices. 

Results 
Behavioral data show risk averse behavior in both treatments. Smaller certainty equivalents were 
elicited for real payoffs which indicate higher risk aversion. Certainty equivalents of hypothetical 
payoffs are shifted toward the expected value of the lottery. The ERP analysis reveals increased N2 
amplitude for all hypothetical choices and for real choices in the indifference area. In contrast, 
decreased N2 amplitudes are found for sure choices outside of the indifference area. 
 

Conclusions 
The observed N2 for hypothetical choices indicates higher cognitive control for decisions related to 
hypothetical payoffs. We conclude that an increased cognitive control can be attributed to an 
extended range of decision alternatives for hypothetical decisions resulting in an increased action 
conflict for the subjects. In contrast, for real payoffs an increased action conflict is only present 
around the indifference point. These differences in cognitive control can lead to a different payoff 
evaluation resulting in a shift of the certainty equivalent toward the expected value for hypothetical 
decisions. 
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There is equivocal support for the hypothesis that preference for later larger (LL) over 

sooner smaller (SS) monetary alternatives (e.g., $50 in four months over $30 today) is associated 

with functioning of the prefrontal cortex (especially, the lateral PFC).  In the present study we 

looked again at this association, and at whether it is statistically moderated by 1) overall level of 

“delay discounting” and 2) the degree of stochasticity in individuals’ intertemporal choices.  

Simultaneous with functional Magnetic Resonance Imaging (fMRI), twenty-one participants 

completed an individualized intertemporal monetary choice task in which they made amount-

immediacy monetary trade-offs.  Alternatives varied from those in which the SS option was just 

sufficiently large to elicit 100% preference, to those in which the LL was just sufficiently large 

to elicit 100% preference. 

Across participants LL choices were positively associated with regions that included left 

dorsolateral prefrontal cortex (dlPFC), left insula/ inferior frontal gyrus (IFG), frontal pole and 

the anterior cingulate cortex.  With regard to moderators, steeper discounting was positively 

associated with the LL > SS contrast within the left dlPFC, posterior cingulate cortex, and 

precentral/postcentral gyrus.  Greater stochasticity was positively associated with the LL > SS 

contrast within the left insula and left IFG.  The findings suggest that LL choice during the task 

involves greater executive control demand for individuals who exhibit more inconsistency in 

their behavior, and who exhibit steeper delay discounting.   
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Economic theory predicts the overexploitation of common resources. This claim is illustrated by 

the “tragedy of the commons” dilemma (Hardin, 1968) in which independently and rationally 

acting individuals will ultimately deplete a shared limited common-pool resource (CPR). This 

situation represents a dilemma, because when each individual chooses the payoff-maximizing 

strategy of taking out the maximum from the resource each individual will in the long run receive 

a lower overall payoff than if all persons had used the resource moderately. Important real life 

examples of CPRs include fish stocks, woods, as well as water resources. Here we hypothesised 

that the over-consumption of CPRs is driven by a fundamental mechanism of social competition. 

More particularly, we hypothesised that differential dopamine-related neuronal activity in social 

and private contexts underlies CPRs overexploitation. 

 

Methods: 

Twenty-eight adult subjects participated in the CPR game. Half of subjects were confronted with 

a depleting “common” resource of fish (social condition) and the other half with an identical 

“private” resource (non-social condition). Subjects learned either that resource depletion could be 

attributed to the behaviour of other players (social context) or that resource depletion was due to 

the environmental migration of fish (non-social context). 

To analyze neuroimaging data we constructed separate regressors for different scenarios of 

resource depletion. Overall, we probed the neural underpinnings of CPR depletion using the 

statistical contrasts between social and non-social condition.   

 

Results: 

As expected, subjects depleted the resource of fish significantly faster in the social condition than 

in the private one. Interestingly, after the destructive depletion of the resource by other players 

(social condition) subjects also depleted the resource in the next trial, whereas, in the non-social 

condition identical reduction of the fish stock triggered resource preservation.  

We found that resource depletion in the social condition evoked specific deactivation of the 

nucleus accumbens, as well as activation of the orbitofrontal cortex and the temporo-parietal 

junction. An extensive follow-up analysis of the extended dataset will be discussed. 

 

Conclusions: Our preliminary results suggest that the widespread overexploitation of the common 

properties, e.g., fisheries, might be caused by the specific response of the dopamine system to 

perceived social competition. 
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Objective: Over the last few years, the Iowa Gambling Task (IGT) has become an assessment tool for 

evaluating decision behavior, although little research has exploited the IGT in personality research (e.g. 

Behavioral Inhibition Scale/Behavioral Activation Scale!BIS/BAS scales) (Suhr et al. 2007, 2010). 

However, research on personality traits has yielded widely varying results. Furthermore, the validity of 

IGT has been retested because of some doubts about (Dunn et al. 2006) the basic assumptions and 

related data. This study attempts to show that this variance has two main causes. 1) Research has failed 

to consider the expected value (EV) and the gain-loss frequency (GLF), which are incorporated into 

the design of the IGT. Also, such research analyzes only data related to the EV and ignores the 

influences of GLF. 2) It has failed to consider the nature of the IGT, which is a “four cards” game, and 

so data have been analyzed by treating ‘A’ and ‘B’ together as bad cards and decks ‘C’ and ‘D’ 

together as good cards. In this investigation, an attempt is made to eliminate these shortcomings and to 

develop a clear method for analyzing each of the four decks independently in both IGT and the reverse 

version IGT (rIGT, a revised version of IGT, which is consistent with the original finding of IGT ).  

Methods: The present study reexamines the correlation between EV, the GLF of the IGT/rIGT and 

personality traits (such as fun-seeking, FS, a score of personality trait in BIS/BAS). In the experiment 

herein, the subjects were separated into those with low vs. high FS scores to identify behavioral 

differences in the IGT/rIGT in terms of EV and GLF.  

Results: The choices made by most people in gambling tasks supported the dominance of the GLF. In 

the correlation analysis of BIS/BAS and IGT/rIGT, the FS score on the BIS/BAS correlated only with 

the GLF in rIGT, but not significantly with the EV in the IGT or rIGT. This study revealed that the 

GLF rather than EV dominated the choice behavior. Furthermore, the GLF and four-deck format are 

relatively reliable for elucidating the correlation between the dynamic decision pattern and personality 

traits. Conclusions: Even the present study clarified some questions between the two psychological tools. 

More research is required to identify any relationships between variations in decision patterns in these 

dynamic-uncertain gambles and their personality traits on the BIS/BAS (Appelts et al. 2011). 
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Objective: The Iowa Gambling Task (IGT; Bechara et al., 1994) has been used widely not 

only for clinical assessment, but also to examine decision-making associated with 

emotion-related behaviors. The finding of related research (Bechara et al., 1994, 1997) have 

revealed that healthy decision-makers are more likely to chose good decks C and D than 

those with ventromedial prefrontal lesions (VMPFC). Bechara et al. (2000) utilized the 

reversed IGT (rIGT: rA, rB, rC, rD, generated by reversing the +/- signs in each trial of the 

IGT) to explore why normal subjects preferred the good decks C and D in the IGT more than 

did those with VMPFC lesions. In the rIGT, normal subjects preferred the good decks rA and 

rB. Combining the results of IGT/rIGT, Bechara et al. suggested that normal subjects 

preferred the good decks (IGT: C & D; rIGT: rA & rB) because of their sensitivity to future 

consequences, and relative insensitivity to immediate gain or loss. However, much evidence 

has revealed that in many descriptive gambles (Lichtenstein et al. 1969) and the IGT (Lin et 

al. 2004, 2007; Fum et al., 2008) decision-makers are insensitive to future consequences.  

Methods: In this investigation, two experiments (involving a modified IGT and a modified 

rIGT) were conducted in which the long-term outcomes of all decks were set to “0” (Lin et al. 

2004; Fum et al., 2008). If the long-term outcome dominates choice behavior, subjects should 

prefer the four decks almost equally (IGT: A!B!C!D; rIGT: rA!rB!rC!rD). In this 

investigation, 51 college students (mean age: 19.4) were recruited for revised IGT (n=26) and 

rIGT (n=25) experiments with a large number of trials (200) to monitor the extensive 

learning.  

Results: The findings indicated that the four decks were not chosen equally in the two 

experiments, which finding is inconsistent with the basic assumption for the IGT and rIGT. In 

the revised IGT, decks B and D were chosen over decks A and C, and the variation among 

the numbers of the four decks chosen was significant. In the revised rIGT, rA and rC were 

chosen more than were rB and rD, and a significant variation existed among the number of 

times the four decks were chosen. Therefore, long-term outcome does not dominate decision 

behavior in IGT and rIGT contexts. Also, even healthy decision makers were unable to 

foresee future consequences under uncertainty. 

Conclusions: The long-term outcome is not a key factor in guiding choice behavior not only in the 

descriptive gambles, but also in the experienced gambles. 
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Objective: The Somatic Marker Hypothesis (SMH) is typically demonstrated by the Iowa gambling 

task (IGT) (Bechara et al. 1994) and its reversed version (rIGT) (Bechara et al. 2000) and a combined 

index of skin conductance responses (SCRs). Findings of IGT-SCRs studies have shown that most 

decision-makers can hunch the long-term benefit of in the IGT and rIGT with the implicit help of 

somatic markers (SCRs). Namely, the emotion system can generate an alarm signal gradually before 

disadvantageous cards (IGT: A and B; rIGT: rC and rD) are turned over, and the anticipatory 

somatic-signal will cause a subject gradually to choose advantageous cards (IGT: C and D; rIGT: rA 

and rB). However, over past few years, extensive evidence has suggested that choice behavior in the 

IGT and rIGT is guided mainly by the gain-loss frequency, rather than long-term outcome. 

Additionally, increasing evidence (Tomb et al. 2002; Suzuki et al. 2003; Lin et al. 2006) indicates 

that SCRs is not a stable index of the somatic signal in guiding choices under uncertainty. To 

elucidate the conflict between theory (SMH) and evidence (IGT and SCRs), the IGT (A-B-C-D) and 

rIGT (rA-rB-rC-rD) are combined herein to generate four simple versions (A-A-rA-rA; B-B-rB-rB; 

C-C-rC-rC; D-D-rDrD) of the IGT (Chiu et al. 2011) in which SCRs are recorded. 

Methods: In these four simple versions of IGT, the choice pattern and correlation between SCRs and 

choice should be easily observed. A total of 117 undergraduate students were recruited in this 

investigation. Each subject performed only one simple version of the IGT and SCRs were recorded as 

the game was played.  

Results: The behavioral results reveal that subjectsÕ choice behavior was mostly guided by the 

gain-loss frequency, particularly in the B-B-rB-rB version of IGT. Participants chose deck B with a 

bad long-term outcome far more often than they chose deck rB with the good long-term outcome, 

which finding definitely provides evidence against the basic assumption of IGT. However, the 

anticipatory SCRs associated with the good and bad decks did not differ significantly in all versions. 

This result is evidence against the originally proposed SMH, and the large anticipatory SCRs were not 

correlated with bad decks, even in the relatively simple context of IGT. 

Conclusions: In sum, IGT and SCRs provide two key pieces of evidence of the SMH. However, if 

these two pieces of evidence are so arguable, then the SMH should also be modified accordingly. 
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Objective: In the descriptive gambles, the framing effect that is demonstrated in 

decision-making is apt to be influenced by frame information (such as gain vs. loss; life vs. 

death) and information related to expected value (EV) is ignored. Over the least few years, 

Bechara et al. (1994) presented the Iowa gambling task (IGT), a dynamic and high-ambiguity 

gamble for exploring real-life decision-making under uncertainty. IGT has been used to 

demonstrate that normal subjects can gradually come to exhibit choice behaviors based on 

foresight under uncertainty. In contrast, Chiu et al. (2008) utilized the Soochow gambling 

task (SGT, a modified version of IGT) to demonstrate that choice behavior is framed by 

immediate gain-loss and the EV is difficult to foresee in these experience games. In the SGT, 

decks A and B provide frequent gains (four gains and one large loss) and have a bad EV 

($-250), while decks C and D provide frequent losses (four losses and one large gain) and 

have a good EV ($250) in average of five trials. SubjectsÕ decision behavior seems to be 

framed by immediate gain and loss: a decision-maker applies a gain-stay and loss-shift 

strategy in most trials. Hence, this temporal framing (influence of last trial) prevents the 

subject from predicting long-term benefit and determining the rules of the game under 

uncertainty. However, very few investigations have directly observed the correlation between 

dynamic choice behavior and the degree of uncertainty in the SGT. 

Methods: This investigation presents three versions of SGT with various degrees of 

uncertainty to monitor changes in choice behavior. The degrees of uncertainty the various 

versions of the SGT are as follows. 1) v1SGT: bad decks A and B provide four gains and one 

big loss, (randomized in average of five trials) and the gains and losses are reversed in the 

good decks; 2) v2SGT: bad decks A and B provide eight gains, one break-even and one large 

loss, and the gains and losses are reversed in the good decks; 3) v3SGT: bad decks A and B 

provide 13 gains, one draw and one large loss and the gains and losses are reversed in the 

good decks. In this investigation, a total of 173 subjects (v1:59; v2:51; v3:63) were recruited.  

Results: The results reveal that the degree of uncertainty is correlated with myopic choice 

behavior. The mean number of card chosen for bad decks A and B was gradient increased 

(v1<v2<v3). 

Conclusions: Specifically, under uncertainty, immediate gain-loss temporally frames 

decision-making in dynamic gambles. 
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Objective: In recent years, the Soochow Gambling Task (SGT), a four card gamble, modified from 

the Iowa gambling task, has been used to demonstrate that the choice behavior of most healthy 

subjects is mainly guided by gain-loss frequency under uncertainty (Chiu et al. 2008). Specifically, in 

a high-ambiguity situation, most subjects prefer to choose the high-frequency gain deck, ignoring the 

rare (Hertwig et al. 2004) large-loss event. The empirical results of the SGT illustrate the “Black 

Swan” phenomenon (Taleb, 2001, 2007) (an example of which was the economic downturn in 2008) 

in the laboratory (Peterson 2007). In fact, the SGT is a four-deck game: deck A provides four gains ($ 

200), one large loss ($-1050) and a negative long-term outcome ($-250); deck B provides four gains 

($ 100), one large loss ($-650) and a negative long-term outcome ($-250). In contrast, deck C 

provides four losses ($ -200), one large gain ($1050) and a positive long-term outcome ($250); deck 

D provides four losses ($ -100), one large gain ($650) and a positive long-term outcome ($250). 

However, the details of why subjects focus on the consecutive gain and ignore the rare large-loss 

event under uncertainty is unclear. Here, the gain-loss frequency in the SGT was modified to observe 

how it, and rare events, affected subjects’ choice patterns.  

Methods: The original version of SGT (4-1SGT) involved four small gains and one large loss in 

decks A and B (for example, deck A: 200, 200, 200, 200, -1050), and four small losses and one large 

gain in decks C and D. In the modified version of SGT (8-2SGT), decks A and B provide eight 

consecutive small gains and two large losses (for example, deck A: 200, 200, 200, 200, 200, 200, 200, 

200, -1050, -1050); decks C and D provide eight consecutive small losses and two large gains.  

Results: This study found that subjects were more likely to chose the high-frequency gain decks A 

and B in 8-2SGT than in 4-1SGT. More consecutive gains made subjects less able to identify the 

structure of the game and let them ignore the large losses and the long-term outcome. 

Conclusions: Under uncertainty, the frequent small gains easily provoke subjects a cognitive illusion 

that they have figured out the game rule and earn a lot of money. In fact, most subjects 

underestimated the damage from rare event. 
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